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oQuquarbHoro orrnoHeHTa

Ha Arcceprarrrrc MarcapseBa AMurpr{r I4BaHoBtIqa Ha reMy <Parpa6orna

Qnruro-rexHoJroflrqecKr.Ix ocHoB co3AaHllfl BblcoKoaHu3orponllbrx

[bgoMarepr.raJroB r{ Marepr{aJroB Arq aAAurI{BHbIx rexHoJlorntrt na ocHoBe

cerHerorrbe3oKepaMnKr{> Ha concKaHrre yqeHoft crenerur AoKTopa rexHuqecKrlx

HayK rro cneulraJrbHocrlr 2.2,3 - TexHororux u o6opyAoBaHrle AJIfl

IIpoI{3BoACTBa M aTepuaJlo B n npu6opoB sJIeKTpoHnOfi TeXHIIKH

.{uccepraqur Marapr ena [.I4. flocBrrrleHa Borpocavr paspa6orKl{ aAAllrl'tsHofi

TexHoJrorr4r4 TpexMepHofi fleqarr aHr43orporlHblx rIbe3oSJIeMeHToB, BKnloqannlefi B

ce6f, aAanrarlilrc TexHoJlorr4r4 nocrofiuoro cKJIeI4BaHvt rropolxKoB r't' co3AaHlle

HOBO|O MaTepuilra Ha ocHoBe KoMrro3r,rToB ct4cTeMbl ((nopl4cTiul IIbe3oKepaMI4Ka -

lonrrMep)), npeAHa3HarreHHoro Anq nclonb3oBaHut B KailecrBe pa6ouero Marepl{afla

Ar.fl .qaHHofi rexsolorun. Kporvre Tofo, 6stru parpa6oraHbl clloco6bl 3JIeKTprIqecKux

Bo3neficrBr4fi Ha [be3o3JreMeHTbr r43 yxe cyulecrBylorII4x rlbe3oMarepl'IalloB'

cnoco6nue yBerrql4rb IIX aHl43orponuro nbe3oo$ Serra.

VnrrpasnyKoBbre r.rMnynbcHue npeo6pa3oBarenl4 aKTITBHO rlpHMeHqrorct B

KAIICCTBE UCTOI{HHKOB 14 NPI4EMHI'IKOB KOPOTKI4X YJIbTPA:}BYKOBbIX CI4THAJIOB B TAKIIX

oTpacnqx KaK 4e$errOCrOrfi4n, MeAI4III{HCKaI AuarHOCTI4Ka' paCXOAOMeTpUfl,

fr.rApoaKycrl4Ka h Ap. Tarlre [peo6puL3oBaTeJIII o6laAarcr uupoKofi llonocot

npoflycKaHuq. OAsarO napa3IITHbIe rone6anux, ropoxAaeMble o6eproHauu

HeocHoBHbrx MoA rone6aHufi [be3ogJreMeHTa, cuoco6Htt cyulecrBeHHo rI3MeHI4Tb

floJrocy npoflycKaHr{r r4 TeM caMbrM r,rcKa3llTb Qoptnty yJlbrpiBByKoBoro cr4rH.alra.

lllesoNlarepuaJlbl, o6laAarcque nucorofi auusorpounefi uresoeSSeKTa' rIMeIoT

gusxuia ypoB eHb rrap a3r,rrHbrx xol e 6 auzfi s nono ce up onyc Ka:ailfl' np eo6p a:l o BareJIt'

rrogToMy 3JreMeHTbr v3 TaKr,rx MaTepr4iuloB IIIIIpOKO nplIMeHtrIOT B KaqecTBe

aKTr4BHbrx 3JreMeHToB B ynbrpit3ByKoBblx npeo6pit3oBareJlflx. CosAaHue arrutustroir

TexHoJrorr4r{ npou3BoAcTBa rrbe3o3JIeMeHToB crloco6Ho noAHtTb oTpacnb sa sonufi

ypoBeHb, rrocKonbKy [o3BoJrfleT cyrqecTBeHHo ynpocTl4Tb rlpoqecc npol{3BoACTBa

rrbe3oSJIeMeHTOB, OTKa3aBIIIHCb oT PflAa TpaAI',IqIIOHHbIX [poII3BOACTBeHHbIX



npoUeccoB, r,r cHr43r4Tb rrpoH3BoAcrBeHHbIe 3arparbl. lloeroruy AaHHyIo pa6ory

cneAyer [pI,I3Harb axryanruofi .

