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rra Arrccepraqurc Ee,roBoi la.nunrr Cepreennu

(CAMOPACIIPOCTPAHJIIO I]]L\frC A BbIC OKOTEMIIEPATYPHbITZ CUHTBS
KEPAMI{qECKI4X HI4TPI4.4HO.KAPEI,IAHbIX BbICOKOTI4CIIEPCHbIX

nopo[IKoBbIX KOMnO3I4I-II4fr Si3N4-SiC, AIN-SiC I4 TiN-SiC
C IPZMEHEHI4EM A3}TAA HATPI4' I,I IAJTOZAHbIX COJIEfr),

npeAcraBJreuHyro Ha collcKaHI,Ie yueuoii crerIeHH KaHAI4Aara rexHI{qecKl4x HayK no

cneu[aJrbHocrrr 1.3.17. Xuuuqecrar rpuaura, ropeHl,re I4 B3pbIB, Qusura sKcrpeManbHblx

cocroqHufr Be lecrBa.

Axrya.rcuocrb reMbl

,,{uccepraquounar pa6ora rocBtu1eHa paspa6orre HayqHrlx ocnoe arl'r4uoit

TexHoJrofurr caMopacnpocTpaHtlouleroct BhIcoKoTeMnepaTypHoro cI4HTe3a HI4TpITAHo-

rap6ugunx HaHonopoIIIKoBbIx KoMlro3rluufi Si3Na-SiC, AIN-SiC u TiN-SiC. .{auHsIe
fioporrrKu rrrr4poKo l4c[oJrb3yrorct B pa3Hblx orpacJrtx [poMbIIxJIeHHocru. O,[naro

TpaA14unoHHbIe cnoco6rr nporr3BoAcTBa xapaKTepr43yroTcq 6om,ulru

enerrponorpe6JreHr4eM, cJIo)I(HbIM o6opy,uoBaHl'IeM u He Bcer,ua o6ecnequsalor

HaHopa3MepHocrb rroporxKoB Si3N4, AlN, TiN, SiC r xoMnoerul4ii. I4cnoru'sosaHl4e

MeroAa a3r4,qHoro CBC AnA vx IroJIyqeHI,It .uaer onpeAeJIeHHbIe npel{MylqecrBa.

TexHororu.r CBC-A: ocHoBaHa Ha I{cIroJIb3oBaHvv a3vra Harpl{t B KarrecrBe rBepaofo

a3orr{pyrcqero peareHTa I{ raJlot4AHrtx co;refi, uro o6ecnequsaer HeBbIcoKl4e reMneparypbl

ropeHr4.s u o6pasonanue 6olrmoro KoJluqecrBa ra:oo6pa:Hr'rx nporyKToB, Koropble

npenrrcrByror auroMepaul4r{ o6pa:yrcquxcr qacrl4ll [poAyKToB cI4HTe3a 14 no3Bolltlor

coxpaHr4Tb rrx B HaHoprBMepHoM cocrorHua. Cuure: KoMIro3Ir uIroHHbIX HaHoIropoIrIKoB

ocyulecrBJrrercr B oIHy craAr{ro. Taxofi noAxoA,uaer 3KoHoMI4qecKoe 14 TexHoJloruqecroe

nperrMyqecrBo MeroAa CBC-a: flepeA TpaArru[oHHbIMLr cnoco6auu rloJryqeHlrt HHTp]rAHo-

rap6r.r4urrx HaHorropoI]rKoBrrx xorr,rnogra{ufi .

Taxran o6pa,:orra, pa:pa6orxa HayqHbIX ocHoB a3I{AHoii rexnoloruu nonyqeHut

HaHonoporxroBblx Hl{TpllAHo-xap6uguux ronnoguuzfi Si3N4-SiC, AIN-SiC t't TiN-SiC

rBJrflercr axryzurruoil saAaqeft, pe3yJlbrarbl perrreHl4t Koropou rrMelor HayqHoe 14

rrp14KnaAHOe 3Har{eHI4e.

Crpyrcrypa r.r o6reu AucceprallrroHnoii pa6oru

[nccepraqnr cocrol{T r43 BBeAeHIlq, rrlecrlr rJ]aB, 3aKJIIoqeHI4t, cnl4cKa

r4crroJrb3oBaHHbrx I4cToqHI,IKOB rz: 156 UaatrenosaHufi. luccepraqul I,I3JIOI(eHa sa 209

crpaur4uax 14 co.qep)I(I4T 161 pucynor, 11 ra6;ruq u npuloNeunil Ha 6 crpaHullax.

