
OT3bIB 

oqnnJJlaJibHOro orrrroHeHTa Ha ,n;HccepTau:11OHH)'IO pa6ozy Teperu:eHKO Att.n;pe.Sl 

AJieKcaH,n;poB11qa «MOHHTOpHHr pocTa H aKTHBHOCTH KaTaJIHJaTopOB Ha OCHOBe 

HaHoqacTHQ 6Jiaropo.a;HbIX MeTaJIJIOB c DOMO~bIO cneKTpaJibHbIX MeTO.ll;OB», 

rrpe,n;cTaBJiemryJO Ha COI1CKaH11e yqeHOH CTerrem:1 KaH)];H)];aTa qnBHKO-MaTeMaT11qecKHX 

HayK ITO crreu;HaJibHOCT.11 2.6.6 - HaHOTeXHOJIOf.1111 11 HaHOMaTepHaJibl ( <pM311KO

MaTeMaT11qecK.11e Hay1rn). 

,[I;11ccepTau;.110HHa.S1 pa6oTa Teperu:eHKO Att.n;pe.Sl AJieKcaH,n;posHqa rrocB5II.U;eHa 

HCCJie,n;oBaHHJO HaHoqacTMU: 6Jiaropo,n;HbIX MeTaJIJIOB, rrpeHMyI.U;eCTBeHHO IIaJIJia,n;1-rn, Ha 

rrosepXHOCT.11 pa3JII1qHbIX HOC11TeJie0:. ,[I;aHHbJe MaTepHaJibJ paccMaTpI1BaJOTC5l KaK 

MO)];eJibHbie KaTaJII13aTOpbI p.Sl,n;a rrpaKT11qecKI1 Ba)KHbIX peaKU:HH. Cl1HTe311pOBaHHbie 

MaTepHaJibl oxapaKTepI13OBaHbl nrnpOKl1M Ha6opoM COBpeMeHHbIX MeTO)];OB, B TOM ~CJie 

MeTo,n;aMH. peHTreHOBCKOH .n;mppaKU:1111, rrpocBeq11aa10ru:e0: 3JieKTpOHHOH MHKpOCKOITHH 11 

crreKTpOCKOITI111 peHTreHOBCKOro rrornoru:eHl15l. TaK)Ke B pa6oTe aKTMBHO rrpHMeH.SleTC.Sl 

MeTOA 1mcppaKpaCHOH cneKTpOCKOIII111 a.n;cop611poBaHHbIX MOJieKyJI )];JI.SI HCCJie,n;oBamrn 

COCTO5lHH5l ITOBepXHOCTl1 HaHoqaCT11U: 6naropo,n;HbIX MeTaJIJIOB Ha ITOBepXHOCTl1 

)];HOKCH)];a u:epl15l 11 MeTaJI-opraH11qecKI1X KapKaCHbIX CTpYKT)'p. B I1CCJie)];OBaHl1H 

rrp11so,n;11Tc.S1 rrp11MeHeH11e ,n;aHHoro MeTo,n;a Herrocpe,n;cTBeHHO B rrpou:ecce 

cpopM11pOBaHH51 11 pocTa HaHoqacnru: TiaJIJia)];H.Sl C u:eJibJO HCCJie,n;oBaHHl1 Kl1HeTl1KI1 HX 

pocTa. TaKHM o6pa30M, ,n;aHHOe lfCCJie,n;osaH11e IlOCB.SlI.U;eHO pa6oTe Ha)]; 3KT)'3JlbHOH H 

npaKTnqecKH B3JKHOH Ja.a;aqeu rronyqeHmI H )];HarHOCTlfKH HOBbIX 3cpcpeKTlfBHbIX 

KaTaJII13aTOpOB Ha OCHOBe HaHoqacTHU: 6naropo,n;HblX MeTaJIJIOB, a TaIOKe pa3B11TH5l 

MeTO)];OB HX .n;.11arHOCTHKH B ycJIOBl15lX in situ. 
CTpyKT)'pa .a;uccepTau;uu Teperu:eHKo A. A. KJiacc11qecKa.S1: oHa BKJIJOl!aeT B ce65l 

BBe.n;eHHe, TPH OCHOBHbie rJiaBbI, 3aKJIJOqeHHe 11 CIIliCOK JIHTepaTypbI. Pa6oTa Jil3JIO)KeHa 

