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llpu HeurorepMr,rqecKoM oKHcJreHnH B Bo3AyulHoft arvocQepe Ha ocHoBe KoMno-

3Hur.rn ZrBz-Si noJr) reHbr xapocrofrrne creKJIoKepaMHr{ecKHe MarepHuIJIbI, H3fIeHa

Hx crpyKrypa, Qa:onurft cocraB n caoftcrsa (nopucrocrr, repMnqecKoe paclxupeHHe,

xapocrofixocu). Kouno:uuaoHHbre MarepH€urbl HMeIor cJro)I(Hyto rereporeHHyK)

. crpyKrypy - B creKJroo6pasnofi Marprrre 3aKancynfipoBat{bl KpI,tcrtuIJII{qecKHe qac-

rr.rr-Ibr KaK HcxoAnbrx $az (ZrB2, Si), rax u Qa:, o6paronarurnxcx B pe3ynbrare oKHc-

leHut Ha Bo3Ayxe (ZrO2, ZrSiOa, cr-xpncro6alnt).

Kflro.tenble cJloaa: xapocrofrxue crexnoKepaMl{qecKlle Marepn€ulbl, peaKul'loH-

HSrfi CuUre3, xpetrHnii, 6oplt4 unpKoHr'rr, 3a[lr{ra rpaQnra oT oKlrcnettufi.

BneAesqe. flpo6nertaa co3AaHnr H BHeApeHr.rt B npaKTI4Ky BblcoKoreMneparypHblx no-

xptrrufi Anr 3aulurbr yrnepoAHbrx Marepl4aloB npoAonxaer ocraBarbca arryalluofi

B cBr3H c norpe6Hocrbro psAa orpacnefi npour,truneHHocrta B MarepnaJlax, cuoco6urtx pa-

6orarr B 3KcrpeMaJrbHbrx ycnoBHrx - flpn BbIcoKHx TeMl]eparypax B arpeccl'IBHblx cpe-

Aax. Kax rpaBnJro, 3aurnrHbre roKpbrrrlr Ha rpaQrar Qoprraupyrorct B uHepruofi cpeae [1].

Hauu npoBoArrcr cr4cTeMaTr,rqecKr.le lrccJreAoBaHHt Bo3MoxHocTH tloryqeHut )Kapo-

crofircux KoMqo3r.rroB H noKpbrruil n Bo3AyruHofi arrvrocQepe nyreM flonyr{eHnt crenloo6-

pa3yrouero pacnJraBa rrpu peaKrlr.ru oKt{cJIeHI,rt HcxoAHbtx 6ecrcuclopoAHblx TyronJIaBKHX

coeAHHeHHil [2-8].
O6pasonaufie pacuaBa B xoAe peaKrlr4u HcKrtoqaer rlpeABapnTenbHyro BapKy creKJIa.

Kpoue roro, r:epmoo6pa6orra B Bo3AyrxHofi cpe.ue ue rpe6yer Aoporocrotlllero o6opyao-

Ba*t4fl, Heo6xoAnuoro B cnyqae ficnorb3oBanlafl vr^epruofi cpegst.

Crexnoo6pa:yrourafi pacrnaB rorBJuercr B rlpoqecce repMoo6pa6orrr,r 3a cqer oKt{cre-

Hr.rJr r4cXoAHbrX KoMrroHeHToB I,I [ocJIeAyIoUIefo esal{In{oAeficTBHt npOAyKTOB orcIaclespu' I'Ic-

xoAHbrMr.r KoMnoHeHTaMH Moryr 6urr rpeulauit- u 6opcogepxatune coeAHHeHIlt, rIpH oKI4c-

JreHr{H Koropbrx o6pa:yrorcr oKcr.rAbr, cnoco6nble AaBarb crexnoo6pa:ynutnfi pacnfiaB.

Pauee Ha ocHoBe KoMno3urlww ZrB2-Si 6rura rloKa3aHa Bo3MoxHocrb ronyqeHuq npH

u3orepMr.rqecKoM oKncJrenuu B Bo3Ayrrruofi cpe4e xapocrofiroro noKpbrrwfl Ha rpa$ure.

florpsrrne HcnbrraHo npn 1400 "C s reqeHue I q c noroxl,treJlbHblM :$Qercrou [9].

