Nekuma 22. KOMMNO3ULMOHHBLIE MATEPUAIJIDbI.
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. MaTtepuanbl nopoLKoBon MeTannypruu

. NopucTtblie nopoLlKoBble MaTtepuarnbl

. 'Npoyne nopuctble nagenus.

. KOHCTpYKUNOHHLIE NOPOLLKOBbLIE MaTepuans.l

. CrneveHHble UBETHbIE METANIbI.

. DINEKTPOTEXHNYECKME MOPOLLKOBbIE MaTepuarbl
. MarHuTHblEe NopoLLKOBLIE MaTepuansi.



22.1. KoMno3uuyuoHHblIe Mamepuarsbl

KoMno3uyuoHHbIe Mamepuarsibl — UCKYCCTBEHHO CO3aaHHbIe
mMaTepuarbl, KOTOpble COCTOAT U3 ABYX UM 6oree KOMMOHEHTOB,
pasnuyaroLLMXCs MO COCTaBY N pas3aerieHHbIX BblpaXXeHHOW
rpaHULENn, N KOTOpble MMEOT HOBblE CBONCTBA, 3aNpOeKTUPOBaHHbIe
3apaHee.

KOMMOHEHTbI KOMMNO3ULMOHHOTIO Matepuana pa3fiinyHbl Mo
reomMmeTpmn4eCcKoMy rnpu3Haky.

KOMMOHEHT, HENPEepPbIBHbLIN BO BCEM 0ObeME KOMMO3ULIMOHHOMO
maTepuana, Ha3blBaeTcsa mampuued.

KOMMNOHEHT NnpepbIBUCTLIN, pa3geneHHbIn B 00bemMe
KOMMO3NLMOHHOIo MaTtepuana, HasblBaeTca apmamypoul.

Mampuua npudaem mpebyemyro chopmy usoesnuro, enussem Ha
co30aHue ceolicme KOMIo3uyuoHHO20 Mamepuara, 3awjuwaem
apmamypy om MexaHu4ecKux rnogpexxoeHuu u opyaux eozdeucmeuu
CpeOhI.



B kauyecTBe MaTpuL, B KOMMO3MLIMOHHbIX MaTepuanax MoryT bbiTb
MCNONb30BaHbl METaNMbI U UX CMnaBbl, NONIMMEPbLI OPraHNYeCKUE U
HeopraHu4yeckne, kepammyeckue, yrnepoaHbie 1 gpyrme matepuansi.
CBoncTBa MaTpuLbl ONPeaensitoT TEXHONOrM4Yeckme napameTpsbl
npouecca nNony4yeHns KOMNo3nummn n ee 3KcnyatauMoHHbIE CBONCTBA:
MNNOTHOCTb, YAENbHY NPOYHOCTL, pabouyo TemnepaTypy,
COMPOTUBIIEHNE YCTANOCTHOMY pa3pyLUEHNIO U BO3OENCTBUIO
arpeccuBHbIX cpeq.

ApMUpPYIOLLVE UNN YNIPOYHSIHOLLIME KOMIMOHEHTHI PAaBHOMEPHO
pacnpegeneHbl B matpuue. OHK, Kak npaBurio, obnagatoT BbICOKOM
MPOYHOCTbLIO, TBEPAOCTHLIO U MOAYIIEM YNPYroCTU M MO 3TMM NMoKasaTensam
3HAYNTENBHO NPEBOCXOAAT MaTPULLY.

BmecTo TepMmHa apMUPYOLLMIA KOMIOHEHT MOXHO MCMNONb30BaTh
TEPMWH HaMNOITHUTENMb.

KoMno3numnoHHbIe MaTepuarnbl KnaccuduumpyroT No reoMeTpum
HaMNoNTHMUTENS, PAcnosiIoXKeHUo ero B MaTtpuue, Npupoae KOMNOHEHTOB.



[1o reomeTpun HanosTHUTENA KOMMNO3ULMOHHbIE MaTepuarnbl
noapasfenstoTcs Ha TpW rpynnbi:

- C HYNb-MEPHbLIMM HaANONMHUTENSMUN, Pa3Mepbl KOTOPbIX B TPEX
N3MEPEHUAX UMEIOT OOUH U TOT XKe MNopsaoK;

- C OQHOMEPHbLIMW HaMoSTHUTENAMN, OONH N3 pa3MepPOB KOTOPbIX
3Ha4YUTENIbHO NPEBbLIWAET ABa APYrux;

- C ABYXMEPHbIMU HANOMHUTENAMU, OBa pasMepa KOTOPbIX
3Ha4YUTENbHO NPEBbLIWAT TPETUMN.