Ha 149 CTpaHHu;ax, co.n;ep)I<HT 42 pHCYHKa H 10 Ta6JIHU:. Bo BBe.a;eHHH rrpHBO)];5ITC51 u:eJIH 

11 3a.z:i:a-q11 HCCJie,n;oBaHH5l, o60CHOBbIBaeTC5l aKTYaJibHOCTb ,n;aHHOH pa60Tbl, 

cpopMyJIHpyeTC.Sl HayqHa.Sl HOBH3Ha Ji rrpaKTHl!eCKa5l 3Hal!HMOCTb pa60TbI. Ilepsasr rJiaBa 

co.n;ep)KHT o63op COBpeMeHHOro COCTO51Hl151 HCCJie,n;oBaHHH no TeMe )];HCcepTaU:HOHHOro 

liCCJie)];OBaHHH. B l-!aCTHOCTH, rrp11BO)];HTC51 o6ocHOBaHHe Bb16opa HCCne.n;yeMbIX 

MaTep11aJIOB - HaHoqaCTI1U: IIaJIJia)];H5l Ha pa3JIHqHbIX HOCl1Ten5lX, MeTO)];OB HX Cl1HTe3a 11 

HX )];HarHOCTHKH, B qacTHOCTH 11HcppaKpaCHOH cneKTpOCKOill1H a.n;cop611poBaHHbJX 

MOJieKyJI. Bo BTOpou rJiaBe OTIHCaHbl MaTep11aJibI, HCCJie,n;yeMbie B ,n;aHHOH pa6oTe, H 

rrpHBO)];HTC.Sl OIIHCaH11e MeTO)];OB MX Cl1HTe3a H .n;11arHOCTI1Kl1. TpeTbSI rJiaBa, pa36I1Ta5l 

Ha TpH rro,n;pa3,n;eJia, co.n;ep)KI1T OCHOBHbie pe3yJibTaTbI HayqHO-HCCJie,n;osaTeJibCKOH 
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pa60TbI, np1rno,n.HTCH HX 06cy)l(,n.em1e H cq>OpM)'JIHpOBaHbI IT0JI0)l(eHJrn, BblH0CHMbie Ha 

3aII.J:I-ITy. B 33KJnoqeHHH KpaTK0 rrpe,n.cTaBrreHbl 0CH0BHbie pe3yJTbTaTbl pa60TbI H 

CQ?OpM)'JIMpOBaHbl BblBO,lJ.bl. 

B paMKax ,lJ.HCcepTaU:HOHHOH pa60Tbl npMB0MTCH MeT0,lJ.MKM nonyqeHMH 

BbICOKO,lJ.HCIIepcHblX HaHot.IaCTHU: rryTeM MO,lJ.MQ?MKau:1111 MaTep11ana HOCMTerrett, B 

qacTHOCTM BbICOKO,lJ.HCITepcHbIX KaTaJil13aTOpOB HH3KOTeMrrepaTypHoro OKMCJieHMH co 
Ha OCHOBe HaHOt.IaCTHU: Pd Ha OKCM,lJ.e u:epm1, MO,lJ.MQ?HU:HpOBaHHOro C IIOMOlll;blO 

TeTpa3THJTeHrreHTaMHHa, a TaK)l(e BHe,n.peHHH HaH0t.IaCTHU: B ,n.eq>eKTHbie rropbl 

MeTannopraHHt.IeCKHX KapKaCHbIX CTPYKTYP Ui0-66. B pa6oTe H3JT0)l(eHa MeT0.D.HKa in 

situ HK-crreKTpaJibHOH ,lJ.MarH0CTl1Kl1 q>opMHpOBaHMH HaHot.IaCTMU: 6rraropO,l1.HbIX 

MeTaJIJT0B C II0M0lll;blO a,n.cop6u:1111 30H,l1.Mpy10ru;11x M0Jieeyn co Herrocpe,n.CTBeHH0 B 

rrpou:ecce Cl1HTe3a, Ha 0CH0Be qero H3yt.IeHa KHHeTHKa pocTa HlI IIaJIJia,lJ.HH. IloMHMO 

3T0ro, B pa6oTe l13ycieHa Jl0KaJibHaH K00p,l1.HI·IaU:HH npeKypcopa Pd II0CJie rrp0IIliTKH HM 

H0CHTem1 113 aMHHO-MO,lJ.MQ?l1ll.l1POBaHHOro KapKaca Ui0-66. OrrHCaHHbie BbIUie 

Hau60J1ee BaJKHhie pe3yJlhT3Tbl orrpe,n.eJIHIOT uar1uyw HOBH3HY ));3HHOH 

));HCcepTaQHOHHOH pa60Tbl. 