I{ent uacroru-(efi pa6oru - cr.rHTe3 6ecnopncrblx KoMno3I4IILtoHH[,IX MarepllanoB cl'{c-

TeMbr ZrBz-Si rryreM Her,r3orepMr{qecKoro oKr{cJreHLIfl Ha Bo3Ayxe, u3yqeulne I'{x crpyKTy-

pst n caoficrn.
3xcnepuueHTaJrbHafl qacrb. O6pasrlsr 6suu H3foroBJIeHbI MeroAoM IrIJIHKepHoro

JrLrrbfl, c Hcnorb3oBaHueM noporxKoBblx KoMrlo:nqnfi cocraBoB (100- x)ZrB2-xSi, rAe

Ilocrynruo 28 r'lac 20 10 r.
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ZrO2, ZrSiOa

ZrOz, ZrSiOa, c-KpI'I-
cro6alar
ZrOz, ZrSiOa, c-Itpu-
cro6alrtr
ZrO2, ZrSiOa, cr-Kpra-

ZrO2

ZrOz

ZrO z, ZrS iO q, cr -Kpll -

cro6arnr

ZrOz,ZrSiOq. cL-KPH-
cro6arur
Si, ZrO2, ZrSiOq,
cr-rpncro6alm

Si, ZrO2, ZrSiOr,
cr-rpucro6alrn

ZrOz

ZrO z, ZrSiO,t, q -KPt rcro-
6arnr

ZrOz, ZrSiOa, 0-KPII-
cro6arur

ZrOz, ZrSiOq, cr-KPI{-
cro6arur

Si, ZrO2, ZrSiO,r, c{.-KPH-
cro6arnr

Si, ZrO2, ZrSiO,r, cr-Kptt-
cro6a,'rHr

ZrO 2, a -xpucro6a..u trr

ZrOz, ZrSiOa, cr-KPtr
cro6arur

ZrOz, ZrSiOa, ct-KPrI
cro6arnr

ZrOz, ZrSiOa, cr-Kpr.l
cro6a,rnr
Si, ZrO2, ZrSiOl,
cx -xpucro6a,'rrtr

Si, ZrO2, ZrSiOr.
cr-xplrcro6altrrcro6alnr

f lpurr rcqaHHc.  *  ZrOz- MoHoKJlHHHar voAl . t tpnrauHr.  **  Bo sccx cnyr{atx B KaqccrBc cBf l3y}otucro | lc-

r.roJtb3oBaHa M[, rpouc pcxHMa IIIa. f lo paxrMy IIIa ucnolr:loaau ronu SiO2.

.r: 5, 10, 20, 30, 40, 50 rraac. oh (ra6t. l). Paeuep qacrnt{ ropolllKoB He rpeBbltuaJl

63 rurrr.r. B raqecree cBr3yroulero H cycneHAl,Ipyrcuero BelqecrBa HcnoJIb3oBanv lo -i4

BoAHbrfi pacrBop MernnueJrnrcrro3br (MI]) Anu 25yo-rt pacrBop 3onr SiO2. Metnlqellto-

no3a Bblropaer B npoqecce repMoo6pa6orrn, a 3onb SiO2 )uacrByer B +opMI'IpoBaHl{It
KOMno3LIqKOHHOf O MaTepHaJIa.

Pa:rr,rep o6pasuor cocraBJrflJr 1.5 X 1.5 x 0.5 o'1. O6parusr cylilHnll rpn KoMHarHoir

reMrreparype B TeqeHne 2-3 cyr.

Teprraoo6pa6orry o6pasqon ocyuecrBn flrtr B 3JleKTpnqecKofr [equ c cI'IJlltroBbIIuH Ha-

fpeBareflrMlr B Bo3AyutHoil cpeAe. O6parusr floMeurann B xoltoAHyrc neqb Ha noAcraBKax

r.r3 BbrcoKorltr{Ho3eMucrofi KepaMHKH. [nr onpeAefleHut BlrrrflHvtfl ycnoBl'Ifr ct{HTe3a Ha

cBoficrBa HoBofo Marepr.rana HafpeBaHne o6pa3IIoB or KoMHarHofi TeMneparypbl Ao reM-

rreparypbt QoprvrnpoeaHllfl rIpoBoAHnpI no TpeM pa3HbIM pe)KHMaM: I - or 20 fo 1200 "C

.o'"noio.tiro: tclrrn; II - or 20 to 1400'C co cKopocrblo l5 oClr'ann; III -� or 20

Ao 1400 "C co cKopocrbro J "Clrvms. OxnaxAeuue o6pa:uoB Bo Bcex clyrratx rpoBoAHnpt

BMeCTe c neqbrc.
I4ccneAoeaHHr crpyKTypbr H cBoficTB nonyqeHHblx MarepHuIJIoB npoBeAeHbl MeroAalul4

TepMnqecKoro, TepMofpaBnMeTprlqecKoro, AHJIaTOMeTpLrqecKofo aHaJll't3oB, KaqecTBeHHO-

fo H KoJp{qecrBeHHoro peHTfeHo$a:onoro auailr43a (POA), 3JleKTpoHHo-3oHAoBofo MHK-

poaHanH3a, TaK)Ke I'r3MepeHa fiopucTocrb.

