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HM. H.~. 3EJIHHCKOro 

POCCHMCKOH AKN(EMHH HAYK 


(MOX PAH) 


llPOTOKOJI 

11.11.2014 j'{g 2 

MOCKBa 

r3aCe)laHlUI )lHCCepTal(HOHHOfO l, 

COBeTa JJ. 002.222.02 rrpH 110X PAH 


DpHCYTCTBOBaJIH: 17 LIJIeHOB COBeTa (H3 HHX 6 )lOKTOPOB HaYK no Cnel(YlaJIbHOCTYI )lYlCCepTa1U1H 

02.00.04 - ¢Yl3Y1LIeCKaR XYlMYlR) YI 47 COTPY)lHHKOB 110X PAH YI npHrJIaWeHHbIX. 

Dpe)lCe)laTeJIb: )l.X.H., npo¢. H.51. YcaLIeB 


CeKpeTapb: K.X.H. o.n. EJIYlCeeB 


IIoBecTKa )lHSI: 

3all(YlTa )lOKTOPCKOH )lYlCCepTal(HH CephIx AJleKCaH.l1:pa MBaHOBHQa 

1. C~YIIIAJIH: 33WHTY )lOKTOPCKOH )lHCCepTaUHH CepbIx AJleKC3H.l1:pOM 

HB3HOBHQeM Ha TeMY «¢OPMHpOBaIme, rrpHp0)la H ¢wmKO-XHMYlLIeCKYle CBoHcTBa 

KaTHOHHbIX UeHTPOB B KaTa.J1HTHLIeCKHX CHCTeMax Ha OCHOBe BblcoKoKpeMHe3eMHhlx 

ueOJIYlTOB» no Crrel(YlaJIbHOCTH 02.00.04 - <pYl3Y1LIeCKllil XYlMHR 

BonpocbI 3a)laBa.J1H: M.B. UO)lHKOB, )l.x.H., npo¢; B.H. illeJIHMOB, )l.X .H., npo¢; B.11. 

DOf.L\aH )l.x.H. 

A.l1. Cepblx OTBeLIaeT Ha BOnpOCbI. 

o.n. EmlceeB 3a~mTbIBaeT )lOKYMeHTbI arreCTaL{HOHHOro )leJIa, 3aKJIlOLIeHYle 110X 

P AH (BbInHCKa Yl3 Me)l(JIa60paTopoHoro I-IaYLIHoro KOJIJIOKBYlYMa JIa60paTOpYlH N2 14, N215 11 

NQ 38), OT3bIB Be)lYll(eH opraHH3aUHH (MocKoBcKHH rocY.LlapCTBeHHbIH YHHBepCHTeT 

HM. M.B. nOMOHOCOBa) H rrocTynHBWHe OT3bll3bl Ha aBTope¢epaT )lI1CCepTaUHH A.l1. Cepblx. 

A.M. Cepblx OTBeLIaeT Ha 3aMeLIacU:lR, cO)lep)l(all(I1eCR B OT3 bIBax. 


CJIOBO npe)loCTaBJIReTCR o<pI1l(HaJIbHoMY onnOHeHTY )l.X .II., npocb. B.A. MaTbIIIIaKY 
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A..vI. CepbIX OTBe4aeT Ha 3aMe4aI-IH5I OnnOHeHTa. 


CJ10BO npeL(OCTaBJUleTC5I OqnlllHaJ1bHOMY OnnOHeHTY ~.H. A.A. Uhlr3.HeRKO 


A.M. CepbIX OTBe4aeT Ha 3aMe4aHH5I onnOHeHTa. 


CJ10BO npeL(OCTaBJ15IeTCH oqmUHanhHoMY onnoHeHTY A.X.H., npoW · f.ll. qYKHHY 


A.M. CephIX OTBe4aeT Ha 3aMe4aHH5I onnOHeHTa 


B npemlHx BbICryTIHJ1H: HJ(. QYBhIJ1KHH, L(.X.H., npo¢.; M.B. UOL(HKOB, L(.X.H., npo¢; 


H.51. YcaLJeB, L(.X.H ., npo<j:l. 

M36HpaeTC5I (eL(HHOrJ1aCHo) C4eTHa5I KOMHCCH5I B COCTaBe: L(.X.H., npo<j:l. 

A.M. ffOJ1bManHeB (npeL(CeL(aTeJ1b), L(.X.H ., npo<j:l. A.A. ,[(epra4eB, L(.X.H., npo¢. 

M	 .B. UOL(HKOB. 

3aKJ1fOl.JHTeJ1hHOe CJ10BO npeL(OCTaBJ15IeTC5I A.M. CephIx. 

ITPH npOBeL(eHHH TaHHoro roJ10COBaHH5I L(HCCepTaUHoHHhIH COBer B K0J1H4eCTBe 17 

4eJ10BeK(H3 HHX 6 L(OKTOPOB HaYK no cneUHanbHOCTH pacCMaTpHBaeMOH ,QHccepTaUHH 

02.00.04 -<j:lH3HQeCKa51 XHMH5I), yqacTBoBaBllIHx B 3aCeL(aHHH, H3 23 ~leJ10BeK, BXO,Q5IllJ,HX B 

COCTaB COBeTa (KBOpYM HMeeTC5I), npor0J10COBaJ1: 3a - 17, nponlB - HeT, HeL(eHCTBHTeJ1hHh1X 

61OJ1J1eTeHeH - HeT. 

nOCTAHOBIIJUI: 

.L(HccepTaUHOHHhIH COBeT OTMeQaeT, QTO Ha OCHOBaHHH BbInOJ1HeHHhIX COHCKaTCJ1eM 

HCCJ1eL(OBaHHH: 

npeL(J10~eHa OpHrHHaJ1hHa5I HL(e51 0 npHpOL(e aKTHBHh1X UeHTpOB KaTaJ1HTHQeCKOH 

peaKUHH L(erwL(pHpOBaHH5I J1erKHX napa<j:lHHoB B BhICOKoKpcMHe3eMHhlx ueOJ1HTaX ZSM-5, 

cOL(ep~allJ,Hx 06MeHHble KaTHOHb1 L(Byx- H TpexBaneHTHblx MeTaJ1JIOn (UHHKa, Ka,QMH5I H 

ranJ1H5I) . .L(oKa3aHO, QTO 3TH KaTHOHbI KOMneHCHpyroT 0TpHuaTeJ1bHble 3ap5lL(hI YL(aneHHhlX 

L(pyr OT L(pyra B KapKace ueOJ1lna aJllOMHHHH-KHcnop0,UHhIX TeTpa3L(pOn; 

,UOKa3aHa cnoc06HOCTh 06MeHHhIX L(BYXBaJ1eHTHb1X KaTHOHOB UHHKa H Ka,UMH5I B 

ZSM-5, KOMneHCHpyrollJ,HX OTpHuaTeJ1hHhIe 3ap5l,QbI rrpOCTpaHCTBeHHO YL(aJ1eHHhIX 

aJ1lOMHHI1H:-KHCJ10P0.1lHbIX TeTpa3'upOB KapKaca ueOJ1HTa, aKTI1BHpOBaTb H L(HCCOUHaTHBHO 

aL(COp6HpOBaTh BO,QOPOL( H yrneBOL(0p0,QbI; 

,UOKa3aHO 06pa30BaHHe TpeXBaJ1eHTHb1X 06MeHHbIX KaTHOIIOB f'aJ1J1I15! B Ga-ZSM-5 B 

pe3ym,TaTe L(HCnpOnopUHOHHpOBaHH5I OL(HOBaneHTHbIX KamOHOB ranJ1H5I; 

06HapY)KeHa HHTeHCHBHa51 <j:lOTOJ1l0MHHeCueHUIHI ueOIDna ZSM-5, COL(ep)l(aIl~erO 

06MeHHhle OL(HOBaJ1eHTHble KaTHOHbI ranJ1H5I; 
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06Hapy~eHa xeMocop6uH~ BO~OpO,ua apH KOMHaTHOM l' fnep aType Ha 06MeHHb • 

O,uHOBaneHTHbIX KaTHOHaX Me,uH B ZSM-5; 

06Hapy~eHo CHJlbHOe nOHH~eHHe 'IaCTOTbI KOJIe6aHHM MOJIeKYJI BO~OpO~a H 330Ta, 

a,uCOp6HpOBaHHbIX Ha HH3KOBaJIeHTHbIX KaTHOHaX nepeXO~HbIX MCTaJIJIOB - O~HOBaJICHTHbIX 

06MCHHbIX KaTHOHaX Me~H H HHKemI B ZSM-5; 

~OKmaHO, 'ITO npH a~cop6UH1:1 330Ta Ha ueOJIHTe Cu-ZSM-5, CO~ep)KalUeM 06MeHHb'le 

O,uHOBaneHTHble KaTHOHbI Me~H, 06pa3ylOTC~ a~COp6UHOHHble KOMnJIeKCbl, COcTO~IUHe H3 

~Byx KaTHOHOB Me~H H MOJIeKYJI a30Ta, a~COp6HpOBaHHbIX KaK B JIHHetfHoM TepMHHaJIbHOH, 

TaK H B MOCTHKOBOM ~ByxueHTpOBOM epOpMe. 

TeOpeTH'IeCKM 3Ha'IHMOCTb HCCJIe~OBaHHH 060CHOBaHa TeM, '-ITO: 

nOJIYl.JeHa HOBM HHepOPMaIIH~ 0 CTpYKType H CBOHCTBaX KaTaJIHTHl.JeCKH aKTHBHbIX 

ueHTpOB ~erH,upHpOBaHH~ JIerKHX napaepHHOB B UHHK-, Ka~MHH- H raJIJIHMCO~ep)KaIUHX 

ueOJIHT<L,( ZSM-5; 

YCTaHOBJIeHa CTpyKTypa HeH3BeCTHbiX paHee a~COp6UHOHHbIX KOMnJIeKCOB a30Ta C 

napHbIMH 06MeHHbIMH KaTHOHaMH Cu(I) B Cu-ZSM-5, CrreKTpOCKOnH'-IeCKHC ~aHHble 

nO~TBCp~~CHbI MO~eJIbHbIMH KBaHTOBOXHMH'-IeCKHMH paCl.JeTaMH; 

ycraHOBJIeHa CnOC06HOCTb O~HOBaJIeHTHbrX 06MeHHbIX KaTHOHOB Me~H H HHKeJI~ B 

ZSM-5 aKTHBHpOBaTb MOJIeKYJIbI Bo~opo~a, a TaK)Ke cnoc06HOCTb O~HOBaJIeHTHbIX 06MCHHbIX 

KaTHOHOB HHKCJI.5I aKTHBHpOBaTb MOJIeKYJIbI mOTa; 

YCTaHOBJIeHa rrpHpo,ua UeHTPOB <pOTOJII{)MHHeCueHL~HH B raJIJIHMCO~ep~aIUeM ueOJIHTe 

ZSM-5; 

npHMeHHTeJIbHO K TCMaTHKe ~HccepTaL~HH pe3YJIbTaTHBHO (Jcp<peKTHBHO, TO eCTb C 

nOJIY'IeHHeM HOBblX pe3YJIbTaTOB) HCnOJIb30BaH KOMnJIeKC JKCnepHMeHTaJIhHhrX II 

TeOpeTH'IeCKHX Mero~oB HCCJIC~OBaHli~, BKJIlO'IaFOIUliH 11K cncKTpocKonlllO 

a~cop6HpoBaHHblx MOJICKYJI, Y<D-Bli~ crreKTpocKonHIO, peHTreHoBcKYIO cpoTOJJIeKTpOHHyIO 

cneKTpOCKOnHlO (P<D3C) In situ, 3I1P crrCKTpOCKOnHlO, cncKTpocKorrHlO 

CPOTOJIIOMHHeCucHUHH, MOJIeKyJI~pHOC Mo,ueJIHpOBaHHe C liCrrOJIb30BaHHeM KBaHTOBO

XHMH'IeCKHX Bbl'-IHCJIeHHH; 

H3JIO~eHbI apryMeHTbI H rrpl1BCneHbI cpaKTbl, 06b~CH5fKllUHC crroc06HoCTb 

H30JIHpOBaHHbIX nByx- H TpeXBaJIeHTHbIX 06MeHHbIX KaTHOHOB MCTaJIJIOB KOMrreHcHpoBaTb 

oTpHuaTeJIbHble 3ap~nbI ynaJIeHHbIX npyr OT npyra aJIIOMHHHH-KHCJlOpOnHblx TCTpa3npoB. 

3Ha'ICHHe nOJIY'ICHHblX COHCKaTeJIeM pe3YJIbTaTOB HCCJIe~OBaI-IH5J nJI.5I npaKTHKH 

rrO~TBCp)K~aeTC~ TeM, 'ITO 3HaHHe npHpO~bI KaTaJIHTH'ICCKH aKTHBHblX UCHTPOB B 

BbiCOKOKpeMHe3eMHbIX ueOJIHTaX MO)KeT 6bJTh HCrrOJIb30BaHO ~JI~ nOBbIllIeHll.5I 

JepcpeKTHBHOCTH cymeCTBYIOIUHX KaTaJIH3aTOpOl:~ Ha OCHOBe ueOJIHTOB H pa3pa6oTKH HOBbIX 
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KaTaJIMTIFleCKHX CHCTeM; 3HaHHC a,UCOp6UHOHHhIX CBOHCTB KaTHOHHhIX ueSTpOB B ueo liTaJ< 

MO)J(eT 6brth HCn0J1h30BaHO ,UJ151 C03,UaHH5I fWBbIX a,UCOp6HPYlOlUHX MaTepMaJIOB; 3HaHl1e 

OnTHqeCKHX CBOHCTB KaHfOHHhIX UeHTpOB B raJIJ1HHCO,Uep)KalUeM ueOJIYne ZSM-5 MO)J(CT 

6hITh MCn0J1h30BaHO ,UJ151 pa3pa60TKM HOBbIX <pOTOKaTaJIHTHqeCKHX MaTepMaJIOB H MaTepHaJIOB 

,UJ151 pa3J1HqHbIX OnTlfl·leCKHX YCTPOHCTB. 

Ou;eHKa ,UOCTOBepHOCTH pe3YJ1bTaTOB HCCJ1e,UOBaHH5I BbUiBHJ1a, 'lTO: 

Bce pe3YJ1bTaThI nOJ1yqeHbI C HCn0J1b30BaHHeM COBpeMeHHoro cepTH<pHUHpOBaHHoro 

060pY,[(OBaml51 - cneKTpOMeTpOB YlK, YcI>-BH,U, 3DP, PcI>3C, <pOTOJlIOMHHeCueHUlIH - H 

nporpaMMHOrO 06eCne'feHH5I - GAUSSIAN 03. HCCJ1e,UoBamI5I npoBe,UeHbI Ha cepHRx 

3KcnepHMeHTaJIhHhIX o6pa3uOB, B KOTOPhIX nOflyqeHhI XOPOlliO BocnpoH3Bo,UHMble 

pe3YJ1hTaTbI. OCHoBHble 3KcnepHMeHTaJIbHhle pe3YJ1hTaThI cOrJ1acyroTC5I C pe3YJ1bTaTaMH 

TeOpeTHqeCKOrO aHaJIH3a H aHaJIH3a cOBpeMeHHoH JIHTepaTyphI no TeMe ,UHccepTaumL 

bOJ1hlllM l.-!aCTO pe3YJ1bTaTOB nO,UTBep)K,UeHa B 60flee n03,D,HHX ny6J1HKaUH5Ix ,D,pymx HayqHbIX 

K05151eKTHBOB no TeMe pa60TbI. 

J1HqHhIH BK51a,D, COHCKaTe5151 COCTOI1T B TOM, 'fTO Bce BKJ1lO'feHHble B ,D,HCCepTaUHlO 

,D,aHHble 6bIJ1H n051Y'feHhI 51H'fHO aBTopOM H51H npM ero HenOCpe,D,CTBeHHOM YQaCTI1H. 

DOCTaHOBKa 3a,D,a'f, BhI60p MeTO,D,a HX pellIeHH5I M aHaJIM3 nOJ1yqeHHbIX pe3YJ1hTaTOB 

npOBe,D,eHhI aBTopOM J1WIHO. DO,D,rOTOBKa ny651MKaU;MH no BhIn051HeHHOH pa60Te 

ocymeCTB515lJ1aCb J1M'fHO aBTopOM M51M npM ero Henocpe,UCTBeHHOM yqaCTHM. 

,L{MccepTaUM5I OXBaThIBaeT BonpOCbI nOCTaB51eHHOH HaY'fHOH 3a,D,al..IH no HCCJ1e,D,OBaHHIO 

npHpO,D,hI H CBOHCTB KaTMOHHbIX UeHTPOB B KaTaJIHTHqeCKHX CHCTeMax Ha OCHOBe 

BbICOKOKpeMHe3eMHhIX ueOJ1HTOB H COOTBeTCTByeT KpHTepHIO BHYTpeHHero e,D,HHCTBa, qTO 

nO,D,TBep)K,D,aeTC5I HaJIHl.fHeM nOCJ1enOBaTeJ1hHOrO IIJ1aHa HCCJ1e'[(OBaHHH, OCHOBHOH H,D,eHHOH 

51HHHH, KOHueIITYaJIhHOCTH H B3aHMOCB5I3H BhIBO,D,OB, 3aKOH'feHHOCTblO HCCJ1e.llOBaHH5I. 

D051yqeHHbIe pe3Y51hTaTbI ,D,OCTOBeplfhI, a C,D,C51aHHhle BbIBO,D,hI 060CHOBaHhI. Ony6JIHKOBaHHhle 

B rre'faTH pa60ThI H aBTope<pepaT ,D,OCTaTO'fHO II051HO OTpa)KaJOT OCHOBHoe CO,D,ep)KaIlHe 

pa60TbI. 

,L{HccepTauHoHHhIH COBeT npHIllen K BhIBO,D,y 0 TOM, 'fTO ,D,HCcepTaUH5I IIpe,D,CTaB515leT 

C060H HaY'fHO-KBaJIH<pHKaUHOHHyro pa60TY, KOTOPM COOTBeTcTByeT KpHTepH5IM, 

YCTaHOB51eHHhIM B II. 9 «D051o)KeHH5I 0 rrOp5l,D,Ke rrpHCY)J(UeHH5I Yl.feHhIX cTeneHeH», 

YTBep)K,D,eHHOrO nOCTaHOBJ1eHHeM ITpaBHTeJIhCTBa POCCHHCKOH cI>e.llepal\HH 01' 24 CeHT5I6p5I 

2013 r. N2842, H npHH5IJ1 pellleHHe npHcy,D,HTb CephIx AJ1eKCaH,D,PY HBaHOBHl.fY Yl.feHYIO 

CTeneIlh ,D,OKTOpa XHMH'feCKHX HaYK. 

ITpH IIpOBe,D,eHHH TaHHoro r0510COBaHH5I ,D,HCCepTaL.(HoHHhIH COBeT B KOJ1Hl.feCTBe ~ 

l.feJ10BeK, H3 HHX __6_ ,D,OKTOPOB HaYK no CrreI(HaJIbHOCTH 02.00.04 - (pH3HqeCKa51 XHMH5I, 
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yt-IaCTBOBaBIIIHX B 3aCe,llaHHH, 113 2.1. LfeJlOBeK, BXOn5nUHX B COCTas BeTa, rrporOnOCOBalll1 3a 

ll, npOHiB HeT , HeneHCTBHTenbHbIX 610JrneTeHeH HeT . 

3aMeCTHTeJlb npencenaTemI 


nHccepTaUHOHHoro COBen .JJ: 002.222 .02 


H. 51. YCat.ICBnX.H., npoq,eccop , ~ 

YqeHbIH ceKpeTaph 


,llI1CCepTaUI10HHOrO COBeTa 


O. fl. EJlHCeeBK.X.H. 

11 H05I6pSl 2014 rona 

ITO,llnI1CH ,ll.X.H. npocpeccopa H.5I. YCaqeBa H K.X.H. O.fI. EJlHCeeBa 3aBepSilO. 

H.K. KopweBeu 
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npOTOKOJI N!;! 2 
3ace.n:aHI1S1 CI.J:eTHoi1: KOMI1CCI1I1 , 1136paHHoi1: .n:l1ccepTaUHOHHI>IM COBeTOM ,LI, 002.222.02 

npl1 I1HcTI1TYTe OpraHI1QeCKoi1: XI1MI1H HM. H.)J:. 3enl1HCKOrO PAH 

OT 11 HOSl6pSl 2014 r. 

Co :raB 1136paHHoi1: KOMI1CCI1I1: c: C' tu 1-'~t:"'{. vtt' {] 
7l/bdC~~..d,(.eG t ,Lr J 

r;[)(?bU'"C t'LvI. 
! 

KOMI1CCI1S1 1136paHa .n:nSl no.n:CI.J:eTa ronOCOB npl1 TaaHOM ronOCOBaHHI1 no Bonpocy 0 


npl1cY)K.n:eHl1l1 CepblX AJle«calldpy H6al106UIlY Ha COI1CKaHl1e YI.J:eHoi1: 


CTeneHl1 .n:OKTopa XI1Ml1I.J:eCKl1X HaYK. 


