


3 a4a.rvr, rr o craBJre HHhre B ALr c c eprarll4 o HHoM 14 c cneA oBa;rrzvr:

1. ycraHoBLITb BJTI4TIHLIe KkIcJroTHbrx ceoficrs TBepAbrx KaT€urLr3aTopoB

Cu6ynut-4 u Amberlyst- 15 na MexaHI{3M rr'rApoJrlrca u crpyKTypHbre rr3Me .'e',us.
rIeJIJIrOnO3bI C IIeJIbrc pa3BIdTI^fl Teoprrkr KaTaJrLrrprqecKoro $eitcrnux rnep4srx
KI{cJIorHhrx KaralrvBaropoB B BoAHofi cpeAe Ha ocHoBe npeAcraBJreHr4fi o 4nofinonr
oJreKTpuqecKoM cJroe Ha rpaHrrrle pa3AeJra Qas;

2. sKcrrepzMeHTaJlbHo rIoATBepALrrb cr4Heprrr.recrnft e4[Sexr o6qero u
cueqn0klqecKoro KkIcJIorHoro KaraJILt3a B rlrAponr43e rlenlo6zosrr ;

3. srl{evrb 3aKoHoMepHoc ruI Blrvrfl.aulfl. Qzszxo-xLrMutqecKkrx xapaKTepr4cTLrK

yrnepoAHblx Hocurenefi (CMK-3, Cvr6ynnr-4) Ha pEI3Mep qacrurl HaHeceHHoro

pyreHl4fl' vr r.ararvrrnLrecKLle csoficrBa B rurqprtpoBa:nun HrroKo3br B cop 6ur;
4. ycraHoBI'ITb BIrufl:nnre vro4z$LrKa\vv HocrrreJrr SBA- 15 oKcr4AaMr'

IILrpKoHlIfl u }duo6us' Ha Susut<o-xLIMI.IqecKkIe xapaKTeprrcrkIKr.I HaHeceHHbrx

pyreHl'IeBbtx KaTaJru3aropoB u Kar€urLtrr{rrecKrre csoficrsa B tulpupoBa."vrvr

KCLIJIO3bI B KCITIJIUT.

I{enr u salla..rur, cQopMyJILrpoBaHHbIe aBTopoM Akrccepraqkrongofi pa6o6r, a

TaKlKe floJrolKeHvrfl, BhrHocuMhle Ha 3arrlrrry, coorBeTcTByIOT rlac[opTy
creqraJrbHocrrr 1.4.4. @zgz'recKa.fl xvIMvIs B rI. 9 (<<Cnrsr peaKrlzonnofi

cnoco6Hocr?I peareHToB c kIX crpoeHLIeM kI ycJroBuflMvr [poreKaHkrfl xprMr4qecxofi

pearqzv>) u rI. 12 (<@zszKo-xLIMI4qecKLre ocHoBhr rrpoqeccoB xlrMLrqecrofi

TexHoJr ornv vr cprnTe3 a Ho Bhrx Marep Lr aJroB) ) .

Pa6ora [ocrpoeHa rpaALrqnoHnhrM o6pasou, cocror4T u3 BBeAeHkrr, rrflTu

rJraB, BbrBoAoB, cIIrIcKa LrcrroJrb3yeMbrx coKparq enuit,

BKIIOqAIOqE|O 27 O HALIMEH OBA:HVIfl.. ' PA6OTA LI3JIOXEHA

coAep)Kur 37 pucyuKoB, 13 ra6nzq.

Bo nneAeHrrn o6ocnoBaHa aKTyaJlbHocrb reMhr, c$opuynlrpoBaHbr rlenb u

3AAAqJd UCCIeAOBAIILTfl., pacKpbrTa HaYrlclAfl. HOBLT3HA U ilpaKTLrqecKar 3Haq[MOCTb

pa6otrr, nPeAcraBJreHbr 3alrlzqaeMble rroJro)Ke :nvrfl.) a TaKXe cBeAeHprfl o6

cll.rcKa JrlrTepaTypbr,

Ha 140 crpaHr,r{&X,

aupo6a\Lru u rr4rqHoM BKJr aqe aBTopa.



