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0T3bIB ocpmJ;IHUibHOro OIIIIOHeiiTa 

,noKTOpa cptt3llKO-MaTeMan1qeCKllX HayK 

CoKOJIOBa BttKTOpa I1BaHoBttqa 

Ha ,nttcceprnuttoHH)'IO pa6oTy MhIIIIKMHOM AneKcaH,npnI Bna,nttMttpOBHoI 

«HAHOlIACTI1I.:(bI OKCH)J;A L(EPHJI C MO)J;H<l>HL(HPOBAHHOH KHCJIOPO)J;HOH 

HECTEXHOMETPHEH: CTPYKTYP A, OTITJ1l!ECKJ1E CBOMCTBA I1 

KAT AJ1HTI1l!ECKA5I AKTHBHOCTb», 

rrpe,ncTaBJieHHOM Ha COllCKaHtte yqeHOM CTerreHll KaH,ntt,naTa cptt3llKO-MaTeMaTMqecKllX HayK 

110 crrel(llaJibHOCTll 1.3 .8 <l>tt3llKa KOH,neHcttpoBaHHOro COCT05!Hll5! 

1. A1nyaJihHOCTh TeMhl 'ftccJie,a;onaHH.H 

)J;11ccepTal(ttOHHa5I pa6orn MnIIIIKMHOM A.B. rrocBHmeHa 3KcrrepttMeHTaJibHOMY ttccne,noBaHMIO 

B3attMOCB5!3ll Me)K,ny cptt3MKO-XMMMqecKttMM cBolicrnaMtt HaHoqacTMI( Ce02 H rrpo5IBJI5IeMo:li 

MMH KaTaJIMTttqecKoli aKTMBHOCThIO. AKTYaJihHOCTh pa60Tb1 o6ycnoBJieHa He,nocTaTKOM ,naHHhIX 

06 oco6eHHOCT5IX cpopMttpoBaHll5I co6cTBeHHbIX I1 rrpttMeCHbIX ,necpeKTOB B HaHOKpllCTaJIJiax 

Ce02, a TaK)Ke HaJittqtteM B JIMTepaType rrpoTHBopeqttBhIX pe3yJinTaToB o BJIM5!Hllll 

KHCJiopo,nHOM HeCTeXllOMeTpllll o6pa3l(OB Ha rrp05IBJI5IeMbie KaTaJillTMqecKMe CBOMCTBa. 

J13yqeHtte oco6eHHOCTeli M3MeHeHtt5I Kttcnopo,nHoli HecTexttoMeTptttt HaHoqacTttl( Ce02 rrpH 

,norrttpOBaHllll pe,nK03eMeJibHbIMll llOHaMll 6y,neT crroco6cTBOBaTb peIIIeHMIO rrpo6JieMbI 

rronyqeHtt5I HaHoqacTttl( Ce02 c KOHTponttpyeMhIMH rrapaMeTpaMtt, qTo rrpe,ncTaBJIHeT co6oli 

Bm1rny10 rrpttKJia,nHyro 3a,naqy. , 

2. HarrnaH HOBHJHa ,a;uccepTauuoHHou pa6oThl, ee TeopeTuqec1rnH u npa1nuqec1rnH 

JuaquMOCTh )J;JIH ,11;aJibHeurnero pa3BHTHH HayKH 

B rrnaHe HayqHoli HOBM3HbI rronyqeHHhIX pe3yJinTaToB B ,nttccepTau;mr BrrepBnie ttccne,noBaHbI 

HaHoqacTMUbI Ce02, ,norrttpoBaHHbie pe,nKo3eMeJihHbIMM ttoHaMtt Er3+ tt Sm3+, B 

6ttorroJittMepHbIX rron11caxaptt,nHhIX o6onoqKax. CrreKTpocKorrw1ecKtte ttccne,nosaHtt5I o6pa3UOB 

HaHoKpHCTaJIJIOB Ce02 rro3BOJIMJIM ycTaHOBMTh yqacTtte cocT05IHMM c rrepeHocoM 3ap51,na 0-Ce B 

3JieKTpOHHbIX rrepexo,nax, cpopMttpyromttx crreKTpbI rrornomeHtt5I 11 JIIOMMHecu;em~ttll 