PemeHl1eM BAK MfIH06pa30BaHl1S1 11 HayKI1 P<l> OT 21.05.2010 r. N2 1030-396 COCTaB 


.n:l1CCepTaUI10HHOrO COBeTa YTBep)K.n:eH B KOJIl1I.J:eCTBe 23 I.J:enOBeK Ha nepl1o.n: .n:ei1:cTBI1S1 


HOMeHKJIaTyphI CrreUMaJIhHOcTei1: HaYI.J:HhIX pa60THl1KOB, YTBep)K.n:eHHoi1: rrpl1Ka30M 


MI1Ho6pHaYKl1 POCCHId OT 25 .02.2009 r. N2 59. 


B COCTaB COBeTa .n:orrOJIHl1TeJ1bHO C npaBoM pemmoI.IJ,ero rOJIoca BBe.n:eHhI __ "4eJI. 


TIPl1CYTCTBOBaJIO Ha 3ace.n:aHl1l1 ~ "4JIeHOB COBeTa, B TOM "4l1cne .n:OKTOPOB HayK no 


npoqmmo paCCMaTpl1BaeMoi1: .n:l1ccepTaUl1l1 __(,._.., ___ 


P03.n:aHO 6IOnJIeTeHei1: (.:r 
OCTaJIOCh Hep03.n:aHHhIX 6IOJIJIeTeHei1: G 
OKa3aJIOCh B ypHe 6IOJIneTeHei1: . I 7 

Pe3YJIhTaThI ronOCOBaHI1S1 no Bonpocy 0 npl1CY)K.n:eHl1l1 YI.J:eHoi1: CTeneHI1 KaH.n:I1.n:aTa 

CepblX AJle«calldpy H6al106UIlV 

3a /(1 
npOTl1B 


He.n:ei1:cTBI1TeJIhHhIX 6IOJIJIeTeHei1: 
 k-er ~ 
rk> A-b..-u ~L.f( e.P A·.,~ )TIpe.n:ce.n:aTeJIh C"4eTHoi1: KOMl1CCI1I1: 

