OT3bIB

o(UIIMAIEHOTO OMIIOHEHTA Ha IUCCEPTAlMOHHYI0 paboTy Arypeesa JleoHuna
EsrenpeBnua «Pa3paboTtka criocoba MmoydeHus: alFloOMOKOMIIO3UTOB BBICOKO#
IPOYHOCTH MOAU(PHULIMPOBAHHEM MHUKpPOI00aBKaMy OPOIIKOB HAHOOKCHIOBY,
IIPEIICTaBIICHHON Ha COMCKaHUE Y4EHOM CTENIEHN KaHAUIaTa TEXHUIECKIX HayK
o cuneruanbHOcTH 05.16.06 — [TopomikoBas METaLTyprisl 1 KOMIIO3ULIMOHHEBIE
MaTepUaIbl

AKTYyaJIbHOCTh TeMbI JHCCEPTALHNH

ANIOMUHHEBBIE CIUIaBbl U KOMITO3ULMOHHBIE MaTepHallbl HAa HX OCHOBE
IIMPOKO  TNPUMEHSIOTCS B  KOCMOHABTHKE, aBUAIlMH, aBTOMOOWIBHOIM
MIPOMBINJIEHHOCTH M JAPYTHX OTpaciisix, e HeoOXOOMMO COYeTaHHe Majoro
YAENBHOrO BeCa U IOCTaTOYHO BBHICOKUX IIPOYHOCTHBIX XapaKTEPUCTHK.

OpHako MOCTOSTHHOE COBEPIIEHCTBOBAHKME MAIIMH U MEXaHU3MOB TpeOyeT
IIOMCKa HOBBIX IIyTeH TIOBBIIIEHHS (QU3NKO-MEXaHUYECKUX XapaKTePUCTHUK
MaTepHalioB ¥, B TOM YHUCIIe, MaTEPUAJIOB Ha OCHOBE AJIOMHUHUS U €ro CIUIABOB.

OpgHuM U3 TakuxX MyTed, OTHECEHHBIX B HAllled CTpaHe K MPUOPHUTETHBIM,
SBJISIETCS. IPUMEHEHHE HAHOTEXHOJIOTMM. B mpencTaBiieHHON AUCCepTalMOHHOMN
paboTe 3TO BBIPA3WIOCh B MCIOJB30BAaHWM IIPU CO3JaHUM KOMIIO3UI[MOHHBIX
MaTepHaIOB HAHOPA3MEPHBIX YIPOUHSIOLINX YACTHUL] OKCHAJIOB.

C HaydHOHM TOYKM 3pEHHUS aKTYaJIbHOCTh PabOTBI COCTOUT B pacCUIMpPEHUHN
HallUX 3HAaHWK O  BIWSHUM  MHKpPOJOOABOK  HAHOYACTUILl  OKCHIOB
(AL, O3, ZrO,, MgO, Si0;) Ha CTPYKTYpy U CBOKCTBa aJTFOMOKOMIIO3UTOB.

C nmpakTHYeCKOM TOYKM 3peHUs aKTyaJbHBIM SBISIETCS pa3paboTka
TEXHOJIOTUM TIOJy4YeHHUs psAa KOMIIO3HMIIMOHHBIX MaTepHaJioOB Ha OCHOBE
AJIFOMUHUS C TIOBBIILIEHHBIMU TPOYHOCTHBIMU XapaKTEPUCTUKAMM.

Ouenka  cogep:kaHHsl  JMCCEPTAalldM, HAY4YHOH  HOBH3HbI H
NpPaKTHYeCKOH 3HAYUMOCTH.

JUis OOCTW)XEHMsI IOCTaBICHHOW IeiM B IEepBOM IJIaBe OUCCEPTALUU
aBTOPOM BBIMIOJIHEH TMOJPOOHBIA aHaIKM3 CYyIIEeCTBYIOUIEH Hay4YHO-TEXHHUYECKOU
uHpopmanyu. [IpoaHanu3upoBaHbl METOABI CO3JaHHUS AMCIIEPCHO-YIPOYHEHHBIX
MaTepruajoB M TEOPETUYECKHEe OCHOBBI YIPOYHEHHs, BKIIIOYas YIPOUHEHHE

HaHOYaCTHIIaMKU B MaJIbIX KOHICHTpAlHIX. PaCCMOTpeHBI METOAbI IIOJYYCHUS



HAHOYACTHUI ¥ IPaKTUKa UX UCTIOIB30BaHUS [IPU CO3TAHUM KOMIIO3UTOB Ha OCHOBE
QTIOMUHUSL.

