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B Hacmosuwee épems 00HUM U3 60CMPEOOBAHHBIX MUNOE MAMEPUAN08 A6/51-
omces ynaomuumenvHole Mamepuansl 04s pabomsl npu 8bICOKUX memMnepamy-
pax. Ilpedcmaeaenvr mamepuanvt 045 8blICOKOMEMNEPAMYPHLIX YNAOMHEHUIL,
paspabomanuvie Kax 3a pybexcom, mak u é Poccuu — 6 wacmrnocmu ¢o @IYIl
«BUHAM>». PaccmompeHrul ceolicmea mamepuanog, memoost UX noAy4eHus U 0o-
Aacmu NpuUMeHeHus.
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High-temperature fibrous sealing materials

Now one of demanded types of materials is sealing materials for work at high
temperatures. The materials for high-temperature seals developed both abroad
and in Russia, in particular in Federal State Unitary Enterprise VIAM are
presented in the article. Properties of materials, methods of their manufacturing
and a scope of use are considered.
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PaboTta BblmojiHEHA B paMKax peajau3aliuyd KOMILIEKCHOIO HaydyHOro Ha-
npaiieHus 14.3. «MHOroyHKIIMOHAJIbHbIE TEIUIO3AIIUTHBIE U TETLJIOMU30JIsI-
LIMOHHBIE MaTepraibl» [1].

B Hacrosiiiee BpeMsl OMHUM K3 BOCTPEOOBaHHBIX BBICOKOTEMIIEPATYPHBIX
MaTepuasoB SIBJSIETCS XUMUYECKU U TEPMUYECKM CTOMKMIA MaTepral J1s IO~
BWXKHBIX M HETOABVIKHBIX YIUIOTHEHMI, MCIOJb3YEMbIX IJIsI TepMeTU3alliu
pa3HOro pojia CTHIKOB, MOABVIXHBIX JIIOKOB U IBEpeil B U3NEIUSIX aBUALIMOH-
HOI, KOCMUYECKOI, XUMUYECKOI, aBTOMOOMIBLHOM, SHEPreTUUECKOI oTpac-
JIEU IPOMBIIILJIEHHOCTU.

CyIlIeCTBYIOT TPU OCHOBHBIX CIIOCO0A YIUIOTHEHUS B ITOIBMKHBIX U HETOM -
BIDKHBIX 3a3o0pax. [lepawiii cnocob TpemycMaTpUBaeT HCITOJIb30BAHUE MSITKOIO
YIIPYroro MaTepuaia, padoTalolIero Kak 3a c4eT COOCTBEHHOM YIPYroCTU (pe3u-
HOBBIE MaHXEThl, KOJblIA, YIUIOTHUTEIbHBIC IIIHYPHI), TAK U 3a CYET JaBJICHUS

! @enepanbHOE rocynapcTBEHHOE YHUTApHOE Mpeanpusitue «Becepoccuiickuii HaydHO-Uccie-
JIOBAaTeIbCKUI MHCTUTYT aBUALIMOHHBIX MaTepuaioB» [OCynapcTBeHHBIN HaydHbIi LieHTp Poc-
cuiickoit @eneparnu [Federal state unitary enterprise «All-Russian scientific research institute of
aviation materials» State research center of the Russian Federation]; e-mail: admin@viam.ru
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ABVIaLI,VIOHHbIe maTepunaabl U TEXHONOTUN

CITeIIMATbHBIX KOHCTPYKTUBHBIX 3JIEMEHTOB (CaJIbHUKOBBIE YITIOTHeHMST). Oc-
HOBHBIM TTPEMMYIIIECTBOM TOAOOHBIX KOHCTPYKIIMI SIBJISIETCS TPOCTOTA MOH-
TaXa M CIOCOOHOCTb COXPAHATh LIEJIOCTHOCTh IMPY 3HAYMTEIbHBIX N3MEHEHMSIX
BEJIMUMHBI YILUIOTHsIeMOro 3a3opa. [Ipu 1croib30BaHUY B HEMOABWKHBIX y3J1aX
MOI00HBIE YITIOTHEHUS (YIIPYTO JIMOO TJIaCTUYECKU Te(hOpMUPYEMbIE JIEMEHTHI)
SIBJISIIOTCSI OCHOBHBIM CPEICTBOM 151 00eCIIeUeHUsI TepMETUYHOCTU U BIIOJTHE Ha-
JIeXKHOM padOoTHI.

Bmopoii éapuanm — yIIJIOTHEHMS C TApAaHTUPOBAHHBIM 3a30pOM (JJAOMPUHT-
HbIE), TIPUMEHsIEMbIe B IOABMKHBIX Yy3J1aX IPHM BeCbMa BBHICOKMX CKOPOCTSIX
CKOJIbXKEHUS U (WJIM ) BEICOKUX TPeOOBAaHUSIX K HAJIESKHOCTH, CBSI3aHHBIX C YMe-
PEHHBIMU TeperagaMy daBieHuil. 17151 3aMenieHus TepeTokKa YILUIOTHIeMOM
cpenbl, B ITOAOOHBIX Y3JlaX, KaK IPaBUJIO, IPUMEHSIOT TUAPOIMHAMUYECKYIO
npoUIMPOBKY, 3aTPyAHSIONIyIO TepeTekaHue. HemocTtaTrkom mogoOHOTo
criocoba SIBJISIIOTCS BEICOKME TPeOOBaHMS K TOYHOCTH B3aMMHOTO TTOJIOXKEHUSI
YILUIOTHSIEMBIX TTOBEPXHOCTEN U HAIMYKME HEM30EeXXHOT0 OCTaTOYHOro Mpoca-
YMBaHUS YIUIOTHIEMOM CPEIIbI.

Tpemuii cnocob odecrieueHUs repMeTU3aluy — YIUIOTHEHMS C IJIOTHO CO-
MPUKACAIOIIMMUCS XECTKMMHU ITOBEpXHOCTIMU. KHMHeMaTHyecKue orpaHu-
yeHUs 111 QOPMBI TOYHBIX ITOBEPXHOCTEM, CIIOCOOHBIX COXPaHSITh KOHTAKT B
MpoIIecce U3HOCA, IPUBOISAT K TOMY, UTO OIOOHBIE KOHCTPYKIIMM MOTYT OBITh
BBITIOJIHEHBI TOJILKO B BUIIE JUCKOB, c(ep 1nb0 KOHYycoB. M3-3a TeXHOIOTU-
YECKHUX M 3KCIUTyaTallMOHHBIX OrpaHUYECHUN TTOAABJISIONIEe YMCIO0 MOT0OHBIX
Y3JIOB UMEIOT (hOPMY COIPUKACAIOIIMXCS AUCKOB, C YeM CBSI3aHO MX OOILIe-
MPUHATOE TEXHUYECKOE Ha3BaHUE — TOPLIEBLIC.

CaJIbHUKOBBIE HAOVBKY IIPEICTABISIOT COOO0M IJIETEHbIE IITHYPHI KBaApaT-
HOro WJIM KPYIJIOTO CEYeHUSI M3 BOJIOKOH Pa3IMYHOIO COCTaBa, TaKUX KakK
HaTypaJibHbIe, acOeCTOBbIe, CUHTETUUYECKHE U KOMOMHMpOBaHHBIe. B psme
CJIydaeB CaJbHMKOBBIC HAOMBKM MMEIOT MPEUMYIIECTBA Mepel YILIOTHUTEIb-
HBIMU KoJibliamu. Kak rpaBuio, HaOMBKa IIpoIlie B YCTAHOBKE, IEIIEBIIE, YeM
TOpPLIEBOE U, TeM 0oJiee, JaOMPUHTHOE YIUIOTHEHUE, a TaKXKe MeHee TpeboBa-
TeJbHa K OCEBbIM CMEIIIEHUSIM BaJia.