TpexBarreHTHbIX pe,nKo3eMeJibHbIX MOHOB. Pe3yJinTaTbI tt3~eHtt5I oco6eHHOCTeli cpopMttpoBaHtt5I 

IIOJmcaxaptt,nHOM o6onoqKll Ha IIOBepXHOCTll HaHoqacTlll( IIOKa3aTill, qTo opraHttqecKllM 

rronttcaxaptt,n MarrnTo,neKcTpttH cTa6ttJIM3ttpyeT HaHoqacTHI(hI Ce02 rrocpe,ncrno.1\1 o6pa3oBaHM5I 

CB513eM c rtt,npOKCllJibHhIMll rpyrrrraMll Ha IIOBepxHOCTll aTOMOB ueptt5I. 

TeopeT11qecKa5I M rrpaKTttqecKa5! 3HaqttMOCTh pa6oTbI BKJIIOqaeTcJie,nyromee: 
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noJiyqeHHbie 3KCnepIIMeHTaJibHbie pe3yJibTaTbl pacnmp5IIOT IIMeIOII(IIeC5I npe,ncTaBJieHII5I 

o npoueccax cpopMIIpo'BaHII5I ,z:i;ecpeKTOB B HaHoqacTmi;ax Ce02 npII IIX ,nonIIpoBaHIIII 

pe,nKo3eMeJibHbIMII IIOHaMIIEr3+ II Sm3+; 

ycTaHOBJieHHbie B3aIIMOCB5I3II Me:>K,ny cpII3IIKO-XIIMIIqecKIIMII CBOMCTBaMII HaHoqacTIIU 

Ce02 II npo5IBJI5IeMoii IIMII KaTaJIIITIIqecKoii aKTIIBHOCThIO npe,ncTaBJI5IIOT co6oii 

HayqHyIO OCHOBY ,[(Jl5I pa3pa6oTKII HOBbIX MaTepIIaJIOB c yrrpaBJI5IeMbIMII 

xapaKTepIICTIIKaMII ,[(JI5I KOHKpeTHbIX npIIKJia,z:J;HbIX 3a,z:i;aq; 

aHaJIII3 noJiyqeHHblX 3aKOHOMepHOCTeii n03BOJI5IeT ccpopMyJIIIpoBaTb peKOMeH,[(aI."(IIII no 

noJiyqeHIIIO HaHoqacTIIU Ce02 c KOHTpOJIIIpyeMbIMII napaMeTpaMII II IIX aTTeCTaUIIII 

cneKTpOCKOnIIqecKIIMII MeTO,z:J;aMII. 

3. 06m;aH xapa1aepncTHKa pa6oThl 

)J,IIccepTaUIIOHHa5I pa6oTa BKJIJOqaeT BBe,z:i;eHIIe, n5ITb rJiaB c OCHOBHbIMII pe3yJibTaTaMII, 

3aKJIJOqeHIIe, cnIICKa ny6JIIIKaUIIM aBTOpa no TeMe ,[(IICCepTal."(IIOHHOM pa60Thl II cnIICKa 

UIITIIpyeMOM JIIITepaTypbI. 06neM ,nnccepTaUIIII COCTaBJI5IeT 99 CTpaHHU, BKJIJ0qa51 45 pIICYHKOB 

ll 9 Ta6JIIIU, cnIICOK UIITIIpyeMOM JIHTepaTypbI II3 62 HaIIMeHOBaHIIM. 

Bo BBe,neHIIII ,nIIccepTaUIIII oTpa)KeHbI Bee Heo6xo,nIIMbie noJio:>Kemrn, orrpe,z:i;eJI5IeMbie 

peKoMeH.naUII5IMH BAK P<l>, II BKJI10qa10T o6ocHoBaHIIe aKTYaJibHOCTII TeMbI, cTeneHb ee 

pa3pa6oTaHHOCTII, ueJib II 3a,z:i;aqII pa60Tbl, HayqHyIO HOBH3Hy, TeopeTIIqecKYJO II npaKTHqecKyIO 

3HaqIIMOCTb pa60Tbl, MeTO,[(OJIOrIIIO II MeTO,[(bl IICCJie,noBaHII5I, BbIHOCIIMbie Ha 3all(IITY 

norrmKeHII5I, CTeneHb ,[(OCTOBepHOCTII II anpo6al."(IIIO pe3yJibTaTOB. 