qJIeHhI KOMHCCI1I1: Y2 5Y ( »rIf') :.(t ulll 
~~~_( 4f)~N.B) 

TIo.n:n 11C11 SJ'jO ./6 ..I-1L~..,.LA""l'I"O'I'l 
,,-------~r;~~~~~~~~-

~~-7~~~~~~~~~~~~~~~-~3aBepSllO~~~tL

H.K. KopweBeu 
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51BOQHhIR JIHCT 
l.JneHOB .l1.HCCepTalJ,HOHHOrO cOBeTa.n: 002.222.02 

K 3aCe.l1.aHHlO COBeTa 111l0RfipR 2014 z, npOmOKO.Tl.M! 2 

ITO 3amHTe .l1.0KTOPCKoH .l1.HCCepTalJ,HH Cepblx AJleKCaH.L!pOM MBaHOBUqeM 

ITO CITelJ,HaJIbHOCTH 02.00.04 - cpH3Hl.JeCKa5I XHMH5I 

Yy.eHa$l CTeneHh, flOJIyy.eHHe5IBKa na
$aMUJIH$I liLO. 

61OJIJICTCH$I 

COBeTe 
lillf<PP CneUHaJIhHOCTH B 3aCC.llaHHe 

(no.unHcb) (nO.llnHch) 

l. Ka3aHcKHH Bna.l1.HMHp EopHcoBHLI aKa.l1.eMHK 02.00.04 
(np_e.llCe.llaTeJlh ) 

l.Jn.-Kopp.PAH 02.00.13 
(3aMeCTHTeJIh npe.llCe.llaTeJISI) 

2. JIaITH.l1.Yc Anb6epT JIbBOBWI 

/ 

YCaLJ:eB HHKonaH 51KoBneBHl.J .l1..X.H. 02.00.13 , 
(3aMeCTHTeJIh n pe.llCe.llaTeJI5I) 

3. ::{/~~ i 
 K 
K.X.H. 02 .00.15 4. EnHceeB Oner JIeoHH.l1.0BHLJ: ' ~~f 
 V~(Y'-ICHhlil: ceKpempb) ,i ~ 

1 

AHaHHKoB BaJIeHTHH TIaBnOBHLJ: LJ:n.-Kopp.PAH 02.00.155. 
L 

Eor.l1.aH BI1KTOP HrHaTbeBHl.J .l1..X.H. 02.00.046. ';A~f , 7 
-" 

"'>1(;/F··- ,., 

7. 'Be.l1.eH51ITHH Anb6epT AneKCaH.l1.pOBHLJ: .l1..X.H. 02.00.15 ~~~dJ.~ 

)KapoB AneKceH AneKCeeBHl.J8. .l1..X.H. 02.00.04 LJl ., ~L- f' "'/'T .., 
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BeCTl1 51. ylTaK, Y Hac Ha rrOBeCTKe ,L(H5I O,L(I1H Borrpoc - :no 3aIIGITa ,L(OKTOPCKOM 

,L(I1CCepTaIVil1 CepbIX AJIeKCaH,L(pOM MBaHOBJ1l-leM rro TeMe «<l>opMl1pOBaHl1e, rrpl1po,L(a 

11 CPI13I1KO-XI1MJ1lIeCKl1e CBOMCTBa KaTI10HHbIX u;eHTpOB B KaTaJII1TJ1lIeCKI1X CI1CTCMaX 

Ha OCHOBe BbICOKOKpeMHe3eMHbIX u;eOJII1TOB». OCPI1O:l1aJIbHble orrrrOHeHTbI - ,L(OKTOP 

CPI13I1KO-MaTeMaTl1qeCKI1X HaYK UblraHeHKO AJIeKCeM AJIeKCeeBl1q, ,L(OKTOP 

XI1MI1QeCKFliX HaYK QYKI1H reHHa,L(I1M ,n:MI1Tpl1eBHQ 11 ,L(OKTOP XI1MI1QeCKI1X HaYK 

MaTbIluaK BaJIepHM AH,L(peeBI1Q. Be,L(YllJ,a51 OpraHI13aU;l151 3TO MrY 

11M. M.B. JIOMoHocOBa, X.J1MI1QeCKHM cpaKYJIbTeT. CJIOBO rrpe,L(OCTaBJI5IeTC5I ceKpeTaplO 

COBeTa EJII1CeeBY OJIery JIeoHI1,L(OBI1QY ,L(JI5I OrJIarneHI151 ,L(OKYMeHTOB, KOTopbIe 

I1MelOTC5I B ,L(eJIe AJIeKCaH,L(pa MBaHOBI1Qa. 

O.JI. EJII1CeeB: B JII1QHOM ,L(eJIe COI1CKaTeJI5I CepbIX AJIeKCaH,L(pa MBaHOBJ1lIa 

I1MelOTC5I CJIe,L(YlOllJ,l1e ,L(OKYMeHTbI: 3a5lBJIeHHe Ha I1M5I rrpe,L(Ce,n:aTeJI5I COBeTa 0 

rrpl1eMe ,L(I1CCepTaU;1111 K 3allJ,I1Te, ,n:l1ccepTaU;I151, aBTopecpepaT, BblTII1CKa 113 TIPOTOKOJIa 

Me)KJIa6opaTopHoro KOJIJIOKBHYMa JIa60paTOpl1M N2 38, 14 11 15 OT 19 cpeBPaJI5I 1914 

ro,n:a (KOJIJIOKBI1YM peKoMeH,n:yeT ,L(I1CCepTaU;l1lO K 3allJ,I1Te), 3aKJIlOLleHI1e 3KcrrepTHoro 

COBeTa, B KOTOPOM ,n:l1ccepTaU;115I TaK)I(e peKoMeH,n:oBaHa K 3allJ,I1Te, CITI1COK paCCbIJIKH 

aBTopecpepaTa, 3aBepeHHa51 KOrrl151 ,L(l1rrJIOMa KaH,n:I1,L(aTa XI1MI1QeCKI1X HayK, 

xapaKTepl1CTI1Ka, rrO,L(rrI1CaHHa51 3aBe,L(YIOllJ,I1M JIa60paTopl1eli BI1KTOPOM 

Ml1poHoBI1QeM KoraHoM 11 ,n:l1peKTopoM I1HcTI1TYTa Ml1xal1JIoM ITeTpOBI1QeM 

EropoBbIM, 11 OT3bIBbI 0CPI1U;l1aJIbHbIX orrrrOHeHTOB, Be,L(yIJ..:(eM OpraHl13aU;1111 11 

HeCKOJIbKO OT3bIBOB Ha aBTopecpepaT. Bce ,n:OKYMeHTbI y,n:oBJIeTBOp5l1OT 

YCTaHOBJIeHHbIM Tpe6oBaHI151M. 

H.5I. YCaQeB: ECTb JII1 BorrpocbI rro ,n:OKYMeHTaM, KOTOPbIC I1MelOTC5I B ,L(eJIe 

AJIeKcaH,n:pa MBaHOBI1Qa? ECJII1 HeT, TOr,L(a, AJIeKcaH,n:p MBaHOBJ1l1, BaM 

rrpe,n:ocTaBJI5IeTC5I CJlOBO ,L(JI5I ,n:OKJIa,L(a. 

A.M. CepbIx: ,n:eJIaeT ,n:OKJIa,n:. 

H.51. YcaLleB: Cnacl16o. TIO)KaJIYMcTa, BOrrpOCbI. 

M.B. UO,n;I1KOB: MHe OQeHb I1HTepecHa aKTHBaU;l151 11 xCMocop6u;1151 a30Ta 11 

BO,L(Opo,n:a. MO)!{eT 6bITb, BbI CMO)!{eTe TaK rrOJIyqaTb aMM11aK B CYlileCTBeHHO 60JIee 

M5IrKI1X YCJIOBI151X? 
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A.H. CepbIX: K CO)l(arIeHI1IO, Bep05lTHO, 3TO HeB03MO)£(HO, TaK KaK Har-peBaHl1e B 

npI1CYTCTBI1I1 BO)l,OpO)l,a pa3pywaeT O)l,HOBarIeHTHbJe KaTI10HbI Me)l,I1, BOCCTaHaBflI1Ba51 

I1X )l,0 HYflbBarIeHTHOrO COCT05lHI151. 

M.B. UO)l,MKOB: Y BaC aKTMBMpyeTc5I a30T M BO)l,OPO)l,. ECflM Y Bac )l,Ba 

aKTI1BMpOBaHHbIX COCT05lHI151, 3Ha~I1T, MO)£(eT np0I130HTI1 B3aI1MO)l,eHCTBI1e. 

A.H. CepbIX: A30T a)l,COp6I1pyeTc5I 3Ha~MTeflbHO CMflbHee, ~eM BO)l,OPO)l,. 3TO 

6bInO YCTaHOBfleHO npI1 a)l,cop6UI1I1 CMeCI1 a30Ta 11 BO)l,OpO)l,a. ITPI1 a)l,cop6UI1I1 CMeCI1 

a30T BbITeCH5IeT a)l,COp6MpOBaHHbIH BO)l,OPO,lJ,. 

M.B. UO)J;I1KOB: To eCTb He B3aI1MO)l,eHCTBYIOT. 

A.H. Ce_pbIX: ,lJ,a, Ha O)l,HOM ueHTpe Heflb351 nOfly~I1Tb )l,Be aKTI1BMpOBaHHble 

MOfleKYflbI. 

M.B. liO,D;MKOB: CrracI160. ELUe MO)£(HO O)l,MH Borrpoc? 


H.5I. Yca~eB: )J;a. 


M.B. UO,D;I1KOB: B KflaCCI1~eCKOM rrOHMMaHMI1 eCTb rI1)l,pI1)l,006pa3YIOIlJ,I1e 

MeTarIflbI, KOTOPbJe )l,eHCTBI1TeflbHO 06pa3yIOT C BO)l,OPO)l,OM )l,OCTaTO~HO rrpo~HyIO 

CB5I3b. BbI rrpe)l,CTaBI1flM ueflbIH P5l)l, MeTarIflOB, KOTopble Harrp5lMyIO 06pa3yIOT CB5I3b C 

BO)l,OPO)l,OM. He rM)l,pOKCMflbI, B KOTOPbIX BO)l,OPO)l, rrpI1coe)l,I1H5JeTC5I K KI1CflOPO)l,y, a 

np.5lMO K MeTarIflY. 3TO cTa6I1flbHa5I CB5I3b? OHa COXpaH.5IeTC5I rrpI1 KOMHaTHOH 

TeMrrepaType? To eCTb BbI MO)l(eTe COXpaH5ITb KaKoe-TO KOflI1~eCTBO BO)l,OpO)l,a? 

A.H. Cepblx: BbI MMeeTe B BM)l,y Ha KaTI10HaX O)l,HOBarIeHTHOH Me)l,M MflI1 Ha 

Bcex? 

M.B. liO,D;MKOB: Ha Bcex. 

A.H. Cepblx: B )l,I1CCOIJ,MMpoBaHHoM COCT05lHMM Ha I13y~eHHbIX KaTMOHax 

rI1)l,pI1)l,bI cTa6l1JlbHO MoryT rrpI1cYTcTBoBaTb rrpI1 KOMHaTHOH TeMrrepaType. Ho )l,a)l(e 

Ha KaTI10HaX Me)l,H rrpI1 KOMHaTHoH TeMrrepaType a)l,cop6UI151 BO)l,OpO)l,a )l,OBOflbHO 

npO~Ha5l, ~TO BM)l,HO M3 H30TepMbI a)l,COp6UI1I1. 

M.B. UO,llMKOB: CnacI160. 


H.5I. Yca~eB: TaK, nO)l(arIYHcTa, BonpocbI eLUe. 


H.B. MI1IIIHH: qTO BbI BKfla)l,bIBaeTe B rrOH5ITHC 6flI13KOpaCrrOnO)£(eHHbJe 

TeTpa3)l,pbI 11 y)l,aneHHble )l,pyr OT )l,pyra? Be)l,b B lJ.eOfllnaX ZSM-5 C OTHorneHMCM 
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KpeMHIUI K aJIlOMIfHIUO rrOp5l,nKa 15 B O,nHOM KOJIbu.e He MO)l(eT 6bITb ,nBa aTOMa 

aJIIOMHHH5I. 

A.H. CepbIX: Ha 3TOT Borrpoc MO)l(HO OTBeTHTb CJIe.n.YIOIIJ,HM 05Pa30M. 

Pacnpe,neJIeHHe aJIIOMHHIUI B KapKace u.eOJIHTa HeO)J:Hopo,nI-IOe. TIPHCYTCTBHe ,nBYX 

aTOMOB aJIIOMHHH5I B O.n.HOM llIeCTHYJIeHHOM KOJIbu:e HMeeT KOHeYHYIO Bep05ITHOCTb. 

:Vb ,npyrHx HCCJIe,noBaHHH H3BeCTHO, YTO pacnpe,neJIeHHe aJIIOMHHH5I B KapKace 

u.eOJIHTa Heo.n.Hopo,nHO KaK MHKpOCKOnHyeCKH, TaK H MaKpOCKOnI1LJeCKI1. 11 

Bep05ITHOCTb CYIIJ,eCTBOBaHH5I TaKI1X [(eHTpOB ,nOBOJIbHO BbICOKa H OHa TeM BbIIlIe, yeM 

HH)I(e OTHOllIeHHe KpeMHH5I K aJIIOMI1HHIO. 3TOT Bonpoc I1CCJIe,noBaJIC5I ,nocTaTOYHO 

rro.n.P05HO ,nJI5I Ko6aJIbTco.n.ep)l(aIIJ,I1X u:eOJIHTOB ZSM-5, B yaCTHOCTI1 B pa50Tax 

BHxTepJIOBOH, B KOTOPbIX 06CY)l(,naeTC5I npl1cYTCTBHe ,nByx aJIIOMI1HI1H-KHCJIOPO,nHbIX 

TeTpa3.n.poB B O,nHOM IlIeCTHYJIeHHOM KOJIbu.e. :Vb HallIHX cneKTpOCK0I1I1yeCKI1X 

,naHHbIX CJIe,nyeT, YTO 60JIbllla51 yaCTb KaTHOHOB U:I1HKa KOMrreHcHpyeT 3ap5I,nbI 

HMeHHO y.n.aJIeHHhIX .n.pyr OT .n.pyra aJIIOMHHI1H-KI1CJIOPO,nHbIX TeTpa3,npoB. A 

KOHu:eHTPaU:l15I I(eHTPoB, B KOTOPbIX KaTHOHbI u.I1HKa KOMneHcHpYIOT OTpHI(aTeJIbHbIe 

3ap5l,nhI aJIIOMI1HHH-KI1CJIOPO,nHbIX TeTpa3,npoB, Haxo,n5Ill.l,I1XC5I B O,nHOM 

IlIeCTI1YJIeHHOM KOJIbI(e CYIIJ,eCTBeHHO HH)I(e. 

H.51. YcayeB: BbI y,noBJIeTBOpeHbI oTBeToM7 

H.B. MHIlII1H: A KaKI1MI1 KpHTepIUIMI1 BbI PYKOBo,ncTByeTecb, Kor)]:a pa3.n.eJI5IeTe 

KaTHOHHbIe u:eHTpbI ,nByX TI1n'OB7 

A.M. CepbIX: MbI PYKOBo,ncTByeTC5I I1HTeHCHBHOCT5IMH pa3JIHYHbIX nOJIOC 

nOrJIOIIJ,eHI151 B I1K cneKTpe a,ncop6l1poBaHHoro Bo,nopo,na. I1MeIOTC5I ,nBe nOJIOCbI, 

KOTopbIe xapaKTepl13YIOT ,nBYXBaJIeHTHbIe KaTHOHbI u.HHKa B pa3HbIX n03HU:115IX. KaK 51 

Y)l(e rOBOpI1JI, MbI I1CCJIe,nOBaJIl1 u:eOJII1TbI C pa3HbIM OTHOIlIeHHeM KpeMHH5I K 

aJIIOMI1HHIO B KapKace 11 C pa3HbIM co,nep)l(aHl1eM U:HHKa. npH HCnOJIb30BaHHI1 

u:eOJII1TOB C HeBbICOKHM OTHOIlleHI1eM KpeMHH5I K aJIIOMI1HHIO OTHOCHTeJIbHa51 

HHTeHCI1BHOCTb 60JIee BbICOKOyaCTOTHOH: nOJIOCbI BbIwe, yeM I1HTeHCHBHOCTb 3TOH 

nOJIOCbI ,nJI5I u:eOJIHTOB C BbICOKHM OTHOllleHHeM KpeMHH5I K 3mOMI1HHIO. To eCTb, rrpl1 

BbICOKI1X OTHOIlIeHI15IX KpeMHI151 K aJIIOMI1HI1IO, Harrpl1Mep 40 I1JIH 80, I1HTeHCHBHOCTb 

:HOH nOJIOCbI OqeHb HH3Ka H pa3YMHO npe,nnOJIO)l(I1Tb, YTO rrpH BbICOKHX OTHOIlleHI151X 
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KpeMHl151 K amOMl1Hl1lO B KapKaCe IJ,eOJ1l1Ta 60J1blIla51 4aCTb KaT110HOB IJ,l1HKa 

KOMrreHCl1pYlOT KaK pa3 OTpl1IJ,aTeJ1bHble 3ap5l,LJ,bI y,LJ,aJIeHHbIX ,LJ,pyr aJIlOMl1Hl1H-

Kl1CJ10PO,LJ,HbIX TeTPa3,LJ,pOB, a KOHIJ,eHTpaIJ,l151 KaT110HOB IJ,llHKa, KOTopble 

KOMrreHCl1pYlOT OTpllIJ,aTeJ1bHble 3ap5l,LJ,bI 6J1113KO pacrr0J10)l(eHHbIX aJIlOMl1Hl1H

KllCJ10PO,LJ,HbIX, TeTpa3,LJ,pOB 4pe3BblqaHHO H113Ka. To eCTb, eCTb KOppeJ151IJ,ll5I 

l1HTeHCl1BHOCTll H113KOQaCTOTHoH rr0J10CbI rrOrJ10w:eHl151 C OTHOlIleHl1eM KpeMHl151 K 

aJIIOMl1Hl1IO B KapKace. TaK)l(e eCTb KOppeJ151IJ,ll51 l1HTeHCllBHOCTl1 Hll3KoQacToTHoll 

rr0J10CbI B 11K crreKTpe a,LJ,COp6llpoBaHHoro BO,LJ,OpO,LJ,a C cO,LJ,ep)l(aHl1eM IJ,llHKa B 

o6pa3IJ,ax. 04eBll,LJ,HO, LITO rrpll H113Kl1X CO,LJ,ep)l(aHl151X IJ,l1HKa rrepBOHaQaJ1bHO 

3arr0J1H5IIOTC5I MeHee 3HepreT114Hble l1oHoo6MeHHble rr0311IJ,l1ll (110Ka3bIBaeT Ha 

pllCYHKe rr0311IJ,lll1 B IJ,eHTPe lIIeCTll4J1eHHbIX KOJIeIJ, 11 COOTBeTCTBYIOW:YlO rr0J10cy 

rrOrJ10Il(eHll51 B l1K crreKTpe a,LJ,COp611pOBaHHoro BO,LJ,OPO,LJ,a), a fIPl1 60J1blIIllX 

CO,LJ,ep)l(aHll5lX, KOr,LJ,a 3Tl1 110311IJ,l1ll Y)l(e 3arr0J1HeHbI, Ha411HaeTC5I 3arr0J1HeHlle 60nee 

BbICOK03HepreTllQHbIX rr0311IJ,llM (rrOKa3bIBaeT Ha pl1CYHKe CJ1aH,LJ,a COOTBeTCTBYIOrnlle 

KaTllOHHble rr0311IJ,Mll II H113K04aCTOTHYlO rronocy B l1K crreKTpe a,LJ,COp6llpOBaHHoro 

BO,LJ,0p0,LJ,a) . 

H.5:I. YCaQeB: TaK, Eopl1C HllKOnaeB114. 

n.H. WeJ1l1MoB: Y MeH5I O,LJ,l1H Borrpoc rr05lBllJ1C5I, rn5l,LJ,51 Ha 3TOT CJ1aH,LJ,. BOT 

CKa)l(l1Te, QTO 3TO 3a rrOJIOca rrornow:eHl151 B paHoHe 4100 (o6paTHbIx caHTllMeTpoB)? 

A.M. Cepblx: 3TO · rrOJ1oca OT a,rxcop6IJ,lll1 BO,LJ,OpO,LJ,a Ha Kl1CJ10THbIX 

rll,LJ,pOKCllJ1bHbIX rpyrrrrax. IToJ1oca rrpll 4120-4125 - OT a,LJ,cop6IJ,1111 BO,LJ,OpO,LJ,a Ha 

Cl1J1aHOJIbHbIX rpyrrrrax . 

n.H. llleJIllMoB: 3TO K0J1e6aHl151 CB5I311 H-H (a,LJ,cOp611pOBaHHoro BO,LJ,OpO,LJ,a)? 

A.H. CepbIx: D:a. 

n.H. llleJ1llMoB: XOPOlliO, y MeH5I eCTb ew:e O,LJ,l1H Borrpoc rro raJIJlI1IO. BOT BbI 

rrpe,LJ,rrOJIaraeTe, LITO eCTb 06paTl1Ma51 peaKIJ,ll51 ,LJ,l1crrporrOpIJ,110Hl1pOBaHl151 Ga+ Ha GaO 

3 1 IT ~ B G 3+ G ° 11 G a. p114eM no,LJ, B03,LJ,el1CTBl1eM BO,LJ,OpO,LJ,a y ac a- 11 a npeBpamalOTC5I 13 

Ga+. A B KaKllX YCJ10Bl151X l1,LJ,eT 06paTlIOe rrpeBpaw:eHl1e? 

A.H. CepbIx: ITpl1 BbICOKl1X TeMuepaTypax l1)J,eT rrp5IMOe 11 o6paTHoe 

rrpeBpaw:eHl1e. ECJIl1 OTCYTCTBYIOT MOJIeKYJlbI, KOTopbIe MOfYT ,LJ,l1CCOIJ,l1llpOBaTb Ha 
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KaTHOHax TpeXBarIeHTHOrO ranJUI5I, LITO pearIH3yeTC5I B Y JlOBH5IX CBepXBbICOKoro 

BaKYYMa, Tor)J.a 3TH KaTHOHbI cTa6HJlbHbl. Kor)J.a IIPOHCXO)J.HT IIO,f(JleT MOJrCKYJlbl, 

KOTOpa5I )J.HCCO~HHpyeT Ha KaTHOHax TpeXBarreHTHoro rarIJlH5I, Tor)J.a IIPOMCXO)J.HT 

06pa30BaHHe KaTMOHOB O)J.H0 BarIe HTH0 ro rarIJlH5I C IIOMOmblO 

IIPHCYTCTBYlOmero HYJlbBarIeHTHOro ranJlH5I. OII5ITb-TaKH, Kor)J.a OTCYTCTBYIOT 

MOJleKYJlbI cIIoc06HbIe )J.HCCO~HHpoBaTb Ha KaTHOHax TpeXBarIeHTHOro rarIJlH51, 

KaTHOHbI O)J.HOBaneHTHoro ranm15I )J.HCIIpOIIOp~HOHHPYlOT TeM CaMbIM KaTHOHbl 

TpeXBarIeHTHOro ranJlH5I pereHepHpYlOTC5I. TpY)J.HOCTb HX 06HapYJKeHH5I 3aKJllOLIaeTC51 

B TOM lITO 3TH KaTHOHbI TpeXBaneHTHoro rarIJlH5I lIpe3BbIlIaHHO aKTHBHbl. Ho, TeM He 

MeHee, OHM pearIbHO cymeCTBYlOT KaK B YCJlOBH5IX CBepXBbICOKoro BaKYYMa, TaK H B 

YCJlOBM5IX cpe)J.Hero BaKYYMa, KaK 3TO 6bIJlO IIOKa3aHO 3KCIIepHMeHTOM C OKMCJleHHeM 

BOCCTaHOBJleHHOrO Ga-ZSM-5 (IIOKa3bIBaeT CJl aH)J. , 06b5ICH5IlOmMH cTa6HJlM3a~HIO 

KaTMOHOB TPeXBarIeHTHOro rarIJIM5I B ZSM-5 OKHCJleHMeM B KMCJlOpO)J.e) 6blJla 

06HapY)I(eHa BbICOKa51 KOHIJ;eHTPa~H5I KaTHOHOB TPeXBarIeHTHOro rarIJlH5I. 

3
B.H. WeJlHMoB: BOT 3TO )J.HCI1pOrrOp~110HMpOBaHHe Ga + H GaO, OHO 6e3 

BO)J.opO)J.a He H)J.eT? 