Cogepxauue gllccepraIIrroHHofi pa6orsl

Bo sneAeHuu o6ocnosHsaerct aKryarbHocrl nu6paunofi rerr,ru. CQopuylll4poBaHbl

qelu pa6oru v 3a4al'tr, peuaeMbre B npoqecce uccreAosaHl4ft. flonagaHa HayrrHtLs HoBn3Ha

r.i npaKTr4qecKar 3HarrrrMocrr pa6oru. YxasaHrr rroJIo)I(eHI4t, BbIHocLIMbIe Ha 3aIrII{Ty.

flpueogrrcr cBeAeHI4s o6 anpo6aquu pa6oru u ny6lltraqurx.

B nepeoft rJraBe npeacraBJleH Jrnreparypurrfi o6rop no reMe Auccepraunousofi

pa6Oru, B KoTopOM IIoKa3aHhI MexaHI4qecKI4e, elerrpOtpu:tlqecx[e csofictBa KepaMlrKI4 Ha



ocHoBe KoMrro3LIuI4ii Si3N4-SiC, AIN-SiC 14 TiN-SiC, ooracru t4 x rIpI{MeHeHIit.

Pacctrorpenrr MeroAbr noJryqeHnr HaHonoporxKoB KoMrro3rrrlhil r,r KepaMfiKr{ Ha I4x ocHoBe.

flo4po6Ho rr3Jro)r(eHbr oco6ennocru fi npelrMylrrecrso a3uAHoii CBC rexnonorun.

Bo nropofi r,rase o6ocHosau nu6op ucxoAHLIx KoMIroHeHToB uruxrrr roropue 6u

o6ecnequsarr.r cr4HTe3 HaHorlacrl.ru HI4TpITAHo-rap6It Auux rounoguqufi Si3N4-SiC, AIN-

SiC u TiN-SiC B pexr4Me CBC-Aa c pa3HbIM coorHoIIreHI4eM Qa: Hlzrplra : xap6u4.

Ilora:aHr,r pe3yJrbrarbt pacqera coorHolrleHl,Ifl KoMIroHeHToB Lrcxo,uHblx cl4creM

ocyuecrBJreHnble c noMolqbro nporpaMMll <stehio>. floraeanrr xapaKreplrcrllKl4

[cxoAHbrx KoMnoHeHTOB [rr4xTr,r r{ Marepr4urJlbl rrcnoJlb3y€Mble rlpkt IlpoBeIeHuI,l

3Kc[epr4MeHToB. lloapo6no paccMorpena MeroAIrKa npoBeAeHl4q clIHTe3a Ir I'I3MepeHIrt

TeMneparyp ropeHnq r4ccJle.qyeMblx cl4creM. llpegcraureur'r cBeAeHI4t o Meroaax,

nprz6opax u o6opy,uonanuu, npeAHa3HarIeHHbIx AJII vey'ueHns, npoAyKToB cIrHTe3a.

B rperrefi rJraBe npoBeleH repuo,quHalrzuecnufr aHaJrrr3 Bo3MoxHocrlr

o6pasonauur roNrnosuul4ii Si3N4-SiC, AIN-SiC u TiN-SiC B pexuMe CBC. PaccquraH

cocraB paBHoBecHbrx npoAyKToB cI4HTe3a, arua6urusecrue reMneparypbl ropeHltq A

o6relr, saHunaelrlrfi rasoo6pa3H6lMl,t npo,qyKtaMlr B 3aBrrcI4MocrI,I or cocraBa ncxoAuoii

rrrrrxrbr, a raKxe BeJIrrqI,IHrI AaBreHvr' paBHoBecnhrx ra,:oo6pa:Hrrx npo4yrron. [lrr

TepMoAr.rHaMuqecKux pacrreroB r{clroJlb3oBaJIacb nporpaMMa <Thermo>.

Ycranonneno, qro AJII ct4creMbl Si3N4-SiC Ant rpex BapI,IaHToB cIrHTe3a ocHoBHbIM

rlapaMerpoM roropsrfi Brl4-f,er Ha reMneparypy fopeHlrt u coorBercrBeuuo rpa:onufi

cocraB Hr4Tp[,qa KpeMHI,It tBrtercq coAep)I(aHlre KpeMHIrt B IIrI4xre. CogepNaHne yfJlepoAa

B r4cxoAHbrx cMecqx or I ,qo 4 tr,tolr. npal I4qecKIt He BJIIrter Ha reMlreparypy ropeHl4t.