B nepBoiI r JiaBe ,nIIccepTaunn paccMoTpeHbI oco6eHHOCTII 3JieKTpoHHOH cTpyKTYPbI, 

OTITnqecKHX CBOMCTB II JIIOMHHeCl."(eHUIIII ,[(IIOKCII,[(a uepII5I. 11poaHaJIH3IIpOBaHbI pa60Tbl, 

nOCB5III(eHHbie OnIICaHIIIO MeTO,[(OB CIIHTe3a II MO,ll;IIcpIIKal."(IIII HaHoqaCTHU ,[(IIOKCII,z:J;a uepII5I, 

,[(OIIIIpoBaHHbIX pe,nK03eMeJibHblMH HOHaMII. 

Bo BTopoiI r JiaBe,z:i;IIccepTaUIIII npIIBe,neHo onIIcaHIIe TexHoJiorIIH CIIHTe3a 

HaHoqaCTIIUCe02, MeTO,[(bl aTTeCTal."(IIII ll HCCJie,[(OBaHII5I OnTnqecKHX CBOMCTB o6pa3UOB, a 

TaK:>Ke MeTO,[(IIKII o6pa6oTKII noJiyqeHHbIX ,naHHbIX. 

B TpeT1>eiI rJiaBe,nIIcceprnunII npe,ncTaBJieHbI pe3yJibTaTbI cpII3IIKO-XIIMIIqecKoii 

xapaKTepII3al."(IIII CHHTe3IIpoBaHHbIX HaHoqacTHUCe02. ATTeCTal."(II5I HaHoqacTIIU ,npOBO,[(IIJiaCb c 

npIIMeHeHIIeM MeTO,[(OB 3JieMeHTHOro, peHTreHOcpa30BOro II 3JieKTpOHHO-MIIKpOCKOnIIqecKoro 

aHaJin3a. Pe3yJibTaTbI IICCJie,noBaHIIM no,nTBep)K,[(aIOT, qTo CIIHTe3IIpoBaHHbie o6pa3UbI 

npe,z:i;crnBJI5IIOT co6oii HaHopa3MepHbie KpIICTaJIJibI Ce02 ( oKoJio 3 - 5 HM), pacnoJiara10mIIec5I 

Ha TIOBepXHOCTH noJincaxapII,ll;HOM QenII MaJibTO,neKCTpHHa. 
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B qeTBepToii nrnBe ,n;RccepTaumi rrpe,r:i;cTaBJieHbI pe3yJibTaTbI cRcTeMaTRqecKoro 

RCCJie,IJ;OBaHR51 3JieKTpOHHOH crpyKTYPbl R OIITRqeCKRX CBOHCTB HaHOKpRCTaJIJIOBCe02 rrpR RX 

,r:i;orrRpoBaHRR pe,r:i;Ko3eMeJihHbIMR ROHaMR Er3+ R Sm3+. ,Un51 Rccne,r:i;oBaHR51 :HcrroJih30BaJIRCb 

MeTO,ll;bI P<P3C, MK-crreKTpocKOIIRR, KPC R cpoTOJIIOMRHec:o;eHTHo:H: crreKTpocKOIIRR. 

TionyqeHHbie pe3yJibTaTbl IIO,ll;TBep)K,ll;aIOT, qTO HaHOKpRCTaJIJibl Ce02 co,r:i;ep)KaT ,ll;OJIIO ROHOB 

Ce3+ B y3nax KpRCTaJIJIRqecKOH perneTKR R COOTBeTCTByIOIUYIO KOH1(eHTpa1(RIO KRCJIOpO,ll;HbIX 

