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YuéHble TI'Y oTKpbInn addheKT nonyyeHns KocMnuyeckoro MruHepana npu N30 B 06bI4HbIX YCNOBUSX OKPY>KatoLlei cpesbl

«KOCMNYECKNIN» CBEPXMIOTHbIV MUHEPasT NONYUU/ICA B 06bIYHBIX YC/IOBUSAX OKpYXXatoLLler cpebl. AMOPdoHbIe
HaHO4YacTuLbl KpeMHe3éMa Npu N1a3MeHHO-3/1EKTPOIUTUHYECKOM OKenanposaHun (M30) KpaTHO MOBbICUN
CBOWCTBAa 3aLLNTHOIO C/I05 Ha a/IFOMUHNEBOM Cri/JlaBe 1 NPeBPaTU/IMCh B CBEPXIT/IOTHbIE TBEPAble YacTULibl
cTuwosuTa. Jna 06 bACHEHUSA 1 MPOrHO3MPOBaHUS ero o6pasoBaHns y4éHbiMmn Poccumn n I3panns 6bina
pa3paboTaHa HOBasi KO/IMYECTBEHHAsA TEOPUS Y4APHOTO B3aMMOAEACTBMSA HAHOYACTUL, C OKCUAHbBIM CI0EM.

Mna3meHHO-3N1eKTpoMTnYeckoe okenamposaHue (M30) — coBpeMeHHast TEXHOMOMNS 31eKTPOXMMUNYECKO
06paboTKM CNNaBoB Ha OCHOBE a/IIOMUHUS, MarH1s 1 TUTaHa, N03BO/ISAWAs co34aBaTk Ha NOBEPXHOCTY U34enuii
3aWMTHbIA KepaMUyecKnin OKCUAHbIA COW. Takoli CMoi HeNb3s Ha3BaTb B NMO/IHOM CMbIC/1e MOKPbLITYEM, MOCKO/bKY B €ro
cdbopMmnpoBaHMM yHacTByeT Kak cam obpabaTbiBaeMblli MaTepuas, Tak v BelWwecTBa U3 a/1eKTponmTa. Takoe «MnoKpbITue»
MO>XET MMeTb MHOFOKpaTHO 60/1ee BbICOKME MEXaHNYeCKMe, Tenno3awWmnTHbIe Y aHTUKOPPO3VOHHbIE CBOMCTBA, YeM
OCHOBHOI1 CMas, 1 3almaTb ero oT NoBPeXKAeHW nNpu paboTe B 3KCTPEMa/IbHbLIX YCIOBUSAX. TEXHOOTUIO OT/INYAIOT
BbICOKas 3KO/IOMMYHOCTb M NPOCTOTa OpraHm3auuy npotecca. /13-3a coyetaHns Xopowmnx MexaHM4ecKnx CBOMCTB 1 Masloi
NJI0THOCTY a/ItOMUHUEBBIE 1 MArHWEBbIE CMNJIaBbl LWMPOKO UCMOMb3YIOT B MALLMHOCTPOEHNUW, B TOM YKC/e aBna- 1
aBTOMOOWIECTPOEHUN, a TaKXKe B CyA0CTPoeHun. OfHaKo UX MOBEPXHOCTL A1 MHOIMX 3a/ia4 OKa3blBaeTCs
He[0CTaTOYHO N3HOCO- M KOPPO3MOHHOCTOMKOM. N30 No3BoAsAeT pewnTs 60/1bWOK KPyr 3a4a4 No obecneyveHmnto
HeobX04MMbIX CBOMCTB MOBEPXHOCTM NETKKMX CMN/IaBOB, HO YacTo TPebytoTcs el 6onee BbiICOKME CBONCTBA 4151 PaboThbl
n34ennii B arpeccuBHbIX Cpefax 1 B 9KCTPEMasIbHbIX YCI0BUSX U3HAWMBAaHNA. Takyke ocTaétcs npob1emoi HeBbicOoKas
npoun3BoanTeNnbHOCTb M30.