Hau6onrnrufi ArrarsoH reMreparyp fopeHl{{ (1894-27 4l) Aocrl{raerct npl4

ucnoJrb3oBaHr,rrr B KarrecrBe coresofi ,uo6asKr.r recatpropculuxara aMMoHI,It- (NH4)2SiF6.

Teplroglluartuqecrufr aHanl43 ropeHl.{t cr{creM, flpeAHa3HarIeHHbIX AJII cl4HTe3a

xoNrnogurlr4fi AIN-SiC, noKa3aJr, qro c yBeJrrzqeHrreM coAepxaHut aJtIoMI4HIr.[ B trllrxre

TeMneparypa ropeHnt Ar.s Bcex BapI.IaHToB clrcreM Bo3pacraer. YseruqeHlre AonI4

KpeMHr4r n yrurepo.qa B IrII4xre BeAer K cHI4XeHI O TeMneparypbl fopeHut.

TepuognHarr.ruuecnufi ana,rug [oKa3aJI, qro npoayKTbl ropeHrrt Bcex cltcreM, colep)I(ar

neo6xoAuuue uereBble (fasu: nurprz4 arIIoMI{HI4t (AlN) u xap6u4 rpeuuur (SiC).

TepuoguHaulzuecrcufi aualng ropeHl4t cl4creM, npeAHa3HaqeHHLIX AJII cIlHTe3a

KoMno3r{urrrrr4r{ TiN-SiC, IroKa3aJr, qro ocHoBHbIM KoMIroHeHToM xoropstfr BJrltter Ha

TeMrreparypy ropeHl4t tBJlterct ruran. TeuneparypHslfi AI4ana3oH cI4HTe3a [o3BoJlter

noryr{r4rb neo6xoAuur,re IIeJreBbIe Qasu: nurpug rnraHa (TiN) u xap6ur, rpeuutlr (SiC).

flo pesylrraraM pacileroB c npI4MeHeHLreM KoMnr'IorepHofi nporparrauu <Thermo>

rroKa3aHo, rrro Art Bcex cocraBJIeHHbIx ypaBHeHzfi peaxqufi Bo3MolKHo oryrleHl4e

yKa3aHHbrx rolrno:uqufi B pexlrMe fopeHllt.

B uerneproii r.lare npe.qcraBneHbl pe3yJlbrarbl sKcnepIrMeHTa!'IbHrIX

uccleAOnanzfr B[vaHvfl, COoTHoIUeHI4t I{cxoAHbIx KOMIIoHeHToB IIIIIXT5I Ha TeMnepaTypy n

cKopocrb ropeHlrt CBC-cucrerra. llora:auo, qro I'l3MepeHHa.s reM eparypa cI'IHTe3a

cofJracyerct c pe3ynbTaTaMu TepMoaIrHaMI'IqecKIrx pacqe'roB.



llpe.qcrauenn pe3yJrBTar;r peurreuo(pasonoro aua,qu3a lr IraopQolonut uacruq

KoNrrosuquii rocJle orMbrBKr4 npoAyKToB cr4HTe3a s soAe. flora3aHbl cocraBbl noryqeHH6lx

roMnosltufifi. Onpege:reno, qro npt4 cI{HTe3e xolrnograrrufi Si3N4-SiC npo}IcxoAlrr

HelroJrHoe pearr4poBaHl4e KOMIIOHeHTOB, ITOMITMO {eJIeBbIX npOAyKTOB B KOMIIO3I4LUI'X

npncyrcrBylor cso6o.qunfi rpeuuufi, yfJlepol Io 5%ollacc. B cucrene AIN-SiC rIoMI4Mo

ocHoBHbrx KoMloHeHToB B KoMno3I,nII4tx flpucyrcrBylor cso6oAHHft rpeuuufi, yn]epoa,

Kpr.roJrr4T. flpu cuHre:e xoMnosnutrfi B crrcreMe TiN-SiC cocraBbl rolr.rnosl4uuii

3HaqI{TeJrbHo orrnqarorct or reoperuqecKr4 paccquraHHrrx. flolrulro HI4TpIrAa rI4TaHa

nuecro rap6uga KpeMHIrt npel{MyqecrBeuuo o6pa:yerct HI'ITpI{a KpeMHut, a corepxaHlle

xap6uga KpeMHnt 3HaqI4TeJI6Ho HrDfi e pacqerHoro.