,{ocronepnocrb r.r HaAexHocrb nonyqeHHblx pe3ynbraroB noATl}epx(Iaercfl.

xapaKTepucrr{KaMr4 r{cnoJrb3oBausofi anrraparypbl, MeroAI4KaMI,I rlpoBeAeHI4t

SKCrrepIaMeHTOB, COOTBeTCIBHeM CBeAeHI'If,M lI3 He3aB[cIIMbIX I4CTOTIHI4KOB, a TarcKe

oTcyrcTBI4eM nporl4Bopeql4l4 c paHee noJIyqeHHbIMI'I 3HaqeH[flMI4

gneKTpoMexaHr4qecKux natpaMerpoB rrbe3o3neKTpl4qecKl4x Marepl4alloB. Fesyllrarlt

pa6oru MoxHo cquTalb AocroBepHbrMr4, a cAeJIaHHbIe Ha ocHoBe AaHHbIX

pe3ynbraroB BbIBoAbI - o6ocHonaHHbIMLt.

Perylrrarbr, noJryqeHHbre Maxaprenuu !.I,I. B AI{ccepraIII{oHHofi pa6ore,

rBJrrrorcs HoBbrMu. Bnepntre paspa6orana rexHoJlorl4t npol'I3BoAcrBa

rrbe3oSJreMeHToB HA OCHOBe CMeCeBOTO KOMnO3I{Ta CI4CTeMbI (nopflcTat

nbe3oKepaMr,rKa - rroJrr4:Mep)), r,r3yqeHbr vrx gJIeKTpoMexaHurIecKI4e ceoficrsa.

BrrrueHrr cnoco6u ynpaBneHr4r Ar4oJreKTpnqecxofi npoHl4UaeMocrblto AaHHoro

KoMno3[Ta, ofipeAeneH:bl MeToAbI nos4eficrnur, cnoco6uue yBeJIHqLITb

aHLr3OTpOnUrc yxe cyuecTByrouux rrbe3oMaTepl4tuloB, BbI-sBIeHbI IIputILIHbI'

o6ecnequsaroulue 9To yBenl{qeHl4e.

I{enrro ALIccepraIII4oHHofi pa6oru flBIlflIacb paspa6orra (puszxo-

TexHoJroruqecKr.rx ocHoB Co3AaHI4.f, HOBrIX nbe3oMaTepl4iuloB, o6naAaroullt{X BbICoKOfi

aHr43orponuefi [be3o3neKTpuqecKux eBoficrB, BKJIIoqat MareprIiLJIbI'

[peAHa3HarreHHbre [nfl u3foroBJreHr,rr aKTTIBHbIX 3JIeMeHToB tlo oAnoil kl3

aAAUTpIBHbIX teXUolorufi, I.ns 3neKTpoMexaHuqecKl4x

4o6pornocrblo u 6espesoHaHcHblx lpzveueunfi .

ycrpo14crB C HI,I3KOfi

llparru.recrar 3Fraqr4MocTb rronyqeHHblx pe3yJIbTaToB He BbI36IBaeT

coruuesufi. Paspa6oraHa MeroAr4Ka H3roroBJIeHI4t 3JIeMeHToB c rl{raHTcKofi

aHr43orponfiefi nresoetf$exra Ha ocHoBe nbe3oMarepliiuloB kr3 TuraHiITa cBI4HUa;

TexHonorr,rfl ynpaBneHr4fl aHu3orponuefi pflla Irbe3oMarepI,IaJIoB Ha ocHoBe

Ur,rpKoHar a-Trrraluta cBr4HrIa, no3Bonrrcrlafl cylqecrBeHHo pacIIrHpI'ITr ux o6nacrr



nplrMeHeHr4r; a 1LvrTlIBHtLA TeXHoJIorI,Is nOCnOfiHOTO CKJI9I4BaHI'Ifl IOpOIIIKOB

aAanTI{poBaHa AJII I{3rOToBJIeHI'II trbe3OgJIeMeHToB; pa3pa6oTaHbI KOMIIO3I'ITbI

cHcTeMbr (<nopl4cTafl nbe3oKepaMl4Ka - noJII4Mep> n ((nopl4cTafl [be3oKepaMl4Ka -

noJrr4Mep - MerturJr)), o6laAaroulue flbe3ocBoficrBaMl{; Ha ocHoBe KoMno3I'ITa

(flopr4cTaq rrbe3oKepaMr,rKa - rroJrr.rMep)) noJlyqeH MaTeprriLJI, OTH(CCHTeJIbHa'

ArrgJreKTpr4irecKaq rrpoHr4l{aeMocrb Koroporo cloco6Ha I43MeHtrbc.fl B 3aBucI'IMocrrI

or reoMerpl4rlecKl4x pa3MepoB o6pasqa.