A.H. CepbIX: ,l.(Hcrrporropn;MOHMpOBaHHe KaTHOHOB O)J.HOBaneHTHoro ranJlH5I KaK 

pa3 H)J.eT 6e3 BO)J.opO)J.a, a pereHepa~H5l KaTHOHOB O)J.HOBarIeHTHOro rarIJlH5I 6e3 

BO)J.opo,na He H)J.eT. 

I).H. WeJlHMOB: Ho TYT HarrHcaHa peaKIJ;H5I C BO.L(OPO)J.OM, B IIPHCYTCTBMH 

BO)J.opo)J.a. ECJlM BO)J.opo)J.a HeT, TO 3TO 6Y)J.eT MJlH HeT? 

A.M. Cepblx: HeT. 

I).H. WeJlHMoB: BOT 3)J.eCb B ypaBHeHMe BO)J.OPO,Ll, Y Bac He BXO)J.HT. OH 

COKpamaeTC5I CJleBa M crrpaBa. 3HalIHT Ga
3 
+ rrJllOC 2GaO paBH5IeTC5I 3Ga+. Bo)J.opo,Ll, 

A.M. CepbIX: HeT. B OTCYTCTBHH BOJl,OpO)J.a l1pO)J.YKTbI 

)J.HCIIporrop~MOHHpOBaHH51 cTa6HJlbHbI. KaK IIpH KOMHanWH TeMIIepaType, TaK H rrpH 

BbICOKOH. 

I).H. WeJIHMOB: BbI CKa3aJlH TaK)I(e, lITO BOT 3TH HOHbI ranJlH5I 5IBJl5IlOTC5I 

aKTHBHbIMH ~eHTpaMH B peaK~MH )J.erH)J.pHpOBaHH5I yrJleBO)J,opO)J.OB. KaK BbI 

http:yrJleBO)J,opO)J.OB
http:BO.L(OPO)J.OM
http:IIPOMCXO)J.HT
http:IIPOHCXO)J.HT
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npe.n:CTaBJ15leTe nepmf4HOe B3aflMO.n:eMCTBHe MOJIeKYJI YfJleBO.n:0p0LJ:OB C 3THMH 

u;eHTpaMH, H LITO npH 3TOM nOJIYLlaeTC5I? 

A.H. CepbIX: OLleBHLJ:HO, LITO B3aHMOLJ:eHCTBHe MOJIeKYJiI yrJIeBOLJ:OpO.n:OB C 

KaTHOHaMI1 TpeXBaJIeHTHOrO r aJIJIH5I npOHCXOLJ:HT no MexaHH3MY, nOJX06HOMY 

MexaHH3MY B3aHMo.n:eMCTBH5I MOJIeKYJI yrneBOLJ:Opo.n:OB C KaTHOHaMH TpeXBaJIeHTHOro 

raJIJIH5I Ha nOBepXHOCTH OKCHLJ:a raJIJIH5I, nOLJ:06HOMY MexaHH3MY B3aHMOLJ:eMCTBH5I C 

KaTHOHaMH TpeXBaJIeHTHOrO aJIlOMHHIDI Ha nOBepXHOCTH OKCHLJ:a aJIlOMHHH5I. 3TI1 

peaKU;HH H3YLlaJIHCb, B LlaCTHOCTH, B HallIeM HHCTHTYTe. )J,HCCOU;HaU;H5I 

yrJIeBo.n:op0LJ:OB Ha KaTHOHax TpeXBaneHTHoro anlOMHHH5I H3YLJ:aJIaCb B 33 

JIa60paTopHH B W1ccepTaU;HH DOpoBKoBa. )J,HccoU;HaU;H5I MOJIeKYJI yrJIeBOLJ:Opo.n:OB Ha 

KaTHOHax TpeXBaJIeHTHOro raJIJIH5I Ha llOBepXHOCTH OKCHLJ:a raJIJIH5I HCCJIeLJ:OBaJIaCb B 

.n:HccepTaU;HH Cy66oTHHOM. 51 LJ:YMalO, LITO MexaHH3M OLJ:HHaKOB. Ha rrepBOM CTaLJ:HI1 

npOHcxo.n:HT aKTHBaU;H5I C-H CB5I3H H ee .n:HCCOUHaU;l151 C 06pa30BaHHeM aJIKHJIa 

raJIJIH5I H KHCJIOTHOM rHLJ:pOKCHJIbHOM rpynnbl. HaCKOJIbKO npH 3 TOM cTa6HJIeH aJIKHn 

raJIJI H5I , TaKHX HCCJIe.n:OBaHHH nOKa HeT H, HaBepHoe, Tpe6YlOTC5I .n:aJIibHeHllIHe 

HCCJIe.n:OBaHH5I. 

H.51. YcaLleB: TaK, nO)KaJIYHCTa, eII.:(e BOnpOCbl. 

B.I1. bOrLJ:aH: Ha KapTHHKe Mbl BH.n:HM, H30JIHpOBaHHble HOHbI Ga
3

+ KaK 6bl 

CT5IrHBalOT CTeHbI u;eOJIHTa ZSM-S. CKa)KHTe, nO)KanYHCTa, Bbl KaKHM-TO 06pa30M 

Ou;eHHBaJIl1, cnoco6Ha JIH 3HepreTHLleCKH CYII.:(eCTBOBaTb TaKa5I Kapnma, rrOCKOJIbKY 

3TO 3neKTpOCTaTHLleCKoe B3aHMo.n:eHCTBHe H30JIHpOBaHHblX HOHOB, H KaKOBa 

3HepreTHKa, rrOCKOJIbKY BOT 3TH HCKa)KeHH5I KPHCTaJIJIHLleCKHX pellIeTOK OLleHb 

3HepreTHLleCKH 3aTpaTHbIH npou;ecc? 3TO nepBblH Borrpoc. 11 BTOPOH Bonpoc. KaKI1M 

06pa30M LJ:OKa3bIBaeTC5I, LITO H30JIHpOBaHHble KaTHOHbI, B LlaCTHOCTH raJIJ1HH, 

HaXOLJ:51TC5I HMeHHO B 3TOM rrpocrpaHCTBe, HMeHHO B nopHCTOH CHCTeMe u;eom1Ta, a 

He H30MOP<I>HO 3aMew.aeT aJIlOMI1HHM pellIeTKH? TIPH 3 TOM aJIlOMHHHH MO)f(eT 

BbIXOLJ:I1Tb B 3TO rrpOCTpaHCTBO. 11 LJ:aJIbWe, 6bIJIH JIH TaKHe 3KcnepHMeHTbl: BMeCTO 

raJIJIH5I TaKHM )Ke 06pa30M HaHOCHTb Ha ZSM-5 aJIlOMHHHH? I10CKOJIbKY LJ:JI5I 

aJIlOMHHH5I H3BeCTHbl aJIlOMHHHM-rH.n:pHLJ:HbIe CHCTeMbl H Bce nepeXOLJ:bI 04eHb 

XOPOllIO InyqeHbI. He CB5I3aHO JIH 3TO C TaKHM MexaHH3MOM, TO eCTb raJlJIHM MO)f(eT 
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3aMell1.aTb 1130MOP<PHO amoMl1Hl1H 11 BCe 3Tl1 3<p<peKTbI 31'0 cUI IOMl'lHl1eBble 3<p<peKThI. 

Cnacl160 . 

A.H. CepbIX: Cnacl160 3a BOnpOC. qTO KaCaeTC5I I'116KOCTI1 KapKaCa L(eOJ1I1TOB, B 

qaCTHOCTI1 L(eOJ1I1Ta ZSM-5, TO OHa XOPOlIIO 113BeCTHa. B KaHaJIhI L(eOnl1Ta ZSM-5 

MoryT npOHI1KaTb MoneKynbI, KOTopble CBOI1M pa3MepOM rrpeBbIIllaIOT pa3MepbI 

KaHaJIOB L(eOnI1Ta. 31'0 TaKl1e MoneKynbI, KaK 3nnl1nTI1QeCKa51 MOJIeKyna Ha<pTaJII1Ha, 

pa3Mep KOTOPOH 3,7 Ha 7 aHrcTpeM. 31'0 CBI1,n:eTenbcTByeT 0 TOM, QTO KapKac 

L(eOnl1Ta JJ:OCTaTOl.JHO nI6KI1H. H3BeCTHO, QTO ecnl1 CTPYKTypHbIH: yron KI1CJIOPO,Z:(

KpeMHI1H-Kl1CnOpO~ TPYJJ:HO MeH5IeTC5I, 113MeHeHl1e 3Toro yrna Tpe6yeT BbICOKI1X 

3HepreUIl.JeCIillX 3aTpaT, TO H3MeHeHl1e yrna KpeMHHH-Kl1CnopOJJ:-KpeMHl1H 

npOHCXOJJ:I1T JJ:OCTaTOQHO nerKO I1 n03TOMY L(eOnHTbI cnoc06HbI cOJJ:ep)l(aTb B ce6e 

MoneKynbI, KOTopble no <popMe I1 no pa3Mepy He COOTBeTCTBYIOT KaHaJIaM L(eomITa. B 

HaYKe 0 u:eOnl1TaX eCTb nOH5ITl1e OKHO rI16KOCTI1. I1epeJJ: Cl1HTe30M ueOJII1TOB 

OL(eHI1BaeTC5I OKHO rl16KOCTH L(eneBbIX L(eOnI1THbIX CTPYKTYP, KOTopble 

npe)],I10naraeTC5I Cl1HTe3I1pOBaTb. TeOpeTHl.JeCKa5I rl16KOCTb KapKaca L(eOnHTOB 

Qpe3BhIl.JaHHO BbICOKa. TPH ro)],a Ha3a)], 6bIJ1a ony6JIl1KOBaHa CTaTb5l, OQeHHBaIOll1.a5f 

TeOpeTI1l.JeCKYIO rl16KOCTb KapKaCOB, r)],e paCCMaTPHBaJIC5I l1)],eaJIbHble KapKaCbI 

L(eOnHTOB, B KOTOPbIX npl1CYTCTByeT TOJIbKO KpeMHHH - <paKTl1l.JeCKI1 Cl1JII1KaJIl1T. 11 

6bIJ10 06HapY)l(eHO, l.JTO B pe3YJIbTaTe )]'e<popMaL(l1l1, KOTOpa51 npOHCXO)],I1JIa 6e3 

113MeHeHl1H yrJIOB Me)l()],y CB5I351MI1, a TOJIbKO 3a Cl.JeT Bpall1.eHl151 BOKpyr CB5I3eH, 

nJIOTHOCTb L(eOJIHTa MO)l(eT YBenHl.Jl1BaTbC5I Ha Benl1l.JI1HY OKOJIO 20%. 51 I1MeIO B BI1,Z:(y 

L(eOJIHT ZSM -5. KOHel.JHO )l(e, peaJIbHbIH u:eOJII1T Bp5l)], JII1 MO)l(eT 06JIa)]'aTb TaKoH 

rI16KOCTbIO, HO KaHaJIbI L(eOJIl1TOB MoryT )],OBOJIbHO CHJIbIIO )]'e<popMl1pOBaTbC5I 6e3 

BbICOKl1X 3HepreTl1QeCKl1X 3aTpaT. Ecnl1 npl1cYTcTByeT KaKOe-n1160 

3JIeKTpOCTaTl1QeCKOe B3aI1Mo)],eHcTBHe - KaTl10HOB C KapKacoM L(eOJIl1Ta, TO Bep05lTHO 

cnoc06HOCTb K )]'e<popMaL(l1H KapKaca MO)l(eT 6bITh ew:e 60JIee BbICOKOH. I1MeHHo 

3Tl1M MO)l(HO 06b5lCHl1Tb CYl..I(eCTBOBaHl1e 06MeHHbIX KaTl10HOB LJ:I1HKa I1 rarrnH5I, 

KOMneHCl1pYIOll1.l1X OTpl1L(aTenbHble 3 ap51)], bI y)],arreHHbIX )],pyr 01' )],pyra B KapKace 

L(eOJIl1Ta aJIIOMI1HI1H:-KI1CJIOP0)],HbIX TeTpa3)]'pOB. LITO KacaeTCSI 1130MOP<PHoro 

3aMell1.eHI151 anIOMl1HI151 rannl1eM, TO OHO MO)l(eT npOl1Cxo,n:I1Tb B 60JIee )l(eCTKI1X 
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YCJIOBlUIX, COrJIaCHO mnepaType. B HallIeH pa60Te MbI :noro He Ha6mo.llaJI l1 nOTOMY 

KaK Bce Ha6mo.llaeMble npOIJ,eCCb1 6bIJII1 06paUIMbi. HanpHMep, B03BpaIJJ,MCb K 

P<l>3C cneKTpaM Ga-ZSM-5 . CneKTpb1 .ll0 .llHCnpOnOpIJ,HOHHpOBaHH~ H nOClle 

.lll1cnpOnOpIJ,110HHpOBaH~ Ga+ H nOCJIe.llYIOlIJ,erO nporpeBa B BO.llopO.lle H.lleHTw-mhI 

Me)J(.llY C060H H, nO-BH.llMMOMY, HHKaKHX cepbe3Hb1x 113MeHeHHH He npOHCXO)l,I1T. 

51 Ha)l,eIOCb, lJTO 51 OTBeTI1JI Ha Bonpoc? 

H.51. YCalJeB: ,l1,a, nO)J(aJIyHCTa. 

M.B. UO.llHKOB: B )l,OnOJIHeHMe, MHe 6b1 XOTeJIOCb cnpOCHTb Bac, npOCBeTI1Te 

HeMHO)J(KO MeH5I. 3)l,eCb HanHcaHO XI1MH'lJeCKOe ypaBHeHI1e. KaK npaBI1JIO, 

XHMHlJeCKHe ypaBHeHH5I OTBelJalOT cTa6HJIbHb1M CHCTeMaM. KaTaJIH3 BCer)l,a CB5I3aH C 

06pa30BaHHeM MeTaCTa6HJIbHb1X COe)l,HHeHHH, HMelOlIJ,HX onpe)l,eJIeHHOe BpeM5I 

)J(H3HH H B 3aBHCI1MOCTH OT MeTO)l,a, KOTOPbIH Bb1 HCnOJIb3yeTe, Bb1 MO)J(eTe HaXO)l,HTb 

Te HJIH HHb1e CPOPMbl. B lJaCTHOCTH BO)l,OPO)l" KOTOPb1H Y Bac 3)l,eCh YKa3aH. ECJIH :no 

cTa6HJIbHa~ CHCTeMa, TO 3TO CTeXHOMeTpI1lJeCKa51 peaKIJ,H~. Bb1 rOBopHTe, lJTO B 

KaTaJIH3e )l,erH)l,pl1pOBaH~ )l,OJI)J(Ha 6b1Tb MeTaCTa6HJIbHa51 CHCTeMa H Bce IJ,eHTph1, 0 

KOTOPb1X Mb1 CeHlJaC pacCY)J()l,aeM, OHH BI1)l,HMO )l,OJI)J(HbI 6bITb MeTaCTa6HJIbHb1MI1, 

TaK CKa3aTb, KOPOTKO)J(HBYlIJ,HMI1 B xO)l,e aKfI1BaIJ,HH. LITO Bb1 nO)l,pa3YMeBaeTe no)l, 

3TI1M? ECJIJf Y Bac cTa6HJIbHb1e rH)l,pl1)l,Hble CPOPMbI, TOr)l,a npOTeKaeT 'lJHCTO 

cTexHOMeTpHlJeCKM peaKIJ,H5I, npHBO)l,51lIJ,a~ K .llerHJJ:pHpoBaHHIO aJIKaHOB. CxeMa 

IJ,I1KJIHlJeCKa5l, Bb1 MO)J(eTe 3TO nO.llTBep.llHTh. ECJII1 3TO MeTaCTa6HJIbHble COCTO~HH~, 

TOr)l,a eCTb lJHCJIO KaTaJIl1THlJeCKI1X IJ,HKJIOB B onpe)l,eJIeHHOe BpeM5I H 3TO Y Bac 

pa60TaeT KaK KaTaJIl13aTop. 

A.M. CepbJx: CnacH60 3a Bonpoc. 3Ta IJ,errOlJKa ypaBHeHHH HanHcaHa KaK 

npHMep npou.eccoB, KOTopble MOryT 06b~CHI1Tb pereHepaIJ,l1lO KaTI10HOB 

O.llHOBaJIeHTHOro raJIJIH5I H B3aI1MO)l,eHCTBHe npO)l,YKTOB )l,HCnpOnOpIJ,HolmpOBaHH~ 

O)l,HOBaJIeHTHbIX KaTHOHOB raJIJIl15.1- KaTHOHOB TPeXBaJIeHTHOro raJIJIH5Ji 

HYJIbBaJIeHTHOro faJIJIH5I B npHcYTcTBl111 BO.llopo)l,a. fIpOMC)KytOlJHbIe rrpO)l,YKTbI B 

3TOM ypaBHeHHH HeCTa611JIbHbi. B lJaCTHOCTI1 H3 JIHTepaTypbI H3BeCTHbI rH)l,pl1)l,bI 

raJIJII151 B IJ,eOJIHTb1 ZSM-5 . 3TO H3BeCTHO H3 pa60T ,IJ,)J(OIllH H TOMcoHa. 3 TO, 

nO)J(aJIYH, O)l,Ha HeCTa6I1JIbHa51 CTPYKTypa. TaK)J(e HYJIbBaJIeHTHbIH raJ1JmH 

11 
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B3al1MO)J.eHcTByeT C Kl1CnOTHbIMl1 npOTOHaMl1 . 

nonyqaIOTC5I Tpl1 KaT110Ha O)J.HOBaJIeHTHOro raJInl151. 3TOT O)J.HOBaJIeHTHblH raJIJll1H 

)J.l1cnponopUl1OHl1pyeT Ha KaT110HbI TpeXBaJIeHTHOro raflnl151 11 HynbBaneHTHbm 

raJInl1H. H npO)J.YKTbI )J.l1cnponOpIJ,110Hl1pOBaHI151. cTa6l1nbHbI. TIPl1 B3al1MO)J.eHCTBl1l1 C 

MoneKynaMl1, KOTopble cnoc06HbI )J.l1CCOIJ,l1l1pOBaTb - 3TO BO)J.OPO)J., yrneBO)J.opO)J.bI, 

BO)J.a - Ha KaT110HaX TpeXBaJIeHTHOro raJInl151 npOMCXO)J.l1T pa3pyweHl1e 3Tl1X 

KaT110HOB 11 06paJOBaHl1e KaT110HOB O)J.HOBaJIeHTHOro raJInl151. To eCTb l1)J.eT 

IJ,I1Knl1QeCKI1H: rrpoIJ,ecc. PaJpyweRl1e 11 pereHepaIJ,l151 TaKI1X IJ,eHTpoB. 

H .5L YcaqeB: TaK, nO)l(aJIYHcTa, el1J,e BOnpOCbI. Ecnl1 BonpOCOB HeT, Tor)J.a 51 

)J.on)l(eH 06b5lBMTb n5lTl1Ml1HYTHbIH nepepbIB. 

H.5I. Y CaqeB: CeHqaC y Hac Oner JIeOHl1)J.OBl1q, ceKpeTapb COBeTa 3aql1TaeT 

OT3bIB Be)J.yl1J,eH OpraHl13au,1111 11 C)J.enaeT HeKOTopble Bbl)J.ep)l(Kl1 113 OT3bIBOB, KOTopble 

nocTynl1nM Ha aBTope<pepaT. 

O.JI. Enl1CeeB: Be)J.Yl1J,a51 OpraH113aIJ,1151 - XI1MI1QeCKI1H cpaKynbTeT MOCKoBcKor o 

rocY)J.apcTBeHHoro YHl1BepCI1TeTa - Hanl1Cana OT3bIB, nO)J.IlI1CaHHbIH 3aBe)J.YIOl1J,eH 

na60paTOpl1eH Kl1HeTI1KI1 11 KaTaJII13a I1BaHoBoH 11.11., )J.eKaHOM <!>aKynbTeTa 11 

3aBe)J.YIOl1J,l1M Ka<pe)J.poH <p113I1QeCKOH: XI1Ml1M JIYHl1HbIM B.B. (3aQl1TbIBaeT BbI)J.ep)KKl1 

113 OT3blBa Be)J.YIUeH OpraHI13aIJ,l1l1. OT3bIB npl1naraeTC51). 

TIpl1wnl1 TaK)I(e OT3bIBbI Ha aBTopecpepaT. Bce OT3bIBbI nOnO)l(I1TenbHble. OT3b'1B, 

IlO)J.nI1CaHHbIH 3aBe)J.YIOl1J,l1M na60paTOpl1eH Kl1CnOTHO-OCHOBHoro KaTaJIl13a 

HHCTMTYTa KaTaJI113a l1MbOpeCKOBa I1aYKWTl1COM E.A. (3aQl1TblBaeT 3aMeQaHl151). 

I1pl1cnaJI OT3bIB )J.OKTOP XI1MI1QeCKI1X HayK, npocpeccop Kacpe)J.pbI TeXHOnOrl1l1 

HeOpraHI1QeCKI1X Bel1J,eCTB PXTY 11M. L(.H. MeH)J.eneeBa AneXl1Ha M.E. OT3bIB 

cO)J.ep)l(l1T cne)J.YIOl1J,l1e 3aMet.IaHl151 (3aQl1TbIBaeT 3aMeQaHI15J.). OT3bIB, nO)J.nl1CaHHhlH 

3aBe)J.YIOllJ.I1M na60paTOpl1eH COp6IJ,110HHbIX npOIJ,eCCOB I1HCTl1ryTa <p113I1QeCKOH 

XI1Ml1M 11 3neKTpOXI1Ml111 PAH )J.OKTOPOM <!>113I1KO-MaTeMaTI1QeCKl1X HayK <DOMKl1HbIM 

A.A. OT3blB cO)J.ep)l(l1T e)J.I1HCTBeHHoe 3aMeQaHl1e (3at.mTbIBaeT). 11 OT3bIB, 

nO)J.nl1CaHHblH 3aBe)J.YIOI1J,I1M na60paTOpl1eH npl1rOTOBneHl151 KaTaJI113aTOpOB 

npo<peccopoM KYTenoBbIM n.H. M3 11HCTl1TYTa He<pTeXI1MI1I1 11 KaTaJII13a PAH, ropolJ, 

Y <pa. OT3bIB cO)J.ep)l(I1T cne)J.YIOIUl1e 3aMeQaHI151: (3aQI1TbIBaeT 3aMeQaHl151). 

http:yrneBO)J.opO)J.bI
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H.5I. YCaLfeB: AJ1eKcaH.up I1BaHoBHLf, eCJ1H Y BaC e CTb, LfTO OTBeTllTb, rro.ue J1lUeCb 

C LfJ1eHaMH YLfeHOrO COBeTa. 

A.I1. CepbIX: OT3bIB Be.uymei1: OpraHH3aUHH. 5I eme pa3 rrpOIfHTafO 0 

He.uOCTaTKaX (3aLfHTbIBaeT. I1oCJ1e 3aLfHTbIBaHH5I Ka)K.uOrO 3aMeLIaHH5I, COrJ1aWaeTC5I C 

HHMH, C.ueJ1aB KopOTKHe KOMMeHTapHH). 

OT3bIB ITaYKlllTHCa EBreHH5I AJ1eKCaH.upOBHLfa. (3aLfHTbIBaeT rrepBOe 3aMeLfaHHe 

06 06paTHMocTH .ue¢opMaUHi1: KapKaca ueOJIHTa). Ha.uo CKa3aTb, LITO .ue¢opMaUH5I 

KapKaca, KOHeLfHO )Ke, 06paTHMa. 3Ta .uecpopMaUH5I HCLfe3aeT B 3HaLfMTeJ1bHOH 

CTerreHH rrpH .uHCCOUHaUHJ1 BO,UOpO.ua HJIJ1 aITKaHOB Ha KaTHOHax, Kor,Ua O,UHa H3 

CB5I3ei1: C KapKaCOM 06pbIBaeTC5I. (3aLfHTbIBaeT BTopoe 3aMeqaHMe 06 OTHeCeHHI1 

rrOJ1OC nOrJ10meHH5I B 11K crreKTpe a30Ta, a,Ucop6HpoBaHHoro Ha Me.ubco.uep)KamHH 

u.eOJ1HT ZSM-5 - PHCYHOK 15 aBTopecpepaTa). 3TO rr0J10CbI COCTaBHblX K0J1e6aHHH 

a.ucop6HpoBaHHblx MOJ1eKYJ1 a30Ta - CYMMa BaJIeHTHblX K0J1e6aHHi1: H K0J1e6aHHH 

MOJ1eKYJ1bI a30Ta OTHOCHTeJ1bHO ueHTpa a.ucop6UHH. 3uI rrOJlOCbI 06cY)K,UalOTC5I B 

,UHccepTaUHH, HO B aBTope¢epaTe, .uei1:cTBHTeJ1bHO, OHM He 06cY)K,UaeTC5I. 3TO Moe 