B niepenoBbIx IUIep3BYKOBBIX IBUTATENISIX HEOOXOIMMBI BHICOKOTEMIIEpA-
TYpHbI€ TMHAMMYECKHE KOHCTPYKIIMOHHBIC YIIOTHEHMSI, YTOOBI YILIOTHUTD
MEepUMETPhl ABWXKYIIMXCS HAKJIOHHBIX IUIOCKOCTel, 3(h(heKTMBHO padoTa-
IoIIME B BEICOKOCKOPOCTHBIX ITOTOKAX ra3oB Ipu Temmnepatypax ot 1000 mo
1200°C [2—6]. g mpemoTBpalieHus 00pa30BaHMS B3PLIBOOMACHBIX CMeceil
YILUIOTHEHUS IBUTATeNeil TODKHBI OTPaHUYMBATh YTEUKY TOPSTYMX CKAThIX Ta-
30B 1 HECTOPEBIIIETO TOTUIMBA B 3aHUX MOJIOCTSIX. YINIOTHEHUS JOJIKHBI pabo-
TaTh B aTMOC(epe KUCIOPOI/Tap U COMPOTUBIISITLCA BOIOPOIHOMY OXPYITYH-
BaHUIO, €CJIM B KAUECTBE TOILIMBA UCMOJIb3yeTcs Bogopoa. KoHCTpyKIIMOHHBIE
Y TEPMUYECKUE HArpy3KM Ha CTEHKU JIBUTATENISI MOTYT BBI3bIBATh JUCTOPCUIO,
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KOTOPYIO YIJIOTHEHUSI JOJDKHBI aKKOMOAMPOBaTh. JIJIsi TOro 4ToObl OCTaBaTh-
Csl B KOHTaKTe CO CTeHKaMM, YIIOTHEHUS JOJDKHBI COXpPaHSTh YIIPYTOCTh U
TMOKOCTb NP MHOTOKPATHBIX TEPMOLIMKIIAX. B CBA3M ¢ aTUM pa3paboTUYMKU
VIUIOTHUTEIbHBIX IITHYPOB UCIIOJIB3YIOT IJISI UX MOJIYYEHMS TYroIIaBKMe OK-
CHIIHbIE BOJIOKHA, KOTOPhIE, IOMUMO BBICOKOI TEPMOCTOMKOCTM, 00JIamaroT
XMMMYECKOI MHEPTHOCTBIO B arpeCCUBHBIX cpefax. K HemocTtaTkaMm 3TUX Ma-
TepUAJIOB CJIeIyeT OTHECTU HEBBICOKYIO IIPOYHOCTbD, SIBJISIONIYIOCS CJISACTBUEM
XPYIIKON TpUPOIbl KepaMUKHU. Pa3paboTumKu UIYT CIIOCOOBI MPEOIOJICHUS
3TOro HeJAOCTaTKa IyTeM pa3pabOTKU HOBBIX COCTABOB BOJIOKOH 1 COBEPIIIEH-
CTBOBaHM KOHCTPYKIIMH YIIJIOTHUTECJIbHBIX IITHYPOB.

TexHo0rnu NoNMyYeHMs YIUIOTHUTEAbHBIX IITHYPOB Ha OCHOBE TEPMOCTOM -
KHUX BOJIOKOH, KaK IIpaBWJIO, BKJIIOYAIOT IIOJYyYeHHE BOJOKHUCTOIO TEPMO-
CTOMKOIr0 HAITOJIHMUTES U €r0 OIUIETKY HeIPEPhIBHBIMM BOJIOKHAMU WX HU-
TSIMM, JIMOO TPOLIEHME U TUIETEHUE KOMILJIEKCHBIX HUTEIA.

Temnon30aMOHHBIE YIUIOTHUTEIbHbIE IITHYPhl TPAAULIMOHHO IIPOU3BO-
IISIT U3 acOECTOBBIX MJIM 0a3aJIbTOBBIX BOJOKOH M IIPEIACTaBJISIOT COOOM 1IM-
JIMHAPUYECKOE TEJIO M3 BOJOKHHMCTOIO WMJIM HUTEBHUIHOIO Marepuaja ¢ 00-
BUBKOM 13 HUTEW WU NMPSKU. ACOECTOBBIE IIIHYPHI U CAIbHUKOBbIE HAOMBKU
MU3TOTaBJIMBAIOT Ha acOECTOBOM OCHOBE, HEKOTOPhIE U3 HUX IIPOIIMTaHbI BCe-
BO3MOXHBIMU >KMPOBBIMU J00aBKaMU Ha OCHOBE HE(TSIHBIX IKCTPAKTOB, a
HEKOTOPbIE TUIIBl apMUPOBaHbI METANIMYECKOM MPOBOJIOKOI. JIJIsI MpOYHOCTU
B COCTaB acOECTOBOTO IIIHYpa TAKXKE MOTYT OBITh BBEICHBI XJIOIIKOBBIEC Y XMMU-
yecKue BoJIoKHa [7].

bosbioii acCOpTUMEHT YIIOTHUTENIbHBIX IIHYPOB BBIMYCKAET KUTaKlCKas
kommanus IFI Technical Production Company [8]. Ha poccuiickom pbIHKe
o(uIaTbHBIM TIPEACTaBUTENIEM 3TOM KOMIIAaHMHU SIBJseTcs Ipymma «Pyc-
Kut» (puc. 1). YmoTHUTeNIbHbBIE IITHYPHI, BHITIOJHEHHBIE U3 XpU30TUIIOBOTO
acOecTa, MUHEPaAJIbHBIX WJIM KepaMUUECKMX BOJIOKOH, MOTYT MMETh apMHPO-
BaHHME U MPOIUTKY rpaduToBOM M (GTOPOILUIACTOBON CyCIIeH3Me, a TaKxKe
WHTUOUTOPOM KOppo3uu. Paboune TemrepaTypbl TaKUX LIHYPOB HE IPEBBI-
maT 600°C, mo3ToMy 00JIACTH MX MCIOJIb30BaHUSI OrpaHUYEHBI CTPOUTEIb-
HOU, SBHEPIreTUYECKOM, TIPOMU3BOJICTBEHHOM 1 TPAHCIIOPTHOM OTPACIISIMU.

HabuBku 13 apaMUIHBIX U TpaUTOBBIX BOJIOKOH, MTPOMUTAHHBIX (hTOPO-
IUIACTOBOM CycIeH3uel, 00J1aialoT BhICOKONH MEeXaHWYEeCKOW IMPOYHOCThIO U
CTOMKOCTBIO K a0pa3uBHBIM cpenaM. OHM PeKOMEHAYIOTCS K TPUMEHEHUIO B
HedTenepepadaThIBamollet, XMMUYECKON, LIEJUTION03HO-0YMaKHOM ITPOMBIIII-
JIEHHOCTH. JIMamMeTp UX MOXeT cocTaBlITh oT 3 g0 50 MMm. OpHako paboune
TeMITepaTypbl TAKUX YIJIOTHUTEIbHBIX IITHYPOB TaKKe HEBBICOKM — HE TIPEBbI-
marT 450—500°C.

bonee BricOKUE TeMIlepaTyphbl IKCILTyaTallii MOTYT 00eCIIeYUTh TYTOILIaB-
K1€ OKCHIHBIE BOJIOKHA, KOTOPbIE, TOMUMO BBICOKOI TEPMOCTOIMKOCTH, 00/IafatoT
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Puc. 1. Kepamunueckue muypsl komnanuu I1FI Technical Production Company
(Kwurait)

XUMUYECKOM MHEPTHOCThIO B arpeCCUBHBIX cpeaax. OQHaKo A1 MOBBIIIECHUS
MPOYHOCTHU U UBHOCOCTOMKOCTH XPYIMKUX OT MIPUPOIBI KEPAMUYIECKIX OKCUI-
HBIX BOJIOKOH HEOOXOAMMO HMCITOJIb30BaTh BCIIOMOTraTeIbHbIE MaTeprabl, 00-
JIaJaloIIre 3aracoM IIPOYHOCTH U THOKOCTH, CITIOCOOHBIE BBIIEPKMBAThH BBICO-
KH€e TeMIIepaTypBhl.