I,IccreAosaHr{r MeroAoM POA npoBe.qeHbl Ha ycraHoBKe APOH-2.0 c Hcnoilb3oBa-

HH9M CuKo-usnyqeHg-s c H[KeJleBbrM Q[rbrpoM, a KoJIHqecrBeHHbIfi aHarI'I3 - Ha no-

porxKoBoM 4uQparrol.rerpe D-500 HS Siemens c HcrloJlb3oBaHllerra CuKo-n:nyqeHl'{t B pe-

xr.rMe 30 vrA, 35 rcB. B xaqecrse 3TaJroHa Hc[oJtb3oBaHa nopouKoBat cMecb cocraBa

(uac. oh) 25zrBz. 25Si .25ZrSiOq' 25o-SiO2, rrocKoJtbKy KatrecrBeusrtfi aHail!1'3 o6palUon

rroKa3aJr Harvqne AaHHbrx Sae. llorperuHocrb KoJluqecrBeHHofo onpeAeneHnr Qa:osoro

cocraBa cocraB!/.na50 .

3lexrpoHHo-3oHAoBbrii Mr,rKpoaHa.lrr.r3 BbInonHeH Ha ycraHoBKe KaMe6aKc npH ycKopt-

rouleM Ha11prxeHnn 3neKTpoHoB l5 rcB. KolraqecrBeHHblfr MI,IKpoaHaJIH3 npoBeAeH no xa-

paKTepr,rcrnqecKnM peHTfeHoBcr(r4M rrt4tt4sv^ ZrLo, SiK" c HcnoJIb3oBaHlleM 3TanoHoB qHc-

Tbrx 3JleMeHT1B Zr n Si. flepexoA or HHTeHcnBt{ocrefr xapaKTepncruqecKofo peHTrel{oB-

cKofo v3nyve11fl K MaccoBbrM KoHrIeHTpauHtM BbtnoJIHeH no MeroAy ZAF-t<oppeKUul{,

rrpl4 groM 6op u KncnopoA B cocraBe coeAllHeHnfi yurentt tro crexl'IoMerpHH.

IQH
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flnr onpeae;1eHr.u noplrcTocTg o6pa3qoB I{CSOJIb3OBaH M9TOA' npHIItTbIii B TSXHO1O-

fHH KepaMlar<u (focT 2409-53). KoeQQraqneHr nHHefiHoro repMHqecKoro pacul4peHHf,

(KnTP) orpeAeJltrll,I Ha HaKnoHHoM KBapqeBoM AI'InaroMeTpe IIo MeroAHKe t4XC PAH

t l  l l .' 
kupo"ToftKocrb Marepr.rzrJroB xapaKTepr43oBaJrn H3MeHeHHeM Maccbl o6pa3lroB Ha eAI'I-

Hprqy noBepxHocTl4 npn sa4auHofi i"tntputype 3a o[peAeJIeHHoe BpeMt I{cnbITaHHit Lm

(r',rrlcr,a2).
SxcnepurrleHTaJrbrrble pe3ynbTaTbl H IIX O6CyXIeHrre. BuryanrHufi OCruOrp o6pa3-

qoB Ilocne cHHTe3a rroKa3an cJreAylouee. o6pasubl,IoJIyqeHHbIe no I pexnMy' HMeJIH Ce-

pyro Hnr,r TeMHo-cepyrc noBepxgocTb 6es 6[ecra. O6parUbI, cQopMI'tpoBaHHbIe no ll pe-

x0rMy, HMerr.t cepyrc r{JrH TeMHO-Cepyto [oBepxHocTb 6e3 6necra :nlru c 6necrcou (cocranrt

c coAepxaHLIeM KpeMHI4t .r: 10, Zb). OOpasqlt, repuoo6pa6orauHble no III pexuuy' rge

B KaqecTBe CBr3ytoqero ncnOJIb3oBaHa MI{, nueln cBeTJlo-cepyrc 14 cepyrc nOBepXHocTb

6eg 6necra. O6paeusr, rAe B KaqeCTBe CBs3ylouero ucnonb3oBaH 3oJrs Sioz, I'IMeJIH cBeT-

no-cepyrc cTeKJIoBI,IAHyIo [OBepxHOcTb. VnelnqeHl4e Maccbl O6pasUOn BO Bcex cnyLlaqx