.{Hccepraqua Maraprena [.I4. cocror.rr vr3 BBeAeHpIt, rrflTvr ptr].IIeJIoB 14

3aKrroqeHlrr. Pa6ora r.r3Jro)KeHa Ha 257 crpaHLIIIax MaIrIIlHorII4cHoro reKcra'

BKnrcqarcq erc 72 prlcyHKa, lJ raltuu n 6ra6nuorpaQuro vs 166 Hal4MeHoBarrvtit'.

Bo BBeAeHr{[ o6ocuonasa aKTyaJrbHocrb BbIIIoJIHeHHbIx pr}cre/toBaHvir,

CSOpnrylupoBaHbl IIeJIb Lr 3a11as14 pa6orrt, o6ocHosaH nrr6op o6rerros

I4CCJIeAoBaHLIt, I43JIOXeHbI IIoJIONCeHLI', BbIHOCklMbIe Ha 3auIIITy' oT]\{eqeHbl vtx

HAyqHAs. HOBI43Ha, AOCIOB9pHOCTb Vl [paKTI'IqecKat 3HaquMocTb' B

[pr4BeAeHbI CBeAeHI4t O ['y6nIIKaUHtX aBTOpa fi O eIO JII'IqHOM BKJIaAg'

pa6ore

B nepnorra pi}3Aene Ar4cceprarlvr?t rrpvBelLeH o63op nl4Teparypbl' [OcBtIIIeHHofi

o6qefi Teopuu aHr,r3orpofltrr4 nbe3o3Q$eKTa cerHerorlbe3oKepaMllK, TexHoJIorlIu

nporr3BoAcrBa yI cocTilBaM nopucrofi KepaMuKI4, g.dH o6sop UIAAI{TI{BHbIX

TexHoJrorqfi . nrurcqarorlr4fi TexHoJrorr4l4 o6beMHofi neqaru nbe3oSneMeHtroB.

Bo nropou pa3Aene Ar,rcceprarlvrkr onucatbl o6beKTbI I4 MeroAbI HccJIeAoBaHI4t.

,{aHrr xapaKTepr,rcrprKr4 nbe3oMarepvaJroB Ha ocHoBe rvra*ara cBI4HxIa IIKP-70,

TarcKe np[BeAeHbr cBofiorBa Marepr{anoB Ha ocHoBe Ill{pKoHara-TuraHara cBrIHUa

fIKp-1, lIKp-7M, IIKP-8, IITC-19 14 KoMno3r4roB cl{creMbl (ropucra-fl

nbe3oKepaMr{Ka - nonl{Mep)), [pr4BeAeHbI TexHoJIOrI4I4 I{X nonyqeHl/.fl a4 MeTOAI',IKI',I

uccneAoBaHLIt SneKTpoMeXaHI{qecKrIX cBoficTB, npI4BeAeHbI XapaKTepI{cTI'IKrI

r4crroJIb3oBaHHOfO O6OpyrXOnauvx.

B rperrevr pa3AeJre rroKa3aHo Brrvrnnve cIlJIbHbIX gneKTprlqecKrlx rloJreit' sa

Bo3HrrKHoBeHr4e rr4raHrcrcofi aHu3orpolzu o6paruoB I{3 nbe3oMarepvaia IIKP-70'



Brrqe;1eHo, rITo rllraHrcKat aHI'I3oTpo11l4s nresoeQQerra AaHHoFo MaTepI'Iiua

o6yclouena SoprrlraponaHl{eM aHl43orpo1lHofi 4e$exrnofi cTpyKTypbl

Mr4KporperrIHH, opr4eHTr,rpoBaHHbrx BAonb noJltplr3yrorlero rIoJIt. Ilpuee4euu

pe3ynbTaTbl BIMflHVIs, MHOfOKpaTHOfO nepeKJIIOqeHVt nonflp}d3ta\uvr Ha

aHlr3orponuro rbe3oso$eKra MarepI'IarIoB IIKP-1, IIKP-7M u IITC-19'

YcraHosreHo. rrro AaHHoe Bo3AeficrBr4e [o3Bonter yBerl,IquBarb aHl'{3orponr{rc

nbe3oe$QeKTa cerueroMtrKl4x Marepv aJioB'