B nepBofi rJraBe rrpoBeAeH rny6orzfi aHaJrvr3 orerrecrseHHofi vI

sapy6exnofi nrrreparypbr no paccMarpl4saeNaoft upo6leue. ,{erarlruo

lporrHocTbo6cyx4arorcr csoficrsa IIeJrJrroJro3bI u $arcropu, Bnvtrcque Ha

agcop6\Ltvr rleJrJrroJro3br Ha rroBepxHocrll TBepAbrx Marep[aJloB, a raKxe Ha

cKopocTb fLrApoJrvr3a rleJrJrrcJro3br B npLIcyTcTBvIvr KI{CJIOTHbIX KaTaII[3aTOpOB.

PaccuorpeHo clrHeprr{rrecKoe 4eftcrnue KLIoJIoTHrIX rpyrtn Ha noBepxHocrkl

TBepAbrx Marepv€uroB Lr HeopraHLrqecKI,IX KI4CJIOT, a TarcKe MeX(Ay p€I3r[rrHbIMpI

Tr{rraMlr QyHrquoH€urbHbrx rpyrrrr Ha [oBepxHocrkl TBepAbIX KLIcJrorHbIX

Karalrkr3aropoB. ApryrnreHTlrpoBaHo o6ocnoBbrBaercfl nu6op HocplTetefi AJItr

cr,rHTe3a rBepAbrx Kr{cJrorHbrx Kar€ilrlu3aropoB, a rarcKe 6zQyHrII[oH€IJIbHbIx

pyreHLreBbrx KaraJrvrcaropoB, nepcneKTlrBHbrx AIrfl oAHocra4ufiHsIx [poqeccoB

f raApoJrvBa-fvllpr,rpoBaELr[pacTI4TeJIbHbrx[IOJII{CaXappIAOB.

Bo nropofi rJraBe orrr{caHbr MeToALIKI,I [poBoALIMbIx LIccJIeAorlauuft,

BKrloqat MeToALTKLI cLrHTe3a Hocl4Teleft u KaralrtrcaropoB, MeroAbI ux

r{ccJreA oBan:afl, anaJrvrs cy6crparoB vt [poAyKToB KaraJII{TLITIecKI{x pearcqufr,

alJuwl3 KU HerLIqe cKI-lx .{aHHbrx.

B rpersefi rJraBe Ha ocHoBe co[ocraBJrenufl, Kar€ulla3aropoB c pa3ru'Inofi

cwofi KlrcJrorHbrx rleHrpoB (orzclenuufi yrurepoAHsrfi Marepkl€u Sib450 u

cynrQoKrtcJror*afl. cMoJra Amberlyst-l5) BbrflBJreHbI paslrvr'v;vfl, B MexaHI{3Me

rprAponvaa rleJrJrrono3br. IorasaHo, qro Sib450 o6ecueqLrBaer KoHBepculo roJIbKo

arraopQHofi Qasrr rleJrJrroJro3br, , a Amberlyst- 1 5 eQQerrHBeH B rpIApoJILI3e vr

auopQnofi v Kpr{cr€rJrrrqecrofi Sassr. BrrsoAlI ocHoBblBarorcfl Ha pe3ynbrarax

uccJleAoBailVrfl. C npnMeHeHI,reM KOMIJTeKCa MeroAoB aHalru3a I{cxoAHoLI u

qacrlrrrHo rLrAponlr3oBaHuofi qenJlroJro3br (P@A, ZK-cueKTpocKorII{r' C3M,

a*arrvrs p a3MepoB rlacrull).

B rrerBeprofi rJraBe gKcrrepraMeHTaJrbHo rIoATBepxAeH craHepru'recrufi

eQSerr o6ulero vr cneqnQuqecKoro KIlcJIorHoro Kar€uILI3a rIaApoJIvBa

rJrlrKo3u4uofi cBflsu qello6rro3br Sranenofi vt cor.sHofi KLIcJroraMvI. floxasan

repexoA or cprHeprlr3Ma rpu 70 "C K aHrLIcLIHeprH3My rlpu 90 oC. 
,{ocronepHocrb



pe3yJlbraroB o6ecnerlllBaercs npr{MeHeHLreM KuHerlrqecKoro MoAeJrprp oBa:nus. u

crarLr crurrecKrrM aH€urlr3oM KoHcTaHT cKopocrefi .