HaxoAplnocb B AI,Ia[a3 oue L,m: 3.5-10 ur/cu2' CneAyer oTMeT[Tb' qTo I{3MeHeHI4e UBeTa

O6patqOu, HaIHLILIe nnH OTCyTcTBHe 6leCxa CBnAeTenbCTBytOT O6 ngUeHeHnI{ dla3OBOrO

cocTaBa B TIOBepXHOCTHOM Cnoe oopa3uoB'

KoNrnosHr cocraBa (r.,aac. %) 502rBz.50Si, nonyqeHHblfi c ncnonb3oBaHHeM MI{ no III

pexnMy, c AoIIonHLITeJIbHOfi TepMoo6pa6orrofi B Bo3AyIUHoil cpeAe IrpH TeMrlepaType

1400"C B TeqeHne 2,1 4ccfieAoBaH MeToAoM Ml'IKpopeHTeHocneKTpaJIbHorO ?"un!?:
(MPCA). Ka.IecrseuHll[ aHaJrH3' BbIIIoJIHeI{HbIfi no IHHI'ttr'r ZrLo, SiKo' BK.,' OK"

ipuc. l, 2), no:nor'r HAeHrusraunponarb 4)a3oBble cocraBJulour'e KoMtlo3kra

Hbre 6ecKr.lcJlopoAHble KoMnoHeHTbI (ZrBr, Si) u rpoAyKrbl oKHcJIeHun' (ZrO2' ZrSiOq'

cr. - Kp H CTO6 AJT]flT, CTeKJIOMaTpUUy ).

Illnns AJrr KoJtr{qecrBeHHoro a}raJlr{3a rroAforoBJleH CneAyrcuIHM O6pa3oM: flocne co-

uunQoninaHnr oAHofi nonepxHocru o6pa3ua lra rny6uHy - 2 r'lrtl ero pa3Mep paBHtncfl

2 X 5 X 10 uu, roBepxHocTb Marepl4ana oqrur1aflu or a6pa3I'IBa Ha ynbTpa3ByKoBofi ycra-

HOBK9, AaJIee O6palUn IIOMeIIIaJIIa B aJIOMI'tHI'IeByrc o[paBy H 3aKperrntJll't B Hefi cUaBoM

Byaa. [lr gora:areJlbcrBa BOCnpOH3BOAT{MOCTI4 C KaX(AO|O 3epHa tuJlnoa aHaJrI{3l'�IpoBanI'I

ro HecKoJlbKy roqeK (ta6n.2).
ycraHosJleHo, qro ocHoBHbIMtt Kp[cranJlr{r{ecKHM}r Qa:ault tBJl.tllorct BblcoKoreM[e-

parypHHe coeAHHeHr{ t  ZrB2 (33.5 + 2.4 ar.  Yo Zr),  Si  (100 % Si),  ZrOz (30'3 +3' l  at 'o/o

Zr),  SiO2 (30.0 + 1.0 ar.  X Si j ,  ZrSiOq(16.3 *  1.1 ar.  ohZr, l6. l  + l -2 ar.  % Si)  ( ra6n'2) '

Murcpo- H yJIbTpaAHcIIepcHbIe KpHcTannbl 3TI'IX dlal pacnpeAeneHbl B MaTpuUe TyrornaB-

KOfo 6opoCI{JtI{KaTHofO CT9KJIa c coAep)KaHueM KpeMHe3eMa BbI[Ie 70 uon' o/o'

Marepuanbl cgcTeMbt ZrB2-Si, uolyueuHble ro IlIa (crra' Ta6n' l), -llcnstraHbl 
B Bo3-

AyuHofi arnocQepe rrpH 1400 "c, 25 q; 1500 "c, I u; 2000 "c, 30 c' I4sNteHeHHe Maccbl

KOMIO3LITOB B 3aBI,ICIIMOCTI'I OT COCTaBa COCTaBfiJrO Lm:0'02-10 rrlr/CU2' qTO CBHAe-

Te[bcTByeT o BbICOKOfi xapOCrOfiKOcTl'I MaTepl'lanos' @asOeHfi cOcrae [oBepxHOcTHOrO

cJlot flocJle HCnbITaHfirL He n3MeHUJICt'

Ha ocHose cHcreMbt ZrB2-Si nonyqeHbr xapocroilKHe rroKpblTHt, 3aurHtllarcqne rpa-