[1To cxeme pacnonoXXeHua HanorMHUTENEWN BblAENAKT TP rpynnbl
KOMMO3ULUMOHHbLIX MaTtepuaros:

* C OAHOOCHbIM (JIMHEWHBIM) PAcMnONOXXEHMEM HaMOSTHUTESNA B BUae
BOJIOKOH, HUTEN, HUTEBUAOHbIX KPUCTANMOB B MaTtpuLe napannenbHo apyr
Apyry;

* ¢ ABYXOCHbIM (MMOCKOCTHbLIM) PacnofnoXXeHneM apMmnpyroLLero
HanosfTHUTENA, MaToB N3 HUTEBUOHLIX KpUcTannos, osrbrn B MaTpuue B
napansnenbHbIX NSIOCKOCTHX;

* C TPEXOCHbIM (0OBEMHBLIM) pacnonoXeHNeEM apMUPYIOLLETO
HaMosTHUTENA U OTCYTCTBMEM MNPENUMYLLLECTBEHHOIO HanNpaBIiEHNSA B €ro
PacCnonoXeHUM.



[1o npupoae KOMNOHEHTOB KOMMO3ULMOHHbIE MaTepuarbl
pasfenarTcd Ha YeTbipe rpynnbi:

- KOMMO3ULMOHHbIE MaTepuarbl, cogepkaline KOMMNOHEHT U3
MeTanmoB Unu CNaBoB.;

- KOMMO3ULMOHHbIE MaTepuarbl, cogepaline KOMMNOHEHT U3
HeopraHN4YeCcKkMx CoOeaANHEHUN OKCNO0B, Kapbuaos, HATPMOOB U AP.;

- KOMMO3ULMOHHbIE MaTepuarbl, cogepaline KOMMNOHEHT U3
HemMeTanIM4yecknx anemeHToB, yrrnepoaa, 6opa v gp.;

- KOMMO3ULMOHHbIE MaTepuarbl, cogepkaline KOMMNOHEHT U3
OpraHn4yecKkmnx coeanHeHUn aNoKCUOHbIX, MOSIN3IUPHBLIX, PEHONbHLIX U
Ap.

CsoncTea KOMMNO3NLUMOHHbBIX MaTepuanoB 3aBUCAT HE TOMbKO OT
dPUINKO-XUMUNYECKNX CBOUCTB KOMIMOHEHTOB, HO 1 OT MPOYHOCTU CBA3M
Mexay HUMMKU. MakcnmanbHasa NpoYHOCTL OCTUIAETCH, eCnn Mexay
MaTpULEN U apMaTypon nponcxoamnT obpasoBaHue TBEPObIX pacTBOPOB
NN XMMNYECKNX COeaUHEHUN.



B KOMMNo3uyuoHHbIX Mamepuarax c Hynb-MepHbIM HarnornHumersrem
HanbonbLlee pacnpocTpaHeHne nonyymnna MeTannuyeckas marpumua.
KomMmno3nymn Ha meTtanninyeckon ocHOBe YNPOYHAKTCA paBHOMEPHO
pacnpegeneHHbIMU AUCMNEPCHbIMU YacTMUaMn pasinyHoOU ANCNEePCHOCTN.
Takne matepmarbl OTNYaloTCA U30TPOMHOCTLIO CBOUCTB.

B Taknx martepuanax matpuuya BOCNpUHUMAET BCIO HArpysky, a
aucnepcHble YacTuubl HAaNoONHUTENSA NPENATCTBYIOT Pa3BUTUIO
nracTtuyeckon gedpopmaymn. P PEKTUBHOE YNPOYHEHNE OOCTUraeTCs
npu cogepxanmm 5... 10 % yacTuy HanonHUTenNs.

ApPMUPYIOLLIMMU HANOMHUTENAMM CIy>KaT YacTuubl TYronsiaBknx
OKCMO0B, HUTPMOOB, bopmnaoB, Kapoduaos.

[lmcnepcruoHHO YyNpoYHEHHbIE KOMMNO3ULIMOHHbIE MaTepuansl
nony4arT MeTogamMmu NopoLLKOBOW MeTannyprum nnn BBOAAT YacTulbl
apMUpYOLLEro NOPOLLKA B XUOKMW pacnfaB MeTansa unu cnnaea.