Me>kayHapoaHbIil KONNEKTUB YUYEHBIX N3 TONbATTUHCKOrO rocyAapcTBEHHOro yHuBepcuteTa (TIY) noa pyKoBOACTBOM
npocpeccopa, rNaBHOro Hay4HoOro COTpyAHNKa, fOoKTopa Prnsnko-MmaTeMaTnyecknx Hayk Mmxanna Kpuwtana npu
yyacTuv Beflyllero Hay4yHoro cotpyaHuka VMapaunsckoro MonntexHuyeckoro VMiHcTuTtyTa (TeXHUOH) hrnsnka-TeopeTuka
AnekcaHgpa KaumaHa mogundonumposan TexHonoruio N30, BBeAA B 9N1eKTPOIUT aMopdHble HaHoYaCTULLbl KpeMHe3éva
(avokcnpa kpemHus SiO2). MHOroUMCNEHHbIE 3KCMEPUMEHTbI B 0ObIYHbIX YCMIOBUSAX OKPY>KatoLeid cpesbl noKasasiu, YTo
yacTuubl ¢ pasmepamu ot 20 go 40 HM npy N3O npeBpallatoTca B CBEPXMNIOTHYO (Ha 60% nioTHee KBapLa)
MOAMCOVIKALMI0 KpEMHE3EMA — CTULWOBUT — U OUKCUPYHOTCA B OKCUAHOM crioe. CTUWOBUT Gbin OTKPBLIT B 1961 roay
akagemukom PAH Cepreem Muxaiinosuyem CTULLIOBbIM, B HECTb KOTOPOTO 1 NMOJY4N/ CBOE Ha3BaHUe. YHNKa/IbHOCTb
CTULWOBMTA COCTOUT B TOM, YTO OH DOPMUPYETCA TOMBKO B YC/TOBUSIX CBEPXBbLICOKMX AaBneHuii (80—120 Tbic. atmocdep) u
Temnepartyp, Bbiwe 500 °C. Cogepykalime CTUWOBUT NOPOAbl HAXOAATCA HA HEAOCTYMNHbIX A8 YenoBeka raybruHax 3emim
B HECKOJ/IbKO COTEH KMU/IOMETPOB 1 PefiKO BCTPeYakoTCA Ha e€é NOBEPXHOCTN B METEOPUTHbIX U BYJIKAHNYECKUX KpaTepax.
Bbicokasi TBEpAOCTb MMHepana (80 9,5 eAnHML, NO0 MUHePanornyeckoi Wwkane Mooca, YTo YyTb HUKe TBEPAOCTM anmasa —
10 no wkane Mooca) fenaeT ero nepcnekTNBHbLIM A5 CO34aHNsA TBEPALIX MaTepranos 1 NOKPbITUIA.

— VI3BECTHO, YTO MHOTUE KEpaMUYECKMe YacTulbl, Nonaaas B 3N1eKTPOANUT, MOryT a,copbrpoBaTh 3/1IEKTPOHbI HA CBOEN
NMOBEPXHOCTU 1, TaKUM 06pa30M, 3apsyKatoTcst oTpuLaTe/lbHO. TN 3apsiyKeHHbIE YacTULbl MONaZaroT B Naporasosble
ny3blpbky (M), 06pasoBaHme KOTOPbIX B MUKPOMOPOBLIX KaHasiax NpeawecTByeT 3abKUraHNo 1 TOPEHUI0 MUKPOAYTOBbIX
paspsiaos npu M30. SneKTpryeckoe nose MoXKeT Ppa3orHaTb 3apsXKEHHbIE YaCTULLbl B TaKMX My3blpbKax [0 O4eHb GO/MbLINX
CKOpOCTEN, B HECKO/IbKO pa3 NpeBblatoLmx CKopocTb 3ByKa (40 1000 m/c n 6onee). CTONIKHOBEHME ObICTPOABUIKYLLMXCS
3aps>KEHHbIX HAHOYaCTUL, C MOBEPXHOCTLIO 60ee TBEPAOro OKCUMAHOIO C0s NPUBOAUT K cambiM pasHbiM adpdoekTtam. Mpu
Heynpyrom (v YacTU4YHO YNPYroMm) CTONIKHOBEHMUN KMHETUYECKAst SHEPTUS YacTuL, NpeobpasyeTcsi B IHEPruto



nedhopmManmmn cxxatusi, HarpeBaHus YacTuupbl /U B KUHETUYECKYH SHEPTMIO OTCKOUMBLLEN YacTuupbl, obecneynsas
pasfiMyHbIe CLieHapun B3anMoA4encTBMSA B 3aBMCUMOCTU OT pa3Mepa YacTuLbl, — NOSICHSAET BeAyLWWii HayUHbIi COTPYAHUK
TexHnoHa AnekcaHap KaumaH.

PaspaboTtaHHas Mofenb NO3BOISAET NPOrHO3MPOBaTh 3HAYMTENbHOE yBennyeHe adpdpeKkTMBHOCTU npouecca N30 B
NPUCYTCTBMU HAHOYACTWL, B 3/IEKTPO/INTE, N3MEHEHME CTPYKTYPbl U COCTaBa KeEpamMM4yecKoro Cnos, ynyyleHne 3aluTHbIX
N MEXaHNYeCKNx CBONCTB «MOKPbITUIA». MNpn 06paboTKe asltoMUHNEBO-KPEMHMEBOTO CriaBa fo6aBka BCero 3 rpamm
HaHoYacTUL, Ha NNTP 3N1EeKTPOUTA NOBbIWAET N3HOCOCTOMKOCTL 06pa3yoLLerocs kepammyeckoro cnos B 1,5 pasa,
TepMUYECKOoe CONnpoTuBeHMe B 4 pa3a, TOMWUHY — 6oee yem B 1,5 pa3sa.