Qnr or oKr,rcJrenr.rfl np1r reMreparypax BbIIIIe 1400'c. Ha pnc. 3 npe4craBneHa KI4HerHqe-

cKa, Kpr.{Bas oK'cJreHr{r rpa4;ru C noxpurlreM, c{oprrlupoBaHHblM ro pe)KHMy IIIa' tlpu-

BeAeHbr cpeAHHe 3HaqeHl4fl yBenI'IqeHHt Maccbl o6pa3ua no [tTH ll3MepeHHttvt' BU4HO' uro

nocre Qoprr,rrapon alV'l�rl B re'{eHI'Ie I '{ or KoMHaTHoil TeMIIepaTypbI A9 l4-00 "C yBennqeHue

Maccbr cocraBr.rJro L^nt:30 rur/ctnr2; fiocJle AonoJIHLITenbHoff TepMoo6pa6orrn npu 1400 "C

B TeqeHne 5 .r ynelnueHr{e Maccbr cocraBuJro MeHee 5 ur/crnl2. flpn pacxarblBatlHl o6par-

qa noroJlaM BblfopaHHt rpaoHTa tle 3a0llKcllpotsaHo'

flopnCrocrr O6parUOn onpeAentng IIo MeTOAy' Ilpl{HflTOMy B TSXHOJIOTpIU KepaMHKH' a

lrMeHHO KUntLIeHneM B BOAe B TeqeH[e 3 'r C nOCleAyrclrlefr BblAepXKOi'r n sOAe B TeLIeHLe

I q. YcragoBlelro, r{TO [OpHCTOc-I-b cl.{I{Te3UpOBaHHbIX MaTepHanoB B 3aBnchMOCTH OT pe-

252



I ) r rc .  L  lV t r txpoc l l ' r t ' x r  Y l ) i t  Ko \ l t to l l t l l l l l t  coc l  l l l l i t  ( r t l t c .  "

(  r  ro r rc l - l r  r roc . r ' t ,  t l t  t ' -  t  r 'S t t  t t c  0 .  ( r  r r r r  ) .  l l c l l r  r r  r  r  i i  c l l l  l  \ loK
'  ) - r l c f i  f  p ( l l l l l \  I I I ) l l  l ) c l i I I  c l l o l l c l \ l l \

?

, ,  1  1 ( ) Z r l i l  5 0 S i  r r o c ; r c  l c l t r r t l o S l l l 6 t ) l l i l l  I l o  p c z i l n l i  I I I r

i ]  I l o l . ' r ( ) l l t c t l l l l , l \  ' ) j l c K f l l ( ) l t l t x .  t l t r - / i l l l t c  R ( )  l t i ( ) l l l l r l l l l ' l \

r l  t - l r v , f  c u n t x  1 , r 1 , , , . l l K , , .  ( ) A , , .  S r A , , .

r 5 l



I , r rc .  l .  f \ . l r rxpocr .1 - lvx t .ypa  Ko\ l r ro l l l t l t r  coc i i lRa ( r rac .  r , i \  50Zr I l :  50Sr  I r t t c , ' t c  rc l l r roo6 l l lS t ) lK l l  I lo  pcx l l \ l \

( l t o u c l ) \ t t o c - l ' s  t t l t  l ; l y 6 t t t t c  1 . 5  r t r t )

:  I  I o l c t t e t t t t t  l i  c l l l l r l K i l r l  t t l l  p t t c  l

I  5 ,1

l l l l



T a 6 n n u a  2

XllMrqecrcrft cocraB u uAeHrr0uqupoBaltrtbrc Qaru (no AaHrlbrM MPCA)

Cxopperrr.rposant tue nac. o/o
H4erruQrunpoBallllbte

$arr,t

10.261
7 t .284
7 t .655
80.576
81.445
47.710
49.467
48.750

29.739
28.716
28.345

37.271
35.120
36.077
53.640
54.010
53.280

19.424*
18.555

t  5 . 0 1 9
1 5 . 4 1 3
t5.173
46.360
45.990
46.720

ZrB2

ZrSiOa

sio2

f tpnucqaHuc.  HcxoAnar KoMno3nrrnr  50 ruac.  VoZrB2,50 r" rac.  % Si .  Tcpuoo6pa-

6orxa 20 - 1400 oC + I .r 1400 "C, cxopocrb HafpeBaHrrfl H oxtraxAcHl{t 7 rpa{,lwaa. 06-

pa3ubr.Mcrrurlonogo6srrc c Hylcaofi fiopucrocrbto. * PaccqntaH no pa3Hlluo.