B qerBeproM pa3Aene [peAcraBneHa pa3pa6orra rexHoJIorpII4 flonyqeHrlt

KOMTTO3I4TOB CI4CTeMbI ([opl4cTat IIbe3OKepaMI4Ka - nonllMep)) [o

ycoBepneHcrBoBaHHofi TexHoJrorr4r.r nocJroftHoro cKJIeI{BaHI4t llopoluKoB vI

pe3yJrbrarbr r{ccJreAo Balvfl, rrx gneKTpllqecKl4x rI 3neKTpoMexaHpltlecKl4x oBoficrB. Ha

ocHoBe AaHHO|O KON4nO3I{Ta pa3pa6oraH Marepl{a[ c y[paBJIteMOrI

Ar{3JreKTpI{.IecKofi [poHLIUaeMocTbIo. Yxa-:auu ocHoBHbIe npe)HMyIrIecTBa

rrp[MeHeHr{r nop}rcrofi nbegorepaMuKl4 BMecro rIJIorHofi B KatlecrBe [be3oaKTI4BHofi

KoM[oHeHTbr KoMno3r,rra. Pa3pa6oras oAHocnofiHblfi KoMno3rIT cllcreMbl (flopvQTafl

rrbe3oKepaMllKa - tIo,TI,IMep)), o6naAarcrUprfi [be3OCBOficTBaMI{' florca:aua

npl4HrlgnlraJrbHaA Bo3MoXHocTb TpexMepHofi [erIaTII nbe3oSJIeMeHToB I43 AaHHoro

KOMIO3I4Ta rIO OAHOfi V3 AAIiLTTTLBH6IX reXnOlOrufi.

B n_f,ro1,{ pa3Aene orrr4caHbr MHorocnofisrte KoMno3I4TbI cl4creMbl (nopl4crat

nbe3oKepaMr4Ka - nonr4Mep - MeranJr)). Ioxasaso, qro BHeceHI{e gJIeKTponpoBoAHbIX

qacTr,rq B noJrr.rMepHyro MaTp[qy KoMIIo3ktTa c[oco6cTByeT nof,BJIeHI4Io y Hero

nbe3ocBoficrB. B fJraBe raKlce npr{BeAeHa rexHonorut I4-Q'foroBJIeHI4t

MHorocJrofiHoro KoMrro3ura, cocrorrqefo I43 HecKoJIbKI,Ix cJIoeB oAHocnoftHblx

KOMTTO3I,ITOB CI4CTeMbI (IOpUCTaq [be3oKepaMl{Ka - noJII4Mep), piBAeJIeHHbIX eNAY

co6ofi gneKTporpoBoAHbIMrI flpocJlofi KaMI'I.

B 3arnroqeuuu aBTopoM npI4BeAeHbI oCHoBHbIe p*ynbTaTbl vI

c Q opruyrurp oB aHbI BrIBo,II bI Ir o Al4ccepralrl4o HH ofi pa6ore'

Aerope$ ep ar coorB ercrByer coAepxaHkl Io ArI cc epr a\r4vr'



Buecre c TeM, no AaHHOfi 4UCCepraquosuofi pa6ore cneAyeT cAenaTb ptA

3AMEIIAHUfi:

1. Aeroporr,r [poBeAeH noApo6Hbrfi o6rop aAAI4TIIBHrIX Tt3xHoJIoFpIfi,

lepcleKTr4BHbrx Anr co3Aaunr QyurrIr4oHtLJrbHbIX lrbe3ogneKTpl{qecKnx crpyKTyp.

OAsaxo, B pa6ore orcyrcrByror cBeAeHrrt o MeroAax nnaHapHofi ne'Iaru (inkjet, e-

jet, aerojet), roroprre ocHoBaHbr Ha JroKiLIIl1l3A]!||1lr4 XI,IMI,IqecKI{x MeToAOB OCa}KAeHI4,I

V yclerrrHo plcr1o;tb3yloTcq p.nr $oprvruponaHur nbe3o- u nupo3JIeKTpI4qecKI4x

MarepuaIIoB.

2. B rrase 3, ua pqe rpaQr{KoB, orHorrreHl,Ie nbe3ogJleKTpuqecKilx MoAynefi

Bbrpp1aercr n nKn/H. Tar KaK TaKoe orHoIIreHrIe .nBJlrerct 6espasrraepHofi

BeJrr.rqr.rHofi , no4o6uoe npeAcraBJIeHI4e He coBceM KoppeKTHo'

3. flo nceuy reKc)Ty pa6orbr Ha6JrroAaerct HeKoppeKrHoe rlpeAcraBneHue

annpoKctIMaIIIIoHHbIX KpI,IBbIX Ha rpa$I4Kax. Tar, Ha pHcyHKe 3.10 ltpflMafl

lpoBeAeHa qepe3 ABe TOqKI4. Ha pr4e rpaQIlKoB' AocTaroqHo cJIoxHbIe KpuBbIe

rrpoBeAeHbl r{epe3 3 ro.IKu. Kporrle Toro, Ha rpa$lrKax oTcyTcrByIoT AoBOpI4TenbHbIe

r{HTepBaIIbI, tITo He AaeT cAenaTb oAHo3HarIHbIfi BbIBo,4 o BOS1p9I4:IBOAI4M9CTI{

3KCrrepLIMeHTOB.