B nsrofi rJraBe I43freHo tuqpvrpoBaHrre fJrroKo3br vr KcraJro3hr Ha

6u$ynrqIaoHEUrbHbIX Ru-rcaranru3aropax Ha ocHoBe Me3orropLrcrhrx Hocrarenefi

pa3rllqHofi rpLIpoAbI. Crpyrrypa n cocraB KaraJrr3aropoB LrccneAoBaHbr c

LIcrIoJIb3oBaHLreM coBpeMeHHbrx MeroAoB anarrusa (lI3M, COM, PO3C, T[B-I{2,

Ht43KoreMreparyplnafl, a4cop6qlrr-Aecop6qzx a3ora, 3CAO, rr,rrpoBanrae).

KzuervqecKrle gaBuckrMocrrt pacxoAoBalrrtrfl. cy6crparoB Lr HaKolJreHH.rr ilpoAyKToB

peaKllvr 6stnu rloJlfreHbr MeroAoM BbrcoKosQSercrzsHofi )Kt4AKocrHofi

xpoMarorpaQuu (B3XX). VcrauoBJreHo, rrro lgrarrvr-qlve KucJrorHbrx rpyrr Ha

rloBepxHocrl't yrnepoAHblx Marepu€rJroB Cn6ynur-4 vr CMK-3 cnoco6crByer

yMeHbIxeHLIIo pa3Mepa Ru-coAep)Kalrlux qacrurln BJrr{rrer :naLrx Kar€LrrraTnqecKyrc)

aKTLIBHOCTr B fLtApI-tpOBaHI,IpI rJItOKO3br. orZCleHLre rloBepxHocrlr HocI{TeJrt raK}Ke

TIpLIBoALIT K cHI4x{eHpIIo cpeAHero ArraMerpa .racruq. B KarrecrBe onrlrMturbHoro

nu6paH pa:lMep Ru-co4epxarqzx HaHorracrvrl -1,6 HM, rcoropufi o6ecnerruBaer

HaIa6onblryo sQ$eru4BHocrb Kar€urrr3aTopoB B peaKrlzvr ruqpr4poBaHr,r;r rJrroKo3br

n cop6zr. flpn nnsrofi TeMrleparype 60 oC sa 90 Mr{H Aocrr{raercfl, florrrlr rroJrHa,f,

KoHBepcvrfl. rurroKo3br c ceJreKTprBHocrbro uo cop6vrry 92-98%.

florasaHo, qro vro4zS vrKarlurr. Me3oroplrcroro Me3ocrpyKTypr4poBaHHofo

cuJrvrKarHoro Marepl{ara SBA-15 oKcLrAaMLr rlprpKonvrfl. u nuo6ru [oBbrrrraer ero

rl,IAporepMaJlbHyro cra6wtbHocrb u Kl4cJrorHocrb, qro rro3BoJr.f,er krcrroJrb3oBarb

rarofi rvro4zQl4rll4poBanuufi Marepr4Eur B KaqecrBe HoclrreJrs AIrfl craHTe3a

pyTeHI,IeBbIX KaTaII[3aTOpOB, [epCleKTr{BHbrX Arrfl upoqecca rr,rApoJrvBa-

ru4pvrpoBaHufl. rroJlplcaxapkrAoB B oAHoM peaKTope. Orcz4 ttno6ns, BIrnfler Ha

crerleHb oKI{cJIeHkrfl. u AllcnepcHocrb HaHeceHHoro pyreHlrfl. Karzurrcaropbr,

HaHeceHHbre Ha vro4zQllqplpoBanHrrfi SBA- 15, nporBJr.rrror BbrcoKyro

Karuururr4qecKyro aKrkrBHocTb. llpu coAepx(aHnvr Ru 2 t/lacc.%% reMneparype

70 oC n AaBnertuvI 5,5 MlIaH2, KoHBepcus. Kcr.rJro3br 3a 90 vrzn rpeBbrrrraer 94o/o

ilpu ceJreKTLtBHocrkr rro KcktJrlrry 96-99%.



B BbIBoAax [pIaBeAeHbI Hav6onee 3HaquMbre e3yJrbrarbr, paHee

r43JrOXreHHbre B COOTBeTCTByTOUT4X pa3Aenax AV Cceprarlprr{.