~OCTOBepHOCTb H npaKTuqecKaH 3HaquMOCTb ,n.11ccepTau;110HHoro 

HCCJie,n.oBaHHH II0,lJ.TBep)l(,lJ.aIOTCH rrpHMeHemt:eM psi:,n.a C0BpeMeHHbIX MeT0,lJ.0B 

,n.11arH0CTHKH MaTepMaJI0B. IlorryqeHHbie B ,n.aHHOM pa6oTe o6pa3U:bl, a TaK)l(e 

K0MMepqecKHe o6pa3U:bl cpaBHeHmI 6bIJil1 H3ycieHbl MeTo,n.aMH 3JieKTpOHHOH 

Ml1Kp0CK0IIHl1, cop6u:110HHbIMH MeT0,l1.3MH, MeT0,lJ.0M HK-<I>ypbe crreK1J)0CK0IIHH B 

reoMe1J)HHX HapyrneHH0r0 II0JIH0ro Btty1J)eHHero 0Tpa)l(eHMH 11 ,lJ.MQ?Q?Y3HOro pacceHHHH, 

a TaK)l(e peHTreH0BCKHMH MeTo,n.aMH, T3KHMH KaK peHTreHOBCKHH q>nyopecu;eHTHblli 

3JleMeHTHbIH aHaJIH3, peHTreH0BCKaH rrop0IIIK0BaH AHq>paKU:1151 l1 peHTreH0BCKaH 

CIIeK1J)0CK0IIHH rrorrrom.eHMH. AKTHBHOCTb rrorryt.IeHHblX MaTepHaJI0B npoBepHJTH B 

KaTaJIHTHt.IeCKHX peaKU.HHX 0KHCJieHHH co l1 ,n.er11,n.p11poBaHI1H MypaBbHHOH KMCJI0Tbl, 

npHt.IeM MH ou;eHKM K0HBepcmt: rrp11MeHHJil1 KaK MK-<I>ypbe cneKTp0CK0ITHIO ra30BOH 

Q?a3bl, TaK l1 Macc-crreKTp0CK0ITHIO. IlonyqeHHbie ,n.aHHbie o6pa60TaHbl H npe,n.cTaBJieHbl 

KoppeKTHblM o6pa30M. IloMMMO 3T0ro, rrpoB0,lJ.MJI0Cb K0MIIbIOTepHoe Mo,n.en11poBaHHe 

,lJ.JIH paCt.IeTa qacT0T KOrre6aHl1H C-0 M0JTeKyJI co, a,n.cop611poBaHHblX Ha IT0BepXH0CTH 

HaH0KJiaCTepoB rranrra,n.HH. Bee 3T0 B C0B0KYITH0CTH CBH,lJ.eTeJibCTByeT 0 BbICOKOH 

KBaJIHQ?HK3U:HH Teperu;eHKO AH,n.pesi: ArreKCaH,n.pOBJ1l-Ia H IT0,lJ.TBep)l(.n.aeT ,lJ.0CT0BepH0CTb 

npe.[(CTaBJieHHbIX ,[(aHHbIX. 

IlpH npoqTeHHH .[(HCcepTall;HH B03HHKJI0 HeCK0JlbK0 33Meqauuu. 

1) ABTOp l1CIT0Jib3yeT TepMHH « II0,lJ.JI0)l(Ka» Allil 0ITHCaHHH H0CHTeJIH M0)J.eJibHbIX 

KaTaJIH3aTopoB. ,[(aHHblli TepMHH .[(eM:CTBHTeJibHO HCIT0Jib3yeTCH B o6naCTH 
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MaTep1rnnoBe,n:emu1 )];JUI o6o3Haqemu1 OCHOBHOro MaTepmUia, IlOBepXHOCTb 

KOTOporo rro,n:BepraeTC.H pa3mJqHbIM BH,D.aM o6pa60TKH, B pe3yJibTaTe qero 

o6pa3yIOTC.H CJIOH c HOBbIMH CBOHCTBaMH HJIH Hapau:urnaeTC.H ITJieHKa .n.pyroro 

MaTepHana. B KaTaJIH3e KaK rrpaBHJIO HCITOJib3YeTC.H TepMHH «HOCHTeJib», KaK )J.JI.H 

)J.HCrrepCHbIX, TaK H )J.JI.H MO)J.eJibHbIX ITJiaHapHbIX KaTaJIH3aTopoB. «HoCHTeJib)) - 3TO 

MaTepHan, Ha IlOBepXHOCTb KOTOporo HaHOCHTC.H aKTHBHbIH KOMilOHeHT 

KaTaJIH3aTopa B BH,D.e TOHKoro IlOKpbITH.H, HaHoqaCTHIJ; HJIH KJiaCTepoB. 

