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O HayHHO-npaKTHHCCKOH IJCHHOCTH £HCCepTaHHOHHOH pa6OTBI

IIOJIHHCKOH BaJiepHH Bjia/lHMIIpOBHbl

«OpraHO-HeopraHHHecKHe HaHOKOMno3HTbi na OCHOBC OKCHAOB
MCTaJIJIOB H HO.IHO.IC(f)HHOB, JCCJ)O|)MHpOIiailHI,l\O MCXaHH3My KpCH3HHra»,

npeflCxaBJieHHOH na coHCKanne ynenoH cxenenH
KaHAH^aTa XHMHHCCKHX nayK no cneu,HajikHOCTmi

02.00.06 - BBicoKOMOJieKyjiapHbie coeflHHenHfl, xHMHHecKHe nayKH H
02.00.01 — HeopraHHHecKaa XHMHS, XHMHnecKHe nayKH

PaspaGoTKa HOBBIX MaTepnajiOB Ha nonHMepnoH OCHOBC H HOBBIX cnoco6oB
y^ce xopoino HSBCCTHBIX TpaAimHOHHBix nonHMepOB, HecoMHCHHO,

OHCHB BaaCHOH npoGjICMOH KaK B npHKHa^HOM, TaK H B HayHHOM

acneKTe. Oco6tiH Hnxepec npeACxaBjiaioT KOMno3HitHOHHBie CHCTCMBI, B KOTOpLix

MOflH<j)HnHpyiomafl AO^aBKa, B nacTHocTH HanojiHHTejit, Haxo^HTca B
nojiHMepnoH Maxpni^e B BH^e AHcnepCHOH Hano^asBi, o6jiaAaiomeH B cnjiy CBOHX
pa3MepOB p^flOM cnei^H^HnecKHx (JDHSHHCCKHX H (^HSHKO-XHMHHCCKHX CBOHCTB.

B cosflaHHH nojiHMepHBix HaHOKOMnosHTOB cyiqecTByeT oflna o6maa
KOTOpaa CBasana c COBMCCTHMOCTBIO KOMnoneHTOB. Ilpn HHSKOM

ypOBHC CTa6HJIH3aUiHH AHCnepCHOH $a3BI H nJIOXOH COBMCCTHMOCTH KOMnOHCHTOB

naiu,e Bcero (^opMHpyiOTca KOMHOSHTBI c KpynntiMH HacTHii;aMH

MO#H(j)imHpyiomero arenxa, nepaBHOMepno pacnpeAejiennbiMH B
nojiHMepHOH MaxpHi];Bi. OHCBH^HO, HTO cBOHCTBa xaxnx MaTepnanoB ne

npeAi>aBJiHeMbiM K HHM Tpe6oBaHHaM, B HacxHocTH BBICOKOH
HJIH XOpOIIIHMH MexaHHHCCKHMH XapaKTCpHCTHKaMH. O^HH H3

cnoco6oB penienna ^aHHOH npo6neMBi COCTOHT BO BBe^eHHH pasjiHHHtix
H MO£H(j)HIJHpyK)mHX ^o6aBOK B npOLtCCCC CHHTC3a