BaKaHcR:H: (F-rro.n;o6HbIX ueHTpoB). IIoKa3aHo, qrn crreKTp rrornomeHR51 HaHoKpRCTaJIJIOB Ce02 

orrpe,r:i;eJI51eTC51 3JieKTpOHHbIMR rrepexo,r:i;aMR Me)K,ll;Y BaJieHTHOH 30HOH R He3aIIOJIHeHHOH 4 f­

op6RTaJiblO RoHa Ce
4
+ R orrpe,r:i;eJI51eT B Ce02 rronocy rrepeHoca 3ap51,r:i;a 02p

6 ~ Ce 4f>. TipR 

.n;orrRpoBaHRH HaHoqacTR:U Ce02 pe,r:i;Ko3eMeJihHbIMH ROHaMR (Er3+, Sm3+) rrpoRcxo,r:i;RT 

BCTpaRBaHRe rrpRMece:H: B Y3Jibl KpRCTaJIJIRqecKOH perneTKR KaK ROHOB 3aMemeHR51, qTo 

rrpRBO,ll;RT K yBeJIRqeHRIO KOH1(eHTpa1(RR KRCJIOpO,ll;HblX BaKaHCRH (F- rro,r:i;o6HbIX u:eHTpOB) ,ll;JI51 

JIOKaJibHOH KOMIIeHcaumr 3ap51,r:i;a. IIpo,r:i;eMoHcTpRpoBaHo, qTo so36y)l<,IJ;eHRe -"' 

cpoTOJIIOMRHec:o;eH:URR ROHOB Er3+ R Sm3+, a TaK)Ke F-rro,r:i;o6HbIX ueHTpoB R.n;eT 3a cqeT 

TpaHcrroprn 3HeprnH qepe3 KOMIIJieKc c rrepeHocoM 3ap51,n;a 02p
6 ~ Ce 4 f> . 

IIHTaH r JiaBa ,r:i;RccepTa:URR rroCB51IUeHa Rccne,r:i;oBaHRIO KaTaJIRTRqecKRX CBOHCTB 

qRCTbIX HaHoqacTRU Ce02 R HaHoqacTR:U Ce02, ,r:i;orrRpoBaHRR pe,r:i;Ko3eMeJibHblMR ROHaMR Er3+ 

R Sm3
+.,UJI51 Rccne.n;oBaHR51 KaTaJIRTRqecKo:H: aKTRBHOCTR HaHoqacTRU HCIIOJib30BaJIRCb 

crreKTpocpoToMeTpRqecKRe MeTo,n;bI aHaJIR3a. IIonyqeHHbie pe3yJihTaTbI ,r:i;eMOHCTpRpyIOT, qTo 

HaHoqaCTR1(bICe02crroco6Hbl RMRTRpOBaTb cpyHK1(RR 6ROJIOrnqecKRX cpepMeHTOB rrepOKCR,IJ;a3bl 

R OKCR,IJ;a3bl, rrpRqeM BBe,r:i;eHRe ,r:i;orraHTOB yBeJIRqRBaeT KaTaJIHTRqecKyIO aKTRBHOCTb 

HaHoqacTR:U. B pa6oTe rrpe,r:i;rronaraeTc51, qTo R3MeHeHRe KaTaJIRTRqecKo:H: aKTHBHOCTH 

,IJ;OIIRpOBaHHbIX HaHOKpRCTaJIJIOB o6ycJIOBJieHO KRCJIOpO,ll;HOH 

HecTeXROMeTpRH o6pa3UOB R, KaK cne.n;cTBRe, yBeJIRqeHReM KOH:o;eHTpauMe:H: Ce3+ ROHOB II 

KRCJIOpO,n;HbIX BaKaHCRH. 

OcHOBHbie 3aMeqaHR51 no pa6oTe 

1. Ha PRc. 22 R PRc. 23 3HepreTRqecKRe BeJIRqRHbI o6o3HaqeHbI ",r:i;JIRHa BOJIHbI (cM- 1)" . 

Ha.no rrRcaTh JIR6o ,r:i;JIRHY BOJIHbl B HM, JIR6o 3Heprn10 B CM- 1• Ho B TeKcTe 

3HepreTRqecKRe BeJIRqRHbI YKa3bIBaIOTC51 rrpaBRJibHO. HarrpRMep, Ha cTp. 57 

"rronoca B o6nacTR 1000-2000 CM-I ". 