yrryw:eHHe. (3aLfHTbIBaeT TpeTbe 3aMeqaHHe 0 rrOrJ10meHMM B 06J1aCTH 32000 B Y<l>

BH,[( cneKTpax ueOJ1MTa ZnNaY) I1orJ1ow:eHMe B 06J1aCTH 32000 CM-
1 

Bep05ITHee Bcero 

CB5I3aHO C rrpMcYTcTBHeM B 06pa3ue )KeJ1e3a, KOTopoe MOrJ10 rrpHcYTcTBoBaTb B 

HCXO.uHOM ueOJ1lne HJ1H BHOCHTbC5I B npouecce npecCOBaHM5I. ilPM BbILfHTaHMI1 

cneKTpoB UMHKco,[(ep)Kamero 06pa3ua M MCXO,UHoro ueOJ1lua 3TO rrOrJ10meHMe 

MCQe3aeT. (3aLfHTbIBaeT QeTBepToe 3aMeI.IaHHe 0 cTa6MJ1bHOCTH ueOJIMTOB B rJ1y60KoM 

CJ10e - deep bed). QT06bI H36e)KaTb 3¢cpeKTa deep bed-rJ1y60Koro CJ105I .uerM,[(paTaUM5I 

H .uKrH.upoKCHJmpOBaHHe ueOJ1HTOB npoBo.uHJIaCb C OLfeHb Mef(JIeHHbIM nO)J,'beMOM 

TeMrrepaTypbI, TaK I.JTO .ua)Ke ueOJ1lUbI co cTpYKTypoi1: cpO)Ka3MTa OKa3bIBaJIMCb 

cTa6MJ1bHbI H He pa3pYlilaJIHCb. 3TO CJ1e.uOBaJIO M3 Toro, I.ITO B pe3YJ1bTaTe 

BbICOKOTeMnepaTypHoro BaKYYMHpOBaHH5I B 11K crreKTpax ueOJ1I1TOB HHTeHCI1BHOCTb 

nonOCbI rrOrJ10w:eHH5I OT CI1J1aHOJ1bHbIX rl1.uPOKCI1J1bHbIX rpyrrrr He B03paCTana, 11 

HOBbIX nonoc OT BHeKapKaCHblX rM.uPOKCHJ1bHbIX rpyrrrr He B03HHKaJIO. TeM 60J1ee, He 

npOHCXO,[(Hna pa3pYllleHl1e KapKaca ueOnl1TOB ZSM-5. 

http:BO,UOpO.ua
http:AJ1eKcaH.up
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OT3hIB Anex}lHoM MapHHhI bOPI1COBHhI. (3al.mThIBaeT rr pBOe 3aMeqaHHe 

OTHOCI1TenhHO HeqeTKOM <p0pMynHpOBKI1 rrepBOrO BhIBO)],a). B nepBOM BhIBO,Lle H)],eT 

peqh 06 O,LlHOM THrre KanIOHHhlX UeHTPOB - KaTHOHax, KOTophle KOMrreHCl1pYJOT 

OTpl1uaTenhHhle 3ap}l,LlhI y,LlaJ1eHHhIX )],pyr OT ,Llpyra aJIIOMHHI1H-KI1CnOpO,LlHhIX 

TeTpa::mpOB. TIepBhIM Tl1rr KanIOHHhlX UeHTPOB B ::nOM BhIBo)],e He 06CY)K,LlaeTC}l. 

(3a1.Jl1ThlBaer Bropoe 3aMeqaHl1e 0 rrpOMhlwneHHhIX rpaHynl1pOBaHHhIX H 

na60paropHhIX 06pmuax ueOnI1TOB). Bce 06pmUhI ueOJIl1TOB, KOTophle 

I1CrrOnh30BaJIl1Ch - na60paTopHhle. LITO KaCaeTC}l MeXaHl13Ma <pOpMl1pOBaHI1}l 

KanIOHHhIX UeHTPOB B rrpOMhlIIIneHHhIX rpaHynl1pOBaHHhIX 06pa3l1.ax, TO 

rrpl1HUl1rrl1aJfbHOrO OTnl11.Jl1}l 6hITh He ,LlOJ1)KHO. E,LlI1HCTBeHHO, 1.JTO rrOMI1MO ueHTpOB, 

KOTophle 06pa3YIOTC}l B KaHaJIaX ueOnI1TOB, B rrpOMhIllineHHhIX 06pmuax KaKl1e-TO 

ueHTphI ,norrOnHI1TenhHO MoryT <pOpMl1pOBaThC}l Ha rrOBepXHOCTI1 CB}l3YIOIUero. 

OT3hIB rrp0<peccopa <DoMKI1Ha A.A. (3a1.JI1ThIBaeT 3aMe1.JaHl1e OTHOCI1TenhHO 

rronoc rrornOIUeHH}l B l1K crreKTpe mOTa, a,ncop6l1pOBaHHoro Ha Me,nhco,nep)KaIUl1M 

ZSM-5 - PI1CYHOK 15 aBTope<pepaTa). DonochI rrornOIUeHI1}l rrpl1 2540, 2650 I1 2782 

1
CM- OTHOC}lTC}l K COCTaBHhIM Kone6aHI1}lM a,ncop6l1pOBaHHhlx MoneKyn mOTa. I1onoca 

1
rrornOIUeHIDI rrpl1 2256 CM- OTHOCl1TC}l K Kone6aHI1}lM a,ncop6l1pOBaHHhlx MoneKyn 

14 15 
a30Ta N N, rrpI1CYTCTBYlOIUl1X B mOTe 6naro,nap}l eCTecTBeHHoMY co,n:ep)KaHHIO 

l130TOrra 15N. 

OT3hIB rrp0<peccopa KYTerroBa b.I1. (3aql1ThIBaeT rrepBoe 3aMeqaHHe 0 CTerreHH 

o6MeHa KaTHOHOB HaTpH}l Ha ,nByX 11 TpeXBaJIeHTHhle KaTl10HhI B I1CCne,n:OBaHHblX 

06pa3uax). LITO KaCaeTC}l ueonHTa Y, TO }l C 3aMe1.JaHl1eM cornaceH. LITO KaCaeTC}l 

ueonHTOB ZSM-5, TO B pa60Te I1CrrOnh30BaJ111Ch, KaK rrpaBl1nO, BO,n:OpO,LlHhle <pOPMhI 

3Toro ueOJIl1Ta, a KOHueHTpaUl1}l BBO,LlI1MhIX KaTl10HOB 6hIJ1a pmnW-IHoH. (3a1.JI1ThIBaeT 

BTopoe 3aMe1.JaHl1e 06 I1CrrOJlb30BaHl1l1 Ka)].MI1MCO,Llep)KaIUI1X ueonI1ToB). KaTl10Hbl 

Ka,nMI1}l B ZSM-5 aKTI1BHbI B ,Llerl1,n:pl1pOBaHI1I1 nerKI1X aJIKaHOB. 3 Ta CI1CTeMa 

I1CCne,nOBaJ1aCh He TonbKO MHOM, a TaK)Ke y Hac B I10Xe AneKcaH,n:poM 

AneKcaH,n:poBH1.JeM ,[(epra1.JeBbIM. TaK LITO }l ,nYMalO, I1HTepeC K 3TOM CI1CTeMe I1MeeT 

MeCTO 6bITb, rro KpaMHeH Mepe, <pYH,n:aMeHTanhHhIH. (3a1.Jl1ThIBaeT 3aMeqaHl1e 0 

Hey,naqHbIX cnOBOC01.JeTaHI1}lX B aSTope<pepaTe). I1p06Hble MoneKynbI - 3TO WI1POKO 

http:06pa3l1.ax
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Mcnonb3yeMbIH TepMMH. I1P06HblMH MoneKynaMM 5!Bn5!fOTC5! Mo neKynbI-TeCTbI C O, 

BO,L(OPO,L( M pa3HbIe ,L(pyrMe. rOCTeBble MoneKynbI - :no Bo06me rOBOp5! OTHOCMTC5! K 

nf06bIM rrOCTopOHHMM MoneKynaM, KOTopbIe MoryT CO,L(ep)l(aTbC5! B KaHanax If 

nOJIOCT5!X ueonMTOB. 1.J.TO KaCaeTC5! 3aMeqaHM5! 0 TepMMHax MHorOBaneHTHbIH If 

MynbTMBaneHTHbIH, TO 51 C 3TMM 3aMeqaHMeM cornaceH. CnacH60. 

H.5I. YCaqeB: CrracM60. Terrepb rrepexo,L(MM K cne,L(YfOmeMY 3Tarry HallIero 

3aCe,L(aHM5! -3TO BblcTyrrneHMe ocpI1UI1anbHbIX orrrrOHeHTOB. CnoBo rrpe,L(OCTaBn5!eTC5I 

rrepBoMY rro rrOp5!,L(KY CT05!meMY B aBTopecpepaTe. BbIcTyrraeT MaTbIllIaK BanepI1H 

AH,L(peeBI1q. 

B.A. MaTbIllIaK: (3aqI1TbIBaeT OT3bIB) 

H.5I. YCaqeB: CrracI160. TaK, AneKcaH,L(p HBaHOBMq, eCTb nM )l(enaHMe y Bac 

OTBeTIfTb Ha C,L(enaHHbIe 3aMeqaHM5!. 

A.H. CepbIx: 5I, rrpe)l(,L(e Bcero, 6narO,L(apeH BanepMfO AH,L(peeBMqy 3a 

,L(eTanbHbIH aHanI13 MoeH ,L(I1CCepTaUI1M, 3a Bce 3aMeqaHM5!, C KOTOPbIMM 51 B rrpMHUMrre 

cornaceH. LITo KaCaeTC5! MexaHM3Ma ,L(MCrrpOrropUMOHMpOBaHI15! KaTMOHOB, ,L(BI1)l(YIUeH 

CMnbI ,L(MCrrpOrropUMOHMpOBaHM5! KaTMOHOB, TO 51 ,L(YMaIO, LITO OHa TaKa5I )Ke, KaK M B 

HeopraHMLIeCKMX COe,L(MHeHIf5IX COOTBeTCTBYIOllI,MX MeTannOB. ,[(BmKYllI,Me CHflbI 

Bo06llI,e rOBOp5! TepMO,L(MHaMMLIeCKMe. Ha MMKpOCKorrMLIeCKOM ypOBHe 3TO 3HeprMM 

MCLIe3aIOllI,MX I1 06pa3yIOIUMXC5! CB5!3eH I1 3Hepnur cTa6mUBaUMM KpMCTannWleCKIfM 

lIOneM (BbmrpbIllI 3Heprmi 3a CLIeT KOOp,L(MHaUI1M) . CrracM60. 

H.5I. Y CaqeB: CrracM60. CnoBo npe,L(OcTaBJI5!eTC5! UblraHeHKO AneKcelO 

AneKceeBMLIY· 

A.A. llilraHeHKo: (3aqI1TbIBaeT OT3bIB) 


H.5I. YCRlleB: CnacI160, AneKceH AneKceeBHLI. H Terrepb, AneKCaH,L(p HBaHoBHLI. 


A.H. CepbIx: 5I 6narO,L(apeH AJIeKCeIO AneKCeeBMqy 3a nO,L(p06HbIH, ,L(eTanhHbIH 

aHanM3 MoeH pa60TbI. I1paKTMQeCKM co BceMM 3aMeLIaHM5IMI1 51 cornaceH. LITO 

KaCaeTC5! 06pa30BaHM5! CB5I3M MeTaJ1JI-MeTann Me)K,L(y KaTMOHaMM O,L(HOBaneHTHoro 

Ka,L(MH5! OHa 6hlBaeT B pa3nMQHbI HeOpraHI1QeCKMX coeAMHCHM5I Ka,L(MI15!, a TaK)Ke 

06HapY)l(eHa rrpM MCCne,L(OBaHI1H CPO)l(a3MTOB, CO,L(ep)KaLUI1X KaTHOHbI OAHOBaneHTHoro 

Ka,L(MI15!. LITO KaCaeTC5! B03MO)KHOCTM 06pa30BaHH5! TaKMX n ap C TOLIKM 3peHll5I 
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paCCT05lHI151 Me)K.n:y KaTI10HaMH, TO .n:JII1Ha CB5I311 MeTaJI - feTaJIfl 60JlbWe ,UByX 

aHfCTpeM, rrpl16JIl13l1TeJIbHO 2,5 aHfcTpeMa. ,lJ,JII1Ha CB5I311 Ka.n:MI1H - KI1CJIOPO)], 

COCTaBJI5IeT rrpl16JIl13l1TeJIbHO 2 aHfcTpeMa. TaKl1e rrapbI MOryT coe.n:I1H5ITb 

aJIlOMI1HI1H-KI1CJIOpO)l.HbIe TeTpampbI Ha paCCT05lHl1l1 6-6,5 aHrcTpeM, qTO 51BJI5IeTC5I 

,l..(OCTaTOqHO 60JIbliHIM paCCT05lHl1eM ,l..(JI5I pacrrpe.n:eJIeHl151 aJIlOMl1HI1H-Kl1CJIOPO.n:HbIX 

TeTpa3)l.pOB B KapKace ZSM-5. TaKl1e paCCT05lHI151 B ZSM-5 .n:OJI)KHbI BctpeqaTbC5I 

.n:OBOJIbHO qaCTO. ECJIl1 eme ,l..(OrrOJIHl1TeJIbHO yqeCTb HeKoTopylO )l.ecpopMalJ,l1lO 

KapKaca ZSM-5, TO B03MO)KHO 06pa30BaHl1e TaKl1X )l.l1MepOB, KOTOpble 

KOMrreHCl1pYlOT OTpl1lJ,aTeJlbHbIe 3ap5l.n:bI ellJ,e 60JIee y)l.aJIeHHbIX aJIlOMl1Hl1H

Kl1CJIOPO,l..(HbIX Te1pa3)l.pOB. Crrac1160. 

H.5I. YCaqeB: Crrac1160. 11 TaK, CeHqaC 6Y)l.eT BbIcTyrraTb QYKl1H feHHa)l.HH 

,lJ,Ml1Tpl1eBl1q. 

r.ll. qYKl1H: (3aql1TbIBaeT OT3bIB) 

H.5I. YCaqeB: Crrac1160 60JIbWOe, reHHa)l.l1H ,lJ,Ml1tpl1eBl1q. TaK, AJIeKcaH)],p 

11BaHOBl1Q. 

A.11. CepbIX: 5I 6JIafO)l.apeH reHHa.n:mo ,lJ,Ml1Tpl1eBl1QY 3a ,l..(eTaJIbHOe 

03HaKOMJIeHl1e C MoeH pa60TOH:, 3a lJ,eHHbIe 3aMeQaHl151. C 60JIbWl1HCTBOM 3aMeQaHl1H 

51 COfJIaCeH. qTO KaCaeTC5I OlJ,eHKl1 Cpe)l.HefO paCCT05lHl151 Me)K)],y aJIlOMl1Hl1H

Kl1CJIOPO)l.HbIMl1 TeTpa3)l.paMl1, TO OHl1 B JIl1TepaType l1MelOTC5I. B QaCTHOCTl1 B pa60Te 

MaKAJIl1pa, Pl1ca, HOBaKa. B JIl1TepaTypHOM 0630pe 3Ta pa60Ta 06CY)K.n:aeTC5I. 

KOHeQHO )Ke, rrpl1 aHaJIl13e pe3YJIbTaTOB l1CCJIe)l.OBaHl151 lIl1HKCO)l.ep)KallJ,l1X lIeOJIl1TOB 

ZSM-5 CJIe)l.OBaJIO 6bI 06CY)l.l1Tb 3Tl1 paCCT05lHl15I. qTO KaCaeTC5I 3aMeQaHH5I 0 TOM, 

QTO r116KOCTb KapKaca 3aTpY)l.Hl1TeJIbHa, TO 5I He COBceM COfJIaCeH. ITo JIl1TepaTypHbIM 

.n:aHHbIM 0 BbICOKOH r116KOCTl1 KapKaca lIeOJIl1Ta 51 Y)Ke paCCKa3bIBaJI, OTBeQa5I Ha 

Borrpoc BOr,l..(aHa Bl1KTOpa 11rHaTbeBl1Qa. COrJIaCHO JIl1TepaTypHbIM )l.aHHhIM, KapKac 

lIeOJIl1Ta 06JIa)l.aeT BeCbMa BbICOKOH fl16KOCTblO. I1MeHHo 6JIaro.n:ap51 WI1POKOMY 

)l.l1arra30HY 113MeHeHl15I yrJIOB KpeMHI1H-Kl1CJIOPO)l. KpeMHl1H:, a TaK)Ke B03MO)KHOMY 

BpallJ,eHl1lO BOKpyr CB5I3eH KapKaca. Crrac1160. 

http:feHHa)l.HH
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H.5I. YCa4eB: TaK, crracH60. Tenepb Y Hac MOryT BblcryrraTb Bce 

rrpHCYTCTBYlOW:He. ECTeCTBeHHO, 4JIeHbI ,[(HccepTaUHOHHoro COBeTa, a TaK)f{e Bce, KTO 

3aXO'4'eT. TIO)f{aJIYHCTa, HI1KOJIaH ,n:MHTpHeBH4. 

A.X.H. H.LI. qYBbIJIKHH: ABTopecpepaT 51 rrp04HTaJI. 11 BOT, CYM rro 

aBTopecpepaTY H )J.oKJIa)J.Y, KOTOPblH Mbl 3)J.eCb rrpOCJIYI1IaJIH, pa60Ta C MoeH TO'4'KH 

3peHl1JI BeCbMa )J.06pOTHa5l. E)J.HHcTBeHHoe, 4TO MeH5I oropl.lHJIO, 3TO OTCYTcTBHe 

KBaHToBoH XHMHH. B 3TOH CB5I3H rrpHrroMHHaeTC5I 3a6aBHbIH CJIY4aH, KOTOPblH HMeJI 

MeCTO 6bITb 3)J.ecb B 3TOM 3aJIe, rrpaB,[(a, MHorO-MHoro JIeT Ha3a,[(. Tor,[(a COCT05lJIaCb 

)J.OKTopCKa51 3aW:HTa, 3arn:HIlJ,aJIC5I liIaIlHpo H3 JIa60paTopHH OJIera MaTBeeBlfqa 

Hecpe'[(OBa. TIpe'[(ce)J.aTeJIeM Tor,[(a 6bIJI HHKOJIaH KOHcTaHTHHoBH4 KOl.leTKOB, a O,[(I1H 

H3 orrrrOHeHTOB 6bIJI H3 TIHTepa. ECJIH MHe rraM5ITb He H3MeH5IeT, rrpocpeccop 

KYKYI1IKHH. H BOT OH 3a5lBHJI 6YKBaJIbHO CJIe'[(YIOru:ee, 4TO 04eHb XOPOI1IO, qTO 

)J.HccepTaHT He HCrrOJIb30BaJI MeTO,[(bl KBaHTOBOH XHMHH. O'4'eHb XOPOI1IO, '4'TO OH He 

rrpOBO,[(HJI KBaHTOBO-XHMH'4'eCKHe paC'4'eTbl, rrOCKOJIbKY :no 6eCrrOJIe3HO. MHe 

Ka)f{eTC5I, '4'TO eCJIH 6bl AJIeKcaH'[(p I1BaHOBH'4' 06paTHJIC5I K KBaHTOBOXHMH'4'eCKI1M 

paC4eTaM, TO pa60Ta 3Ha'4'HTeJIbHO BbmrpaJIa 6bl, a OTBeTbl Ha BorrpocbI 6bIJIH 6bl 

60J1ee rJIy60KHMH. TeM 60JIee, '4'TO, HaCKOJIbKO 51 rroHHMalO, TexHHKoH 

KBaHTOBOXHMlf4eCKHX paC'4'eTOB OH BJIa,[(eeT. TIo KpaHHeH Mepe, Ha rraM5ITH Y MeH5I 

o,[(Ha H3 COBMeCTHblX C HHM pa60T, r,[(e pa60Ta 3Ta 6blJIa '4'HCTO KBaHTOBOXHMH4eCKa51 

H c)J.eJIaHa OHa 6bIJIa B CB5I3H C He06xo'[(HMOCTblO HHTeprrpeTaUHH ony6JIHKOBaHHbIX 

3KcrrepHMeHTaJIbHblX ,[(aHHbIX B JIlnepaType. TaK "4TO M051 peKOMeH,[(aUH5I 

AneKcaH)J.PY 11BaHOBH'4'Y B ,[(aJIbHeHI1IeM KBaHTOBOH XHMHeH He rrpeHe6peraTb. JI He 

4JIeH Y4eHoro COBeTa, rr03TOMY 51 He MOry OT)J.aTb CBOH rOJIOC 3a, HO Mory rrpH3BaTb 

4JIeHOB Y'4'eHOrO COBeTa e,[(HHO,[(YI1IHO rrporOJIOCOBaTb 3a 3TY pa60TY. CrracH60 3a 

BHHMaHHe. 

H.Y!. Y Ca'4'eB: CrracM60, HMKOJIaH ,[(~1HTpMeBH'4'. 5I )J.YMaIO, 3)J.eCb OTBe'-JaTb He 

Ha,[(o. 3TO peKOMeH)J.aUM5I. OHM Bcer)J.a rrOJIe3Hbl H HY)KHO HX Y4MTbIBaTb. TaK, eCTb 

JIH ew:e )KeJIalOIlJ,He BblcTyrrMTb? MapK BeHHaMMHoBH4. 

M.B. QOAHKOB: MHe O'4'eHb rrOHpaBHJIaCb pa60Ta. BbI 3HaeTe, 3,[(eCb He TOJIbKO 

KBaHTOBOH XHMMM HeT. 3,[(eCb HeT c06CTBeHHO KaTaJ1I13 a , HO pa60Ta O'4'eHb rrOJIe3Ha5l. 

http:AneKcaH)J.PY
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Me,ah-ZSM-5 - 113BeCTHeHW11I1 KanUl113aTOp cpl1PMh1 M 0 6 H.. KaTaJIl13aTOp, C 

flOMOI.I.:(hlO KOTOpoI'O flOflYLJ:alOT MeTaHOfl, ,a11MenmOBh1I1 3 cpl1P, ofleq)I1HhI H3 

,aHMenmOBOI'O 3<pHpa, TOflflHBO, 6eH3HHhI Ha OCHOBe MeTaHo.na. Ha UHHK-ZSM-5 

KaTaJII13aTOp ceI1LJ:ac 6YM. BOT He,aaBHo HaWH KOflfleI'H 113 Hnunm CTaThIO HanHCaJIH 

flO Kl1HeTHKe npeBpaI.I.:(eHH~ nponaHa B apOMaTHLJ:eCKl1e coe,a11HeHH~. Pa60TaJI11 C 

UHHK-ZSM-5 11 B HaweM HHCT11TYTe, nOflYLJ:aJIH Ha AHI'apCKOM 3aBo,ae. B 

ceI'o,aH~WHeI1 pa60Te 51 YCflhIWaJI MHOI'O flOfle3HOI'O 11 aKryaJIhHoro. C06CTBeHHO 

rOBOp~ CYI.IJ;HOCTh pa60ThI B ee Ha3BaH1111 0 <p11311KO-Xl1MHLJ:eCK11X CBOHCTBax 

aKTHBHhIX ueHTpoB, 06 HX aKT11BaL(HH. 3,aech OLJ:eHh 11HTepeCHo paCCMaTp11BaeTC~ Bce, 

qTO npe,allIecTByeT KaTaJIH3Y. Hanp11Mep, ,aBa nma KaT110HOB Ul1HKa. BhI EXAFS 

MeTo,aOM n Oflh30BaJI11Ch? HeT. OqeHh )l(aJIKO, 6hIJIO 6h1 11HTepeCHo paccTo~HH~ U11HK

K11CflOPO,a nOCMOTpeTh. KOHeLfHo, aKT11BaUH~ a30Ta - 6e3YMHo HHTepecHo. 5I YBepeH, 

~ He BhI,aep)l(aJI 6h1, HY TIaJIfla,aHH noca,aHfl 6hI qYTh-qYTh 11 nonp060BaJI 6hI nOflY"LlHTb 

aMM11aK. 

H.5I. Yca,LJ:eB: Bo TaM ,aaBfleH11e, ,aaBfleHHe cfla60e. 

M.B. UO,al1KOB: A30T aKT11BI1pyeTc~. 


H.5I. YCaqeB: OH He aKT11BHpyeTc~, OH B036y)l(,aaeTc~. 


M.B. UO,aI1KOB: ,Z:(a, 3,aeCh B3aMM011CKfllOqalOI.I.:(a~ a,acop6UH5I Bo,aopo,aa. A30T, 