Bo BTOpOi#i INlaBe IpeJCTaBIeHbl XapaKTEPUCTUKUA MCXOAHBIX MaTepHAJIOB,
METOAMKH HCCIIEJOBAaHUS U pa3HOOOpa3Hble COBPEMEHHBbIE METOABI NPOBEACHUS
OLIEHKA CBOMCTB MaTepHalioB. 3[eCh CIE€LyeT OTMETUTh, 4TO CTIPYKTypy H
CBOMCTBA UCXOJHBIX MAaTEPHAJIOB U MOJYYEHHBIX B UTOT€ MAaTEpPUAJIOB U3ydalld Ha
CaMOM COBPEMEHHOM OOOpYIOBaHHMM, B UYAaCTHOCTH: YHHUBEPCAIbHOM JIA3€pHOM
npubope W3MepeHHs pasMmepa dactui mozaenu Malvern Zetasizer Nano (EC) u
aHaJIM3aTope IUTOMAAM IIoBepXHOocTH u pasmepoB mop Nova 1000e (EC),
orntuyeckoM Mmukpockore Carl Zeiss Axiovert 40 MAT (I'epmaHusi), pacTpoBOM
anexktpoHHOM Mukpockorne FEI Quanta 600 FEG (CILIA) u apyrux.

B TpeTheil riaBe mpencTaBlieHBl pe3yNbTAaThl HCCIENOBAHUN IPOLIECCOB
IUTa3MOXMMHYECKOTO CHHTE3a HAHOYACTHI[ OKCHIOB LHUPKOHHS, ATIOMUHUSA H
MarsHus, GopMyeMOCTH U H30TEPMHUYECKOIO CIIEKaHHUs aJIOMOKOMIIO3UTOB, a UX
MHUKPOCTPYKTYPHI.

Ui ma3MOXMMHYECKOTO CHHTEe3a OBUIO IPOBENEHO TEPMOAUHAMHYECKOE
MOJIEIUPOBAHNE CHHTE3a HAHOMOPOIIKOB OKCHA aTIOMUHUS, OKCUIA [IUPKOHUS U
OKCHIa MarHus, IO3BOJIMBIIEE OIEHUTH TeMIIEpaTypbl 00pa3oBaHUs OKCHUIOB H
clienaTh BHIBOJ O HAJIMYKE B IJIa3Me HEOOXOAUMBIX YCIIOBUM ISl CUHTE3A.

[Tocnenyromee HccClieOBaHHEe TMPOLECCOB (OPMOBAHUS U CHEKaHU
QIFOMOKOMIIO3UTOB € MHKpoJoOaBKaMM HAHOYACTHI] IIO3BOJIWJIO  aBTOPY
YCTaHOBUTH WX OCOOEHHOCTH U MPEIJIOKUTh ONTHUMAJbHBIE PEXHUMBI MOIyYEHUs
MaTepHaioB. |

Metomamu Metautorpaduu yCTaHOBIIEHO, YTO CPEAHUN pa3Mep 3epHa UL
pa3NUYHBIX aIOMOKOMIIO3UTOB ObLT B MHTepBaie 2,9-9,6 mxMm. Hammensiiee
3HaueHWe CoOoTBeTCTBOBao Kommo3uty ¢ 0,1% 00. oxcuma xpemHus,
cupeccoBanHoMmy Tipu 400 MIla u cieuernomy nipu 650 0C.

B ueTBepToii ri1aBe aBTOPOM HCCIIEAOBaHbl (PU3NKO-MEXaHNUECKHE CBOMCTBA
MIOPOIIKOBBIX AJIFOMOKOMITO3UTOB C BBEJICHHBIMM HAaHOPa3MEPHBIMH YaCTUIAMH, a
TaKXe BBITOJIHEHO MOJEIHUPOBAHMS MEXaHMUYECKUX CBOMCTB alFOMOKOMIIO3UTOB C
nobaBKaMH HAHOIIOPOIIKOB OKCHIOB C TIPUMEHEHHEM METOJO0B KOHEYHBIX

QJICMEHTOB U FpElIIHCHTHOfI TEOPHUHU YIIPYI'OCTH.



Jis  DONy4YeHHBIX  IMOPOILIKOBBEIX  AJIIOMOKOMIIO3UTOB  ONpeesIeHBI
3aBUCUMOCTH MHKPOTBEPAOCTH, Ipefesia MPOYHOCTA Ha PacTHKEHHUE, CKaThe U
M3ru0 OT KOHIIEHTPAIIMX HAaHOJUCIIEPCHOM JOOaBKH.