2. B rro,r:i;rrRC51X Ha :eHc. 24 R PRc. 25 pa3MepHOCTb BeJIHqHHbI _K03cpcpR:o;ReHTa 

rrornomeHR51 a2 
YKa3aHa B HM-

2. 3Ta BeJIRqRHa Bcer,r:i;a yKa3bIBaeTC51 B cM-1• 
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3. B TeKcTe ttcrroJib3yeTC51 TepMIIH "3arrpemeHHa5l 30Ha". Jlytnrre rrttcaTb H roBopttTb o 

3arrpemeHHoif memI. 

3aKJiroqeuue 

BbICKa3aHHbie 3aMe1IaHtt51 He BJIII51IOT Ha o6myro rroJio)l(ttTeJibHYIO oueHKY pa6oTbI, 

rrpe.ncrnBneHHYIO ;::i:ttcceprnHTOM. Pa6orn MbIIIIKIIHOM AneKcaH;::i:pbI Bna;::i:ttMttpoBHbI 

«HaH01IaCTlll(bI OKCII;::i:a uepmI c MOLJ:llcpIIUIIPOBaHHOM KllCJiopo;::i:HOM HeCTeXIIOMeTptteif: 

cTpyKTypa, orrTtt1IecKtte CBOMCTBa II KarnmITtt1IecKa51 aKTIIBHOCTb» rrpe,z:i:cTaBmieT co6oif 

3aBepIIIeHHoe HayqHoe ttccne;::i:oBaHtte Ha aKTYaJibHYIO TeMy. C;::i:enaHHbie B pa6oTe BbIBOLJ:bI II 

ccpopMynttpoBaHHbie 3alI(IIII(aeMbie IIOJIO)l(eHll51 a;::i:eKBaTHbl IIOJIYlJeHHbIM pe3yJibTaTaM. 

OcHOBHbie pe3yJibTaTbI ttccne,z:i:oBaHttiI orry611ttK0BaHbI B 13 Hay1IHbIX cTaTb51X B peueH3ttpyeMbIX 

Hay1IHbIX )l(ypHanax, orrpe.neneHHbIX BAK P<l> II ArrecrnuttoHHbIM coBeTOM Yp<l>Y, H3 HHX 12 

rrpo11H,z:i:eKc11poBaHbI B Me)l(LJ:yHapo;::i:HbIX 6a3ax IJ;HTHpoBaHH51 Scopus. 

ITpe;::i:cTaBJieHHa51 pa6oTa OXBaTbrnaeTIIIHpOKHH Kpyr BOIIpOCOB, CB513aHHbIX c 

rrorryqeHHeM, aTTeCTal(lleM ll HCCJie;::i:oBaHHeM OIITll1IeCKllX CBOMCTB HaHOKpHCTaJIJibI 

Ce02.I1cc11e;::i:oBaH11e B3aHMOCB513H Me:>I<LJ:Y cpH3HKO-XHMH1IecKHMH cBoifcrnaMII HaHoqacTHu; 

Ce02 H rrpo51BJI51eMoif HMH KaTaJIHTH1IecKoif aKTHBHOCTbIO OTKpbrnaeT HOBbie TexH011or11qecK11e 

B03MmKHOCTH C03LJ:aHH51 MaTep11anoB Ha ocHoBe HaHoqacTHIJ; Ce02 c yrrpaBJI51eMbIMII 

xapaKTepHCTHKaMH LJ:JI51 KOHKpeTHbIX rrpHKJiaLJ:HbIX 3a.z::i:aq. 