Pa3paboTynky BBEICOKOTEMIIEPATYPHBIX TEIUIOM3OJISIIMOHHBIX YIIOTHM-
TeJIbHBIX MaTepHUaIOB (B YaCTHOCTH, IITHYPOB U OIUIETOK) MCIOJIb3YIOT Kepa-
MUYECKHE HUTU B COYETAHUU ¢ OoJiee IPOYHBIMU BCIIOMOTaTeIbHBIMUA BOJIOK-
HaMU U HUTSIMM, TAKUMHU KaK CTEKJISIHHBIE, KBaplLIeBble, METAJIMYECKUE.

Kommanusg Carborundum (B Hactosimee Bpemst Unifrax, CIIIA) pa3pa6o-
Tajga B 1963 1. crmocob Mojay4eHuss HUTe U3 KOPOTKOro (o 4 cM) KepamMuye-
CKoro BosokHa coctapa 51,5%8Si0,—45,3%Al1,0,—3,4%ZrO, Toprosoii Mapku
Fiberfrax [9]. CoriracHO JaHHOMY CITOCO0Y, CMeCh KepaMUYeCKIX OKCUIHBIX
¥ YIPOYHSIIOIINX BOJIOKOH, TAKMX KaK BOJIOKHA aKpWia, HEHJIOHA, XJIOMKa,
alleTaTHOM IIEJUTIOIO3EI, BUCKO3bI MJI XpU30THIOBOTO acOecTa, IOABEPramoT
KapAIoJecaHMWIO ¥ KPYIeHUIO C TOJIydeHUEeM HUTEH, KOTOPHBIE JOTIOJTHUTEIHFHO
VIPOYHSIOT HEMPEPBIBHBIMU CTEKJIOHUTSIMU MO0 XPOMOHUKEIEBOU ITPOBO-
sokoit [10]. M3 momy4eHHBIX TAKUM 00pa30M HUTEH MOKHO TTPON3BOAUTH TKa-
HU, JIEHTHI, IITHYPHI, OTUIETKU U Apyrue usneiaus (puc. 2).

IlomoOHEBI cITOcO0 MOMydeHUST KPYyIeHOM HUTU M3 KOPOTKUX CTEKIOBO-
JIOKOH mpemioxeH B mareHTe [12] (Ppanums). B mpeamoyTutesbkHOM Bapu-
aHTE OCYIIECTBJIICHUSI JAHHOIO M300peTeHUs MCIIONBL3YIOT CTCKJISHHBIC BO-
nokHa tina E, C, A, R wim S. KopoTkue BOJIOKHA IMOJIy4aroT IIyTeM pe3KU
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Puc. 2. YioraurensHbie mHypsl Kommanuu Unifrax (CIHA) [11]

WM PyOKM HENPEePBIBHBIX CTEKISIHHBIX BOJIOKOH, U3TOTOBJICHHBIX OOBIYHBIM
00pa3oM CepUITHBIMM ITPOU3BOIUTEISIMU CTEKJIIOBOJIOKOH. KOpoTKue cTeKio-
BOJIOKHA CMEIIMBAIOT CO BCIIOMOTATEIbHBIMU (ITPEAITOYTUTETBHO TUOKUMM)
BOJIOKHAMM, TAKUMM KaK BHCKO3HBIE IITAMNEIbHbIE, AKPUIOBBIE, TIOJUUMUII-
HbIe, NOJIUA(GUPHBIE, OTHEYITOPHBIE aKPUJTHUTPUIBbHBIE, XJIOMKOBBIE, IIEPCTSI-
Hble U ApyTrre BojoKHA. [IpOM3BOACTBO HUTHU BKIIIOYAET CACAYIOIIUE CTaIUM:
BCKPBITHE KJTyOKOB MCXOMHBIX BOJIOKOH, UX IMepeMellnBaHue, KapaodyecaHue
U TpsaeHue ¢ monydeHrueM HUTU. [lonydeHHyI0 TakuM 0O6pa3oM HUTh 3aTeM
nepepadaTsIBaIOT B IIHYP.

K 2T0i1 3Xe TeXHOIOTUYECKOU TpyIIe OTHOCUTCS METOM, ONIMCAHHBIN B Ma-
teHTte [13] (Mranusa—Kwuraii), BKIOUAIOIIWA U3roTOBIEHUE TTePBUYHbBIX HU-
Tell U3 CMECH OKCHIHBIX U OPTraHWYECKMX BOJIOKOH, UX (HUTE) yIIpOYHEHHUE
MHOTO(WIAMEHTHON CTEKJIOHUTHIO WJIM METAJUIMYECKON HUTBIO U U3TOTOBJIE-
HUME U3 MOJYYeHHBIX TTEPBUYHBIX HUTEH IIIHYPOB, JIEHT WM TKaHei. OKcun-
HbI€ BOJIOKHa conepxart oT 40 1o 55% Al O,; TemnepaTyphbl 3KCILTyaTalMy Ma-
Tepuayia, B 3aBUCMMOCTH OT COCTaBa BOJIOKHA, cocTaBystoT oT 980 mo 1370°C.

OxpaHHbIit fToKyMeHT KoMImaHuM Imperial Chemical Industries (Benmukoopu-
TaHUsI) OMUCHIBAET CIIOCOO MOYYEHUS YCIOBHO HEMPEPHIBHBIX KEPAMUIECKUX
HUTel 1 uagennii u3 Hux [14]. Llenbio n300peTeHust SABISETCS MOMyYeHUE Of-
HOHAITPaBJIEHHOI'O BOJIOKHUCTOTO MTPOAYKTa, COCTOSIIIETO U3 MAaCChl OKCUIHBIX
BOJIOKOH uTMHOU He MeHee 0,5 M 1 nmameTpoM <10 MKM, KOTOpPbIE MOTYT OBITh
TOJTYYEHBI B Y2K€ BBIPOBHEHHOM BMIIE, TaK KaK XpYIKHUE KEPpaMUIECKUE BOJTOKHA
TUTOXO MOAAI0TCS KapaodyecaHuio. [ToHATHE «YCIIOBHO HEMPEPHIBHOE BOJIOKHO»
03HAYaeT, YTO OTIEIbHbIE BOJJOKHA MOTYT 1 HE OBITh pealbHO HEMPEPHIBHBIMU
B CMBbICJIE OECKOHEUYHOM UIMHBI WJIM TPOJIETAaHMS Ha BCIO JUTMHY MTPOMYKTa, HO
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Kax/0e BOJIOKHO MMEET T0CTaTOYHO MPOTSKEHHYIO JUIMHY U OMHOHAIIpaBJIeH-
HOCTb, TaK YTO 0011Ie€ BIieYaTJeHUE TAKOBO, YTO IMPOAYKT COCTOUT U3 HENIPEPHIB-
HBIX BOJIOKOH. BBIpOBHEHHBI BOJTOKHUCTBIN MPOIYKT IMTOIYYalOT IO pa3ayBHOM
TEXHOJIOTUM, (hOPMOOOpa30BaHME ITPOMCXOIUT BO MHOXKECTBE CTPY IPEKYpPCO-
pa, KOTOpble BOBJIEKAIOTCSI B MIOTOKU BO3AyXa U IMPOXOMAST Yepe3 CXOMSIIINICS
MOTOK K HAMOTOYHOMY OapabaHy. OnucaHbl IIpYMEPhI MOJyYEeHUST BHIPOBHEH-
HOTO BOJIOKHMCTOTO IPOAYKTa Ha OCHOBE OKCHIA AJTFOMUHUS WM OKCUA LIUP-
KOHMSI, U3 KOTOPBIX Hape3asid JIEHThI, MPOITYCKaIM UX Yepe3 OIIETOYHYIO Ma-
IMHY ¥ COEAUHSUIM ¢ BOCEMbIO BUCKO3HBIMM HUTSIMU JIMHEHHON IJIOTHOCTBIO
no 167 nrekc. I3 moinyyeHHBIX HUTEH MOXKHO ITOJIydaTh ITHYPHI M OTUJIETKH JUTS
BBICOKOTEMITEPaTYPHOI'O UCITOIb30BaHUSI.