YCTaHOBIIEHO, 4YTO BCE€  yKa3aHHble  MOKa3aTeld  CYIIECTBEHHO
yBEJIMYUBAIOTCS yKe rpu BBeaeHun 0,1 % 06. HaHOYACTHII.

[loka3aHo, YTO [OIOJIHUTENBHOE JIETUPOBAaHUWE AJTIOMUHHMEBON MaTPHUIIBI
MEBIO TaeT NOMOJHUTENbHBIN MPUPOCT XapakTtepucTuk. s matepuana AL-Cu ¢
0,1 % 00. HaHOYACTHI] OKCHJa ATIOMHUHHS WIH IUPKOHMS TIpene MPOYHOCTU
coctaBui 6onee 340 MI1a.

B pesynbpTaTe mpOBENEHHBIX MCCIENOBAHHUM MPEIJIOKEH AITOPUTM OLEHKH
XapaKTEPUCTUK KOMIIO3UTOB C MCIOJIb30BAaHUEM MOJENU B paMKaxX KIIaCCUYECKOM
¥ TPAaAMCHTHON TEOPUH YIIPYTOCTH.

ComnpoBoxieHHEe 3KCIEPUMEHTA TEOPETUIECKUMH OIIEHKAaMH U YHCJIEHHBIM
MOJEMPOBaHUEM C MCIOJIb30BaHHEM METOJla KOHEYHBIX SJIEMEHTOB SIBIISAETCS
CWJIBHOM CTOPOHOM NaHHOK pabOoTHI.

B nsiToli rnmaBe mpeacTaBieHbl pe3yibTaThl MPOMBIIUIEHHOH anmpobarmu. Ha
npeanpusitun [HI[ ®I'VIT «llentp Kennpima» OpUTH mpoBeleHBI CTEHIOBBIE
UCTIBITAaHUSI ~ W3JeNHsl W3  pa3pabOTaHHOTO  AJIOMOKOMIIO3WMTA, KOTOpHIE
NOJTBEPIMIM TEPCIEKTHBHOCTh Marepuasia. beuin pa3paboTaHbl TEXHUYECKHE
YCIIOBUS HAa MaTepuall U TEXHOJIOIMYecKasi HHCTPYKIHS MO U3TOTOBIIEHUIO.

OcHoBHasi Hay4yHasi HOBH3HAa PpaboTbl COCTOMUT B OOHapyXeHUU
3KCTPEMaJIbHOTO xXapakrepa 3aBUCUMOCTH MeXaHUYECKUX CBOMICTB
IFOMOKOMIIO3UTOB OT KOHLIEHTPAIH OKCHIHBIX HaHO4YACTHI[ B auamasone 0,01-
0,15%06., nposBIsOLIUiiCS B MaKCUMyMax IIPOYHOCTU Ha CXaTHe, pacTsHKEHUe,
u3rub, 1 OOYCIIOBJIEHHBIX HaMYMeM HaIpsDKEHHOrO IIONSL BOKPYT YacTHIl B
00J1acTy MaJIbIX KOHLIEHTPaLUH.

IIpakTnyeckass 3HAYHMOCTb paGoTbl COCTOUT B pa3paboTke crocoba
H3TOTOBJICHUS 15631 (14074 u3 MIOPOIIKOBBIX aJIIOMOKOMITIO3UTOB,
MOAUGUIMPOBAaHHBIX HAHOPa3MEPHBIMH IMOPOIIKAMHU, C MOBHIIIEHHBIME (HU3UKO-
MeXaHHUYECKHUMHU CBOHMCTBAMH.

JlocTOBepHOCTHL M 00OCHOBAHHOCTH OCHOBHBIX HAy4HBIX IIOJOXEHUU H

BBIBOZOB OUCCEPTALIUH OIIPEACIAOTCA OoJNBIIIUM 00BEMOM SKCIICPUMEHTAJIBHBIX



IaHHBIX, NOJYYEHHBIX C HUCIOJIb30BaHUEM PA3IMYHBIX METOAOB HCCIIEZIOBaHUS Ha
COBPEMEHHOM  CepTUGHLIKMPOBAHHOM  00OpYIOBaHUU U TNpUMEHEHUEM
CTaTHCTHYECKUX METO0B 00pabOTKH pe3yIbTaTOB 3KCIIEPUMEHTOB.