3xcnepr,ruenrtr rroKa3rurr4, rrro cocraB npoAyKToB crrHTe3a Moxer 3Har{urerbHo

oTJrLIqaTLCt OT TeOpeTuqecKolo KolII4qecTBa onpe,{eJleHHofo repMoAIrHaMuqecKI,IMIl

pacqeTaMr,r u coAepx(aTb Herrpopeaf[poBaBrrrr4e KoMnoHeHTLI [r4xTbl. llpuvuuofi raxoro

HecoorBercrBlrt MoryT 6urr Al4cnepcHocrl I4cxoAHbIX KoMrIoHeHToB, cI'IJIbHoe

fa3oBbrae;reHue B rrpoqecce cIrHTe3a!, a raxi(e MexaHr{3M o6pasonauur rap6n4a KpeMHL{t.

Tarltu o6pa:oM, HecMorpt Ha IroJIoxA TerrHl're pe3yJlbrarbl Teopert4qecKoro

TepMo,{rrHaMn qecKof o aHaJ[r3a, paccMorpeHHoe SKcnepuMeHT:lJIbHoe npr{MeHeHIre MeroAa

a3r4,qHoro CBC ue rro3BoJraJro cnHTe3rrpoBarb ueJreBble KoMrro3lrlrl4rr IropolxKoB B qltcroM

suAe, 6e: no6o.{Hofi $a:rr nurpla4a KpeMHI,It Anyx troau$uraunfi (s-Si3N4 u B-Si3N4). Ho

BnepBbre 3KcnepI4MeHTaJrbHo rroKa3aHa Bo3Mo)ItHocTb npr{MeHeHr4r ropeH}tq IJrt ct4HTesa

rouroguuufi BbrcoKoAlrc epcHblx HaHopa3MepHbIX u cy6lrurpoHHbrx KepaM[qecKl4x

noporxKoB TiN-Si3N4 rz TiN-Si3N4-SiC c pa:uepoM qacrl4lr ueiiee 500 HM nplr

cpaBHr[eirrHo MaJroM coAepxaHlru pI{MecIr cso6oAHoro KpeMHI4t (ueuee 1,4%). B

aHaJrr43e sKCrrepr4MeHTaJIbHhIx pe3ynbTaToB, aBTopoM ,4aHbr peKoMeHAaIIuu, Iro

yBeJrr{qeHr4ro coaepr{aHus xap6nga KpeMHI4t I't yMeHbIneHHIo coAepxaHl4fl Hurpvna

KpeMHUq B KOHeqHOM [pOAyKTe rOpeHI4q.

CnHreanponaHHbIe KoMIr03I4uI-ru Si3N4-SiC, AIN-SiC u TiN-SiC 6u.nlt onpo6onaust

Anr noryrreHfir zurroMoMarpl4rrHtIX HaHoKoMIro:moe Al-Si3N4-SiC, Al-AlN-SiC n Al-TiN-

SiC n.reroaou 3aMeur4BaHUq Bbrcoxoat4cnepcHbtx floporxxoBblx B TBepaoxlz4t<ufi pacnlan

Marpr.rqHoro cnnaea AK7q. Maxculramuoe ycBoeHrre apMrrpyloulnx qacrttu cocraBr{Jlo He

6olee 1 vacc.o/o xaNAofi nopouronoil KoMno3[uHI,I or Maccbl TBep,qoxl{AKofo pacnJ]aBa

AK7u. Mnrpoc'rpyKTypa Jrr4Toro KoMno3rlrlr4oHHoro arroMnHl4eBoro cnnasa AK7.r+lo

uurpu4Ho-rap6rrAHbrM14 KoMrro3r4rlr4rMn raveer 6oree MeJIKoe 3epHo, B orJII,IqIze or qucroro

cn.rrasa AK7.r. Hau6o.nee MeJIKoe :epuo Ha6lrc,4aerct B crlJraBe nplz sse4enuu 1oA

KoMno3rrrIr4OHHOro nopolxKa Si3N4-SiC. BseAeHue HaHOKoM[63IITSB B COCTaB cnJiaBa

AKTq noseoruro yryq rI4Tb MexaHurrecKue csoficrsa AaHHofo MareplrilJla sa lI-14%o.