KaK ~ nOH~fl, xeMocop6HpyeTc~ CHflhHee, qeM BO,aOpO,a. Hy, TaKOH paCW11peHHhIH 

Kpyr nOflyLJ:eHH~ I'11,ap11,aHhIX aKTHBHhIX ueHTpOB. MO)l(HO nI,apHpOBaHHe npOBO.l(11Th, 

HanpHMep, ce.neKTHBHoe I'H,apHpOBaHHe. 3TO TO)l(e OqeHh 11HTepeCHO. 5I YBH,ae.n 

MHOI'O caMbIX 60flhW11X nepCneKT11B H 3Ta pa60Ta Mo)KeT flpO,aOfl)l(HThC~ B pa60Tax 

,apyI'Hx Hccfle,aoBaTefleH. 

By eI.I.:(e H ~BfleHHe MaI'HHTOCTPHKUHI1. TIPH B03,aeI1CTBHl1 3 fleKTpl1LJ:eCKOrO flOfl~ 

H3MeH~eTC~ paCCTORH11e. ITOTOM, fllOMHHO<pOp. 5I TaK nOHHMaIO, 06flY'fafll1 B 

YflhTpacp110fleTe, a Bl1,aeJIH BH,aHMhlH CBeT. 

A.H. CepbIx: T O)l(e YflhTpacp110JIeT, HO 60flee ,aflHHHOBOJIHOBhIH. 

M.B. UO,I!,HKOB: Hy BO BC5IKOM CflYLfae Bce 3TO O'feHh l1HTepeCHo 11 pa60Ta HMeeT 

MHOI'O pa3BHTHI1. OHa nOfle3Ha ,afl~ Bcex, KTO 3aHHMaeTC5I KaTaJIHTHLJ:eCKI1Ml1 

pa60TaMH. 3,aeCh HCCfle,aOBaH WHPOK11I1 Kpyr aKTHBHbIX UeHTPOB, KaK11e OHH MoI'yT 

http:MeTaHo.na
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6bITb. 11 )J,aJIbllle HY)I(HO CMOTpeTb, IfTO 6Y)J,eT Y)I(e B KaTaJIH3e. JI 6y)J,y rOJTOCOBaTb 3a. 

CIfHTaJO, IfTO pa60Ta no BceM napaMeTpaM COOTBeTcTsyeT )J,OKTOPCKOH )J,HccepTalJ,Hl1. 

H.JI. YCa"lfeB: CnacH60 60JTbllloe. TaK, eCTb eme )l(eJraJOmHe BblcTynl1Tb? Hy 

60JTbllle,)HTY3HaCTOB 51 He BH)I(y. JI XOIfY CKa3aTb, IfTO B npHHlJ,Hne nO)l(eJTaHl151, 

KOTOPbJe MbI YCJTbIlllaJIl1 OT HHKOJTa51 ,lJ,MHTpHeBl1"lfa HaC"lfeT KBaHTOBbIX paC"lfeTOB H 

nO)l(eJTaHH5I MapKa BeHlfaMHHoBHIfa )J,JT5I Toro, "lfTo6bI HCnOJTb30BaTb 3TH CHCTeMbI B 

KaTaJIH3e, "lfTo6bI KaTaJIH3 npHCYTCTBOBaJI - 3TO KaK pa3 Te 60JTblllHX )J,Ba «KpbIJTa» y 

:3TOH MOllJ,HOH, TaK CKa3aTb «rrTHIJ,bI», KOTOpa51 cerO)J,H5I 6bIJTa npO)J,eMOHCTPHpOBaHa. 

11 MHoro 3KCnepI1MeHTaJIbHOrO MaTepHaJIa H TeopeTHIfeCKI1e rrO)J,XO)J,bI. B 06meM, 

HH<popMalJ,I1H 0 COCT05lHHI1 O"lfeHb Ba)l(HbIX lJ,eOJTHTHbIX CHCTeM 6bIJTO nOJTYLIeHO 

AJTeKcaH)J,poM 11BaHOBH"lfeM OIfeHb MHoro. 11 51 )J,y MaJO , "lfTO MbI HI1CKOJTbKO He 

OIllH6eMC5I, 60JTee Toro, 6Y)J,eM npaBbI, eCJTH nO)J,)J,ep)l(I1M 3Ty pa60TY I1 e)J,HHOrJTaCHO 

nporOJTOcyeM. fI03TOMY, AJTeKcaH)J,p I1BaHOBI1"lf, no perJTaMeHTY rrpe)J,OCTaBJT5IeTC5I 

BaM CJTOB. Ho He nOCJTe)J,Hee, a 3aKJTJO"lfI1TeJTbHoe. TIO)l(aJIyHCTa. 

A.11. CepbIX: CHa"lfaJIa 51 XO"lfy COrJTaCHTbC5I C 3aMe'Y:aHHeM 0 TOM, "lfTO 

OTCYTCTBYJOT KaTaJIHTI1"lfeCKHe )J,aHHble, O)J,HaKO onpaB)J,aHHeM 3TOMY 51BJT5IeTC5I 

llmpOKa51 HCCJTe)J,OBaHHOCTb peaKlJ,I1H Ha I13Y"lfeHHbIX B pa60Te CI1CTeMax. 

M.B. UO)J,l1KOB: 3TO He 6bIJTO 3aMe"lfaHHeM. 

A.H. CepbIX: lITO KaCaeTC5I KBaHTOBOH XHMHH, TO KBaHTOBa51 XHMH5I 6blJla 

HCnOJTb30BaHa B pa60Te · npH MO)J,eJTHpOBaHI1I1 at lcop6lJ,HI1 a30Ta Ha KaTHOHax 

o)J,HOBaJIeHTHOH Me)J,I1. lITO KaCaeTC5I KBaHTOBOH XHMHH B lJ,HHKCO)J,ep)l(aml1X 

lJ,eOJTI1TaX, TO TaKHe pa60TbI 6bIJTH C)J,eJTaHbI TeopeTHKaMH H3 Hamero I1HCTHTYTa, H3 

HOBOCI16HpCKa, I13 r OJTJTaH)J,HH. OHH XOPOllIO nO)J,TBep)K,LI,aJOT pe3YJIbTaTbI, 

nOJTYIfeHHble B )J,aHHOH pa60Te. lITO KaCaeTC5I KBaHTOBOXHMH"lfeCKOrO Mo.ueJTHpOBaHI151 

raJIJTI1Hco.uep)l(amHX lJ,eOJTHTOB, TO B 3Tl1X Bbl"lfI1CJTeHI151X Heo6xo)J,HMO MO)J,eJTHpOBaTb 

peaJIbHyJO rH6KOCTb KapKaca u.eOJTwra H ... 

H ..5I. YCa"lfeB: AJIeKcaH)J,p 11BaHoBHIf, n03BOJTbTe 51 Bac nepe6bJO. 06brIfHO B 

nOCJTe,UHeM CJTOBe rOBOp5lT cnacH6o. 

A.H. CepblX: ,lJ,a. B 3aKJTJOLleHI1e 51 XO"lfy rro6JTaro.uapHTb rrpe)J,ce)J,aTeJT5I Y"lfeHOrO 

COBeTa H "lfJTeHOB YIfeHoro COBeTa 3a rrpe)l,OCTaBJTeHHYJO MHe B03MO)l(HOCTb )J,OJTo)IGfTb 
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pe3Y11bTaTbI Modi pa60Tbl. 3a 06CY)K)J,eHI1e pe3Y11bTaToB Modi pa60ThI, 3a 3a aHHble 

BOrrpOChT. X04Y rr0611aro)J,apI1Tb MOI1X onnOHeHTOB. AJIeKCe51 A11eKceeml4a 

UblraHeHKo, Banepl151 AH)J,peeB114a MaThlwaKa, reHHa)J,l151 )J,Ml1Tpl1eBl14a llYKI1Ha 3a 

)J,eTanbHhIM aHaJI113 MOeM pa60Tbl 11 ueHHhle 3aMe4aHI151. TaK)Ke 51 XOTeJl 6bl 

n06JlarO)J,apl1Tb (nepe411CJl5leT no I1MeHaM JlIO)J,eM C 6JlarO)J,apHOCT5IMl1 B l1X a)J,pec). 

H.5I. Yca4eB: Teneph Mbl nepeXO)J,I1M K BhI60py C4eTHOM KOMl1CCl1H. 

I1pe)J,11armOTC5I TaKl1e KaH)J,I1)J,aTypbI: rIOJlbMaJll1eB Ara)J,)KaH Ml1p30eBW-I, L(O)J,I1KOB 

MapK BeHI1aMI1HOBI14 11 ,[(epra4eB AJleKcaH)J,p AJIeKcaH)J,pOBI14 , ECTb 1111 B03pa)KeHI15I 

npOTI1B TaKOM KOMaH)J,bI MOllJ,HOM? Tor)J,a, nO)KaJlYMCTa, C4eTHa51 KOMI1CCI151, npoch6a 

rrpl1CTynl1Th K pa60Te. 

noeJJe nepephlBa: 

H.5I. YCaqeB: CJlOBO npe)J,OCTaBJl5leTC5I npe)J,ce)J,aTeJlIO C4eTHOM KOMl1CCl1l1 

Ara)J,)KaHY Ml1p30eB114Y fIOJlhMaJll1eBY· 

A.M. fIOJlhMaJll1eB: 3a411ThIBaeT npOTOKOJI C4eTHOM KOMl1CCl1l1, 1136paHHoM 

)J,l1ccepTaQ110HHhIM COBeTOM ,[( 002.222.02 npl1 I1HCTI1TYTe OpraH114eCKOM XI1Ml1l1 

11M. H.,[(. 3eJll1HCKOrO PAH OT 11 H05I6p51 2014 r., ,[(Jl51 nO)J,c4eTa rOJlOCOB npl1 TaMHoM 

rOJIOCOBaHl1l1 no Bonpocy 0 rrpl1cY)K)J,eHl1l1 CephIx AJleKcaH)J,PY I1BaHOB114Y Y4eHoi1: 

CTeneHI1 )J,oKTopa XI1MI14eCKI1X HaYK. 

PeWeHl1eM BAK MI1H06pa30BaHWI 11 HaYKI1 P<D OT 2] .05 .2010 r. N~ 1030-396 

COCTaB )J,l1CCepTaUI10HHOrO COBeTa YTBep)K)J,eH B KOJl114eCTBe 23 4eJlOBeK Ha nepl1o)J, 

)J,eMCTBI151 HOMeHKJlaTyphI cneQl1aJlhHOCTeM HaY4HhlX pa60THl1KOB, YTBep)K)J,eHHoM 

npl1Ka30M Ml1H06pHaYKl1 POCCl1l1 OT 25.02.2009 r. N259. I1PI1CYTcTBOBaJII1 Ha 

3ace)J,aHl1l1 17 4JleHOB COBeTa, B TOM 411CJle )J,OKTOPOB HaYK no npocpl1JlIO 

paCCMaTpl1BaeMoi1: )J,l1ccepTaQl1l1 - 6. P03)J,aHo 6IOJlJleTeHeH - 17, OCTaJlOCh He 

p03)J,aHHh1X 6I011JIeTeHeH- 6, OKa3aJIOCh B ypHe 6K>JIJleTeHeM - 17. 

3a - 17, npOTI1B - HeT, He)J,eMCTBl1TeJlbHhIX - HeT. 

H.5I. Yca4eB: Mhl )J,OJl)l(HhI YTBep,lJ,l1Tb npOTOKOJl c4eTHoi1: KOMI1CCI1I1 11 npl1H5ITh 

3a OCHOBY 3aK11I04eHl1e, KOTopoe Mbl TO)Ke )J,OJl)KHhI YTBep)J,I1Th, TO eCTh 31'0 6Y)J,eT Y 

Hac B np01'OKOJIe. ECTh Jll1 B03pa)KeHI15f npOTI1B Toro, 41'0, Bo- nepBhIX, YTBep)J,l1Th 

http:002.222.02
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npOTOKOJI C4eTHOH KOM11CC1111 11 B35ITb 3a OCHOBY TO 3aKJIlOQeH11 , C KOTOPbI 1 6 bIJI11 

03HaKOMJIeHbl LIJIeHbI ,lJ.11CCepTaU:110HHOrO COBeTa? ECTb Jm B03pa)f(alOI.I.(11e? 3HaLI11T 

3TO e,lJ.11HOrJIaCHO. 

Mhl MO)J(eM n03,lJ.paB11Th AJIeKCaH,lJ.pa I1BaHOB11LIa C np11CY)J(,lJ.eH11eM eMY YLIeHOH 

CTeneHl1 ,lJ.OKTOpa Xl1Ml1LIeCKl1X HaYK. 

IIOCTAHOBHJ1H 

J(l1CCepTaU;110HHhIH COBeT OTMeQaeT, LITO Ha OCHOBaHl1H BhITIOJIHeHHhIX 

C011CKaTeJIeMl1CCJIe,lJ.OBaHl1M: 

npe,lJ.JIO)J(eHa Opl1rl1HaJIhHa5I o npl1po,lJ.e aKT11BHbIX u:eHTPOB 

KaTaJI11THLIeCKOM peaKU;l111 ,lJ.erl1,lJ.pl1pOBaHH5I JIerKl1X napacpl1HOB B 

BhICOKOKpeMHe3eMHhIX u;eomnax ZSM-5, cO,lJ.ep)KallIl1X 06MeHHble KaT110HhI ,lJ;Byx- H 

TpeXBaJIeHTHhIX MeTaJIJIOB (U:l1HKa, Ka,lJ.Ml15I 11 raJIJIl15I). J(OKaJaHO, LITO 3TH KaTHOHhI 

KOMneHC11pYlOT orpHu:aTeJIhHhle 3ap5I,lJ.hT Y,lJ.aJIeHHhIX ,lJ.pyr OT ,lJ.pyra B KapKace 

u;eOJIl1Ta aJIlOMl1HHM-Kl1CJIOP0,lJ.HhlX TeTPa3,lJ.pOB; 

,lJ.OKa3aHa cnoco6HOCTh 06MeHHhIX ,lJ.BYXBaJIeHTHhIX KaT110HOB U;l1HKa 11 Ka,lJ.MH5I 

B ZSM-5, KOMneHCl1pYlOI.I.(l1X OTpl1u;aTeJIhHhle 3ap5I,lJ.bI npOCTPaHCTBeHHO Y,lJ.aJIeHHhIX 

aJIlOMl1Hl1H-KHCJIOPO,lJ.HhIX TeTpa3,lJ.pOB KapKaca u;eOJIl1Ta, aKTl1Bl1pOBaTh 

,lJ;l1CCOU;HaTl1BHO a,lJ.cop611pOBaTh BO,lJ.OPO,lJ. 11 yrJIeBO,lJ.OpO,lJ.hI; 

,lJ.OKaJaHO 06paJOBaHHe TpeXBaJIeHTHhIX 06MeHHhIX KaTHOHOB raJImf5I B Ga-ZSM

5 B pe3YJIhTaTe ,lJ.l1cnponopU:l1OHHpOBaHl15I O,lJ.HOBaJIeHTHhIX KaT110HOB raJIJIl15I; 

HHTeHC11BHa5I CPOTOJIlOMHHecu;eHU:H5I u:eOJIl1Ta ZSM-S , 

CO,lJ;ep)KallierO o6MeHHbIe O,lJ.HOBaJIeHTHhIe KaTHOHbI raJIJIH5I; 

06HapY)KeHa xeMocop6U;H5I BO,lJ.Opo,lJ;a npl1 KOMHaTHoH TeMrrepaType Ha 

o6MeHHhlx O,lJ.HOBaJIeHTHhIX KaT110HaX Me,lJ.l1 B ZSM-S; 

06HapY)KeHO Cl1JIhHOe nOHl1)f(el-Il1e qaCTOTbI KOJIe6aH11H MOJIeKYJI BO,lJ.OpO,ll,a H 

a30Ta, a,lJ.cOp611pOBaHHhIx Ha H113KOBaJIeHTHhlX KaT110HaX nepeXO,lJ.HhIX MeTaJIJIOB 

O,lJ.HOBaJIeHTHhIX o6MeHHhlx KaT110HaX Me,lJ.11 11 Hl1KeJI5I B ZSM- 5 ; 

11 

http:Me,lJ.11
http:Me,lJ.l1
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,n:OKa3aHO, LITO rrpl1 a,n:cop6u,1111 a30Ta Ha u,eOJII1Te C u-ZSM-5, Co.neplKameM 

06MeHHbIe O,n:HOBarIeHTHbIe KaTHOHbI Me)l,l1, 06Pa3YfOTC51 a,n:cOp6u,110HHbIe 

KOMrrneKCbI, COCT051IIJ,l1e 113 ,n:ByX KaTl10HOB Me)l,11 I1 MoneKyn a30Ta, 

a)l,COp6HpOBaHHbIX KaK B JllIHel1HOll TepMI1HanbHOI1, TaK I1 B MOCTHKOBOI1 

)l,Byxu,eHTpOBOI1 cpOpMe. 

TeOpeTI1LIeCKa51 3HaLJHMOCTb I1CCne)l,OBaHHI1 060CHOBaHa TeM, LITO: 

rronYLIeHa HOBa51 I1HcpOpMau,H51 0 CTPYKType I1 CBOllCTBaX KaTanl1TI1LIeCKH 

aKTHBHbIX u,eHTpOB ,n:erl1)l,pHpOBaHH51 nerKI1X rrapacpI1HOB B UHHK-, Ka)l,MHH- H 

ranmfHCO)l,ep)KaIIJ,HX ueomnax ZSM-5; 

YCTaHOBneHa CTpyKTypa HeH3BeCTHbIX paHee a,n:cOp6IJ,I10HHbIX KOMnneKCOB 330Ta 

C napHbIMH 06MeHHbIMl1 KaTHOHaMI1 Cu(I) B Cu-ZSM-5, CneKTPOCKOrrHLJeCKHe 

,n:aHHble rrO,rJ:TBep)K,n:eHbI MO)l,enbHbIMH KBaHTOBOXI1MHLIeCKI1MH paCLIeTaMH; 

YCTaHOBneHa CrrOC06HOCTb O)l,HOBaJIeHTHbIX 06MeHHbIX KaTHOHOB Me,I(11 H HHKen51 

B ZSM-5 aKTI1BHpOBaTb MoneKynbI BO,I(OpO,I(a, a TaIOKe crroc06HOCTb O,I(HOBaJIeHTHbIX 

06MeHHbIX KaTHOHOB HHKen51 aKTI1BHpOBaTb MoneKynbI a30Ta; 

YCTaHOBneHa rrpl1pO,I(a u,eHTpOB <pOTonfOMI1Hecu,eHIJ,HH B rannl1l1co,n:ep)KameM 

u,eOnl1Te ZSM-5; 

rrpHMeHHTenbHO K TeMaTI1Ke ,n:HccepTau,HI1 pe3ynbTaTHBHO (3cpcpeKTHBHO, TO eCTb 

C rronYLIeHHeM HOBbIX pe3ynbTaTOB) I1CrrOnb30BaH KOMrrneKC 3KcrrepHMeHTaJJbHbIX I1 

TeopeTHLIeCKI1X MeTo,n:OB I1CCne,I(OBaHH51, BKnIOLIaIOIIJ,HH In<: crreKTpOCKOllI1IO 

a,I(COp6HpOBaHHbIX MoneKyn, Y<l>-BH,I( crreKTPOCKonHIO, peHTreHOBCKYIO 

cpOT03neKTPOHHyIO crreKTpOCKOrrI1IO (P<l>3C) In situ, 3IlP crreKTpOCKorrHIO, 

crreKTPOCKOlll1lO <pOTonIOMI1HeCLleHu,HH, MoneKYJI51pHOe C 

I1CrrOnb30Bal-IHeM KBaHTOBO-XI1MI1y.eCKHX BbILIHCJIeHI1H; 

H3nO)KeHbI apryMeHTbI H rrpl1Be,n:eHbI cpaKTbI, 06b51CH51IOIIJ,He crroc06HOCTb 

H30nl1pOBaHHbIX ,I(BYX- H TPeXBaneHTHbJX 06MeHHhIX KaTl10HOB MeTaJ1JIOB 
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KOMrreHCI1pOBaTb OTpl1lJ,aTeJlbHbIe 3ap51 bI Y,L(aJleHHbIX ,L(pyr OT pyra aJllOMI1HI1H-

KI1CJlOPO)l,HbIX TeTpa3,L(pOB. 

3HaqeHI1e rrOJlyqeHHbIX COI1CKaTeJleM pe3YJlbTaTOB I1CCJle,nOBaHI151 ,nJl51 rrpaKTI1KI1 

rrO,nTBep)J(,naeTC5I TeM, qTO 3HaHI1e rrpl1pO,nbI KaTaJlI1TI1qeCKI1 aKTI1BHbIX IJ,eHTPOB B 

BbICOKOKpeMHe3eMHbIX IJ,eOmnaX MO)J(eT 6bITb HCrrOJlb30BaHO ,nJl51 nOBbIlIIeHI1.51 

3cpcpeKTI1BHOCTl1 CYlll.eCTBYlOlll.HX KaTaJll13aTOpOB Ha OCHOBe IJ,eOJlI1TOB H pa3pa60TKH 

HOBbIX KaTaJll1Tl1qeCKI1X CHCTeM; 3HaHIfe a,ncop6U;HOHHbIX CBOH:CTB KaTI10HHbIX 

u;eHTpOB B IJ,eOJlI1TaX MO)J(eT 6bITb I1CrrOJlb30BaHO ,nJl5J C03,naHI15J HOBbIX 

a,ncop6I1PYIOlll.HX MaTepl1aJlOB; 3HaHI1e OrrTI1QeCKI1X CBOMCTB KaTHOHHbIX IJ,eHTpOB B 

raJlJlHMco,nep)J(alll.eM u;eOJlI1Te ZSM-5 MO)J(eT 6bITb I1CrrOJlb30BaHO ,nJl5J pa3pa60TKH 

HOBbIX cpOTOKaTaJll1TI1QeCKHX Maiepl1aJlOB 11 MaTepl1aJlOB .n:Jl5r Pa3JlI1QHbIX 

OrrTI1QeCKI1X YCTP0H:CTB. 

Ou;eHKa ,nOCTOBepHOCTH pe3YJlbTaTOB I1CCJle,nOBaHH5J BbI5IBI1Jla, QTO: 

Bce pe3YJlbTaTbI rrOJlYQeHbI C I1CrrOJlb30BaHI1eM COBpeMeHHoro 

cepTHcpl1U;HpOBaHHoro 060py,nOBaH115J - crreKTpOMeTpOB 11K, Y<l>-BI1,n, 3IIP, P<l>3C, 

CPOTOJllOMI1HeCu;eHU;I1H 11 rrporpaMMHoro 06eCrreQeHH5I GAUSSIAN 03. 

ilICCJle,noBaHH5I rrpoBe,neHbI Ha Cepl151X 3KcnepHMeHTaJlbHbIX 06Pa31J,0B, B KOTOPbIX 

rrOJlY1.IeHbI XOPOlIIO BOCrrp0I13Bo,nI1MbIe pe3YJlbTaTbI. OCHOBHbIe :JKcrrepHMeHTaJlbHble 

pe3YJlbTaTbI cOrJlacYlOTc5I C pe3YJlbTaTaMH TeOpeTI1QeCKOrO aHaJlH3a H aHaJIH3a 

cOBpeMeHHoH JlHTepaTypbI no TeMe ,nHccepTaU;l1l1 . bOJlbWaJI QaCTb pe3YJlbTaTOB 

rro,nTBep)J(,neHa B 60Jlee n03,nHMX rry6JlHKaU;115JX ,npyrHx HaYQHblX KOJlJleKTHBOB no 

TeMe pa60Tbl. 

JII1QHbIM BKJla.D: COHCKaTeJl5J COCTOHT B TOM, QTO Bce BKJlJOQeHHble B 

,nI1CCepTalJ,HIO ,naHHble 6bIJll1 rrOJlYQeHbI JlHLJ:HO aBTopOM I1JlI1 rrpl1 ero 

Herrocpe,nCTBeHHOM YQaCTHI1. TIocTaHoBKa 3a,II,aLJ: , Bb160p MeTo,na I1X peWeHH.5I H 

aHaJIH3 rrOJlYQeHHbIX pe3YJ1bTaTOB npOBe,neHbI aBTopOM JlWIHO. TIo,n:rOTOBKa 

rry6Jll1KalJ,HH rro BhlITOJlHeHHOM pa60Te OCYlll.eCTBJl5lJlaCb JlHQllO aBTopOM HJlI1 npl1 ero 

Herrocpe,nCTBeHHOM YQaCTHI1. 

http:peWeHH.5I
http:raJlJlHMco,nep)J(alll.eM
http:a,ncop6I1PYIOlll.HX
http:CYlll.eCTBYlOlll.HX
http:nOBbIlIIeHI1.51


22 