— Pa3mep yacTuy, faHHOro Tuna uMeeT onpeaensiollee 3HaveHe 415 CLeHapus X B3aMMOAeNCTBUSI C MOBEPXHOCTbIO
OKCWZHOTO C/0si, — NOAYEPKUBAET PYKOBOAMTE/b NPOEKTA I/1aBHbIA Hay4YHbI coTpyaHMK TIY Muxann KpuwTtan. —
[MOCKONbKY B 3N1EKTPOUT HEBO3MOXKHO BBECTU YacCTuWLbl CTPOro ONpeaenEHHOro pasmepa, B AelCTBUTE/IbHOCTU
O/ZIHOBPEMEHHO 06aBNSATCA pasHble MO BeMYMHE YacTuLpbl B ONpeaenéHHOM anana3oHe pa3mepos. Moatomy
O/ZIHOBPEMEHHO MOTYT peasim3oBaTbCs Cpa3y HECKOJIbKO CLEHap1eB UX B3aUMOLENCcTBMA — OT YNpyroro 0TCKOKa 06partHo B
3NEKTPONUT A0 NpeBpalleHns B hasbl BbICOKOTO AABMEHWS, TakMe KakK CTULLOBUT, AN fadKe pacniaBneHns n XMMUYeCKoro
B3aMMOZENCTBUSA C META/I/IOM OCHOBbI. Bce 3Tu cueHapun peannsyoTcs npu pasmepe HaHovactuy, ot 10 go 100 Hv. CtounT
OTMETUTb, YTO C YacThLamMm 6onbllero pasmepa Takme nHTepecHble adhdPeKTbl HeAOCTVXXKMNMbI. Bonee Toro, MUKpovacTuLpbl
BHEZPSAKTCA B Kepammuyeckuii cnoii npu N30 coBcem No ApyroMy MexaHW3my — NpoOCTO 0CaXKAassCb HA NOBEPXHOCTb B
pesynbTare anekTpodpopesa. YaapHbIil cLeHapuii MOSBIEHMS HaHOYACTHL, CTULLIOBUTA O4EHb MOXOXK Ha CLeHapuii
KOCMMYECKO KatacTpodhbl — K No406HbIM achdpekTaMm NpMBOAUT MOLLHLIA yaap MeTeopuTa 0 3eM/1H0. TO/IbKO BMEeCTO
rpaBuTaLMm HaHOYaCTULbl PA3roHATCA aNeKTpuyeckuM noseM. Camo no cebe M30 ¢ TOUKK 3peHnsa OU3nKn
npeacTaBnsieT cobol UMKIMYecKnii Npouecc, Npy KOTOPOM Nnoc/ieAoBaTe/lbHO peasin3yoTcs caMmble pasHble on3nyeckmne
MexaHV3Mbl — 0T OpMMPOBaHMA NaporasoBoli doasbl 40 MUKPOAYroBOro paspsaja u ero raweHns. BHegpeHne HaHovacTul,
npeBpaulaeT Takoi NpoLecc B ellé 60M1ee CNOXKHbIN, TMOPUAHbLINA, 106aBNSAS HOBblE MEXaHN3Mbl U 3¢PEKTDI,
Nno3BO/IAIOLME, B YHACTHOCTW, KOHTPONMPOBATh A/IMTENIbHOCTb FOPEHUSA AYrY U TaKUM 06pa3om yBeimunsatb
npon3BOANTENILHOCTbL BCero npotecca NMN30. OAHOBpeMeHHO paboTtaeT 1 husunka nnasmbl, 1 prusnka BbICOKOro AaB/eHUs
B HaHOMacluTabe, U 3/1EKTPOXMMUSI.

BriepBble yuéHble 13 TONbATTUHCKOr0O rocyAapCTBEHHOIO YHUBEPCUTETA OOHAPY>XMIN CTULWOBUT B KEPamMyeckom Crloe,
cthopmrpyemMoM Ha NOBEPXHOCTM a/IlOMMHUEBOIO criasa npu N30 ¢ gob6askamu amopdoHbIX HaHoYacTuy, ewé B 2014 roay.
OpHako noTpeboBasiocb NoYTH 8 NieT, YTOObI YCTOWUMBO BOCMPOM3BECTH U IKCNEPUMEHTA/IBHO oKa3aTb 3TOT pe3y/bTar,
a Tak>ke co3farb Teopuio, afleKBaTHO OO BACHAIOLLYIO €ro 1 npeackasbiBatollyto apyrve adpheKTbl B3aMo4encTBms
HaHOYacTUL, C OKCUAHBIM crioemM, oopmupyembiM npu M30.