3ameuanus no pabore:

1. B nureparypHom o0630pe B pasgene 1.4 «CoBpeMeHHBIE TEHIEHIMU
CO3[JaHUSI KOMIIO3UTOB Ha OCHOBE AJIOMUHUSA,..» Ha 5-TH CTpaHHLAX MMPUBEIEHBI
MHOTOYHCIIEHHBIE TNPHUMEPHl KOMIIO3UTOB, YIPOYHEHHBIX HAHOYACTUI[AMHU, HO
KakOBBl )K€ OCHOBHBIE TEHIEHIIMH CO3HaHHUS KOMIIO3UTOB aBTOpP He
copmynuposBai;

2. ABTOp yTBEpKIaeT, YTO BBEeJEHHE MaJbIX KOJUYECTB HAHOYACTHL] (MEHee
0,5% 006.) obecrieunBaer Jiy4lnee WX paclpeieieHHe, YeM INPU IOBBIIIEHHOM
conepxxanuu (6onee 1% 06.). O6s19HO cuuTaercs Haobopot. Ho maxe eciu 310 1Mo
KakoM-TO NpHWYMHE K TakK, aBTOp B JHWCCEPTALMUd ITO CTATUCTHYECKU He
HOATBEPANT,

3. Ilpu oOCyXOeHWH TOIY4YeHHBIX MHOTOYMCIEHHBIX XapaKTEePUCTUK
KOMIIO3UTOB C MHUKpOJOOaBKaMU HAHOOKCHIOB HE OBUIO OCYIIECTBIEHO WX
COIIOCTABJIEHHE CO CBOWCTBaMHM KOMIIO3UTOB, cojepxamux Oonee 1% 06.
HAHOYACTHII;

4. B pabote umeercs psA ONEYaTOK KU HETOUHOCTEH B HU3JIOXKEHHUU
MaTepuana. Tak, B IUCCEpTallMM yKa3aHa MapKa HCIOJIb30BaHHOU menu — [IMY
(HITO Pycpenmer), a B aBTOpedepate —[IMC-B (HIIII «Muayctpus»). [lpu stom
B METOAMKE 3KCIIEpUMEHTa CBEJEHUS O COEP)KaHNUH MEIU OTCYTCTBYIOT, B TEKCTE
paboTel ymomuHaeTcsi coiepxanue Memu 1,5% 06. win 4% macc., a B o6IIux
BBIBOJIaX (IIyHKT 2) U NPaKTUYECKON 3HAUMMOCTU YXe (QUTypHUpYyeT COAep)KaHue
3% 06..

B nenomMm, HeCMOTps Ha cAeNaHHbIE 3aMeYaHus, Lieb U 3a7jaud, HaMEeUeHHbIE
B Haydaje paboTHl, aBTOPOM YCIIELIHO BBHITNONHEHBL. ABTOpedepaTr COOep HUT BCe
OCHOBHBI€ NIOJIOXKEHHUS JUCCEPTALIUU.

MoXHO KOHCTaTMpOBaTh, 4YTO IPEACTaBIEHHAs AUCCEPTALUs SIBISETCS
3aKOHYEHHOM HAay4YHO-HMCCIe[oBaTeIbcKOM paboToil, B pe3ynbTaTe KOTOpOH
pa3paboTaH croco® IOMy4eHHsS aTIOMOKOMIIO3UTOB BBICOKOH IPOYHOCTH

MOI[PI(bI/ILII/IPOBaHI/ICM MHKpOIl06aBKaMI/I I[IOPOIIKOB HAHOOKCH/IOB.



3axsoueHne
[IpencraBneHHas AuccepTalMoHHas paboTa oTBeyaeT TpeOoBaHMSAM II. 9
[TomoXxeHHs O MPUCYX ACHUH YUEHBIX CTEIIeHEeH, yTBep K a1EHHOM IlocTanoBiIeHHEM
npaButenbctBa P® ot 24 centsbps 2013 1. Ne 842, u cooTBeTcTBYyeT
cnenuanbHOCTH — 05.16.06 — «IlopomkoBas MeTalIypruss ¥ KOMIIO3UIIMOHHBIE
MaTepuaiby, a e€ aBTop - ArypeeB Jleonun EBreHneBud, 3aciyXuBaeT

IIPUCYXICHUS €My YUY€HOU CTeleH! KaHIuaaTa TEXHUYECKUX HayK.

OdunmanbHelii onmoHeHT, npopeccop «MATU»-PI'TY

uM. K.2.1lronkoBckoro, 1.T.H. LK e ‘5‘% 2o
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®I'bOY BIIO «MATH - Poccuiickuii rocy,z[a [ TEXHOJIOTHYECKUI
yausepcutet uMeHu K.O. [{nonKoBcKOroy;

121552, r. Mocksa, yi. Opmanckas, 3, MATU,
e-mail: skvorcovasv(@mati.ru.