)J:HccepTaUJ151 OXBaTbIBaeT BOnpOCbI nOCTaBneHHOH HaytfHoH 3 a)J.a q } f ITO 

I1CCn e)],OBaHHIO npl1pO)J.bI 11 CBOHCTB KaTHOHHbIX ueHTpOB B KaTanI1Tlfl-IeCKHX 

CHCTeMax Ha OCHOBe BbICOKOKpeMHe3eMHbIX ueOnl1TOB 11 COOTBeTcTByeT Kpl1TepHIO 

BHYTpeHHero e)],I1HCTBa, YTO nO,lJ.TBep)l(,lJ.aeTC5I Harm'IHeM nOCrre ,lJ.OBaTenbHoro nrraHa 

HCcrre,lJ.OBaHI1H, OCHOBHOH H,lJ.eHHOH nI1HI1H, KOHuenTYaflbHOCTH H B3aHMOCB5I311 

BbIBO,lJ.OB, 3aKOH'IeHHOCTbIO HCcne,lJ.OBaHH5I. TIorrY'IeHHble pe3YJIbTaTbI ,lJ.OCTOBepHbI, a 

C,lJ.erraHHble BbIBO,lJ.bI 060CHOBaHbI. Ony6rrHKoBaHHble B ne'IaTH pa60TbI H 

aBTopecpepaT ,lJ.OCTaTO'IHO nonHO OTpa)l(alOT OCHOBHoe cO,lJ.ep)l(aHHe pa60TbI. 

)J:HccepTaUI10HHbIH COBeT npHlllen K BbIBO,lJ.y 0 TOM, 'ITO ,lJ.HCCepTal.J,l151 

npe,lJ.CTaBn5leT C060H HaY'IHO-KBaJIl1(ImKaUHoHHYIO pa6ory, KOTOpa51 cooTBeTcTByeT 

KpHTepH5IM, YCTaHoBneHHbIM B IT. 9 «I1onO)KeHH5I 0 nOp5l,lJ.Ke npHCY)K,lJ.eHI151 :Y4eHhlx 

CTeneHeH», nOCTaHOBneHHeM TIpaBHTenbcTBa POCCI1HCKOH 

ct>e)],epaUHH OT 24 CeHT5I6p51 2013 r. NQ 842, H npl1H5In pellleHHe npHcy)],HTb Cephlx 

ArreKcaH)],py HBaHOBH'Iy :Y4eHYIO CTeneHb ,lJ.OKTOpa XHMH'IeCKHX HaYK. 

TIPI1 npOBe,lJ.eHHH TaHHoro ronOCOBaHH5I )],HccepTaUI10HHbIH COBeT B KOnHqeCTBe 

lL 'IerrOBeK, H3 HI1X ~ )],OKTOPOB HayK no CneUHaflbHOCTI1 02.00.04 - £f>H3H'IeCKa5I 

XHMH5I, y-qacTBoBaBlllHx B 3aCe,lJ.aHI1H, H3 23_ -qenOBeK, BXOMIl(I1X B COCTaB COBeTa, 

nporOJIOCOBaflH 3a .l..L, npOTI1B HeT, He,lJ.eHCTBI1TeJIbHbIX 6IOJIneTeHeH HeT . 

3aMeCTHTenb npe,lJ.ce,lJ.aTen51 

,lJ.HccepTaUHOHHoro COBeTa )J: 002.222.02 

,lJ..X.H., npocpeccop H. 5I. Y CaT..:£eBCd>_s::-<:_ 
Y-qeHbIH ceKpeTapb 

,lJ.HCCepTaUHOHHoro COBeTa 

K.X.H. o. 11. EnHceeB 

19 H05l6p51 2014 ro)],a 

TIO,lJ.ITHCH ,lJ. .X.H. npocpec .X.H. 0 .11. E nHceeBa 3aBep5llO. 

YT..:£eHbIH ceKpeTapb 110 HooK. KOpWeBe lJ, 

http:002.222.02
http:02.00.04
http:nOp5l,lJ.Ke
http:BbIBO,lJ.bI
http:BbIBO,lJ.OB
http:npl1pO)J.bI
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3AKJllOlffiIDIE 

,l(I1CCEPTAlU10HHOrO COBETA )J: 002.222.02 HA EA3E <DE)J:EPAJIhHOrO 

rOCY)J,APCTBEHHOrO EIO)J)KETHOrO yqpE}K)J:EHIDI HAYKI1 

l1HCTI1TYTA oprAH:WIECKOH Xl1MI1l1l1M. H.)J:. 3EJII1HCKOrO 

POCCI1HCKOH AKA,lJ,EMI1l1 HAYK no ,[(I1CCEPTAlU1l1 HA COI1CKAH11E 

YlffiHOH CTETIEHI1 )J:OKTOPA HAYK 

arreCTaUl10HHOe .lJ,eJIO NQ 

perneHl1e .lJ,l1ccepTaUl10HHOrO COBeTa OT 11.11.2014 NQ 2 

o rrpl1cY)J(.lJ,eHHI1 YT.J:eHOM CTerreHI1 .n:oKTopa XI1MI1T.J:eCKI1X HaYK CepbIx 

AJIeKcaH.lJ,PY I1BaHOBI1T.J:Y, rpa)J(.lJ,aHI1HY POCCI1MCKOM <De.lJ,epaUI1I1. 

)J:I1CCepTaUI15I «<DopMl1pOSaHl1e, rrpl1po.n:a 11 4l11311KO-X11M11T.J:eCKl1e CBoMcTBa 

KaT110HHhIX u:eHTp0B B KaTaJI11T11T.J:eCKI1X CI1CTeMaX Ha OCHOBe 

BhlcoKoKpeMHe3eMHhIx ueOJII1TOB» rro CrreUl1aJIhHOCTI1 02.00.04 - 4l11311T.J:eCKa51 

X11MI151 rrpl1H5ITa K 3aru;I1Te 24.06.2014, rrpOTOKOJI N:! 1 .lJ,11CCepTau.110HHhIM COBeTOM 

)J: 002.222.02 Ha 6a3e <De.lJ,epaJIhHOrO rocY.lJ,apCTBeHHoro 6fO.lJ,)J(eTHoro yqpe)J(.n:eHI151 

HaYK11 I1HCTI1TYTa OpraH11QeCKOM X11M1111 11M. H.)J:. 3eJI11HCKOrO POCC11MCKOM 

aKa.lJ,eMI1I1 HaYK , 119991, r. MocKBa, JIeH11HCK11M rrpocrreKT, 47, npl1Ka3 NQ 1030

396 OT 21.05.2010 r. 

C011CKaTeJlh CephIx AJleKCaH.lJ,p I1BaHOB11Q, 1958 rO.lJ,a pO)J(.lJ,eHI151, 3aI.l(I1TiHJI 

.lJ,11ccepTaUl1Io Ha COI1CKaHl1e yqeHoM CTeneHI1 KaH.lJ,11)J.aTa XI1MI1QeCKI1X HaYK 

«<DopMl1pOBaHl1e AI-Ni-Mo, AI-Co-Mo 11 AI-Ni-W KaTaJI113aTOpOB 

rl1.lJ,poo6eCCepI1BaHI1.H, rrOJlY'-IeHHbIX rrYTeM a.lJ,cop6U:1111 cooTBeTcTBYIOIUI1X 

Kap6oHl1JIOB Ha raMMa-Ab03» B 1993 ro.lJ,Y B .lJ,I1CCepTaIlI10HHOM COBeTe, C03.lJ,aHHOM 

Ha 6a3e I1HCTI1TYTa OpraHI1T.J:eCKOM XI1MI1I1 11M. H.)J:. 3eJTl1HCKOrO POCCI1MCKOM 

aKa.lJ,eMI1I1 HaYK (MOX PAH), pa60TaeT B .lJ,OJI)J(HOCTI1 CTaprnero HaY'-lHoro 

COTpY.lJ,HI1Ka B JIa6opaTOpHl1 KaTaJIl13a rrepeXO.lJ,HhIMI1 MeTaJIJlaMI1 11 I1X 

COe.lJ,I1HeHI151MI1 (NQ 38) 110X P AH. 

)J:I1CCepTaUI151 BhIIlOJIHeHa B JIaoopaTOpl111 KaTaJIl13a rrepexo)J.HhIMI1 MeTaJIJIaMI1 

11 I1X Coe.lJ,I1HeHI151MI1 110X P AH. 

http:002.222.02
http:02.00.04
http:002.222.02


2 

HaYLfHoro KOHCYJ1hTaHTa HeT. 

0~I1UJ1anhHhle OrrrrOHeHThI: 

MaThIWaK Banepl1H AH)J.peeBI1Lf, rpa)l()J.amm POCCI111cKOH ~e)J.epaQHI1, )J.OKTOP 

XI1MI1LfeCKI1X HayK, rrpo~eccop, <I>e)J.epanhHOe rOCY)J.apCTBeHHOe 6fO,U)l(eTHOe 

Y1.Jpe)l()J.eHl1e HayKH I1HCTI1TYT XI1MI11.JeCKOH ~11311KI1 11M. H.H. CeMeHOBa 

POCCHHCKOH aKa,UeM1111 HayK, OT)J.eJ1 KHHeTI1KI1 11 KaTanl13a, J1a60paTOplliI 

reTepOreHHOrO KaTanH3a, Be)J.yllU1H HaytIHhIH COTPY)J.HI1K; 

I(hlraHeHKO AJ1eKCeH AJ1eKCeeBI11.J, rpa)l(,UaHHH POCCI1HCKOH ~e,UepaU:I-JI1, 

)J.OKTOP ~113I1KO-MaTeMaTI11.JeCKI1X HayK, rrpo~eccop, CaHKT-neTep6yprcKHH 

rOCY)J.apCTBeHHhIH YHHBepCHTeT, qm3H1.JeCKI1H <PaKYJ1hTeT, Ka<pe)J.pa 06meH ~11311KH 

2, rrpo<peccop; 

QYKI1H reHHa)J.I1H ~MHTpHeBI11.J, rpa)l()J.aHHH POCCHHCKOH <pe)J.epaIJ,I1H, )J.OKTOP 

XHMH1.JeCKHX HayK, rrpo<peccop, 000 «DJ1aCTHe<pTeXHM», Be)J.yml1H HaY1.JHblH 

COTPY,UHHK. 

Be,UymaH OpraH113al(HH <I>e)J.epanhHoe rOCY,Il;apCTBeHHoe 

06pa30BaTeJ1hHOe Y1.Jpe)l()J.eHlf e BhICIIIero rrpo~eCCI10HaJ1hHOrO 06pa30BaHHH 

MOCKOBCKI1H rocY)J.apcTBeHHhIH YHI1BepCHTeT, XI1MI11.JeCKI1H <PaKYJ1hTeT, 1. MocKBa, 

B CBoeM rr0J10)l(I1TeJ1hHOM 3aKJ1f01.JeHHI1, rrO,Ll,rrI1CaHHOM HBaHoBoH I1pHHoH 

I1ropeBHoH, )J.OKTOPOM XHMH1.JeCKHX HayK, rrpo<peccopoM, 3aBe)J.yroI..l(eiI 

J1a60paTOpHeH KI1HeTI1KH 11 KaTanH3a Ka<pe)J.phl <p113111.JeCKOH XI1MI1I1; JIYHI1HhlM 

Banepl1eM BaCI1J1heBRLfeM )J.OKTOPOM XHMH1.JeCKI1X HayK, rrpo<peCCOpOM, 

aKa)J.eMI1KOM, )J.eKaHOM XHMH1.JeCKOrO <PaKYJIhTeTa; 3aCYPCKOH JIapHcoH 

AJ1eKCaH)J.pOBHOH, KaH,llI1,UaTOM XI1MH1.JeCKI1X HayK, CTaplllliM HaY1.JHblM 

COTpy)J.HHKOM J1a60paTOpHI1 KpHCTaJ1JIOrpa<pI1H Ka<pe)J.phI, YLJeHhIM CeKpeTapeM 

Ka<pe'upbI <pH3WleCKOH XHMI1I1 XI1MHlieCKOro <PaKYJ1hTeTa H YTBep)l(,Ll,eHHOM 

<I>e,U5IHI1HhIM AH,UpeeM AHaTOJ1heBI11.JeM, ,UOKTOPOM <p113I1KO-MaTeManI1.JeCKI1X HayK, 

rrpOpeKTOpOM MOCKOBCKOrO rOCY,Ll,apCTBeHHOrO YHI1BepCI1TeTa 

HM. M.B. JIOMoHocOBa, Ha1.JanhHI1KOM YrrpaBJ1eHI1H HaY1.JHOH nOnl1TI1KI1 

OpraHl13al(HI1 HaY1.JHhIX HCCne)J.OBaHI1H, YKa3ana, 1.JTO «B IJ,eJ10M no 06beMY, 

aKTY3J1hHOCTI1, HaY1.JHOH HOBI13He 11 060CHOB3HHOCTI1 BhIBO)JI.OB ,UI1CCepTaIJ,l15I 
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OTBeLIaeT Tpe60BamUIM BAK MI1HI1CTepCTBa 06pa30BaHIUI 11 HaYKI1 Pet> (rr. 9 

«TIonO)KeHI151 0 rrOp5l,[(Ke rrpliICY)K,[(eHliI5I YLIeHbIX cTeneHeih>, YTBep)K,[(eHHoro 

rrOCTaHOBneHliIeM ITpaBliITenbcTBa Pet> OT 24 CeHT5I6p51 2013 1'. N~842), 

rrpe,n:b5lBn5leMbIM K '[(HccepTaIJ,H51M Ha COHCKaHliIe YLIeHoH CTerreHH ,[(oKTopa 

XliIMRyeCKHX HayK, a ee aBTOp CepbIX AneKcaH,n:p I1BaHoBliILI, 3acnY)KHBaeT 

rrpliIcY)K,n:eHliI5I eMY yyeHOH CTerreHH ,[(oKTopa XliIMUyeCKHX HaYK rro crreIJ,HanbHOCl'H 

02.00.04. no MaTepliIanaM pa60Tbl orry6nHKoBaHo 17 CTaTeH B Me)K,n:YHapo,n:HbIX H 

Be,n:y~Hx POCCHHCKHX )KypHanax. Pe3ynbTaTbI liIccne,n:oBaHHH arrpo6HpoBaHbl Ha 

Me)K,n:YHapo'[(HbIX HaY-YHbIX KOHrpeccax H KOHcpepeHIJ,H5Ix. ABTopecpepa'r 

,[(liIccepTaIJ,HH H ony6nHKoBaHHble pa60TbI rronHOCTblO OTpa)KalOT co,n:ep)KaHHe Ii 

BbIBO,n:bI ,n:liIccepTaIJ,liIH». 

Ha ,[(HccepTaIJ,HlO H aBTope¢epaT nocTyrrHnH OT3bIBbI: 

1. OT rrpo¢eccopa, ,n:OKTopa XHMI-fyeCKHX HaYK, 3aBe,n:YIOIl(erO JIa6opaTopHei1: 

rrpliIrOTOBneHH5I KaTanH3aTopOB <Pe,n:epanbHoro rocynapCTBeHHoro 6lO,n:)KeTHOrO 

YLJpe)K,[(eHH5I HayKH I1HcTHTYTa HecpTeXHMliIH H KaTanH3a POCCliIHCKOH aKa,neMI111 

HayK KYTenOBa E. 11. B OT3bIBe co,[(ep)KaTC5I cne,n:YlOIl(liIe 3aMel.JaHH5I: 1) 113 TeKCTa 

aBTopecpepaTa HenOH51THbI CTerreHH 06MeHa KaT110HOB HaTpH5I, co,n:ep)KaIl(liIXC5I B 

o6pa3IJ,ax, Ha ,n:ByX- H TpeXBaneHTHble KaTHOHbI. EcnH ,[(n51 IJ,eomna ZSM-5 MO)f(HO 

rrpe,n:nonO)K11Tb, LITO OHH 6nH3KliI K I, TO ,n:n51 IJ,eOJlI1Ta Y TaKHe Bemil.JHHbI 

HeB03MO)KHbI 6e3 npOMe)KYTOl.JHOH o6pa6oTKM. 2) Bp5l,n: nH HMeno CMblcn BbI6HpaTh 

B Kal.JeCTBe o,n:Horo 113 rrpOMOTOPOB KaTI10Hbi Ka,[(MliI5I. IJ;eOJ111TbI, rrpOMOTHpOBaHHble 

3TliIMI1 KaTI10HaMH He rrp05lBn5lIOT YHliIKanbHbIX KaTanI1TI1l.JeCKHX CBOHCTB, B TO )I(e 

BpeM5I coe,n:HHeHH5I Ka,[(MH5I OTHOC5ITC5I K BbICOKOTOKCI1l.JHbIM coe,n:HHeHliI5IM. 3) B 

aBTope¢epaTe BCTpeyaWTC5I Ha Haw B3rn5l,[(, Hey,[(al.JHble cnOBOCOl.JeTaHH5I. 

Hanpl1Mep: rrpo6Hble 11 rOCTeBbIe MoneKynbI. B IJ,enl1 pa60TbI Ha CTp.2 KaTHOHbI 

IJ,HHKa, Ka,n:M liI5I , Me,[(H H HHKen51 Ha3BaHbI MHoroBaneHTHbIMH, a Ha CTp. 6 

MynbTHBaneHTHbIMI1. KaK npaBHJlO, MHorOBaneHTHhIMH Ha.3bIBaIOT KaTHOHbI C 

BaneHTHOCTbIO TpH H 6onee. 

2. OT ,[(oKTopa XHMliIl.JeCKliIX HayK, 3aBe,n:YlOIl(erO JIa6opaTopliIei1: KHcnOTHO

OCHOBHoro KaTanliI3a <1>e,[(epanbHoro rocy,n:apcTBeHHoro 6lO,[()KeTHOrO yLIpmK,a:eHliI5I 

http:02.00.04
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HayKH I1HcTHTYTa KaTaJIH3a HM. r.K. DOpeCKOBa CH6HpCKOrO OT,L(eJIeHH5I 

POCCHi1cKOH aKa,L(eMHH HaYK. B OT3blBe cO,L(ep)J(aTC5I CJIe,L(YlOmHe 3aMe~aHU5l: 1) 

BBe,L(eH11e MHOr03ap5l,L(HbIX KaT110HOB B HOHo06MeHHble n03HUHH ueOJIHTOB 

CTpyKTYPbI ZSM MO)J(eT np11BO,L(HTb K ,L(ecpopMaU1111 KapKaca. TIOTOMY B03HHKaeT 

Bonpoc. TIpoBo,UHJIaCb JIH npoue,L(ypa nYTeM 06paTHoro HOHHoro 06MeHa Ha 

npoToHbI? BocCTaHOBJIeH11e 11CXO,L(HbIX OH rpynn MO)J(eT ,L(OKa3aTb OTCYfcTBHe 

He06paT11MOH ,L(ecpopMaU11H KapKaca. 2) Ha pHcYHKe l5 np11Be,L(eHbI cneKTpbI 

a,L(COp6HpoBaHHoro a30Ta B ,L(11ana30He 2800-2400 CM-I. qTO 3TO 3a nOJIOCbI? B 

aBTopecpepaTe OTCYTCTByeT 06CY)J(,L(eHHe 3Toro Bonpoca. 3) Ha pHCYHKe 3 

npHBe,L(eHbI Y<l>-BH,L( cneKTpbI ueOJI11Ta ZnNaY 11 06cY)K,L(aeTC5I nOJIoca OKOJIO 

40000 CM-
I 
. B TO )J(e BpeM5I BH,L(HO ew:e 60JIee BblCOKoe nOrJIOmeHHe B 06JIaCTH 

32000 CM-I. KaKOBa np11pO,L(a 3Toro nOrJIOmeH1151? 4) TIpoBep5IJIC5I JIH 3cpcpeKT «deep 

bed» ,L(JI5I ,L(aHHbIX, I10JIy~eHHbIX MeTO,L(HKOH ,L(HCPCPY3Horo oTpa)J(eHH5I, paHee 

06HapY)J(eHHbIH MeTO,L(OM 5IMP ,L(JI5I ,L(er11,L(paTaUHl1 ueOJI}1ToB? .lJ:JI5I 3Toro 3cpcpeKTa 

(,L(ef'H,L(paTaU115I ueomITa 113 CJI05I 1 CM 11 60JIee) xapaKTepHo pa3pyrneHHe ueOJIl1Ta 

T11na Y, ~TO npHBO,L(HT K y,L(aJIeHHlO CTPYKTypHblX OH rpynn B o~eHb M5IrKHX 

YCJIOBH5IX, aHaJIOrH~HblX ,L(aHHbIM np11Be,L(eHHbIM Ha pHC. 1. 

3. OT ,L(OKTOpa CPH311KO-MaTeMaTli~eCKHx HayK, 3aBe,L(YlOm;erO JIa6opaTopHeH 

COp6UHOHHbIX npoueccoB <1>e,L(epaJIbHOrO rocyaapcTBeHHoro 61O,L()J(eTHoro 

yqpe)J(,L(eHH5I HayKH I1HCT11TYTa cpH3H~ecKoH X11MHH 11 3JIeKTpoxHMHH HMeHH HM. 

A.H. <l>pYMK11Ha POCCHllCKOH aKa,L(eMHH HayK <l>oMKHHa A. A. B OT3blBe 

CO,L(ep)J(aTC5I 	 CJIe,L(YlOmHe 3aMe~aHH5I: 1) Ha pHcYHKe 15 aBTopecpepaTa YKa3aHbI 

-I
nOJIOCbI 110rJIOmeH115I npH 2256, 2540, 2650 11 2782 CM, O)l,HaKO fiX 

npo11Cxo)J(,L(eHHe He 06CY)J(,L(aeTC5I. 

4. OT ,L(OKTOpa XHM11~eCK11X HayK, npocpeccopa Kacpe,L(pbI TeXHOJIOr11H 

HeOpraH11~eCKHX BeIu;eCTB, <l>e,L(epaJIbHOrO rocY,L(apCTBeHHoro 6IO,L()KeTHOro 

06pa30BaTeJIbHOrO y~pe)J(,UeH1151 BblCIllero npocpeCC110HaJIbHOrO 06p330BaHH5I 

POCC11HCKOrO XHMHKO-TeXHOJIOr11~eCKOro YH11BepC11TeTa 11M. ,[(.11. MeH,L(eJIeeBa 

AJIeX11HOH M.E. B OT3bIBe CO,L(ep)J(aTC5I CJIe,L(YIOm11e 3aMe~aHH5I. 1) HeLJeTKa51 

<P0PMYJI11pOBKa n. 1 BbIBO,L(OB. B pa60Te peLJb 11,L(eT 06 06HapY)J(emm ,L(ByX T11ITOB 



06MeHHbIX KanlOHOB B U:HHK-, Ka,L(MHH- H raJIITHHCO,L(ep)KaUurX ZSM-5. 2) I-l3 

aBTopecpepaTa HejlCHO, KaKOBO npOHCXO)K,neHHe HCXO,L(HbIX o6pa3u:oB u:eOITHTOB. 

3TO ITa60paTopHble 06pa3U:bI mm npOMbIlllITeHHble rpaHYJIHpOBaHHble? ECTb JIH 

OTJIHqHjl B CPOpMHpoBaHuH KaTHOHHbIX u:eHTPOB B npOMbIlllJIeHHbIX 

rpaHYJIHpOBaHHblx u:eOJIHTaX H B nopoillKOo6pa3HbIX JIa60paTopHbIX o6pa3u:ax? 

BbI60p 0<pHU:HaJIbHbIX onnOHeHTOB H Be,L(ymeH opraHH3aU:HH 060cHoBbIBaeTCjl: 

6JIH30CTbIO TeMaTHK HayqHbIX pa60T H BbICOKHM peHTHHroM opraHH3aU:HH B 

06JIaCTH H3yqeHHjl CPOpMHpOBaHHjl aKTHBHbIX u:eHTPOB pa1JIHqHbIX KaTaJIHTHQeCKHX 

CHCTeM. 

B ,lJ,HCKYCCHH npHHjlJII1 YQaCTHe ,lJ,.X.H., npocp. M.B. L(O,lJ,HKOB (ill-lXC PAH, 

B.H.C.), ,lJ,.X.H., npocp. b.B. llieJIHMOB MOX PAB, JIa6. NQ33, B.H.C.), ,lJ,.X.H. B.M. 

bOr,lJ,aH (MOX PAH, JIa6. NQ 15, B.H.C.), ,lJ,.X.H., npocp. B.5I. YCaQeB (MOX PAH, 

3aB.JIa6. N220), ,lJ,.X.H., npo<p. H.):(. LIYBbIJIKHH (MOX PAH, JIa6. NQ44, B.H.C.) 