4. B pa6oTe npoBeAeHo 6onbuoe KoJMqecTBo pe3ynbTaToB IICcJIeAOsa:r'uir

crpyKrypbr 14 cBoficrB [be3o3JreKTpr{qecKl4x crpyKTyp (AzlarovIerpllqecKHe,

gneKTpoHHoMLIKpoCKOIIuaIecKI4e, peHTreHorpaSuuecr<I4e' [poqHOCTHbIe)' OAnarO,

cneAyer orMerr,rrb, qro orr4 HccneAoBaHHt [poBeAeHbI [36l4pareJrbHo vr He

pacnpocrpaHtlorct Ha BOe o6rercru.

llepeuucleHHbre Bbrrrre 3aMerraHr{r He cHHXaIor o6qefi IIoJIo)KI'ITOJIbHof

orleHKrl Al4ccepralluosuofi pa6orbl.

,{uccepraquoHHat pa6ora Marapreea lvurput I'IsaHosrqet Ha reMy

<paspa6orr<a Qusraro-rexHoJrorfirrecKr{x ocHoB co3AaHI4q BbIcoKoaHkl3orponHblx



nbe3oMaTepHzuloB vI MaIepilaJIoB IIIA aAAI{TI'IBHbIX TeXHOnOTUft HA OCHOBe

cerHerorrbe3oKepaMr4Kr4)))), [peAcraBJleHHafl Ha coI4cKaHI4e yqeHofi creueuu AoKTopa

TexHr,rqecKr4x HayK, rBJlrrercfl HayqHo-KBanI4SuKauI,IoHHofi pa6orofi, BbItIoJIHeHHor

HA BbTCOKOM HayqHoM ypoBHe vr cooTBeTcTByeT KpI4TepHtM AeI'IOTByIOUIe|O

dloloxeHIaq o npI4cyxAeHIlI,I yqeHbIX creneHefi B OfAOy BO "IOxHltfi

$egepar6nufi yHunepcurgr", yrBep)KAeHHoro flpurasorr,r JS 260-04 or.30.11.2021,

npeAbtBJIfleMbIM K [IaCrC€pTeI{I4flM Ha COI4CKaHue yrIeHOfi CTeleH]z AOKTOpa

TexHHqecKI,IX HayK.

,{uccepraqua cooTBercTByeT HaIIpaBJIeHIlro IIccJIeAoBaHI{t I s Qopuyle

nacnopra c[eur4aJrbHocru 2.2.3 - Texsorotvfl, Lr o6opylonanve [nfl. [poll3BoAcrBa

MarepI4aJIoB 14 rlpl46opoB 3neKTpoHHofi TexHrIKI4. Ee anrop - Marapren ,{Ivrurpufi

IrlsaHoela.r - 3acnyxr4Baer rrp]rcyxAeul{fl eMy rIcKoMofi y'IeHofi creneul'I AoKropa

TexHHrreCKIzX HayK no ctreuuiubHocTu 2.2.3 - Texnonorux u o6opyAoBaHrre Anfl

rrpoH3BOACTBa MaTepI4ttJIoB 14 IIpV 6opoB gneKTpoHHofi TeXHI4KII.

.fl coznaceH Ha o6pq6omrcy Moux nepcoHarbHux oaHHbtx

O$nuuansuut fi .onnoHeHT:

Eeros Anexcefi Huroraeeru

HayK (cnerlr4€LJrbHocrs 05.27 .06 - Texuororr4s. 14 o6opyAonaHue

[onynpoBoAHr,rKoB, Marepr4iuroB kr npu6opon s,rIeKTpOHHOfi

Mo cros cr uil uYcruryr 3Jr eKTp oHuofi rexsurn (MI'I3T)

Adpec uecma pa6omu; 124498, Poccun, Mocrcea, 3eneuozpad, Ilnoulado lllorcuua, dou I

E-mail : n an o intec h@mai l. nt

TeneQou: +796893I6542

AOKTOp TeXHI,IqeCKI'IX

Anfl [polI3BoAcTBa

rexuuxu)

lloAnucr Benosa A.H. y.4ocroBepqrc

V.reHgfi ceKperapb MZ3)T, r.r.n Kogros