AnropeQepar ro crpyKrype u coAepxaHno Aaer rroJrHoe npeAcraBneHkre o

pe3ynb r ar ax, ronyqeHHbrx B Ar4cceprarlkr osuofi pa6 ore.

Hay.urafl HoBrr3Ha pa6oru onpeAe rrflercfl. TeM, qro cor4cKareJreM rron1nreH

pfl[, HoBbIX HayqHhrx p*yJrbraroB. Bnepnue ycraHoBJreHbr pa3nuvmfl, B

MexaHV3MaX fVApOnId3A IIenJIIOnO3br HA TBepAbrX KaTaJrlrcaTopax c cr{JrbHbrMlr

cynrQorpynraMu u cna6rruz rap6oxcr.rJrbHbrMkr u SenonrHbrMr4 rpynraMn,

Koropble LIHTeprIperI'IpoBaHbI c freroM o6pasoBanufl, AsofiHoro eJreKrpLrqecKoro

cJIofl Ha rpaHl,Iqe pa3Aena Qas v ero Kar€IJrrrru.recrofi aKTr{BHocrt4.

SrcuepI4MeHTiuIbHo AoKa3aH u o6rscuen cr{Hepru.recrzfi s$Qerr o6qero u

cuequ$HrlecKoro Kl4cJrorHoro Kar€rJrr{3a rrpu rr.rApoJrr.r3e qello6r4o3br.

llpe4loxteHHat KlaHerkIrrecKar MoAenb, orrktcbrBaroqafl TeMleparypHbrfi uepexoA

oT cLIHepfI43Ma K aHTVCilHepfI43My, rruTbrBaeT HeCKOJTbKO MapupyTOB peaKqvu, B

ToM rrl4cre c Asofinofi aKTI{BaIIuefi cy6crpara Sraresofi Kr/rcJroroit u rporoHoM.

BHssreHhI 3aKoHoMepHocrLr BJrr{ flHvrfl, Kr{cJrorHbrx rpyrt[ yrurepoAHbrx Hocr4Telefi

(Cz6ynur-4, CMK-3) Ha pa3Mep Ru-coAep)Karrlrlx HaHorracrrrrl v vrx

Karalll4Tt4rrecK)ruo aKTT4BHOCTb B fr4ApLrpOBaHr4H fnroKo3br; olpeAeJreH

onrl{Mallrnrtfi pmMep qacrkrrl (-1,6 HM). llorcasaHo BJrLrrHr.re oKcrrAa sno6us, na

sneKTpoHHOe COCTOtHpIe Vr ArrClepCHOCTb pyTeHkrr B KaT€LIrLBaTOpaX Ha OCHOBe

nao4IaSHIII4poBaHHoro Me3orropr,rcroro Marepr{ aJra SBA- 15, qro o6ecneqr,rBaer

Bbrc oKyro aKTr4 BHocTb B r-r.rApllp oBaHLrpr KcI4JrO3br.

flparcrIlqecKafl 3HarrrrMocrb pa6oru 3aKJrK)rraercfl. B srrcoroft

eSSerrHBHocrI{ pa3pa6oraHHbrx cor{cKareJreM Kararrkt3aropoB (2 vacc.o/o Ru na

oKI4cJIeHHbIX yrnepoAHblx HocvreJurx CMK-3 u Cu6yuur-4, a raKlre Ha 5Zr-SBA-

15 u 10Nb/5Zr-SBA-15). Kararz3aropbr rrpoAeMoHcrpkrpoBzrrrr4 e$Qeru4BHocrb B

rkrlipvrpoBalavlkr rJlroKo3br vr KcrrJro3br rrpt4 M.srKrrx ycnoBlrrrx (60-70 oC, 5,5 MfIa

Hz). Pesylrrarbl Moryr cnylrllTb ocnonofi Anfl co3AaHrr.f, TexHoJrorr.rrrHhrx 14

gKoJIorI4qecKI4 6esouacHblx [poqeccoB rrepepa6orrrE nvfHorleJrnroJro3Horo cbrpbt

B rleHHhre rroJrrtoJrbr (cop6ur, KclrJrvr).