Bonokna cocraa 97%A1,0,—3%Si0, 1 HeTKaHblii MaTepUal U3 HUX BbIITy-
ckaet komrmanus Saffil Ltd, BxoguBiiiast B KadyecTBe OTAEILHOTO MOApa3AeIeHUS
B coctaB Imperial Chemical Industries (ICI) mo 1999 r, KoTopas 3ateMm Oblia
BoIKyTIeHa y ICI anrmiickoit kommanueit Dyson Group plc, a B 2011 1. mpro6-
peTeHa KpyImHBIM MeXIyHapoaHbIM XoanuHroM Unifrax — Beayluum mpousBo-
JATEJEM BBICOKOTEMIIEPATYPHOU BOJOKHUCTON TEILJIOM3OJISIIIMU, MTpeaIHa3Ha-
YEHHOM TSI TPUMEHEHMS B Pa3IMYHBIX OTPACISIX TIPOMBIIUIEHHOCTH.

AHaJIOTUYHbBIE TEXHOJIOTUM MCIOJb3YIOT B HACTOSIIIEE BPeMsI MHOTHE KOM-
MaHUKU — MPOM3BOIUTEIN BHICOKOTEMIIEPATYPHOI TETJIOM30JIIIUKU cTpaH EB-
ponel (ABcTpus, [epmanus, Beaukoopuranus, @paHiiys), a TakKe 10ro-Boc-
TouHoi A3uu (Kurait, Uunus, Anonus u ap.).

Hns npuaaHust U3HOCOCTOMKOCTU YIUIOTHUTEJIbHOMY IIIHYPY MCIIOIb3YIOT
TUOpUIHbIE KOHCTPYKIIMU, BKJIIOYAIOIIME TePMOCTONKME BOJIOKHA, IIOJIbIE
cdepbl, METAZIMYECKYIO OIUIETKY W IPYXUHY IS OpuaaHus ynpyroctu. B
YaCTHOCTH, Psifi 3allaTeHTOBAHHBIX PEIIeHUI 110 pa3padOTKe BBICOKOTEPMO-
CTOMKUX YIIJIOTHEHUM 11 ABUTATeN el HOBOTO MOKOJIeHUs npeaioxeH NASA.
Pa3paboTaHO HECKOJIbKO BMIOB YIUIOTHEHUIA — KaK IOJHOCTbIO KepaMuye-
CKUX, TaK ¥ TMOPUAHBIX, COAEPKAIIMX KepaMUUEeCKUI CEPACUYHUK U OIUIETKY
U3 cyrnepcruiaBoB. CepaeuyHUK MOXET ObITh BBIIIOJHEH U3 MOJIBIX MUKpOchep
[15] nnu u3 BoaOKOH. YIuioTHeHMs (pUC. 3) MOTYT COIOEpKaTh MPYKUHY U3
BBICOKOTEMIIEPATyPHBIX CILIAaBOB BHYTPU OIUIETKM M3 TYTOIUIABKUX BOJOKOH
[16], cepaedyHUK U3 ITy4yKa OJHOHAIIPABICHHBIX BOJIOKOH I, IPYXUHY 2, OKPY-
JKAIOIIYIO 3TOT CEpASYHUK, M OTLIETKY M3 HEIIpephIBHLIX BOJIOKOH 3 [17].

Bo ®I'YI1 «BUAM» HamaxkeH BBIITYCK AUCKPETHBIX M HENPEPBIBHBIX BOJIO-
KOH Ha OCHOBE TYTOILIaBKMX OKCHIIOB — B YaCTHOCTU, BOJIOKOH Ha OCHOBE OKCHIIa
TIOMYHMS, MYJUIMTAa X1 OKCHIA LIMPKOHUSI. DTU BOJIOKHA HCIIOIBL3YIOT IIPU U3-
TOTOBJIEHUM Pa3IMYHbIX MaTepHUaoB TEIUIO3AIIMTHOIO U TEIUIOU30JISILIMOHHOIO
Ha3HauYeHUsI, B TOM YKMCJI€ BBICOKOTEMIIepaTyPHbBIX MAaTEPUAIOB ISl YIIOTHEHUIA.

B yacTHOCTH, pa3paboTaHbl U M3rOTOBJIEHBLI 00pa3libl HECKOJILKUX BUIOB
VIUIOTHUTEJIbHBIX MaT€PUAJIOB: IIIHYPHI C OIUIETKOM M3 KBaplieBOro BOJIOKHA U
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Puc. 3. YmuiornurensHsliil mHyp [17] (CIHA):
1 — ogHOHaIpaBJIEeHHOE BOJIOKHO; 2 — MPYXUHA;
3 — oIJIeTKa U3 HEMPePBIBHBIX BOJJOKOH

CEepALIEBUHON U3 MTMCKPETHOTO KBApIIEBOTO BOJIOKHA U BOJIOKHA HA OCHOBE OK-
cHlia ATIOMUHUS; IITHYPBI C JOTIOTHUTEIBHONM METAJUTM3UPOBAHHOU OTUIETKOMN
U YIUTOTHUTEIbHBIE KOJIbIAa U3 KOMITO3UIIMOHHOTO MaTepuraa, ColepKallero
MaTpUIly U3 THOKOTO OpraHMYECKOro MaTepuasa, YIIPOUYHEHHYIO HEINpPephIB-
HBIM BOJIOKHOM Ha OCHOBE OKCHJIa ATIOMUHUS, a TAKXKE UBHOCOCTOMKUE Kepa-
MUWYECKHE KOJblIA.

IIpouecc monydyeHUsT TUCKPETHOTO MOJUKPUCTAUTMYECKOTO BOJIOKHA Ha
OCHOBE OKCHJa aTIOMUHUS COCTOUT U3 CIECAYIONINX CTaIUM:

— BXOHOI KOHTPOJIb UCXOTHBIX KOMITOHEHTOB — OKCHUXJIOPUIA ATIOMUHUS
(MoJMaTIOMUHUUTUAPOXIOPUIA) U CUITMKA301s1 (KPEMHE30J151);

— MPUTOTOBJIEHWE UCXOTHOTO (DOPMOBOYHOTO PACTBOPA;

— yIapuWBaHWE MCXOAHOTO (hPOPMOBOYHOIO PacTBOpa C IIEJbIO0 yIAJIEHUS
YacTU pacTBOPUTENS M0 HOCTUXKEHUS TpeOyeMoil i1 (hbopMOBaHUS BOJOKHA
BSI3KOCTHU;

— (hopMOBaHME BOJIOKHA METOJIOM (POPCYHOUHOTO PACITbLICHUS;

— HU3KOTEMIIEpaTypHask TepMOOOPabOTKa CHIPOrO BOJIOKHA C IIEJIbIO yAa-
JIEHUS JIETYYUX KOMITOHEHTOB BOJIOKHA U MEPEBOIA €T0 B OKCUIHYIO (hopmy;

— BBICOKOTEMIIepaTypHasi TepMO0OpadOTKa BOJOKHA C LIEJIbIO MTOTYYEHUS
TpedyeMOoii KpUCTAJUIMYECKON (pa3bl BOJOKHA JJISI CHUKEHUS YCaIKU MaTepu-
ajia ipu padoyeit TeMmepaType.

®opMoBaHUE BOJIOKHA ITPOBOIUTCS HA YCTAHOBKE MOJTYYeHUS AUCKPETHBIX
BOJIOKOH C TOPU3OHTAJbHO PACITOJOXEHHONH KaMepoil BOJIOKHOOCAXIEHMS,
000pyIOBaHHOW CETYATHIM (DUIBTPOM C pa3MepPoOM STYEWKM 1—2 MM, Haxomds-
IIMMCS B HUKHEW YacTU KaMepPhI C LENTbI0 TPEAOTBPALIEHUS U3TUOOB U TOMKU
BOJIOKHA.
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ITocne mporecca opmoBaHUsI HeoOXOoOMMa TEPMOOOPAOOTKA BOJIOKOH,
obecreurBaloias IpeBpalleHIEe UCXOIHBIX IIPEKYPCOPOB, COCTABISIONINX BO-
JIOKHOOOpPAa3yIoII1ii pacTBOP, B OKCUI aTlOMUHUS. TepM0o0oOpabOTKY BOJIOKOH
MPOBOAAT B CylImiIbHOM HIKady. g mpemoTBpallleHUs JOMKU MPU TePMO-
00paboTKe BOJIOKHA JIOJIKHEI OBITh YJIOXKEeHBI CBOOOIHO. Mukpodororpadus
MOJIy4YeHHOTO BOJIOKHA TIpeIcTaB/ieHa Ha pUc. 4, TUCTOrpaMMa pacipeneaeHUs

BOJIOKHA 1O IUaMeTpaM — Ha puc. 5.