KOMno3HTOB. OpHrHHanBHocTB no^xoAa, npefljio)KeHHoro



peijeHSHpyeMoii pa6oxbi, COCTOHT B HcnojibsosaHHn nojiHMepHbix Maxpim, c

HanonopHCTOH cxpyKxypoii. H^eojiorna sxoro nofl,xoAa saKJUOHaexca B XOM, HXO

in situ peaxijHH B HaHonopncxoH cxpyKxype nojiHMepHbix Maxpmj c

HeopraHnnecKnx coeAHHeHHH .ZJOJKKHO aBXOMaxHnecKH npHBO^nxb K

BOSHHKHOBeHHK) HaHOKOMIIOSHXOB. B KaHCCXBC MCXO^a, npHBOflHLU,erO K

4>opMHpOBaHHK» HaHonopHcxofi cxpyKxypti B nojiHMepHtix Maxepnajiax

paBUHHHoro xnna, npefl,Jio»ceHO ncnojib3OBaxi> asjieHHe Kpeii3HHra, a B KanecxBe

HanojiHHxejieii nopncxbix nojiHMepHbix Maxpnij; - HanoKpHCxajinHHecKHe AHOKCH^

XHxana H OKCH^ u;HHKa, KoxopBie Haxo^ax innpoKoe npHMeneHHe B 4>oxoKaxajiH3e.

PeajiHsaiiHa yKasanHoro no^xofla, HeMy nocBamena nacxoamaa fl,HCcepxau;HOHHaH

pa6oxa, aBJiaexca aKryajibHOH saflaneii, nocKOJibKy nanpaBJiena na paspaSoxKy

HOBoro nepcneKXHBHoro Mexo^a nojiyneHiM HanoKOMnosHxoB KOMnosHXOB na

OCHOBC nojiHMepnbix Maxpnii, H na HsynenHHe HX cxpyKxypbi.

^,Hccepxaii;HOHHaa pa6oxa nojiancKOH BajiepHH Bjia^HMHpOBHbi COCXOHX

H3 BBe^eHHa, oGsopa nnxepaxypbi, SKcnepHMeHxajibHOH nacxn, o6cy»cfleHHa

pesyjibxaxoB, saKjnoneHHa, BbiBO^OB H cnncKa Jinxepaxypbi H3 139

HaHMeHOBaHHH. ,Z],Hccepxai],H5i H3JioaceHa na 154 cxpaHHii,ax, BKJiioHaa 60

pHCyHKOB H 8 XaGjIHI],.

Bo BBefleHHH asxop flaex o6ocnoBaHHe aKxyajibnocxH npoBO^HMbix

, 4)opMyjinpyex HX ijejib H ocnoBHbie sa^ann.

nepuasi rjiasa npe^cxaBJiaex co6ofi oGsop Jinxepaxypw, B Koxopoii

oGoGmaex pesyjibxaxw HccjieAOBaHHH, CBasaHHbix c

nojiHMepnbix KOMHO3HXOB c AHOKCHflOM xHxana. Oco6oe BHHMaHHe B 3XOH

yzjejiaexcfl anajinsy ^anHbix no nojiyneHHK), cxpyKxype H CBoiicxBaM

nojiHMepnbix HaHOKOMnosHxoB Ha OCHOBC KpeH3OBaHHbix nojiHMepHbix MaxpHii;.

KpHXHHecKHii anajiHS jiHxepaxypnbix ^annbix HOSBOJIKJI ^Hccepxanxy HCXKO

o6ocHOBaxb cxpaxernK) nocxanoBKH co6cxB6HHbix 3KcnepHMeHxanbHbix

HCCJieflOBaHHH.

BropaH rjiasa cooxsexcxByex 3KcnepHMeHxajibHOH nacxn, B Koxopoii

HCCJie^OBaHHa. ^ocxoBepnocxb nojiyneHHbix pesyjibxaxos

BWCOKHM 3KcnepHM6HxajibHbiM ypoBHCM pa6oxbi-

HCHOJIbSOBaHHeM COBpeMCHHblX HpH6opOB H <J)H3HKO-XHMHHeCKHX MCXOflOB

aHanHsa, cpefl,H Koxopbix - xepMorpaBHMexpHHecKHH H BCCOBOH anajins,

AH(J)(j)epeHi;HajibHaa CKannpyiomaa KajiopHMexpna, peHxreHO(|)a3OBbiH ananHS,

CKannpyiomaa sjieKxpOHnaa MHKpocKonna, csexoBaa

MHRpocKonna, HK- H YO-cneKxpocKonHa, HHSKOxeMnepaxypnaa

asoxa.



pesyjibxaxos flHccepxanHH COCXOHX H3 HHTH nacTe, rjje

ocHOBHBie pesyjibxaxw HCCJieAOBaHHH H npOBe^en HX anajras.