B nqrofi rJraBe paccMorpeHa xuMurlecra.f, craAufiHocrr o6pa-:onaul4t uereBblx

xounoguquil Si3N4-SiC, AIN-SiC rE TiN-SiC Ha ocHoBe pe3yJrbraroB repMoAuHaMurrecKux

pacqeroB u c yrreroM paccMorpeglrr n:o6apHo-ntorepMrlqecKlrx IroreHuI{ulJIoB B03MoxHbIX

xr.rMr{qecKrrx pearqufi. tr4:yveHne craAr.rfinocru npouecca u pacqer oHepflll4 lu66ca

no3BoJrr4n o6rsCnrzrr npuqllHy coAeplranut rap6ra.qa KpeMHI4t B KOMIO3IUI4IX HI4xe

pacrrergoro. Ycranonleno, rrro o6pa3oBaHue xapluga KpeMHItt no peaKIrI4Ir Si + C = SiC



MaJroBeporruo Bo BceM Al4ana3oHe reMneparyp. flora,:ano o6pa:onaHrae Hulpura KpeMHI4t

no peaKrlur4 Si + 4NH3 : Si3N4 + H2 conpoBoxAaerct Hara6olrurtrlr yMeHbIxeHI4eM

uso6apno-u:orepMltqecKoro floreHulraura r4 BLIAeJIeHI4eM 3HatlltreJ]bHoro KoJIurlecrBa

TerrJiorbr, rrro yBejrr4qrrBaer reMneparypy cr4creMbl I,I HHl4ut4r{pyer peaKuI4I4 o6pasonauu.r

Hr4Tpr4AoB Tura*a, KpeMHut 14 aJIroMIrHI4t. Cunres rap6u,ua KpeMHI4t ocyurecrBnterct npu

reMrreparype srIure 1900oC Kor,qa npol4cxoal{T al4ccouua\r4t Hlr'rpvra KpeMHLtt lro

peaKrluu Si3N4 + 2C:2SiC + Nz.

B urecrofi rraBe AaHbI peKoMeH.qaqlrrl no opraHIsaIIuI,I TexHoJroruqecKoro

npouecca CBC-A: rrllr clrHre3a rounoguquft Si3N4-SiC, AIN-SiC u TiN-SiC c

r4crroJrb3oBaHr,reM onblTHo-[pourrurlennoft ycraHoBKI4, sKnloqarcqeii peaKTop CBC-A:

o6reuov 19,4 l.wpallpegcraelenu HopMbI BpeMeHrr rexHoJrorl4qecKoro npouecca CBC-

Ag roMnosuqufi Si3N4-SiC, AIN-SiC u TiN-SiC B ycrroBr{tx onblrHo-rpoMbllrlrleHHoro

npor{3BoAcrBa. Taruira o6pasoM, B cJlyqae npaKTr{qecroro npuMeHeHl4q npouecca CBC-As

AJrr noryqeH[t MaKcuMtulbHoro coAep]I(aHl{t xap6uga KpeMHI4t B KoMlro3l4qi{qx

peKoMeHAoBaHo uclroJrb3oBarb AJr{ crrHTe3a KoMIIo3I,IurrI4 Si3N4-SiC raJIonAHyIo coJrb

NH4F, ans cI4HTe3a KoMno3I4IIr{u AIN-SiC r:rJIoI.I.qHyIo colr AlF3, AJrt cIrHTe3a

KoMno3rrqur4 TiN-SiC rarlorrAHylo conr (NH4)2SiF6.

,{ocronepnocrr u o6ocnosaHHocrb pe3yJrbraroe altcceprauxoHHofi pa6orsl

o6ecne.reHa rrcrroJr;3oBaHneM coBpeMeHHoro ceprnQuurpooauHoro HayqHo-

I4CCJIe.qOBareJlbCKOf O o6opyAonanua, 6olrurulr o6r,err.lov noryqeHHbrx

3Kcnepl.lMeHTiUIbHbIx AaHHbIX, COnOcTaBJIeHIIeM nOJIyqeHHIrIx pe3yJIbTaTOB c pe3yJlETaTaMv

Apyrzx aBTopon. .{ocronepHocrb pe3yJtbraroB rro,urBepx.qaerct I4x ny6:ruraqlrllrz n

peUeH3I4pyeMblx HayqHLIx XypHaJIax.