,[(11ccepTal(H5l JIOrll1IHO IIOCTpOeHa, ee CTPYKTypa ll co.nep)l(aHHe COOTBeTCTByeT ueJI51M 

HCCJie;::i:oBaHH51 H rracrropTy crrel(llaJibHOCTH 1.3.8. <l>H3IIKa KOHLJ:eHCHpOBaHHOro COCT051HH51.Ha 
,6 

OCHOBaHHH H3y1IeHH51 TeKCTa LJ:HCcepTal(HOHHOH pa60TbI MO)KHO 3aKJII01IHTb, 1ITO l(eJib pa60TbI 

;::i:ocTHrHyrn, a corryTCTByrom11e eli 3a.z::i:aq11 B~~JIHeHbI. ITpe;::i:cTaBJieHHbie B pa6oTe Hay1IHbie 

IIOJIO)l(eHH51, BbIBOLJ:bI H peKOMeH;::i:au;Hll 51BJilTC51 o6ocHOBaHHbIMH H OCHOBbIBaIOTC51 Ha 

TII1aTeJibHb!X CllCTeMan1qeCKllX 3KCnepnJ eHTaJlbHb!X nccrre,!(OBaJillHX, o6o6II1eHlll!X 

co6CTBeHHOro MaTepHana H ;::i:aHHbIX, HMeIOII(HXC51 B JIHTepaType. 

,[(11cceprnuttoHHa5l pa6orn «HaH01IaCTHIJ;bI OKCHLJ:a uepH51 c MOLJ:HcpHI..~HpOBaHHOH 

KHCJIOpO,[(HOH HeCTeXHOMeTpHeiI: CTPYKTypa, OIITH1IeCKHe CBOHCTBa H KaTaJIHTH1IeCKa51 

aKTHBHOCTb» IIOJIHOCTbIO COOTBeTCTByeT Tpe6oBaHH51 II. 9 IToJIO:>I<eHH51 0 rrp11cy:>I<:,[(eHHll yqeHbIX 

cTerreHeiI B Yp<t> Y, rrpe;::i:n51BJI51eMbIX K KaH,[(H,[(aTCKIIM .n11cceprnu;1151M. ITpe;::i:crnB115leMa5l pa6orn 

51BJI51eTC51 3aBepIIIeHHbIM KBanmpttKal(llOHHbIM Hay1IHbIM HCCJie;::i:oBaHHeM, BbIIIOJIHeHHOM Ha 

· - ~ · 
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aKTYaJibHYIO TeMy, o6na.z:i:aeT HayqHOH HOBII3HOH II ITpaKTIIqecKOH 3HaqIIMOCTbIO, COOTBeTCTByeT 

cnel(IIaJibHOCTII 1.3.8. <l>II3IIKa KOHJJ:eHcIIpoBaHHoro cocT05IHII5I, II ee aBTop, MbIIIIKIIHa 

AneKcaH,r:i:pa BnaJJ:IIMIIpOBHa, 3ac11y)lmBaeT ITpIICY)KJJ:eHII5I yqeHoiI cTeITeHII KaHJJ:II,.UaTa cpII3IIKO­

MaTeMaTIIqecKIIX HayK ITO CITel(IIaJibHOCTII 1.3 .8. <l>II3IIKa KOH)J;eHCIIpoBaHHOro COCT05IHII5I. 

,ll;aio cornacIIe Ha o6pa6oTKY ITepCOHaJibHbIX ,r:i:aHHbIX. 

OcpIII(IIaJibHbIH OITITOHeHT, rnaBHbIH HayqHhIH COTPYJJ:HIIK na6oparnpIIII OITTIIKII 

MeTaJIJIOB <l>e,r:i:eparrbHOro rocy.z:i:apcrneHHOro 6IO,[()KeTHOro yqpe)K)J;eHII5I HayKII I1HCTIITYTa 

cpH3HKH MeTarrnoB HMeHH M.H. MHxeeBa YparrbcKoro OTJJ:eJieHH5I PoccIIlicKoiI aKaJJ:eMIIII HayK, 

,[(OKTOp cpII3IIKO-MaTeMaTHqecKHX HayK ITO CITel(HaJibHOCTII 01.04.07 

KOH,[(eHCIIpOBaHHOro COCT05IHII5I, CTapIIIIIH HayqHbIH COTPYJJ:HIIK, a,r:i:pec: 620219 r. 

EKaTepHH6ypr, KHpOBCKIIH palioH, yn. CocpbII KoBarreBcKoiI, .z:i:. 18, Ten: (343) 378-37-85, e­

mail: visokolov@imp.uran.ru. 

CoKOJIOB BIIKTOp I1BaHOBIIq 

1 .z:i:eKa6p5I 2022r. 
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