Puc. 4. Muxpodororpadusi [MCKPETHOTO BOJIOKHA
Ha OCHOBE OKCH/IA aJTIOMUHUS

25
20 1

—
un
1

10 1

KonuuecTBo, mrT.

L]
L

4,6-4,8 Mxm

5,2 MKM
5,4-5,6 MKM
5,8-9,0 mxm

3,4-3,6 MKM
3,

4,244 MKM

1,8-2,0 MKkM
3,840 MM

0,2-0,4 MM
0,6-0,8 Mmxm
1,0-1,2 MM
1,4-1,6 MM
2,2-2.4 mxm
2,6-2,8 MKM
3,0-3,2 MM

Puc. 5. rI/ICTOI‘paMMa pacipeacjacHusg 1MaMeTpoB IMCKPETHOI'O BOJIOKHaA
Ha OCHOBE€ OKCHJa aJIIOMUHUA

[TonydyeHHBIE BOJIOKHA HA OCHOBE OKCHIA aJIOMUHUS MCITOJIb30BAIN IS
MOJIy4eHUsSI HETKAHOTO BOJIOKHMCTOTO MaTa, M3 KOTOPOIO Hape3ajaud Cepi-
LIEBUHY IIHYpa. B OCHOBY TeXHOJOTMM ITOJy4Ye€HHUS] TMOKOTO BOJOKHMCTOTO
MaTa II0JI0XKeHAa TEXHOJIOTUs BAKYYMHOTO (DOpMOBAHUSI U3 BOTHON BOJIOKHHU-
CTOH IIyJIBIIBI, TTOJy4aeMOil IyTeM pa3BeleHHUs] BOJIOKHA B BOAE COBMECTHO
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C OpraHMYeCKMM BOAOPACTBOPUMBIM CBS3YIOLIMM, ITOCJIE Yero OT(hOpMOBaH-
HBII BOJOKHUCTBIM MaT MOABEPTaloT HU3KOTEMITEpaTypHOI TepMOOOPabOTKE.

IMonyyeHHBIN TaKMM 00pa3oM MaTepuall U3 JUCKPETHOro BOJIOKHA Ha OC-
HOBE OKCHJa aJlloMUHUs (pUC. 6) MCIONIb30BaIM JIJIsI U3TOTOBJIEHUS Cepilie-
BUHBI IIIHYpa C TEXHOJOIMYECKOI 000JI0YKOM 113 KBapLIeBOTIO XOJICTA.

Puc. 6. BolOKHUCTBII MaT U3 AUCKPETHOTO BOJIOKHA
Ha OCHOBE OKCH/JIa aTIOMUHMUS

Ha nmonocky u3 kBapueBoro xojiacta Mapku XKB-0,05 ykinaabiBaau MOJOCKY
pacyeTHOTO KojnyecTBa ()OPMOBAHHOIO MaTa U B 3aBUCUMOCTHU OT TpebyemMo-
ro AuaMeTpa IIHypa co3aaBajayd 000J0UKY M3 XOJICTA HA HETKAHOM BOJIOKHM-
CTOM MaTepualie M3 JUCKPETHOIO BOJIOKHA.

JIIsT OMJIEeTKM LIHYPOB MCHOJb30BaJIM KBAapLIEBYI0 HUTh JIMHEWHOMN MIOT-
HOCThIO 136 Tekc. Ha U3roToB/IeHHYIO CepAlLIeBUHY LIHYypa Ha 48-BepeTeHHOMI
LIHYPOIJIETEIbHOM MallHEe HAHOCWJIM OILIETKY M3 KBaplLEeBbIX HUTEM, Mpea-
BapUTEJIbHO CMOTAHHBIX B TPU CJIOXEHMS Ha TTEPEMOTOYHOM CTaHKE, U TOJIy-
yaJv obpa3ubl HYpoB Aruamerpom 10; 15; 20 1 30 MM 1O TUIIOBOMY TEXHOJIO-
ruyeckomy mpoiieccy (puc. 7).

JIIsT OIIeTKM MEeTaJUIMYECKOI MPOBOJIOKOM KBaplieBOrO IIIHypa Ha 3TOM
aTare BbIOpaHa OKAJMHOCTOMKAas CTajbHas IMpoBoyioka auaMmeTpoMm 0,1 MM.
OneTky U3 MeTaJIMYECKOW IMPOBOJIOKM HAHECAW Ha IIMHYP C KBaplEeBOM
OTJIETKOM.

ITonydyeHHBIM IHYpaMm npucBoeHbl Mapku: BIIIT-1 — ¢ oruteTkoi u3 KBap-
ueBbix HUTe u BIIT-2 — c orieTkoil U3 MeTaaandeckoi mpoBosioku. Ha
puc. 8 mpeacTaBieH BHEIIHUI BuA uHypa Mapku BIIIT-1.

OCHOBHBbIE CBOICTBA LIIHYPOB IpeACTaBIeHbI B Ta0. 1.
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a 6)

: ‘_._!ll iH\ "TI‘IH ‘nﬂ.

Puc. 7. O6opynoBaHue Ml MOJIy4EHUS IITHYPOB:
a — TIepeEMOTOYHBIN CTAHOK; 6 — LIHYpOTUIeTeIbHasi MalllliHa

Puc. 8. BHemHuii Bup mHypa Mmapku BIIT-1
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Tabauya 1
CaoiicTBa ymioTHuTeNbHBIX HYpoB BIIIT-1 u BIIIT-2

CaoiicTBa 3HayeHHs CBOMCTB NIHYPOB MapoK
BIIT-1 BIIT-2

Buennuii Bux Benoro npera CepeOpucroro 1isera
JuameTp 1miHypa, MM 10+2 10+2
JluneliHast TUIOTHOCTh, KTEKC (He Ooiee) 100 110
VY nenvHoe Hanpsbkenue cxatus npu 20%-Hoi (11£2)-107 (174£2)-107
nedopmarmu, MIla
[InoTHOCTH IIETEHMS — KOJIMYECTBO IUICTEHUI 40+3 50+10

Ha 100 MM

JlaHHBI TUIT YIUIOTHEHWIA TpeaAHa3HayeH ISl padOThl MpU TeMIepary-
pax no 1400°C. Hna padotsl mpu Temieparypax He Bhiie 1100°C Bo ®I'YII
«BUAM» nipousBOAAT YIIOTHUTEIbHBIE IIHYPbl aHAJOTUYHOM CTPYKTYPHI C
CepALEeBUHON U3 00Jiee JOCTYITHOTO U EIIEBOrO KBAapIIEBOTO BOJJOKHA MapOK
IITKs-10 1 IITKBM-10.

IIuyp mapku IITKB-10 uzroraBauBaiOT MyTeM HAHECEHUS OIUIETKU M3
kBapieBbIx HUTei Mapku KC 11-17X2X2-39 (1o TY 6-48-05786904-166—97)
Ha TETUIOM3OJISIIIMOHHYIO CEpALIEBUHY U3 WUIJIONPOOUBHOIO KPEMHE3EMHOTO
Martepuana Mapku «Cymepcui» (o TY 5952-156-057-86-904—2000). Inyp
Mapku [IITKBM-10 u3rotaBnuBaroT IyTeM HAaHECEHUS Ha TETLJIOM30JISIIMOH-
Hb1ii HYp Mapku [T TKB-10 orieTku U3 KOMIIEKCHOH CTalbHOM MTPOBOJIOKHU
nuametpoM 0,07 MM B 8 ciioxkeHuit. CBOMCTBA YIUIOTHUTEIbHBIX IIHYPOB JaH-
HOTro BYJa MpeAcTaBieHbl B Ta0I. 2.