OcnosHrie pe3yJlbrarbl .qllccepralllroHHofi pa6orbl B AocraroqHofr ctenenz

a po6r4poBaHbr, HeoAHoKparHo AoK,TaAbIBaJIucr u o6cyx4illllzcb Ha Mex.qyHapoAHbIX I4

ncepoccuficrltx Hayr{HbIX Meponpu.srl4tx. flo pe:ynrraralr pa6orr'l ony6truxoeauo 31

rreqarHarr pa6ora, B ToM tllrcJle 4 crursu B peueH3l4pyeMbrx r(ypHaJlax rl3 llepeqHt BAK u 2

ny6ruKaqr4r4 B r.r3AaHusx, rrHAeKclrpyeMbrx s 6a3ax AaHHbIx WoS u Scopus.

Hayvnan HoBLr3Ha pa6oru 3aK;Iloqaerc.[ B I4ccJIeAoBaHr{I4 Bo3MoxHocr}I

npr.rMeHeHr4t nepcneKTllBHoro oAsocraAuilnoro cnocooa noryqeHlrt MeroAoM a3lraHofo

CBC sHcoroAr{clepcHblx nopoIIrKoBbIX Hlrrpu.uuo-rap6l4.qHblx KoMno:uurzft Si3N4-SiC,

AIN-SiC n TiN-SiC c npI4MeHeHI{eM :BrrAa Ha'rprt*, 3JIeMeHTHbIx nopolxKoB KpeMHI4t,

a,'rroMrrHr4r, "turaHa, ca)Krl Lr aKTI4BI4pyroLIII4x ,qO6aBoK I{ faJIOI{AHrIX coleft (NH4)2SiF6,

Na2SiF6, (NH4)2TiF6, AlF3, NH4F. Bnepnne ycraHoBneHbl 3aKoHoMepHocrI'I

o6pa3oBaHur Hr{TpI{AHo-Kap6IaAnrx xoMnos[I]I4fi B pe)KI4Me ropeHlrlt. Bnepnue

r.rccJleAoBaHa Bo3MoxHocTb npI,IMeHeHIIt CI4HTe3I{pOBaHHI'IX nopOIXKOBLIX HIITpH,qHO-

rap6u4Hnx xounoerzqnfi Si3N4-SiC, AIN-SiC u TiN-SiC napru CBC-A3 B KaqecrBe

apMupyrcueii Qa:n gnr uo4ra$aquponaHut a",'IIoMI4HI4eBrIX cnJIaBoB'

Ilparrnvecnas 3HaqrrMocrr pa6orst 3ar,'Iloqaerct a pa"rpa6orxe HayqHblx Ir

TCXHOJIO|IIIIECKI4X OCHOB rIOIYTICHI4' HI,ITPI4AHO-KAP6UAHbIE KOMNO3UUUU Si:N+-SiC, AIN-

SiC u TiN-SiC lteroAor,t CBC-A:, Koropble rraoryr 6rtrr I4cIroJrb3oBaHbI B KaqecrBe



sOOeKTuBHbrx Mo,4I{OI4KaropoB JIIrreilHbIX aJIIoMITHT{eBrIX cnJIaBoB r{ apMlrpyloul{x 0a3 B

AIICnepcHo-ynpoqHeHHr'Ix uUIIoMoMaTp14qHbIx KoMII03I'ITax.

Peeymrarr,r ,ql4ccepralll4oHHoro I4ccre.uoBaHlrt BHeApeHLI B yqe6Hble npoueccbl

Callapcxoro rocyAapcrBeHHoro rexHltqecKofo yHuBepcl{Tera I'r CaMapcKoro

HarlrroHzLlbHofo uccreAoBareJlbcKoro yHI4BepcI4TeTa I4MeHIt aKaAeMI4Ka c.lI. KOpOnena>.

3aMe.ragrq no luccepraqfioHHofi pa6ore

I. crp. 64. npl4BeaeH xnvuqecruil cocraB nopouKa KpeMHht. Ho ue yxa:au rarofi

saxnbrfi napaMerp KaK pzr:Mep qacrlrll I4 yAeJIbHtuI noBepxHocrb, Koropble cyqecrBeHHo

BJrr4rror Ha noJrHory pearupoBaHl4t KpeMHHt rl yfJlepola;

2. ctp. 64, Ilouelry AJlr gKcneprrMeHToB rrcrroJrb3oBaH nopo roK zuIIoMI4Hr{t MapKLI