ABXOPOM 6biJiH nojiynenbi (c HcnojibsosaHHeM KjiaccHnecKoro H

flejiOKajiH3OBaHHoro KpefisHHra nonHMepHBix MaxepnajioB) rnienoHHBie

nonHMepHBie KOMHOSHXOB c aMOp<J)HbiM ^.HOKCH^OM xnxana B innpoKOM

cocxaBOB. B OCHOBC Mexo^a - npoBe^enne peaicnHH

paano^ceHHa H KOHflencainra npeicypcopa

xexpaH3onponoKCHfl,a xnxana B Hanonopax KpeHsosanHBix nojiHMepHBix Maxpnii;.

JJflSL ^OpMHpOBaHHH KOMHOSHXCB 6BIJIH npe,H,JIO3KeHBI MCXOfl nOCJieflOBaxeJIBHBIX

o6pa6oxoK nopncxoH nojiHMepnoH MaxpnitBi pacxBopaMH pearenxos-npeKypcopoB

H Mexofl npoxHBOXOHHOH fl,H(J)4)y3HH. BBIJIO noKaaano, HXO co^epacaHHe ^.HOKCH^a

xHxana B KOMnosHxax MO^CHO peryjinpOBaxB B ninpOKHX npe^enax - ox

HCCKOJIBKHX flO flCCaXKOB MaCCOBBIX npOII,eHXOB - B BaBHCHMOCXH OX

nojiynenHa (nocjieAOBaxeiiBHBix o6pa6oxoK H npoxHBOXOHHOH

nopncxocxH nojiHMepHOH MaxpHLtBi, (J)opMHpyeMOH npn KpensHHre nojiHMepa B

aflcop6u;HOHHo-aKXHBHOH ^CHAKOH cpe^e (AAC), KOHueHxpau;HH npexypcopa B

cocxase AAC. MaKCHMajibHoe coflep^caHHe ^HOKCH^a xnxana B nojiHMepnbix

KOMnosHxax cocxaBHjio 65 Mac. %.

AsxopOM Mexo^oM cKannpyiomeH 3JieKxpoHHOH MHKpocKonHH B conexaHHH

c penxrenoBCKHM MHRpoanajiHSOM 6biJia Hsynena paBHOMepnocxB pacnpefl,ejieHHH

XHxana B 06^61^6 KOMHOSHXOB. BBIJIO noKasano, HXO Mop^onorna

B nepByio OHepeflb onpeflenaexca MexannsMOM KpensHHra

(KJiaCCHHeCKHH HJIH fleJIOKajIH3OBaHHBIH), a XaiOKC npHpOflOH nOJIKMCpHOH

MaxpHii,bi (01111, H3B1T), a xaicace cnoco6oM BBe^eHHa pearenxos B nojiHMep

o6pa6oxoK HJIH npoxHBOXOHHOH flH(^(J)y3HH).

nnxepec pas^eji ^HCcepxaitHH, CBasanHbiii c HsyneHHCM

oco6eHHOCxeH 4>opMHpoBaHHa TiO2, CHHxe3HpoBaHHoro in situ H conocxaBJieHHH

c cocxasoM TiO2, nojiyneHHoro B CBo6o^HOM COCXO«HHH npn

ycjiOBHax CHHxesa. AfixopoM 6bmo noKasano, HXO cocxas aMop4)Horo

XHxana B sasHCHMOCXH ox cxenenn saBepuieHHOcxn npon;ecca, MO^CCX BKjiiOHaxB B

ce6a npofl,yKXBi nepeMCHHoro cocxasa. Kax noxasajiH pesyjibxaxw Hccjie/jOBaHHH,

cxeneHb npespameHHa xexpaH3onponoKCH^a xnxana B pesyjiBxaxe peaKU,HH

rHflpojiHXHHecKOH KOH^,eHcaii,HH B oGteMe nojiHMepHOH MaxpHii,bi MCHbine

cooxsexcxByiomeH BCJIKHKHBI B CBo6o^HOM COCXO«HHH.