,,{ocronepHocrb pe3yJrbraroB u Hx o6ocnoBaHHocrb o6ecneqr4Barorct

rIprIMeHeHrIeM KoMfIJIeKca B3arIMoAorIonHrrorrIHX QzauuecKr.rx, xrrMl4qecKrzx vr

Qusuno-xLIMI4qecKI4x MeroAoB r.rccJreAoBaHr4fl vr anaJrvrsa (uoporr,r erpvrfl, P@A,

fI3M, COM, POOC, ZK-cneKTpocKorrrfl,, xpoMarorpa$uqecKure Mero.qbr anaJrkr3a,

TI{TpLIMerpLIqecKI,Ie uero4sr), crarr,rcru.recrofi o6pa6orroft AaHHbrx vr

KI4HeTTIqeCKI,IM MOAeJIIApOBaHr,reM, BOCIpOUI3BOAT4MOCTbIO SKCrrepr4MeHTEUrbHbIX

pe3ynbTaToB n r4x corJracoBaHHocTbro c Jrr,rTepaTypHbrMur AaHHbrMr4.

Pesynsrarbr ArrcceprarllroHuoft pa6orsr rporunu anpo6aqurc Ha

Me)KAyHapoAHbrx 14 Bcepoc cuitcrcvx KoHrpeccax u ron$epeHurrrx, r.rMeercfl 16

ny6nnrca\uit B c6opHuKax rpylos. OcuoBHbre pe3yJrbrarbr ony6"rruKoBaHbr B 5

crarb.rrx B peIIeH3I,IpyeMbIX poccHftcKr.rx u sapy6exrHhrx )KypHaJrax,

rrHAeKclrpyeMbrx s 6a3e npipa PI4HU <elibrary Science Indep>, Mex{AyHapoAHbrMr.r

6agaNru AaHHrIX (Web of Science, Scopus, RSCI). Cogep)KaHlre ouy6rurKoBaHHbrx

pa6or B rroJrHofi nrepe oTpalraer cyrqHocrb rrpoBeAeHHbrx LrccJreAosaHlrfi.

CoprcrareJreM 6rrr AeralrbHo r{3freH MexaHr{3M rr4ApoJrvsa rleJrJtoJro3hr c

[c[oJIb3oBaHueM MHoxecrBa coBpeMeHHbrx Qursz.recKl-tx, xrrMrrrrecKktx z Quszro-

xl{Mr4qecKr4x MeToAoB aHalrvr3a, rrTo peAKocTb AJrfl AoBoJrbHo cJro)KHoro [poqecca,

nrr6pauHoro B KaqecrBe o6rerra r4ccneAoBaHlrfl B 4auuofi pa6ore, rI

o6ycnaBJrprBaer ee reoper[rrecKyro 3HaqrrMocrb. Era$ynKrlr4oH€urbHbre

KaraJrr{3aropbr Anfl nepepa6orrw KoMrroHeHToB pacrvrremnofi 6uouaccrr

rrocToflHHo coBepr[eHcTByroTcfl, oAHaKo AJUI ycllellrHoro vIx npl4MeHe}Ius.

Heo6xoALIMo rroHLrM anvIe KrrorreBblx MexaHZ3MoB, o6ecuequlBaroqt4x

B3alrMoAeficrsze KoMrroHeHToB TaKLIX RaraJtu3aropoB, rITo [oATBepxAaer

HAYIIHYIO VI IIPAKTIIqECKYIO 3HAqIIMOCTb AUCCEPTAIII4OHHOTO LICCJIEAOBAHT4'I.

llo pa6ore LlMerorcf, cJleAyrcIqze Borlpocbl rr 3aMerraHlrfl:

1) B nr4TeparypHoM o6sope AlrccepraHTy cneAoB€IJIo 6u yAeJII,Irb

6olrrrre BHLrMaHus. o6cyxAeHLrrc Toro, KaK crerreHb oKr{crenus. pyreHl4fl. Blrufler

HA npoqeccbr ceJreKTprBHofo rr4Apr.rpoBaH.I1lfl. yrneBoAoB, fIocKoJIbKy B

coBpeMeHHbrx Jrr,rTepaTypHbrx r4cTorrHr{Kax MHofo BHr,rMaHLIrI yAeJIfleTcf, I{MeHHO

oKcuAaM pyTeHnrr, KaK KarEuru3aropaM fLlApLlpoBaHufl..