IIA-4, xoropuii uueer pa3Mep rlacrl4u Ao l5Olmrr,r. tr4anecrno, LITo AJrt nonyqeHl4t

BbrcoKo,4r,rcnepcHLIx KoMno3I4quft npe4nourr.rre;urefr rlcnoJlr*oBarI' BtIcoKo,qrcnepcHbIe

noporxKr4 r4cxoaHoro cupra. Hanpurr,rep, noporxoK arIoMI4HI4t rlraprr.r AC!-l uttu ACI-4;

3. B ercrepulteHTaulr,Hofi qacru cKa3aHo, qro HaqaJlbHoe aaBJreHlte asora 4 Mfla, Ho

He floKa3aHbr BeJrr4quH6r MaKcr4MaJrbHofo AaBJreHrrr B peaKTope nprr ropeHlrlr cMeceii

pa3Horo cocraBa. 3ro saxHHfi TexHoJrorurrecKr4 fi napaMerp, or Koroporo 3aBucur 3arpy3Ka

peaKTopa u nporr3BOAI4TeJIbHOCTb fipoqeCCa.

4. Crp. 82. AJII KoMno3l4lrau AN-SiC v puc.3.4 u ra6traue 3.4 B 3aforroBKax

yKa3aHa cr4creMa <gAl-NaN3-(NH4)2SiF6-(x+ 1)C>> - ne uoxasaH KpeMHLIfi.

5. tr{s penrrenorpaMMbl, puc. 4.23, BI4,qHo, qro B KoMrro3I4IrI4Ir npeo6raAaer Oa3a

KpeMHrrr. Ha puc. 4.24 su1Ha onJraBJIeHHat qacrl4ua pa3MepoM 7-8rr,rxlr, BIIAI{Mo KpeMHI4t,

HO B Orrr.rcaHr,rr4 yKa3r'IBaerct, qro coAepxaHlle cBo6oAHoro KpeMHIrt 0,3oh, no

pe3yJrbTaraM 3HeproAr{cnepcr{ouHofo aHufiI3a cso6o,qHoro KpeMHIrt HeT, a oITJIaBJIeHHIUI

qacrr4rla pe,ucraBJleHa xar xap6u4 KpeMHI'It.

6. B 4raccepr auvv He yKa3aHo KaK aBTop o peAeJItJI coAepxaHl4e cBo6o,qHoro

KpeMHrrr rr yrJlepoAa B [poAyKTax c HTe3a, a raKxe MaccoBoe coAepxaHl{e rap6una

KpeMHrlr 14 Hrl'tpu4a KpeMHI4t.

7. flo pesynrraraM TepMoAI{HaMI4rIecKI4x pacrreroB aar4a6alwrccKvx reMneparyp 14

pe3yJrbraraM rr3MepeHlrt reMfieparyp ropenl4{ AJII I]rI{xrbI cocraBa <<xSi-NaN3-(NH4)2SiF6-

yC> xol.ruosuqun Si3Na-SiC aBTopoM IroKa3aHo, tITo c yBeJIr{rIeHueM coAep)I(aHl4t KpeMHI'I.t

B rrrr4xre reMneparypa fopeHlrt Bo3pacraer or 1649'C rc 2458"C. OaHaro, us

peHrfeHorpaMM pIzc. 4.11, 4.20,4.23 cJleAyer, qro c yBerI4r{eHI4eM KoJlrrqecrBa KpeMHI4.l B

trrr4xTe 14 cooTBeTcTBeHHO pOCTOM TeMnepaTypbl fopeHl4t, B IIpoAyKTe CzHTe3a BO3paCTaeT

coaepxaHue Hr.r3KoreMrreparypHofi anrsa Qasu uurpuga KpeMHI'It. I{ro nporunope'rur

coBpeMeHHbIM HayqHIIM 3HaHHflM no 3Tofr TeMe.

8. flpu onltcanl4rr MopQoJroruu qacrrrl1 pa3MepLI qacrllll yKa3aHHbIe B TeKcre He

Bcef.ua coorBercrByer pa3MepaM qacrI4II BI4AI4MbIX Ha ooTorpaol4tx, Hanpl{Mep: crp. l0 i,

puc 4.10 B TeKcre yKa3aHo, qro npoayKTLI ropeHl4t npel{MyulecrBeHHo cocroqr u3

cy6urzxponuux qacrull BoroKHIacroil r.r panuoocuofi $opr,rn pa:uepou 100-300Hlt, oaHaro

na rpororpaQuu BI4AHbI B ocHoBHoM qacTI4IIbI panuoocuoii Qopuu pa:rraepou or 1 Ao 5rraxlt.