^HCcepxanxoM 6bmo npose^eHO cncxeMaxHHecKoe HCCJie^OBaHHe

cxpyKxypnbix napaMexpOB nojiHMepnbix KOMnoBHXOB c TiO2 MCXO^OM

HHSKOxeMnepaxypHOH aflcop6u,HH aaoxa (yzjejiBHaa noBepxnocxB Sy^, o6i>eM nop



Vn, cpeflHHH flHaMexp nop Dn) HccjieflOBanHbix oSpasijoB. Bbino noKasaHO,

nojiynennbie nojiHMepnbie HanoKOMnosHXbi xapaKxepHsyioxca oxKpbixo-

nopncxoH cxpyKxypoii. BBe^enne flHOKcn^a xnxana B nopncxyio nojiHMepnyio

Maxpniry npHBO^HX K yMenbinenHK) y^ejibHon noBepxnocxH H oG^eMa nop no

CpaBHeHHK) C COOXBeXCXByiOIHHMH BeJIHHHHaMH flJIfl HCHanOJIHeHHblX

KpeHSOBannbix MaxpHu,, a xaK^ce HSMenaex cop6uHOHHbie xapaKxepncxHRH

nojiHMepnbix Maxpim, no oxHoniennio K so^HbiM pacxBopaM KpacHxenen.

B pen,eH3HpyeMOH pa6oxe npefljioacen MCXOA nojiyneHHa nonHMepnbix

HanoKOMnosHxoB c KpncxajuiHHecKHM flHOKCH^OM xHxana, KoxopbiH

niHpOKoe npHMeneHne B 4)OTOKaTajIH3e- EWJIO noKasano, HXO
napaMexpoB nopHCxon cxpyKxypw nojiHMepnbix Maxpm], npn

cxenenn fle^opMnposaHHa nx B AAC ne OKasbisaex BJIHHHHS na

cpe^nero pasMepa KpncxajinnxoB, cocxaBJiaiomyio 4-5 HM.

IIpH Bbi>KHraHHfl nojiHMepHOH cocxaBJiaK)ffl,en us KOMnosnxa asxopOM 6bm

nonynen MeaonopncxbiH ^HOKCH^, xnxana B KpHCxajiJiHMecKOH MOfl,n(|)HKaLi;HH

anaxas, o6jia,zi;aK>inHH flocxaxonno BbicoKofi y^ejibnon noBepxnocxbio H

ÔTOK̂ 3̂ 11™1160]̂ }̂ 0 aKXHBHOCXb, CpaBHHMyK) C IHHpOKO

npoMbinuiennbiM (J)oxoKaxajiH3axopoM Degussa P25.

Eojibinofi HHxepec Bbisbisaex paB^en ^,nccepxai;HH, nocBam,eHHbiH

KOMHOSUXOB c HaHOKpncxajuinHecKHM OKCH^OM tinnKa B nrnpoKOM

,n,Hana3OHe cocxasoB H pasuHHHbiM pacnpe^ejienHeM neopranHHecKoro

KOMnoHenxa no oSteiviy oGpasna. C^opMHpoBanHbie nojiHMepHbie

HanoKOMnosHXbi 6bijin ncnojibaoBanbi B Kanecxse rn6KHx noAJioaceK fljifl pocxa

MaccHBa HaHocxep^cneii OKCH^a unnKa. Bnaro^apa MajibiM pasMepaM n BbicoKOH

yaejibHofi noBepxHocxn, nojiynennbie o^HOMepHbie HaHOKpncxajuinHecKHe

Maxepnajibi (Hanocxep»CHH) npe^cxaBJiaiox nnxepec Kan B oGjiacxn

4)yHflaMenxajibHbix nccjieAOBanHH, xax H ana mnpoKoro Kpyra npaKxnnecKHX

npHMeHCHHH (cosflaHHe CBexoflHo^oB, (^oxoflexeKxopOB, raaoBbix cencopOB).