)l<l.rMa nolyr{eHhr cocraBJrrer 0.1-10 %. O6pa3I-(bI, cQopMI4poBaHHbIe rro I pexnuy, oxa-

3iLJrHcb HecrofiKr.tMr4, oHt4 pa3pyr.u[nucb npl4 KHntqeHLIu B BoAe. Bepo.rruo, B rlpoqecce

TepMoo6pa6orxu rto I pexuMy rrpoucxoAr.rr o6pa3oBaHue creKJIoMarp]tIIbI c BbIcoKHM co-

AepxaHr4eu 6opHoro aHfllAplrAa, KoTopblfi JIerKo pacTBopteTct B BoAe.

O6pasuu, flonyqeHHbre ro III pexr,rMy c HcnoJIb3oBaHI{eM 3ong SiOz B KaqecrBe cBfl3y-

rorllero, oKa3aJlr.rcb caMbrMH crofiKrlMu - Hr{ oAI{H o6pa3ell He pa3pyulunct npn Kl{[tqe-

Hr4Lr B BoAe B orrur{ue or o6pa3rloB, troJryqeHHblx c ttcrIoJIb3oBaHI{eM MI{, cpe4n Koropblx

pa3pyrrrncr o6pa3err cocraBa (rrrac. %) 90ZrBz' 10Si. YnpouHeulle cBt3aHo c reM, qro

3onr SiO2 HerrocpeAcrBeHHo yqacrByer n Qoprrar.rpoBaHl4u creKJIoMarpIrlIbI KoMno3l'ITa H

Aeiraer ee xLIMnqecKH croflKoft.
YcraHosreHo, r{To KoMrro3r4rrr{oHHbre Marepl,Ianbl cocraBoB (rtac.Yo) (100- x)ZrB2-xSi,

rAe x :20, 50, nolyveHHbre no II n III pexuruaM cI4HTe3a, HMetor HIc3Kyro nopucrocrb

0.1-0.3 %.
KoaQQnuneHT JruHefiHoro repMuqecKoro pacurpeHl{t [poAyKToB oKHclIeHIlt o6pa3ua

KoMro3r.rra (uac. %) 50ZrBz.50Si cocraBurr 36'10-1 K-l s nHrepBarle reMneparyp or 20

Ao 500 oC, .rro 6rrsxo K TKJIP rpaSr,rra [l0].
Perynrrarbr repMr.rqecKoro aHailv3a flopolxKoo6pasHux o6patqon 6oprlga uI4pKoHI'lt,

KpeMHHfl r,r trx cMecr.I npeAcTaBJIeHbI Ha puc.4. BuAHo, t{To BBeAeHIle KpeMHIat B cocTaB

KoMrro3HrIvtn He MeHreT [oJro)KeHHt 3K3oTepMuqecKI{X IIHKoB 6opr.r4a IIHpKoHI4t, T. e. 06-

ular Kaprr.rHa oKI4CJreHLIt oOpLlAa I-(ltpKoHI'Ifl He H3MeHAercfl.

MuxpocrpyKTypa o6pasuon rereporeHHafl - creKJloo6pa3nafl Marpl4t{a KarlcyJlnpyer
qacrgrlbr Kpgcrann[qecKr.rx Qas rarc r4cxoAHbIX, TaK ll o6paronaeurvxcfl oKcHAHbIX coeAu-

HeHr,rfi (puc. 3, 4). llo AaHHbrM MPCA, yAenbHoe coAep)I(aHLIe creKroMarpullbl B o6beMe

MarepHana cocraBrter oKoJlo 30 o6. %,

Pesylrrarbl POA rroBepxHocrr.r o6pa3rloB rrpeAcraBJleHbl B ra6n. l. Ha noBepxHocrrr

o6paruon 3aS[KcHpoBaHbr KpHcraJIlI4qecKI,Ie 0a3bl Si,ZrO2,ZrSiOa, cr-Kpl'tcro6annr' Qa-

3oBbtfi cocraB noBepxHocrHofo cJror MeHrerct B 3aBI,IcHMocrH or lrcxoAHofo cocraBa

KOMnoHeHTOB, CBr3ylotuefo u pexr{Ma TepMoo6pa6orru. Hanpurr'rep, flocre TepMoo6pa-

6orrh [no I pexrarray cL-KpHcro6anHT norBJuercfl B KoMno3lrrax cocraBa (vac. "/o)

(100 - x)ZrB2-xSi c cogepxaHueM KpeMHHr x > 30, B cnyqae II pexr.tr.ra repMoo6pa6or-

Ka - B KoMrro3uTax c coAepxaHueM KpeMHHfl, x> 20. Ilpu HcrIoJIb3oBaHH:na lo/o-ro pac-
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prc. 3. KfiHcrura oKHcJlcHr.tr rpa$r.rra (n) u pcxHru repr"roo6pa6orrH (6) norpurHt cocraBa (uac' Yo)