2) ABTOp rrpOBO)J.HJI HCCJie,D.OBaHH.H MeTO)J.OM 11<1>-<l>ypbe crreKTpOCKOITHeH c 

pa3perneHHeM 1 CM. I ( CTp. 41 ). HacKOJibKO 3TO o6ocHOBaHo? O6bJqHo rrpH 3aITHCH 

cneKTpOB norJIOI.IJ;eHH.H TBep,D.bIX TeJI llCITOJib3YIOT 6oJiee HH3KOe cneKTPaJibHOe 

pa3pernemfe 4 CM. 1, qTo o6ecneq.HaaeT BbICOKOe COOTHOIIIeHHe CHrHan/rnyM B 

crreKTPax. 

3) IlpH aHaJIH3e crreKTpOB co a.n.cop6HpOBaHHOro Ha IlOBepXHOCTH OKCH,D.a u;epH.H 

CeO2 (pHC. 3.8a), nonocy B paifoHe 2172 CM-I aBTOp OTHec K MOJieKyJiaM co 
a.n.cop6HpOBaHHbIM Ha KaTHOHax Ce4+, a nonocy B paifoHe 2159 CM-I - K MOJieKynaM 

co a.n.cop6HpOBaHHbIM Ha KaTH0Hax Ce3+. IIepBa.H rronoca rrorJIOI.IJ;eHIDI HMeeT 

cyI.IJ;eCTBeHHO MeHbIIIYIO HHTeHCHBHOCTb. 3HaqffT JIM 3TO, qTo HCITOJib3YeMbIH OKCll)J. 

u;epH.H BOCCTaHOBJieH H ero npaBHJibHee OilHCbIBaTb KaK Ce2O3? Cne,n:yeT 061>.HCHHTb 

3TO rrpOTHBOpeqHe. 

4) B pa6oTe rrpOBO)J.HTC.H cpaBHem1e aKTHBHOCTH pa3JIHqttbIX HaHeceHHbIX 

nanJia.n.HeBhIX KaTan113aTopos c KaTaJIH3aTopoM Pd/CeO2-TEP A ( Ta6mfu;a 3 .1 ). 

C.n.enaH BbIBO,n:, ~o KaTaJIH3aTop Pd/CeO2-TEP A HaH6onee aKTHBeH B 

HH3KOTeMnepaTypHOM OKHCJieHHH CO, O)1.HaKO 113 TeKCTa ,[(HCCepTau;1m He .HCHO C 

qeM 3TO CB.H3aHO. l13BeCTHO, qTo rrpH OKHCJieHHH co Ha IlaJIJia,D.HH Ha6n10.n.aeTC.H 

pa3MepHbIH 3cp<peKT. Mo)I<HO JIM c.n.enaTb BbIBO.D. o TOM, qTo KaTaJIH3aTop Pd/CeO2-

TEP A npmrnm1eT MaKCHMaJihHYIO aKTHBHOCTb 6naro.n.ap.H MaJIOMy pa3Mepy 

HaHeceHHbIX HaHoqaCTHu;- 2 HM? 

5) Ha pHCYHKe 3.35 npe.n.cTaBJieHbI pe3yJibTaTbI KaTaJilfTHqecKHX HCilbITaHHH. IlpH 

3TOM KOHBepcH.H CO Bbipa)l(eHa B e,[(Hm1u;ax MMOJib(CO)/c/r(Pd). Ilo orrpe.n.eneHHIO 

KOHBepCH.H - 3TO )J.OJI.H BeI.IJ;eCTBa, rrpeBpaI.IJ;eHHoro B .n.aHHOH peaKIJ;HH, Bblp~aeTC.H 

B npou;eHTax. 