COHCKaTeJIb HMeeT 45 ony6JIHKOBaHHblx pa6oT, B TOM QHCJIe no TeMe 

,lJ,HCCepTaU:HH 24 pa6oTbI, ony6JIHKOBaHHblx B peu:eH3HpyeMblx HaYQHbIX I13,lJ,aHHjlX 

17 pa6oT, HaH60JIee 3HaqI1MbIMH H3 KOTOPbIX jlBJI~IOTCjl: 

1. V.B. Kazansky, V.Yu. Borovkov, A.I. Serykb, R.A. van Santen, P.l. 

Strobbelaar. On the role of zinc oxide nanometric clusters in preparation of ZnNaY 

zeolite by ion exchange II Phys. Chem. Chern. Phys. -1999. -v. 1, -Po 2881-2886. 

2. A.H. Cepblx, B.A. COKOJIOBa, B.lO. bOPOBKOB, B.b. Ka3aHCKHH. I13YQeHHe 

COCTOjlHHjl HHKeJIjl B HOHoo6MeHHoM u:eOJ1lne NiNaY MeTOJ(OM 11K cneKTpocKonHM 

C I1CnOJIb30BaHHeM HM3KoTeMnepaTypHoH a.n:cop6U:I1I1 MOJIeKYJIjlpHOrO BO,lJ,OpO,lJ,a II 

KHHeTI1Ka H KaTaJII13. -2000. -T. 41, -C. 688-695. 

3. V.B. Kazansky, V.Yu. Borovkov, A.I. Serikh, R.A. Van Santen, B.G. 

Anderson. Nature of the sites of dissociative adsorption of dihydrogen and light 

paraffins in ZnHZSM-5 zeolite prepared by incipient wetness impregnation II Catal. 

Lett. - 2000. - V. 66. -Po 39-47. 

4. V.B. Kazansky, A.I. Serykb, B.G. Anderson, R.A. van Santen. The sites of 

molecular and dissociative hydrogen adsorption in high-silica zeolites modified with 
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ZInC IOns. III DRIFT study of H2 adsorption by the zeolites with different zinc 

content and Sil Al ratios in the framework II Catal. Lett. - 2003 . -V. 88. -P 21 1-21 7. 

5. V. Kazansky, A. Serykh. A new charge alternating model of localization of 

bivalent cations in high silica zeolites with distantly placed aluminum atoms in the 

framework II Microporous Mesoporous Mater. -2004. - V. 70. - P 151-154. 

6. V.B. Kazansky, A.I. Serykh, E.A. Pidko. DRIFT study of molecular and 

dissociative adsorption of light paraffins by HZSM-5 zeolite modified with zinc 

ions: methane adsorption II J. Catal. - 2004. V. 225. - P. 369-373. 

7. V.B. Kazansky, A.I. Serykh. Unusual localization of zinc cations in MFI 

zeolites modified by different ways of preparation II Phys. Chern. Chern. Phys. 

2004. - Y. 6. - C 3760-3764. 

8. A.1. Serykh, V.B. Kazansky. Unusually strong adsorption of molecular 

hydrogen on Cu + sites in copper-modified ZSM-5 II Phys. Chern. Chern. Phys. 

2004. - Y. 6. - P. 5250-5255. 

9. A.1. Serykh. Nature of cadmium cationic sites in cadmium-modified ZSM-S 

zeolite according to the DRIFT studies of molecular hydrogen adsorption II 

Microporous Mesoporous Mater. -2005. - V. 80. - P. 321 - 326. 

10. A.I. Serykh, M.D. Amiridis. DRlFTS evidence for the formation of 

binuclear Cu(I)-dinitrogen complexes upon adsorption of N2 on CuZSM-5 II 

Microporous Mesoporous Mater. -2006. -Y. 94. -Po 320-324. 

11. A.I. Serykh, M.D. Amiridis. Formation and thermal stability ofNi+ cationic 

sites in Ni-ZSM-5 II J. Phys. Chem. C. -2007. -V. Ill. -Po 17020-17024. 

12. A.I. Serykh, M.D. Amiridis. In situ X-ray photoelectron spectroscopy study 

of gallium-modified MFI zeolite II Surf. Sci. -2009. -V. 603. -Po 2037-204l. 

13. A.I. Serykh, M.D. Amiridis. In-situ X-ray photoelectron spectroscopy study 

of supported gallium oxide II Surf. Sci. -2010. -Y. 604. -Po 1002-1005. 

14. A.I. Serykh, S.P. Kolesnikov. On the nature of gallium species in gallium

modified mordenite and MFI zeolites. A comparative DRlFT study of carbon 

monoxide adsorption and hydrogen dissociation II Phys. Chem. Chem. Phys. -2011. 

-Y. 13. -Po 6892-6900. 
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15. A.1. Serykh. On the formation of surface gallium hydride species In 

supported gallium catalysts II App!. Surf. Sci. -20] 2. -Y. -Po 252- 255. 

16. A.1. Serykh. On photoluminescence properties of gallium-exchanged ZSM

5 zeolite II Chern. Phys. Lett. -2012. -Y. 554. -Po 159-162. 

0CP.l1U.l1aJlbHble orrrrOHeHTbI, JJ,.X.H. rrpocpeccop MaTbIllIaK B.A., JJ,.cp.-M.H. 

rrpocpeccop UblraHeHKo A.A., JJ,.X.H. rrpocpeccop QYK.I1H r.)J,. SIBJISIJOTCSI nmpoKo 

.I13BeCTHbIM.I1 BeJJ,YW:.I1M.I1 CrreumUI.I1CTaM.I1 P<1> B o6nacT.I1 .I1CCneJJ,OBaH.I1SI 

reTeporeHHblx KaTaJl.l13aTOpOB .11 ueOn.l1TOB. YKa3aHHble orrrrOHeHTbI He .I1MeJOT 

COBMeCTHbIX rrpoeKTOB .11 COBMeCTHblX rry6JIHKaUHH C COHCKaTeJIeM. 

LL.I1CCepTaU.I10HHbIH cOBeT OTMey.aeT, Y.TO Ha OCHOBaH.I1.11 BbIIIonHeHHbIX 

CO.l1CKaTeneM .I1CCneJJ,OBaH.I1H: 

rrpeJJ,nO)KeHa OpHr.l1HaJlbHaSI .I1JJ,eSI 0 rrp.l1poJJ,e aKTHBHbIX ueHTpOB 

KaTan.l1THy.eCKoM peaKU.l1.11 JJ,er.l1JJ,p.l1pOBaH.I1SI nerK.I1X rrapacp.l1HOB B 

BbICOKOKpeMHe3eMHbIX ueonHTax ZSM-5, cOJJ,ep)KaW:HX 06MeHHble KaTHOHbI JJ,ByX

H TpeXBaJleHTHbIX MeTaJlnOB (U.l1HKa, KaJJ,M.I1SI .11 rannHSI). ):(OKa3aHO, LITO 3TH 

KaT.I10HbI KOMrreHC.I1pYJOT OTp.l1uaTenbHble 3apSIJJ,bI y,n:aneHHbIX JJ,pyr OT JJ,pyra B 

KapKace ueOn.l1Ta anJOM.I1HHM-K.I1Cnopo,n:HbIX Te'IpaJ,n:pOB; 

JJ,OKa3aHa crroco6HOCTb 06MeHHbIX JJ,BYXBaneHTHblX KaT.I10HOB UHHKa H 

KaJJ,MIfSI B ZSM-5, KOMrreHcHpylOIl~IfX OTp.I1uaTeJIbHble 3apSIJJ,bI rrpOC'IpaHCTBeHHO 

y,n:aJleHHbIX anlOM.I1HHM-KIfcnopOJJ,HbIX TeTpaJJJ,pOB KapKaca ueOn.l1Ta, aKT.I1B.I1pOBaTb 

If JJ,.I1CCOU.I1aT.I1BHO aJJ,cop6HpOBaTb BO,n:OPOJJ, If yrneBOJJ,opOJJ,bI; 

,n:OKa3aHO 06pa30BaH.I1e TpeXBaneHTHbIX 06MeHHbIX KaHIOHOB raJlnHSI B Ga

ZSM-5 B pe3ynbTaTe ,n:IfcrrpOrrOpU.l10HIfpOBaHIfSI o,n:HOBaneHTHbIX KaT.I10HOB rannml; 

06HapY)KeHa .I1HTeHCHBHaSI cpOTonlOM.I1HeCueHU.I1SI neOJIJna ZSM-5, 

cOJJ,ep)Kaw:ero o6MeHHble OJJ,HOBaneHTHble Ka'f.l10Hbl rann.l1SI; 

o6HapY)KeHa xeMocop6uIfSI Bo,n:opoJJ,a rrp.l1 KOMHaTHoM TeMrrepaType Ha 

o6MeHHblx OJJ,HOBaneHTHbIX KaT.I10HaX MeJJ,.I1 B ZSM-5; 

o6HapY)KeHO C.I1nbHOe rrOHIf)KeH.I1e y.aCTOTbI Kone6aHIfM MoneKyn Bo,n:opo,n:a H 

a30Ta, a,n:cop6HpoBaHHblx Ha H.I13KOBaneHTHblX KaT.I10HaX nepexoJJ,HblX MeTannOB 

o,n:HOBaJleHTHbIX o6MeHHblx KaT.I10HaX Me,n:.I1 If HHKenSI B ZSM-5 ; 

http:Me,n:.I1
http:MeJJ,.I1
http:peaKU.l1.11
http:o6nacT.I1
http:CrreumUI.I1CTaM.I1
http:BeJJ,YW:.I1M.I1
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,n:OKa3aHO, LITO rrpl1 a,n:COp61-HiI1 a30Ta Ha lI,eOJHne Cu-ZSM-5, cO,n:ep)!(alUeM 

06MeHHble O,n:HOBaJIeHTHble KaTI10HbI Me,n:l1, 06Pa3YJ-OTC5f a,n:COp611,110HHble 

KOMrrJIeKCbl, COCT05llUI1e 113 ,n:ByX KaTI10HOB Me,n:H H MOJIeKYJI a30Ta, 

a,n:COp6I1pOBaHHbIX KaK B JIylHeMHOH TepMI1HaJIbHOM, TaK 11 B MOCTI1KOBOM 

,n:ByxUeHTPOBOM cpOpMe. 

TeOpeTI1LIeCKa51 3HaLII1MOCTb I1CCJIe,n:OBaHI1M 060CHOBaHa TeM, LITO: 

rrOJIY1J:eHa HOBa51 I1H<p0pMaUI151 0 CTPYKType 11 CBOMCTBaX KaTaJIl1THLIeCKH 

aKTI1BHbIX UeHTPOB ,n:erl1,n:pl1pOBaHI151 JIerKHX rrapa<pHHOB B 1I,I1HK-, Ka,n:MI1M- 11 

raJIJII1MCO,n:ep)!(aLUI1X lI,eOJII1TaX ZSM-5; 

YCTaHOBJIeHa CTpyKTypa HeH3BeCTHbIX paHee a,n:COp611,110HHbIX KOMrrJIeKCOB 

a30Ta C rrapHbIMI1 06MeHHbIMI1 KaTI10HaMH Cu(I) B Cu-ZSM-5, 

cneKTpOCKorrHLIeCKHe ,n:aHHble rro,n:TBep)!(,n:eHbI Mo,n:eJIbHbIMI1 

KBaHTOBOXI1MI11J:eCKI1MH paC1J:eTaMI1; 

YCTaHOBJIeHa CrrOC06HOCTb O,n:HOBarIeHTHbIX 06MeHHbIX KaTI10HOB Me,n:11 11 

HI1Keml B ZSM-5 aKTI1Bl1pOBaTb MOJIeK)'JIbI Bo,n:opo,n:a, a TaK)!(e crroco6HOCTb 

o,n:HOBarIeHTHbIX 06MeHHbIX KaTHOHOB HI1KeJI5I aKTI1Bl1pOBaTb MOJIeKYJIbI a30Ta; 

YCTaHOBJIeHa npl1po,n:a UeHTPOB <pOTOJIlOMHHeCueHUHI1 B rarIJII1Mco,n:ep)!(aIUeM 

ueOJII1Te ZSM-5; 

npl1MeHI1TeJIbHO K TeMaTI1Ke ,n:HccepTaUI1I1 pe3YJIbTaTI1BHo (3<pcpeKTHBHO, TO 

eCTb C rrOJIY1J:eHl1eM . HOBbIX pe3YJIbTaTOB) I1CrrOJIb30BaH KOMrrJIeKC 

3KcrrepHMeHTarIbHbIX 11 TeOpeTI11J:eCKHX MeTo,n:OB HCCJIe,a:OBaHH5I, BKJIlO1J:aIOlUI1H 11K 

crreKTpOCKOrrl1lO a,n:cop6l1pOBaHHbIX MOJIeKYJI, Y<I>-BI1,n: crreKTPOCKOrrl1lO, 

peHTreHOBCKYlO cpOT03JIeKTPOHHYlO crreKTpOCKonmo (P<D3C) m situ, 3IlP 

crreKTPocKOrrl1lO, crreKTPocKorrmo CPOTOJIlOMI1HeCueHlI,HH, MOJIeKYJI5IpHOe 

Mo,n:eJIl1pOBaRl1e C I1CrrOJIb30BaHI1eM KBaHTOBO-XI1MI11J:eCKI1X BbI1J:I1CJIeHHM; 

113JIO)!(eHbI aprYMeHTbI H rrpl1Be,n:eHbI cpaKTbI, 06'b5lCHSIlOlUHe crroco6HoCTb 

1130JII1POBaHHblX ,n:Byx- 11 TpexBaneHTHblx o6MeHHblx KaTHOHOB MeTaJIJIOB 

KOMrreHCl1pOBaTb OTpI1uaTeJIbHble 3ap5l,n:bI y,n:aJleHHbIx ,n:pyr OT ,n:pyra aJIlOMI1HI1H

KI1CJIOPO,n:HbIX TeTpa3,n:poB. 
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3Ha1.JeHMe rrOJIY1.JeHHbIX COMCKaTeJIeM pe3YJIbTaTOB MCCJIeJI,OBaHM5I nIDI. 

rrpaKTMKlI rrO)lTBep:>K)laeTC5I TeM, 1:fTO 3HaHfle rrpnpO)lbI KaTam1TM1.JeCKM aKTMBHbIX 

UeHTPOB B BblcoKoKpelVlHe3eMHblx ueOJ1MTax MO:>KeT 6bITb MCrrOJIb30BaHO .aJI.51 

rrOBbIWeHM5I 3cpcpeKTMBHoCTM cyw:ecTBYIOW:I1X KaTaJIM3aTOpoB Ha OCHOBe ueOJIMTOB 

M paJpa60TKM HOBbIX KaTaJIMTM1.JeCKMX cMcTeM; 3HaHMe a)lcOp6UMOHHbIX cBoi1cTB 

KaTMOHHbIX ueHTpoB B ueOJIMTaX MO:>KeT 6bITb MCrrOJIb30BaHO )lJI5I C03)laHM5f HOBbIX 

a)lCOp6MPYIOW:MX MaTepMaJIOB; 3HaHMe OrrTM1.JeCKMX cBoilcTB KaTMOHHbIX ueHTpoB B 

raJIJIMMCO)lep:>KameM ueOJIMTe ZSM-5 MO:>KeT 6bITb MCrrOJlb30BaHO )lJI5I paJpa60TKM 

HOBbIX cpOTOKaTaJIflTM1.JeCKMX MaTepMaJIOB M MaTepMaJIOB )lJI5I pa3JIw·lHbIX 

OrrTM1.JeCKMX YCTPOMCTB. 

OueHKa )lOCTOBepHocTM pe3YJIbTaTOB HCCJIe)lOBaHH5I Bbl5lBMJIa, 1.JTO: 

Bce pe3YJIbTaTbI rrOJIyqeHbI C MCrrOJIb30BaHHeM cOBpeMeHHoro 

cepTHcpHUMpoBaHHoro 060pY)lOBaHM5I - crreKTpoMeTpoB I1K, YCl>-BM)l, 3ITP, 

PCl>3C, CPOTOJIIOMHHeCueHUHM - H rrporpaMMHoro 06ecrre1feHM5I - GAUSSIAN 03. 

I1ccfle)lOBaHH5I rrpOBe)leHbI Ha CepM5IX 3KcrrepMMeHTaJIbHbIX 06paJuOB, B KOTOPbIX 

rrOJIY1.JeHbI xopowo BocrrpOM3BO)lMMbIe pe3YJIbTaTbJ. OCHoBHble 

3KcrrepHMeHTaJIbHble pe3YJIbTaTbI cOrJIacYlOTc5I C pe3YJIbTaTaMH TeopeTwlecKoro 

aHaJIH3a H aHaJIM3a cOBpeMeHHoM JIMTepaTypbI ITO TeMe )lHCCepTaUMH. bOJIbllIa51 

1.JaCTb pe3YJIbTaTOB rrO)lTBep:>K)leHa B 60nee rr03)lHHX rry6JIHKaUM5IX )lpyn:Ix 

HayqHbIx KOJIJIeKTHBOB ITO TeMe pa60TbI. 

flM1.JHbIM BKJIa)l COHCKaTeJI5I COCTOHT B TOM, 1.JTO Bce BKm01.JeHHble B 

)lHCCepTaUMlO )laHHbIe 6bIJIH rrOJIY1.JeHbI JIM1.JHO aBTopOM MJIH rrpM ero 

HerrOCpe)lCTBeHHOM Y1.JaCTHM. ITocTaHoBKa 3 a)la1.J , BbI60p MeTO)la MX peWeHH5I H 

aHaJIM3 rrOJIyqeHHblx pe3YJIbTaTOB npOBe)leHbI aBTopOM JIM1.JHO. ITO)lrOTOBKa 

rry6JIMKaUMM ITO BbIIlOJIHeHHOM pa60Te ocyw:eCTBJI5IJIaCb JIH1.JIIO aBTopOM MJIH rrpl1 

ero HerrOCpe)lCTBeHHOM Y1.JaCTMM. 

.n:MccepTa~M5I OXBaTbIBaeT BorrpOCbI rrOCTaBJIeHHOM HaYLIHOM 3a)la1.JH ITO 

MCCJIe)lOBaHMlO rrpHpO)lbJ M CBoi1cTB KaTMOHHbIX UeHTPOI3 B KaTaJIMTWleCKHX 

CMCTeMax Ha OCHOBe BbICOKOKpeMHe3eMHbIX ueOJIMTOB M COOTBeTcTByeT KpI-'lTepmo 

BHYTpeHHero e)lMHCTBa, 1.JTO rrO)lTBep:>KlI,aeTC5I HaJIM1.JHeM nOCJIe)lOBaTeJIbHOrO rrJIaI-W 

http:3a)la1.JH
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l1.CCJIe)l,OBaHI.Ii1., OCHOBHOH l1.)l,eHHOH JIl1.Hl1.l1., KOHuenTYaJIbHOCTl1. l1. B3al1.MOCB5I311 

BbIBO)l,OB, 3aKOH4eHHOCTblO l1.CCJIe)l,OBaHl1.51. IloJIY4eHHbIe pe3YJIbTaTb1 )l,OCTOBepHbJ, 

a c)l,eJIaHHble BbIBO)l,bl 060CHOBaHbI. Ony6m1KoBaHHbie B ne4aTl1. pa60Tbi 11 

aBTope~epaT )l,OCTaT04HO nOJIHO OTpa)l(alOT OCHOBHoe cO)lep)l(aHl1.e pa60TbI . 

J],l1.CCepTauHOHHbIH COBeT npl1.weJI K BbIBO)l.Y 0 TOM, 4TO )ll1.CCepTaUl1.51 

npe)l.CTaBJI5IeT C060H HaY4HO-KBaJIl1.~l1KaUHOHHYlO pa60TY, KOTOpa51 COOTBeTcTByeT 

Kpl1.Tepl1.51M, YCTaHOBJIeHHblM B n. 9 «IloJIO)l(eHlliI 0 nOp5l)l.Ke npl1.cY)l()l.eHl151 Y4eHbIx 

cTeneHei1», YTBep)l()l.eHHOrO nOCTaHOBJIeHl1.eM IlpaBl1TeJIbcTBa POCCI1HCKOH 

<De)lepaul1.l1. 01' 24 CeHT5I6p51 2013 r. N2 842, l1. npl1.H5IJI peWeHl1.e npl1.cy)l.l1Tb CepbIx 

AJIeKCaH)l.PY I1BaHOBl1.4Y Y4eHYlO CTeneHb )l.OKTOpa Xl1M114eCKl1X HaYK. 

Ilpl1 npoBe)l.eHI1I1 TaHHoro rOJIOCOBaHl151 )l,l1CCepTaUI10HHbIH COBeT B 

KOJIl14eCTBe 17 4eJIOBeK, 113 Hl1X ~ )l.OKTOPOB HaYK no cneUl1.aJIbHOCTI1 02.00.04 

_ ~113114eCKa51 XI1MI151 , Y4acTBoBaBwRX B 3ace)l.aHl1.H, 113 R 4eJIOBeK, BXO)l.51W.l1.X B 

COCTaB COBeTa, nporonOCOBaJIl1 3a 17, npOTl1.B HeT , He)l.eHCTBl1.TeJIbHbIX 

610JIJIeTeHeH He'!' . 

3aMeCTl1.TeJIb npe)l,Ce)l.aTeJI5I 

)l.I1CCepTaUI10HHOrO COBeTa .u 002.222.02 
H. 51. YCaqeB 

A.X.H., npoq,eccop t..~ 

Y4eHbIH ceKpeTapb 

)l.HCCepTaUl1.0HHOrO COBeTa 
O. J1. EJIl1.CeeB 

K.X.H. 

12 H05l6p51 2014 rO)l,a 

K.X.H. 

http:002.222.02
http:02.00.04
http:I1BaHOBl1.4Y
http:AJIeKCaH)l.PY
http:De)lepaul1.l1
http:nOCTaHOBJIeHl1.eM
http:nOp5l)l.Ke
http:ll1.CCepTaUl1.51
http:l1.CCJIe)l,OBaHl1.51
http:JIl1.Hl1.l1
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