npeHMymecxBOM HcnojibsosaHHa nanoKOMnosHXOB c ZnO, nonyneHHbix

MCXOflOM Kp6H3HHra, B KaHCCXBC nOflJIO^CCK flBJiaeXCa BO3MO»CHOCXb peniHXb

npoGjieiviy aareanH Hanocxep^cneH K nojiHMepy.

B u,ejioM nojiynennbie aaxopOM pesynbxaxbi npe^cxaBjiaiox HecoMnenno

6ojibinon naynnbiH nnxepec H HMCKJX noxeniiHaji peanbHoro npaKxunecKoro

npHMenenna. Pa6oxa He cofl,ep»CHx cepbesnbix He^ocxaxKOB, xoxa MO^CHO c^enaxb

Bxopocxenennbix KpnxnHecKHx saMeManHH, ne KacaioiHHXca ee cyxH H ne

na ee oGnryio BbicoKyio onenKy. K HUM, B nacxnocxn, OXHOCSXCH



1. yxBepacfleHHe o (JjopMHpOBaHHH oxicpbixo-nopHCXOH cxpyicxypbi B
KOMnosHxax c ,H,HOKCH,ZJOM THTaHa cjie,o,OBajio 6bi flonojiHHXb pesyjibxaxaMH o
npoHHuaeMocxH )KH,ZI,KOCXH nepes xaicne Maxepnajibi.

2. B pa6oxe ne oxpa^cena csasb Me>K,ziy o6pa3OBaHHeM BsaHMonpoHHKaiomeH
cexKH nojiHMep - ,H;HOKCH,H, xHxana B KOMnosHxax npn BBICOKHX
co^ep^caHHHX HanonHHxejia H MexaHH^ecKHMH cBOHCxsaMH xaKHX CHCXCM.

3. Ocxaexca OXKPBIXBIM sonpoc o (J)oxoKaxajinxHHecKOH aKXHBHOCxn
HCCJICflOBaHHBIX KOMnOSHXOB C flHOKCHfl,OM XHXaHa, a HM6HHO HX

BO3MO»CHoro npaKXHHecKoro ncnojibSOBaHHa.
TaKHM oGpasoM, ^Hccepxau,HOHHafl pa6oxa ITojiaHCKOH BanepHH

«OpraHO-HeopraHHMecKHe HanoKOMnosHXbi na OCHOBC OKCH^OB
H nojiHOJie(|)HHOB, fl,e(|>opMHpoBaHHbix no MexaHH3My Kpeii3HHra»

co6ofi CHCxeMaxHnecKoe HCCJie^oBaHHe H HMeex apxo Bbipa^ceHHbiH
4)yHAaMeHxajibHbiH xapaxxep B oSjiacxn XHMHH BbicoKOMOJieKyjiapnbix

H neopraHHHecKOH XHMHH, a xaioice nanpaBJieHHyio npaKXHHecKyio
B nnaHe paspaGoxKH HOBoro 34>4>eKXHBHoro cnoco6a nojiyneHHa

. Pesyjibxaxbi pa6oxbi ony6jiHKOBanbi B peu,eH3HpyeMbix
^cypnanax, onpe^ejieHHbix BAK PO, H ^oKjiaflbiBanHCb na POCCHHCKHX