50Z;;Bz-' 50Si uocnc rcpuoo6pa6orKn tlo pcxnuy [lla'

TBOpa MII s KarrecTBe cBr3yrcuero npl4 CHHTe3e no III pexl{My ct'-KpI'�ICTO6tUll4T IIOtBIfler-

c, B KOMnO3[TaX C COAep)KaHr4eM KpeMHI'It .r > l0' a npu uclloJrb3oB a]H:fl|/I 3}ila SioZ - c

6onee HLI3KIIM coAepxaHlleM KpeMHnr (x > 5)'

O6paseq cocraB; (r"rac. %)-502�182.50Si, ronyqeHHblfi c ncnonr3oBaHueM lo%-ro pac-

TBopa iutq no III pexrarvry repMoo6pa6orK', LIccJIe.qoBaH MeroAoM rocJlofiHoro peHrreHo-

Qaronoro a1aIn43a. Pesylrrarbl npeAcTaBJIeHbI B Ta6JI. 3' Bu4HO, IITO Qa3OBbIe cOcTaBbI

noBepxHocTHofo cJror u BHyTpeHHero o6beMa o6pa3lla pa3nHrIHbI. fIOCne CHflTVrfl [OBepX-

HOCTHOTO CnOfl fny6r{Hoft - 0.3 MM HaptAy c KpI{CTannHqecKI4MI{ QaSaun, [pltcyTcTByto-

0 200 400 600 800 1000 1200
T . "C

1400

r.r cMccu 6opnaa ur'rPI(oHHt
Puc. 4. TcpuorPauuut
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T a 6 n H q a  3

Peryarrarur noc.lofinord P<DA o6parua cocraBa 50ZrB2.50Si
rocne repMoo6pa6orru no pexrnry IIIa

O6utac rorulirra
currofi uetrxl.r, vtrl

0.3
0.6
0.6*
1 . 0
1 . 5

HcxoAHrrfi cocraB
Cocras nocne repMoo6pa6orru

'  np ,  1400 'C

4 @xruxa u xIrMHa crexra, Ns 2, 201 I r.

Kpncraa.nrvecrNe Qa:sr Ha noBepxuocru
o6pa:ua nocJre clrrrltt nrelrKn

Si, ZrO2, cr-rprcro6alrr, ZrSiOa
ZrB2, Si, ZrO2, a-Kpucro6aarr, ZrSiOq
To xc
)) ))
ZrB2, Si, 2fr2, o-Kpucro6alur
To xe

flpuruet{aHr.re. * - o6pa:eu 6ul rcnrnan npn 1400 "C s teqeHne l0 q.

IIIHMH B noBepxHocrHoM cJloe, QurcnpyrcTct AHQpaKqr4oHHbre nnKr.l 1Lrlopv1a rllrpKoHtrt
ZrB2. flpu currun cnror^ ToJIuIHHoft - 0.6 MM 3rH Qaru npprcyrcrByror B o6reue Marep6a-
na Aaxe nocne l0 q ncuslnanu[r rpn reMrreparype 1400'C. [rQpaKr{raonHbre nrlKr.r
ZrSiOa Hcrre3aror s o6rerue MarepHiura roJtbKo Ha rury6r.rHe - I MM H 6oaee.

flponegeu KorlilqecrBeuHblil POA o6pa3rla cocraBa (rrrac. %) 50ZrBz.50Si, ronyqeH-
Horo IIo pexuMy IIIa. HaprAy c gTtuIoHaMH aHanr,r3r.rpoBann o6pa3erl B BHAe nopouKa.
YcraHosreHo, qro nocne repMoo6pa6orru coAepxaHr,re ZrB2 yMeHbruaercr Ao 42 oh, rcpu-
cTalnHqeCKoro KpeMHHfl - AO 26 o/o, a colep)I(aHue ZrSiOa I4 cr,-Kpr,rcTO6anuta cogTaBry-
er 5 u 27 %o coorBercrBeHHo (ra6n. 4).

Comacso AaHHrIM POA, B noBepxHocrHoM cnoe o6pa3qoB rrocJre ficnbrraHnfi so scex
pexl'IMax 3aQHKcHpoBaHbI KpHcrannrqecKHe Qassr ZrO2, ZrSiOq H cr,-KpHcro6alur. llocle
I'tcrIbITaHI{it npu 2000 'C B TeqeHHe 30 c Ha roBepxHocru o6pirrla raKxe $uxcr.rpyrorcr
HeoKHcJreHHbIe qacTlttlu ZrB2, rITo cBHAeTeJIbcTByeT o 6brcrpoM o6pa3oB arruu 3auJuTHofo
ocreKJroB aHHoro cJror, KancyJrHpyroq ero qacrr.rr{br gu6 opwaa qnpKo H r,rr .