2) B oKcreplrMeHrax rro rr4ApI4poBaHLIro MoHocaxapplAoB HarpeBaHue

cJreAoB€uro [poBoArrrb B aTMocoepe prHepTHofo r€l34, d He rIoA BoAopoAoM.

3) B gKcrrepr4MeHT€urbHofr '.racrvr yK€BaHo, qro rI{ApoJILI3 npoBoAvrlrcfl.

rpz reMneparype 180 "C. He rpolrcxoArino lrr4 rlpll 4annofi reMrleparype

orrrlenJreHr4e SyHxrIzoHEUrbHbrx rpyrrrr c rroBepxHocrl{ TBepAbIx Kar€url4saropon?

flpono4rrJrocb lrvr vrcc.rreAoBaHrre reMrreparypHoft cra6uJlbHocrrl KarEulu3aropos?

4) Kffo-reBoe [peprMyrrlecrBo rBepAbrx KlrcJrorHbrx KaTanrvrcaropoB

Bo3MolrHocrb Lrx orAeJrentrfl, u [oBTopHoro LrcrIoJrb3oBaHLIt. llponoAlaJlocb lrvr

r{ccJreAoBaHLre cra6wtbHocrur rBepAbrx Kt4cJrorHbIX Kar€ulz3aropoB rLIApo lnga?

5) B cnfrae 6z$yHrcrllroHaJrbHbrx Karallu3aropoB rLIApLIpoBaHkIfl

HrroKo3br pflA KprHerurrrecKktx KpLIBIIX IaMeer Qoprnry cLIrMoLIAbr. Kponre roro,

HaqaJlbflafl. TorIKa Ha KLIHeTI,IqeCKIIX KpkIBbrX HaXOALITC.fl Ha 3HarreHurflX KOHBepCUkt

cy6crpara 10-50%. B raKux ycJroBr{flx cJIo)KHo oIIeHLITb HarIaJIbHyIo cKopocrb

peaKrluv, d, cJreAoBaTeJIbHO, V cAenaTb BbIBoA o rlopflAKe peaKIIZu.

6) C rreM, rro MHeHraIo Ar,IccepraHTa, Moxer 6rtrr cBt3aHo 3aMerHoe

naAeHr.re cKopocTlr peaKrlukr fkr4pLlpoBaHufl, KcvrJIo3bI Ao KcLIIIT4TA IIpI4 3HaIIeHVIAX

KoHBepcvru KcLrJIo3br AaJIeKI4x or 100%?

7) B crlrcKe Jrrareparypbr orcyrcrByror du6tmorpaQuuecKl,Ie oilvrcanur

J\b 180 u 189.

YrasanHbre 3aMeqaHufl, Hoc.f,T AprcKyccploHHblfi xapaKTep, He 3arparuBaroT

cyrqecrna pa6orbl LI ocHoBHbIX BbrBoAoB.

V.rurrrBafl. aKTy€ubHocrb, o6revt [poBeAeHHbrx IdccneAor,atruir u

AOCTOBepHOCTb [OnrreHHbrx pe3ynbTaToB, LIX Ha)qHyIO HOBLI3Hy I{ IIpaKTLIqeCKyIO

3Haq[Mocrb cqlrrarc, rrro AprccepralluoHHoe LIccJreAoBaHI-Ie fony6roBa Burcropa

AlercaHApoBlr.ra ((@u3lrKo-xlrMlrrrecKr4e 3aKoHoMepHocrvr rvr4ponul3a IIeJIJrrcJIo3bI

14 fuqpr{poBaHlrfl MoHocaxaprrAoB Ha rBepAbrx KrrcJrorHbrx u 6u$yHKIIuoHaIIbHbIX

pyreH[eBbrx Kar€uru3aropap) flBJrrercf, 3aKoHqeHHofi nayrHo-KB€uluSuraqzonHofi

pa6orofi, nrtuoJlHeHHofi Ha BbIcoKoM HafrHoM ypoBHe.

flo ar<ryaJrbHocru, :na1 v-truofi HoBkt3He r,r [paKTl4qecrofi 3HaqI,IMocr[ pa6ora

coorBercrByer rpe6onanvrflM u. 9-11, 13, 14 <<floloxenvrfl. o roptAKe