6) B )J.HCCepTau;HH rrp1rne.n.eHbI pe3yJihTaTbI KBaHTOBO-XHMJfqeCKHX pacqeToB qacTOT 

BaJieHTHbIX KOJie6aHHH H30JIHpoBaHHbIX M0Jieeyn co Ha rroaepXHOCTH KJiaCTepa 

naJIJia,D.H.H. Ha6n10.n.anacb JIH 3aBHCHMOCTb 3TlfX qacTOT OT CTeneHH 3aDOJIHeHH.H 

nosepxHOCTH nanna,D.H.H MOJieKyJiaMH CO? 
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B JaKJIIO'-leHHH crre,n:yeT 0TMeTl1Tb, 1:IT0 c,n:erraHHbie 3aMe1:1amu1 11MeIOT qaCTHbIH 

xapaKTep 11 He CHl1)KaIOT o6rn:eH IIOJIO)Kl1TeJibHOM ou:eHKH pa60TbI. OcHOBHbie 

3arn:11rn:aeMbie IIOJI0)KeHml ,n:HccepTaU:HR o6ocHOBaHbl, xapaKTepR3)'IOTC51 HayqHOH 

HOBl13HOH H npaKTHqecKOH 3Ha1:IHM0CTbIO. 

Bee BbIIlleH3JI0)KeHH0e Il03B0JI5IeT C II0JIHbIM 0CH0BaH11eM cqHTaTb, qTQ 

rrpe,n:cTaBrreHHa51 K 3arn:11Te ,n:11ccepTaU:H0HHa51 pa6oTa Tepern:eHKO AH.n:pe51 

ArreKCaH.n:poBI11fa BbIII0JIHeHa Ha BbIC0K0M Hay1:1H0M yp0BHe 11 Il0JIH0CTbIO 0TBe1:1aer 

KpHTep115IM pa3.n:erra 2 Ilorro)KeHH:51 0 rrpHCy)K.n:eHl1H yl.JeHbIX CTerreHeM B <l>e.n:epaJibHOM 

rocy.n:apCTBeHH0M aBT0H0MH0M o6pa30BaTeJibHOM yqpe)K,n:emrn BbICillero o6pa30BaHH51 

«IO)KHblM <l>e.n:epaJibHbIH YHttBepcttTeT», rrpe.n:o5IBJI5IeMbIM K .[(HCCepTaU:115IM Ha 

C0l1CKaH11e yqeHOH CTerrem:I KaH.n:H.n:aTa HayK, a C0HCKaTeJib - Tepern:eHKO AH.n:peH 

ArreKCaH.n:pOBJiiq 3acJiy)KHBaeT rrpHCy)K.n:eHmI yqeHOH CTeneHH KaH.n:H.n:aTa q>l13HKO

MaTeMaTHlfeCKl:IX HayK no crreU:HaJibH0CTH 2.6.6 - HaHOTeXHOJIOrHH 11 HaH0MaTepHaJibI 

( q>H3HKO-MaTeMaTI11feCKHe HayKH). 

17.11.2023 r. ~2/l~acc,eeHH H Haa O 006~ a6omKy MOUX nepCOHaJlbHblX OQHHblX 

I~ KawreB BacHJIHH Bacm1I>eB11q, -"---=~---~--
Ka H .n: H .n: a T <pH3HKO-MaTeMaTHqecKRX HayK 

( crreu:11aJibH0CTb 02.00.04 - q>l13HqecKa51 XI:IMH51), 

.[(0KT0p XI:IMl1l.JeCKRX HayK 

( crreu:11aJibH0CTb 1 .4.4 - q>H3111feCKa51 XI:IM1151) 

<l>e.n:epaJibHOe rocy.n:apCTBeHH0e 6IO.n:)KeTHOe yqpe)K.n:eHJiie ttayKR «<l>e.n:epaJibHblH 

HccJie.n:oBaTerrbcKHH u:ettTp «HHCTHTYT KaTaJIH3a HM. r.K. EopecKoBa CH6ttpcKoro 

oT.n:eJieHH51 PoccHMCKOM aKa,n:eMHl1 Hay-K», 

OT.n:err HCCJie.[(0BaHH51 KaTaJIH3aT0p0B, 

pyKoB0.D:HTerrb oT.n:erra 

Oq)11U:HaJibHblH 0IIIT0HeHT 

(A.n:pec: 630090, r . Hoaoc116HpcK, 

rrp-T AKa.n:eMHKa flaBpeHTbeBa, .n:. 5, 
Terr.: +7 (383) 3269-456 e-mail : vvk@catalysis.ru) 

---
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