KOHCJDepeHnHflx. Asxope^epax nojinocxbio oxpa^caex

Pesyjibxaxbi ^HCcepxaitHOHHOH pa6oxbi aBJiaioxca ^ocxoBepHbiMH H nosbiMH
H OHH Moryx 6bixb Hcnojib3OBaHbi npH npoBe^eHHH naynnbix HcciieAOBaHHH B
HayHHo-Hccjie^oBaxejibCKOM (^H3HKO-XHMHHecKOM HHCXHxyxe HM. JI.^. Kapnosa
(MocKBa), HncxHxyxe He<|)xexHMHHecKoro cnnxesa HM. A.B. TonnneBa PAH
(MocKBa), HncxHxyxe XHMHHecKOH (^HSHKH HM. H.H. CeMenoBa PAH (MocKBa),
HncxHxyxe cHHxexHnecKHx nonHMepHbix MaxepnajiOB HM. H.C. EnHKOJionoBa
PAH (MocKBa), na XHMHHCCKOM H (^HSHHCCKOM ^axyjibxexax MFY HMCHH M.B.
JIOMOHOCOBa.

oueHHBajiacb B COOXBCXCXBHH c xpe6osaHHeM n. 9
o nopa,n,Ke npncy^cfleHHa ynenbix cxeneHen", yxBep^c^eHHoro

nocxaHOBJieHHCM HpaBHxejibcxBa POCCHHCKOH Oe7i;epai;HH ox 24 cenxaGpa 2013 r.
NO 842. KaHflH^axcKaa .miccepxaijHfl IIOJIHHCKOH B.B. aBJiaexca
KBaiiH(J)HKaqHOHHOH pa6oxofi, B Koxopoii co^ep^cHxca peineHHe sa^ann,
cymecxBCHHoe SHaneHHe fljifl XHMHH BbicoKOMOJieKyjiapHbix coe^HHCHHii H
HeopraHHHeKOH XHMHH: pa3pa6oxanbi nayHHbie ocnoBbi nojiynenHa HOBbix BH^OB
nonHMepHbix naHOKOMnosHXOB, co,o;ep>KamHx HeopraHHHecKHH nanojiHHxejib, c
noMom,bK) aBJieHHH KpeiisHHra.



PaGoxa ITOJHIHCKOH B.B. no CBoeii aicxyajiBHOCXH, nayHHoii H npaKXHHecKOH

B nojiHOH Mepe yzjOBJiexBOpJiex xpe6oBaHH3M, npe^taBjiaeMtiM K

na coHCKaHHe y^enoH cxeneHH KaHflH^axa XHMHMCCKHX nayK no

02.00.06 - BBicoKOMOJieKyjiapHBie coe^HneHHa, xHMHHecKne

nayKH H 02.00.01 - neopraHHHecKaa XHMH«, XHMHHecKne HayKH, a ee asxop,

GesycjiOBHO, sacny^cHBaex npHcy^caenHa yneHOH cxeneHH KaH^Hflaxa XHMHHCCKHX

nayK.

/JnccepxanHOHHafl pa6oxa nonaHCKOH B.B. 6buia sacnyniana H o6cy5K^eHa na

pacninpeHHOM KOJinoKBHyMe JiaGopaxopHH 4)H3HKH nojiHMepoB HncxHxyxa

3JieM6HxoopraHHHecKHx coeAHHenHH HM. A.H.HecMeanoBa (npoxoKOJi N° 3 ox

20.05.2015. IlpHcyxcxBOBajio 12 HejiOBetc ). SaKjnoneHHe npHHaxo ejiHHorjiacHO.

OX3BIB

IlanKOB Bjia^HMHp CepreeBHH

3aBe^yK)iii,HH na6opaxopHeH

Oe^epajiBHoro rocy^apcxBeHHoro 6iOA»cexHoro yHpe^c^eHHa nayKH HncxHxyx

3jieMeHxoopraHHHecKHX coeAHHeHHH HM. A. H. HecMejmoBa POCCHHCKOH

axafleMKH nayx (HH3OC PAH), ^oKxop XHMHHCCKHX nayx, npoc|)eccop.
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