— Pe3ynbTar 6bi KpaiiHe HEOXKNAAHHbLIM 1 AaXKe HECKO/bKO MyratolimM, Tak Kak [0 Hac Takne 3g0EKTbI HAKTO B
nuTepatype He onvcbiBasl. OTKPbITh HOBYHO a3y B Matepuasie uiv nepexon B Heé 13BECTHOro BellecTBa — 60/bluast yaava.
 XOTS1 Mbl GbI/I1 OTHOCUTE/IbHBIMM HOBUYKaMY B 3TO 06/1aCTW, MOIA HayuHbIil pykoBoAuTe b npodpeccop Myxaun
MuxaiinoBnu Kpuwtan noBepua B 3TOT pe3ynbTar v yXBATU/CS 3@ HEro, Kak HAKTO ApYroii MOHMMas ero BaXKHOCTb,
HOBW3HY 1 YHUKa/IbHOCTb. Mbl ony6MkoBanv pa6oty B [loknagax AkaieMny HayK. STOT pe3yribTaTr TakyKe CTasl YacTbio
Moeli KaHAMAATCKOW AuccepTauum, — pacckasbliBaeT BeAyWmii HayuHbli cCOTPYAHUK TTY, KaHAUAAT TEXHUYECKUX HayK
AHTOH MonyHWH. — C Tex nop Mbl paboTaniv Kak Haf, NOBTOPEHUEM BbISIBIEHHOTO 3dppeKTa, U3yueHnem ero rpaHu, Tak u,
rnaBHoe, Haj, pa3paboTkoli TeopeTMyeckoii 6asbl, MOAENM, KOTopasi 06bsICHSNA 6bl BbisIB/IEHHbIV (heHOMeH, No3Bo/siNa
MPOrHO3MpoBaTh ero BO3HNKHOBEHME 1 YNPaB/sATh UM. I HaKOHeL, Ham 3T yA4anoch.

PaspaboTaHHas Teopusl NokasblBaeT, YTO (DM3MYECKME CBOMCTBA YacTUL, TaK XKe, KaK 1 UX pa3mep, UrpatT peLatoLyto
posib B CLEHapUN B3aMOAENCTBMS HaHOUYACTHL, C KepaMUYeCcK1UM C/ioem. B npeabiayuiei ny6amkaumm MexxayHapoaHoro
KOI/IeKTMBA YYEHbIX MPeACcTaB/IeHbl pe3y/bTaTbl UCCiefoBaHnin 3dhdDEKTOB, CBA3aHHbIX C J00aBKaMn B 31€KTPOUT
HaHo4yacTul, kapbuga TutaHa. OHK, B OT/IMYME OT aMOPIHBIX YaCcTUL, KpeMHe3EMa, TBEP>XKe Mosly4aeMoro OKCUAHOro C/os.
MoaTomy npu onpefenéHHoM pasmepe A1 HUX XapaKTepHO XMMUYECK MHEPTHOE B3aMMOZencTBme CO C/I0em, nNpu
KOTOPOM OHM ero NpPocTo NpobuBatoT, KaKk HAHOCHapPSAAbl, BHEAPSACH B C/I0N HA FNYy6UHY, COM3MEPUMYIO C NX Pa3MEPOM.
ITOT 3P PeKT TakKe 06BSCHAETCA B paMKax pa3paboTaHHO Teopun.

ViccnepoBaHus BbINOIHEHbI NPY Noaaep>kke Poccuiickoro HayyHoro poHaa n MUHUCTEPCTBA HayKU 1 BbICLIETO
obpasoBaHus P® (roc3afaHue Ha HayuHble nccnenoBaHus) n 6yayt onyb6nnmkosaHbl 15 nonsa 2022 roga B >XypHane
Surface and Coatings Technology. XXypHan ny6avkyeT Bcero 18 % nocTtynarwwmx B pefaKkLumio Hay4YHbix paboT. Cam doakT
HOBOW Ny6/MKaLum yka3blBaeT Ha TO, UTO HayKa MOXKET W [O/KHA 0CTaBaTbCs BHE NOMUTUKK, & reononntmyeckas
cuTyaums faneko He Bcerga BAvseT Ha apdeKTVBHOCTb B3aMMOAENCTBUA YUEHBIX B paMKax OPOHTUPHbBIX HAYUHbIX
nccnefoBaHnii v Ny6IMKaLNOHHYO NMONUTUKY BEAYLLMX XKYPHA/I0B.
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