Tabauya 2
CaoiicTBa ymiorHutenbHbix mHypoB Mapok IIITKe-10 u IIITKeM-10
CoiicTBa 3HaueHHUs CBOMCTB LIHYPOB MapOK
ITKs-10 IITK8M-10
Buemnnii Bug Benoro nsera Cepebpucroro 1sera
Jlnametp mHypa, MM 10+2 10+2
Macca 1 nor. M. mHypa, r (e 6oee) 50 100
VYcunue, paspeiBaroniee cepLueBHHy IHYpa, Kre (He MeHee) 1,0 3,0
JlniHa nIHypa B MOTKE, M 5-50 5-50
TI10THOCTB MIETEHHs — KOIMYECTBO IieTeHuit Ha 100 Mm 5543 50+10

Eiile onyH BUI yIUIOTHEHHUSI I pabOTHI TP BBICOKKMX TEMITEPATYpax U3ro-
TaBJIMBAJIM B BUJE KOJIbIIA, COMEPKAILIEr0 HEMPEPBIBHOE BOJIOKHO (Ha OCHOBE
OKCHJIa AIIOMUHKS B BUIE POBHUIIBI) M OPTAHMYECKYIO MATPUILY.

PoBHuIly (hOpMUPOBAIN M3 HEMPEPLIBHBIX BOJIOKOH OKCHUIA aTIOMUHUS,
MTOJIY4EHHBIX T10 30JIb-T€JIb TEXHOJOTMHM METOIOM CYXoro ¢opMoBaHus. Jls
MIPUTOTOBJIEHUS (DOPMOBOYHOTO PACTBOPA UCITOJIB30BAJIM T€ K€ KOMITOHEHTHI,
4TO U JUT TTOJYYEHHS JUCKPETHOTO BOJIOKHA HAa OCHOBE OKCHUIA aTIOMUHUS.
J1Jis1 U3rOTOBJIEHKWS POBHULIBI TTOJYYEHBI BOJIOKHA HAa OCHOBE OKCHUJIA AJIIOMHU-
Husl. VI3 MCXOTHBIX KOMITOHEHTOB (CHIIMKA30JIs1, OKCUXJIOPHUIA aTIOMUHUS U
pacTBopa IMOJIMBMHUIOBOTO CIIMPTa) TOTOBMJIM BOJIOKHOOOPA3YIOIIMA pac-
TBOp pacyeTHOro coctaBa: 85% okcuma amoMUHUS U 15% okcuma KpeMHUSL.
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PactBop ynapusanu no Bsa3koctu popmoBanus 40 I1a-c. B xone orpabotku pe-
KMMOB (pOpMOBaHHS BOJIOKOH OITpoOOBaHa MHOTOKaHaJbHasl puibepa Ha 312
KamuuisapoB. OnpeneieH ONTUMAIbHbBIN pexkuM (OpMOBaHMS: AaBJICHUE — OT
0,3 mo 2 at (~0,03—0,2 MITa), B1axHocThb — OT 55 10 60%, Temnepatypa 40£2°C,
CKOpOCTb BHITSITMBaHUs BojiokHa 0,3 M/c. B pe3ynbrate moiaydyeHO MCXOIHOE
BOJIOKHO JJISI UBTOTOBJIEHUS TTApTUU pOBHUILIBI [18—21].

B xauyecTBe MaTpUIIbI AJI1 U3TOTOBICHUS YIUIOTHEHUS BHIOPaH BHICOKOTEM -
nepatypHblii repMetik BUKCHUHT V-10-80 (TY38.103610—86).

[Ipouecc M3roToBNeHUs YIUIOTHEHUS NHaHHBIM METOIOM IIPOBOAWIM IO
ceIyolIeil TEXHOJOTHH: IIPOIMTAaHHYI0 TepMETMKOM POBHUILY HaMaTbIBaJIU
B CIIeLIMAIbHO U3TOTOBICHHYIO (hOpMY, 3alI0JTHEHHYIO (GOPMY BBIIECPXKUBAIU B
TeyeHue 6 4 ripu Temreparype 22+2°C misd MoJuMepru3aliyi TepMeTrKa, Iocie
4eTro CHUMAJIU MPYKUMHOE YCTPOMCTBO ¢ (hOPMbI U U3BJICKAIN YIUIOTHEHUE.
®opMa U1 TToIy4eHHOE YIUIOTHUTEIbHOE KOJIBbLIO IIPeICcTaBIeHbl Ha puc. 9.

Puc. 9. ®opma B pazo6GpaHHOM BHUIIE € TTOJTYYEHHBIM YIUIOTHUTEIbHBIM KOJIbLIOM

OCHOBHBIE CBOMCTBA ITIOJIYYEHHOTO YIUNIOTHCHUA ITPUBCIACHLBI B Tab. 3.

Tabauya 3
CaoiicTBa YILUIOTHHATEJIbHOI0 KOJIbIIA M3 BOJIOKOH HA OCHOBE OKCHIA AJIIOMUHHUA
CaoiicTBa 3HaueHus: CBOUCTB
CpenHsist INIOTHOCTb, Ko/ 1729
CpeznHee 3HaYeHHE IPOYHOCTH Ha cxatHe npu 10%-Hoi 7

nMHEHHO# nedopmanuu, MITa

[IpoBeneHBI TeMIIepaTypHBIE UCIIBITAHMS: 00pa3ell YIDIOTHEHUSI IIOMEIIAIIN
B IIeYb, CBEPXY Ha HETO IIOMEIIaIM KOPYHIOBYIO IUIMTY Maccoli 1,5 KT, obecIie-
YMBAIONIYIO ITaBjieHue; nedb HarpeBanu 10 1500°C u BeIACpXKUBAIN IIPU 3TOM

283



ABVIaLI,VIOHHbIe mMaTepunanbl U TEXHOIOTMU

TemrnepaTtype B TedueHue 2 MuH. Ha puc. 10 nipencraBieHbl 00pa3iibl YIJIOTHE-
HUI 10 1 TTOCJIe HarpeBa.

a) 0)

Puc. 10. O6pa3el1 yIaIoTHUTEIBHOTO KOJIblia 10 (@) U mociie Harpesa (0)

B mpoiecce BrICOKOTeMIIEpaTypHOTO HarpeBa obpaslia IMPOMCXOIUT II0-
CTEIIEHHOE pacIllaBJicHUE 1 BHITOPAHUE TEPMETUKA, CIIYKAIIETO CBSI3YIOIINM
JIJISL TYTOILIAaBKOTO BOJIOKHA HA OCHOBE OKCHUAA aJIOMMHMUS, OJHAKO BOJIOK-
HO COXpaHSIeT 1IEJIOCTHOCTh U ocTaeTcsa B ¢hopme Konbla. Ha puc. 10 BumHO,
4yTO ObOpa3sell YIUIOTHEHUS TT0CjIe TeMIIepaTypHOTO BO3ACHCTBUS M BHITOPAHUS
repMeTHKa MPaKTUYECKU He YTPaTWI CBoM (hOpMY M pa3Mephl, UTO CBA3aHO,
MMO-BUAVMOMY, C BHICOKMM COJIepXKaHUEeM B HEM BOJIOKHA, KOTOPOE ITOCIIE BbI-
rOpaHusI FepMeTHUKA JOJKHO 0OECIIeYNTh COITPOTUBIICHNE TEIUIOBOMY ITOTOKY.