9. Oqenr HeyAo6Hat HyMepaql4t pI{cyHKoB. Aarop s Haqane naparpatpa ntluier,,

HanpuMep: <Ha plrcynnax 4.55-4.69 npe,qcraBireHbl pe3yJllTarbl ucc,reaosaHflE [po.qyKToB



ropeHr4r)). .{a;ree no reKcry Her sIa oAtroft ccbIJIKIz Ha pncyHKrr. IIpu vreHuu ,ql4ccepralrlrl4

rrpr4xoAr4Tcr pa36r4paTbct, K KaKoMy pI,IcyHKy oTHOCLTTC' qUraeUrrfi rercr. qacrr pI4cyHKoB

crorr nepel fix onucaHueM.

10.,{uccepraquouHaa pabora trocBtlrleHa crrHTe3y BblcoKoAl{cnepcHblx

KoMrro3r{qr{oHHbrx rropolrrKoB. oAnaxo B AnccepTalluu He npuBoAsTct TaKIre [apaMeTpbl

noporxKoB, Koropble xapaKTeplr3yror AlrcnepcHocTb, KaK yAeJIbHtuI rroBepxHocr6 u

pacnpeAeJreHlre qacTI,Iu no pa3MepaM.

3aruroqenue

Vnasannrre 3aMeqaHl4t He cHl{xalor o6l{efi uenHocrll ,quccepralluoHHoft pa6orbl

Ee:ronofi f.C. Pa6ora BLInoJIHeHa Ha,uocraroqHo BrlcoKoM HayqHoM ypoBHe, corep)I(I4'r

HoBbre HayqHbre 3nanr4fl' anropeQepar noJrHocrblo orpaxaer coAepxaHl{e AI4ccepraIII4LI.

Cqurarc, qro AlrccepraulroHHat pa6ora Eelonoft falusu CepreenHrt

<Carraopacnpocrpan.srclluficr BbrcoKoreMrreparypnnfi crrHTe3 KepaMI{qecKI4x HI4T plrauo-

rap6ugnux BbrcoKoAr{crrepcHllx floporllKoBbrx KoMrro3lluufi Si:N+-SiC, AIN-SiC u TiN-

SiC c npurraeHeHl,IeM a3vra H?npvs, I4 ralIoI4,4HLIx co;refi>, npe,qcraurer co6ofi

caMocrorreJrbHoe 3aKoHqeHHoe r{ccJre,4oBaHl,Ie. Pa6ora coorBercrByer Hayunofi

cflerlr4aJrbHocrr.r I.3.17 Xuuu\ecxar $usura, fopeHlre I'I B3pr'IB, Qlaeuxa 3KcrpeMaJIbHbIx

cocrosHr4ft BeurecrBa I,I orBeqaer KpI,ITepI4tM n.9 <flonoxenllt o rroptAKe np[cyx(AeHlrt

yqeHbrx crenenefi>t, yrBepxAeHHoro rocraHoBJlenuerra llpanureJl[,crBa Poccraficrofi

(DeAepaqnu Ns 842 or 24 cetfis6pt' 2013 r, a ee anrop Belona laluna CepreenHa

3acJryxr{Baer [pucy)I(AeHr{t yuenoft crefleHl4 KaHAI4Aara rexHI4qecKI'Ix HayK Iro

cfieq[a;rbHocrn 1.3.17 - X[MrE.recraq Quauxa, ropeHl4e 14 B3pbIB, rpraeura oKcrpeMaJlbHblx

cocrorHuft BeruecrBa.

Anrop orsuea gaer cofJlacl4e na o6pa6orxy nepcoHtlJlbHblx AaHHhIx.

O(f uqr.ra;rrnufi orloHeHT,

seAyulnfi uayuurtfi corpy,unur na6oparopuu CBC

I4ucr uryr a crpyrryp nofi MaKpoKI{HerItKt4 I'I

npo6nerr.r MarepI4iuIoBe,qenus. rrM. A.f . MepNauona

PAH, rasAu,qar rexHuqecKllx HaYK

(1.3.17 - Xuuuuecraa tPnsura,
fopeHr.re rr B3pbIB, (pusura ercrpeMaJrbHblx

cocrosHr4fi seuecrsa),
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