Ha ocnoee KoMrIo3HIrrlu cr4creMu ZrB2-Si c ncnonr3oBaHraeM Her43orepMqqecKoro
pexl'IMa repMoo6pa6orxu B Bo3AyIUHo[ arrrrocSepe fionyqeHbr xapocrofiKr,re rroKpblrut
Ha rpaQnr, Koropble BblAepx(ilJrr.r prcnbrraHHA rrpu 1400 "C B Ter{eHr.re 6onee 100 q. O6pas-
IIbI, noryr{eHHble no III pe)KHMy, ucrlblTaHbr c rroJrox(r.rreJrbHbrM esQexrona B Bo3AyrxHofi
arMocQepe npu reMrleparype 1550'C B rerreHne I v u npn 2000'C B reqeHr,re 30 c. B sa-
BI'IcHMocrlI or cocraBa o6pasqon rocile HcnbrraHr.rfi npu reMrreparype 1400 oC ngueHeHue
Maccbl cocraBl'lJlo Lm :0.02-10 urlcu2; npr.r 1550 n 2000 oC - Lm = 0.5 rrlr/crvr2. Oaso-
nuIft cocraB noBepxHocrHoro cnor rroKpurnfi [ocJre ucrrhrraHr.ri.t oc'raxcs 6es ugMeHeuair.

Ha nonepxHocrl,I rpaQHTa rlocJre couruQonbrBaHlrr rroKpbrrnr c o6pa3r{a c noMoulbro
P@A 6srno ycraHoBJIeHo HiuIHqI{e rroAcJror - Qasu SiC, snn-qrctqeficr npoAyKToM B3aH-
MoAeficrBl'lt rpaQHTa c KpeMHI,Iertr. Kap6u4 KpeMHr,rr o6ecne.{[saer rporrHoe cqenneHge
rror(pbrrr.rs c noAnoxKofi .

Cpanuunar xapocrofiKocrb noKpsttui,t, nonyr{eHHbrx ro r.r3orepMgr{ecKoruy [9] n no
Hel{3orepMuqecKoMy pexuMy, cneAyer orMerr{Tb, qro npl,t o6oux pexuMax Qoprrlnpona-
HHr rroKpbrrHr o6ecneqHBaercr HaAexHafl 3aqr.rra rpaQr.rra or oKHcJleHr{r.

T a 6 n u u a  4

Oarosbrft cocraB o6parua Ao tl nocne repuoo6pa6orrr (uac. 7o)

cr-rpucro6a.nrlr

50
A ' t )'7

257



3axrrc.reHue. Ha ocnoBe KoMno3HrrHH cucreMu ZrB2-Si nolyueHbl xapocrofrKue

KoMno3r{rlnoHHbre Marepr,liurbr u 3auII,ITHbIe noKpbITHt Ha rpaQI'IT B Bo3AylxHofi cpeAe c

ncrroJrb3oBaHr.teM Her.r3oTepMnqecKoro pexHMa HarpeBaH[t Ao TeMrlepaTypbl 1400'c.

YcraHoeren orrrr.rMarbHbrfi cocraB HcxoAHofi KoMno3HIILIn (Mac. %) 50ZrB2'50Si H onru-

MrrJrbHbrfi pelKHM cr{HTe3a - HarpeBaHue or 20 ao 1400'C co cKopocrbrc 7 oCllann. flo-

ryr{eHHbre KoMrro3LrrIHoHHbre MaTepHanbl LIMeIoT HH3Kyto flopHcTocrb 0.1-0.3 o/o. O6paz-

ubr rpaQHTa c roKpbrrrlrMr{ r{cflhrraHbr B Bo3AytuHofi arrvrocSepe npn 1400'C cBblue

100 q c roJIoxI{TeJIbHbIM eQQemorrl.

Marepnanbr pa6orhr r.r3JroxeHbr Ha XI International Conference European Ceramic So-

ciety (Iftakov,2l-25 June 2009).

Pa6ora BHnoJrHeHa rrpvr noAAepxcKe BeAyIIIefi HayqHofi IIIKoJIrI HllI-5706.2008.3 v Ha-

yrrHofi rporpaMMbl OTAereHnfl xvrwl4r4 H HayK o MaTepualax PAH-2009.
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