HccnemoBaHbl TeruIo@U3NIECKUE XapaKTEPUCTUKU 3KCIIEPUMEHTAIBHBIX
00pa310B BEICOKOTEMIIEPATYPHBIX YIUIOTHEHUIA:

— yIelibHas TEIUIOEMKOCTh B Auara3zoHe Temneparyp ot 20 1o 350°C yBenu-
yyBaeTcs coorBeTcTBeHHO ¢ 1,07 mo 1,36 xIx/(xr-K);

— 00BeMHasl TEIUIOEMKOCTh B nuanazoHe Temmepatryp oT 20 mo 350°C
yBeJIMYMBaeTCs cooTBeTcTBeHHO ¢ 1850 mo 2351 xJIx/(M*K); mo T3 —
¢, 21200 kJIx/(M*K);

— TETUIOTIPOBOAHOCTD B AMana3oHe temriepatyp ot 25 n1o 300°C ymeHbIIa-
ercs cooTBeTcTBeHHO ¢ 0,67 10 0,52 Br/(M'K); mo T3 — A<1,0 Bt/(M'K);

— TeMIIepaTypoONpOBOJHOCTh B Auamna3zoHe Temmeparyp oT 25 mo 300°C
yMeHbIIaeTcst COOTBETCTBEHHO ¢ 0,3-10°° 10 0,19-10°¢ M?/c.

OrnpeneneHbl TakKXKe TEIUIO(PU3NIECKUE XapaKTePUCTUKHU 00pa31ioB YILIOT-
HEHUI MocJie BEDKUTaHUsI TepMETHKA!

— yaeJbHas TeII0EMKOCTh B 1uamna3oHe temriepaTyp ot 20 mo 1500°C yse-
JIMYUBAETCS COOTBeTCTBeHHO ¢ 601 mo 2704 JIx/(kr-K);

— KO3(p(PUILIMEHT TEIUIONPOBOIHOCTU B AUaria3oHe TeMmeparyp oT 20 mo
1500°C yBenuumuBaetcs cooTBeTcTBeHHO ¢ 0,22 1o 0,74 Bt/(M'K) — puc. 11.
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Bunno (puc. 11), 4to Koa(pPULIMEHT TEIUIONPOBOAHOCTU YIUIOTHEHUS, CO-
JepKalllero BOJIOKHO M IepMETMK, IMPHU MOBBILIEHUU TemIiepatypbl oT 100 1o
300°C ymeHnsbIiaercs coorserctBeHHO ¢ 0,72 no 0,52 Bt/(m'K). ITocne Bbiropa-
HUS repMeTrKa, HaurHas ¢ Temriepatyp 600—700°C, koa(pbUIIMEHT TEIIoNnpo-
BOIHOCTHU YIUIOTHEHUIA, COCTOSIIIIUX TOJIBKO M3 BOJIOKHA, B TMAMa30He TeMIlepa-
Typ oT 700 1o 1500°C yBenumuuBaeTcst coorBeTcTBeHHO C 0,32 10 0,74 Bt/(M-K).

=
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Puc. 11. TemnepaTypHasi 3aBUCUMOCTb TEIIJIOPOBOJHOCTU YIUIOTHEHUIA,
COZIEpKAIUX BOJIOKHO U TepPMETUK (A ), Y YIUIOTHEHUI
MocJjie BEITOpaHUsl repMeTuka (¢)

IIpoBeneHHbIE KCCIENOBAaHUS TEIIONIPOBOIHOCTU YIUIOTHEHUI B TMAIa30-
He temmepaTtyp ot 100 mo 1500°C moka3zanu, 4to Ko3GGUIIMEHT TEeTIONPOBO-
nHocTu He npeBbimaet 1,0 Br/(M-K). JanHble MaTepuraibl HAXOASITCS Ha CTa-
UK 9KCIIEPUMEHTAIbHBIX Pa3pad0TOK, IMO3TOMY OYyIyT MCCIEeI0BaHbl IPYTue
BapMaHThl COYETAHUI «BOJIOKHO—MAaTPULIa».

Cosngannble Bo OI'YIT «BUAM» yIUIOTHUTEIbHBIE LIHYPHI HE YCTYNaAlOT
M0 KCIUTyaTallMOHHBIM CBOMCTBaM 3apyOeXHbIM aHajoraMm [11, 22]. OmHako
CYILIECTBYIOT YCJIOBUS IKCILIyaTallMi, B KOTOPBIX YIUIOTHEHUS (IIOMUMO BbI-
COKOI TepMOCTOMKOCTHA M CTOMKOCTH K arpeCCMBHBIM CpelaM) JOKHBI 00-
JlaaTh BBICOKOM M3HOCOCTOMKOCTBIO. YIUJIOTHUTEJIbHBIE IITHYPhI HE 00J1agaloT
JIOCTaTOYHOM MPOYHOCTHIO IPU pabOoTe Ha UCTHUpPaHUE.

st 5KCTpeMalIbHBIX YCIOBMI KCILTyaTalliyd MCIIONB3YIOT DS M3ASIUIl U3
BBICOKOTEMIIEPATYPHON M XUMMYECKM CTOMKON TEXHUYECKOM KEPAaMMKU — Kap-
OuMI0B KpeMHUS U BoJib(ppaMa, OKCUIa aIIOMUHUS, TMOKCcUaa IupKoHus. [1peu-
MYILIECTBO TaHHBIX MaTepUaOB COCTOUT B TOM, YTO OHM CIIOCOOHBI IJIUTEIbHOE
BpeMsI 9KCILTyaTUpOBaThCs IpH TeMreparypax 10 1850°C B pa3IMUHBIX arpecCUB-
HBIX Ta30BBIX W XUAKUX cpenax. OgHako kapounHasa kepamuka (SiC, WC) xu-
MMYECKH CTOMKA TOJIHKO JIUIIIb B OECKUCIOPOIHBIX Cpeaax, Toraa Kak OKCUIHAs
kepamuka (Al O,, ZrO,) o6anaer CTOMKOCTbIO U B OKUCIUTENIBHBIX CPEIax.

OgHUM U3 MaTepuaioB, UCITOJIb3YeMBbIX JJISI BHICOKOTEMIIEpATYPHBIX TOP-
LIEBBIX YIJIOTHEHUH, SIBISIETCS KepaMuKa Ha OCHOBE OKCHUAA aJlOMUHUSL.

285



ABVIaLl,VIOHHbIe mMaTepunanbl U TEXHOIOTMU

Okcun amomunus (Al O,) obanaeT MCKITIOYUTETbHBIM HAOOPOM CBOKCTB, Ta-
KHX KaK BbICOKasl TBEPAOCTh, HU3KAasl TEIUIOIPOBOAHOCTh, CTOMKOCTb K OKHC-
JICHUIO U KOPPO3UHU, HU3KAS TIJIOTHOCTb, TEPMOCTONKOCTD, 3JIEKTPOU3OJISLIM -
OHHBbIe cBolicTBa. CoueTaHHe 3TUX CBOMCTB AelaeT MaTepuaal He3aMEHUMbIM
IPU U3TOTOBJIEHUU KOPPO3MOHHOCTOMKUX, U3HOCOCTOMKUX, JIEKTPOU3OISI-
LIMOHHBIX ¥ TEPMOCTOMKMUX M3ACIUMA IUISI CaMbIX pa3IUYHBIX OTpacieil Ipo-
MBIIJIEHHOCTH, B TOM YHMCJIe B KaUY€CTBE KOJIell TOPLIEBbIX YIJIOTHEHUA.

Kax npaBujio, TopiieBble YIIOTHEHUS XOPOIIIO pad0TalOT B CJAEAYIOIIUX YC-
JIOBUSIX:

— IIPYU UCTIOJIB30BAHUU KJIACCUYECKON IMAphl TPEHUS «TBEPHAOE—MSITKOE»
— 9TOT BapuUaHT IPUMEHUM JIMIIb B YCIOBUSIX 0€3a0pa3suBHOM cpedbl, a TaK-
K€ TeMIlepaTyphl U YCJIOBUI CMa3Ku, 00eCIIeuBalOIIMX HOPMaJIbHYIO paboTy
JIMCKa C MEHBIIIEN TBEPIOCThIO;

— IPU KUCIIOJIb30BAaHUU OJHOIO WIM OOOMX JHUCKOB U3 KECTKUX MaTepu-
ajoB, 00JaJaloIUX TBEpAOCMA30YHBIMM CBOMCTBAMU, — HaIpuUMep, IApbl
«TBepAbIii MeTaI—IpacuT» (UCIOJb3YIOT IJIs aBUALIMOHHBIX Ta30BBIX TYp-
OMH) U «CUJIMLIMPOBAHHBIN TpadUT—CUIULUPOBAHHBIN rpauT»;

— IIPY UCIIOJIb30BaHUU TIAPHI TPEHUS U3 BEICOKOTBEPABIX MATEPUAJIOB.

7151 paGOTHI MPU BHICOKUX TEMIIEpaTypax B OKMCIUTEIbHON! cpelie paKTh-
YECKU MPUEMJIEMBIMU SBJISIIOTCS TOJABKO YILJIOTHEHUSI TUIIA «TBEPIOE IO TBEP-
JIOMY>», BBITIOJIHEHHBIE 13 OKCUIHOM! KEpAaMMUKU. ¥Y3JIbl C TPEHHUEM XKapOCTOMKUX
METAJJIOB M OECKUCIOPOIHBIX KEPAMMUK CTAHOBSITCS HEpPaOOTOCIIOCOOHBIMU
M3-3a OKUCJIUTEILHOIO M3HOCA IpY TeMIlepaTypax BhIlIe TeMmIlepaTypbl 00-
pa3oBaHUS OKCUAHBIX 3alIUTHBIX IIeHOK (400—800°C), a MmeTayuiMyecKue
— TaKXXe BCJIEICTBUE PE3KOro MOBBILICHUS] CKIOHHOCTHU K 3aIUpy M CXBaThl-
BaHMIO IIpY BBICOKMX TeMIlepaTypax. B HacTosiee BpeMs 1151 U3rOTOBAECHUS
MOJOOHBIX Y3JI0B UCIIOJIb3YeTCsI B OCHOBHOM Ke€paMMKa Ha OCHOBE KOpPYHIa U
okcuna pkoHus. OgHaKo HUPKOHMEBas: KepaMuKa, KpoMe OOILIEeU3BECTHO-
IO Pe3KOro yXyIIIeHUs MeXaHWYeCKMX XapaKTepUCTUK (BILUIOTh 1O BO3HUK-
HOBEHMS CBEPXIUIAaCTUYHOCTH) B auamnaszoHe Temreparyp 800—1200°C, numeer
Ype3BbIYaliHO XOPOIIYIO0 CIIEKaeMOCTb U, KaK CJIEACTBUE, JOCTAaTOYHO CUJIb-
HO BBIpaxk€HHYI0 CKJIOHHOCTb K CXBaTbIBAHMIO B MOMEHThI HaXOXIECHUS y3Ja
B HEIMOJBMXXHOM MoJIoXKeHM. KepaMuka Ha OCHOBE KOpYyHIa, XOTs U 0oJjee
TEPMUYECKN CTA0MJIbHA U CYIIIECTBEHHO JellieBie, 001alaeT B psije cllyyacn
XyOIIUMU (PUKIIMOHHBIMU CBOMCTBaMU, a TIPU BBICOKMX MEXaHUYECKUX Ha-
Ipy3Kax CKJIOHHA K YCTaJJIOCTHOMY M3HOCY C «BBIKOJIOM» C paboyeii ITOBEPXHO-
CTU (hparMEHTOB MaTepualia, BhI3bIBAIOIIMM BTOPUYHBIN M3HOC.

Bo ®I'YI1 «BUAM» 17151 UCITOIL30BaHUS B TAKUX YCJIOBUSIX pa3paboTaHa
IUIOTHAsI KepaMMKa Ha OCHOBE MYJUIMTa, KOTopas (B OTJIUYME OT KOPYHIO-
BOIT) nMeeT OoJiee 0J1aronpUATHBIN XapaKTep U3HOCA BCJIEACTBUE CIBUTA MEJI-
KMX YacTHUIl, 00eCeunBamllero BO3HMKHOBeHNEe 3¢ deKTa TBEpAOi CMa3Ku
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M KaYeCTBEHHYIO0 MPUPAOOTKY y3Ja TpeHHUs ¢ 00pa30oBaHUEM 3epKaIbHO TJIajl-
KHUX coIpuKacalolmuxcs moBepxHocreid. ClieayeT TakkKe OTMETUTb HU3KUI TSt
KepaMuK (1 OBICTPO YMEHBIIAIOIIWICS ¢ YBEJIMYEHUEM JaBlIeHUs) Koadhdu-
LIMEHT CyXOIo TPEeHUSI MOAOOHBIX MaTepuaaoB — He 0ojiee 0,25. Upe3BbyaiiHO
HU3Kasl aKTMBHOCTb MYJUIMTA K CIIEKAHWUIO U €ro TepMOMeXaHM4YecKasl CcTa-
OMIBLHOCTD ITPU BEICOKMX TEMIIEPATypax TAKKe SABISETCS B JAHHOM CJIyvae I10-
JIOXKUTEJIBHBIM (haKTOPOM, CHUKAIOLIUM CKJIOHHOCTD K CXBAaTbIBAHUIO COIIPH-
Kacalolluxcs MOBePXHOCTe! U uX Ae(opMalirio Py BRICOKUX TeMIIepaTypax.

Creunduueckoii 0COOEHHOCTBIO TEXHOJOTMU C TTPUMEHEHUEM MYJIJIUTO-
BOM KEPaAMUKU SABJISIETCS CJI0KHOCTD MOIyYEHUS TJIOTHOCIIEKIIIETOCs MaTepy-
aja, BO3HMUKAIOIIAS BCICACTBUE HU3KOM aKTUBHOCTH MYJUINTA K CIEKAHUIO.
B mpousBoacTBe 3TO MpeomosieBaeTcs JU00 MyTeM MCIIONIb30BaHUS Topsiye-
ro MpeccoBaHus, 4TO obeclieurBacT HaWIydlllMe CBOMCTBA MaTepuana, JIndo
MPUMEHEHUEM CITeKaOIIMX 100aBOK, HAUTYYIIIMM KOMILJIEKCOM CBOMCTB Cpe-
IV KOTOPBIX 00JIagaeT oKCua LMpKoHUsA. OQHAKO ropsiyee IpeccoBaHUE BbI-
3bIBACT MHOTOKPATHBII POCT 3aTpaT Ha 000OpyAOBaHKE, OCOOEHHO B Majoce-
puitHoM mpousBoxacTBe. Criekamoliue n100aBKU, o0ecreunBas BO3MOXHOCTD
M3rOTOBJICHUS ILUIOTHOTO MYJIMTOBOTO MaTeprajia TPaIuIlMOHHBIMU CIIOCO-
0aMM MOJIyYeHUSI KepaMMKU, CYIIIECTBEHHO CHIKAalOT BBICOKOTEMIIEpaTyp-
HbI€ CBOICTBA MYJIIMTA. B yacTHOCTH, MTOSABISIETCSI HETUIIMYHAS 11 YMCTOTO
MYJUIWMTA CYILLIECTBeHHAas MoJ3ydecTh NnMpu TemiiepaTtypax <1350°C. B pe3ynb-
TaTe MPOBEACHHBIX PAaOOT HaliZIcHBI BO3MOXHOCTHU MPEOIOJICHUS TTONI3y4eCTH
MOAU(PUILIMPOBAHHOTO MYJIJIUTA IIPU YMEPEHHO BBICOKMX TeMIIepaTypax, 4To
CYILIECTBEHHO pacliupuiio cdepy MPpUMEHEHUs HEeIO0pOroro MoaudUIIUpOo-
BaHHOTO MYyJIIMTA W TIO3BOJIAJIO B psIe CIy4aeB MCIIONIb30BaTh €ro0 BMECTO
ropsiuenpeccoBaHHoro. biaromapst 3Tum pa3paboTkaM BO3MOXHO TaKXkKe M3-
TOTOBJICHME MMPOYHBIX U3HOCOCTOMKUX KepAMUYECKUX TOPLEBBIX YINIOTHEHUI
M3 OKCUIHOM KepaMMKU Ha OCHOBE MYJIJIUTA, CIIOCOOHOI paboTaTh B OKHC/IY-
TeJIbHOU cpede Tipu Temneparypax 1200—1350°C.
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