[TpOMbILLNEHHOE NPUMEHEHME HALLUMU KOMMO3NLMOHHbIE MaTepuansol
Ha OCHOBE antOMMUHUA, YIMPOYHEHHbIE YacTULaMmM okcmnaa antoMmnHuE (

) ALO,



X nony4atloT npeccoBaHUEM antoMUHNEBOW NyApbl C NOCreayoLWwmum
cnekaHuem (CAI). MNpeumyiectea CAIl nposasnsoTca npu
TemnepaTtypax Bolwe 300°C, koraa antoMMHMEBBIE CrfaBhbl
pasynpoyHaATCA. UCnepCMoHHO YNPOYHEHHbIE CrfiaBbl COXPaHAOT
adpdpekT ynpouHerus go temnepartypol 0,8 Tp; .

Cnnasbl CAIl yooBneTBopuTensHO A4ePOopMUPYIOTCS, NIErko
obpabartbiBaloTCs pe3aHnem, cBapuBaroTCs aproHo4yroBom u
KOHTakTHOW cBapkon. 13 CAIll BbinyckatoT nonydgabpukaTbl B BUAE
nucToB, npodunen, Tpyo, dponbrn. 3 HUX U3roTaBnMBaOT NTONATKU
KOMMPECCOPOB, BEHTUNATOPOB U TYPOUH, NOPLLUHEBLIE LUTOKM.

B KOMMO3MUMOHHLIX MaTtepuanax ¢ ogHOMEpPHbIMWU HarMoSTHUTENAMMN
YNPOYHUTENAMU ABMAAKOTCA OQHOMEPHbIE 3NIEMEHTHLI B hopme
HUTEBUOHbLIX KPUCTAIMOB, BOSIOKOH, NPOBOSIOKN, KOTOPLIE CKPENNAOTCA
MaTpuuen B eauHbIN MOHOMNUT. BaXHO, 4TOBbI NPoYHbIE BONMOKHA ObInun
PAaBHOMEPHO pacnpegeneHsl B nfiacTu4yHoU matpuue. [Ons
apMUpPOBaHUA KOMMO3ULMOHHBIX MaTtepuarioB WCMOSb3yoT
HenpepbiBHLIE OUCKPETHLIE BOJSIOKHA C pasMepamu B rnonepeyHom
cevyeHun OoT Oosien A0 COTEH MUKPOMETPOB.



MaTtepuansl, apMUpOBaHHblE HUTEBUAHBIMU MOHOKPUCTAasnamMmu,
ObInIn co3a0aHbl B Ha4Yane ceMmnaecaTbiX roaoB Anst aBnaLUOHHbIX U
KOCMWUYECKUX KOHCTPYKLNM.

OCHOBHbIM cnocoboM BbipalLMBaHNSA HUTEBUOHbBIX KPUCTaNNoB
SBNSAETCA BblpallMBaHMe nx U3 nepeHacoiweHHoro napa (MNK-npouecc).

[1ns nponsBoacTBa 0cob0 BbICOKOMPOYHbIX HATEBUAHbLIX
KpUCTansoB OKCUAOB U APYrux coeanHeHN OCYyLLECTBIAETCS POCT NO
[1-)K-K - MexaHn3my: HanpasreHHbIW POCT KpUCTanioB NPOUCXoauT U3
NapoobpasHOro COCTOSAHUSA Yepes MPOMEXYTOUHYIO XUOKYI0 dasy.
OcyLuecTBnseTcda co3gaHne HUTEBUAHbIX KPUCTanNNoB BbITATMBaHUEM
XNOKOCTU Yyepes punbepsbl. [poYyHOCTb KpUCTannoB 3aBUCUT OT
CEYEHUA M rMagKoCTN NOBEPXHOCTMN,

KoMno3nymoHHble MaTepmarnbl 3TOro Tuna nepcnekTMBHbI Kak
BbICOKOXXapOornpoyHble MaTtepuarnsbl. [lna yBenudeHns K.n.g. TensioBbix
MaLUWH NonaTkn ra3oBbIX TYPOMH N3roTaBnNMBaloT N3 HUKENEBbLIX
CNNaBoB, apMMUPOBaHHbIX HUTAMK candupa ( Al,O, ), 310 nossonseTt
3Ha4YNTENBLHO NOBbLICUTL TEMNEPATYPY Ha BXode B TYpOuHy (npeaen
NPOYHOCTM candmpoBLIX KpucTtansos npu Temnepatype 1680°C Bbiwe
700 MTlla).



ApMupoBaHue cornes pakeT U3 NopoLLKOB Bonbdpama n monubaeHa
NpPon3BOAAT KpUcTannamm candupa Kak B BUOe BOMIIOKA, TaK U
OTAESNbHbIX BOSIOKOH, B pe3yribTaTe 3TOro yaarnocb yaBouUTb MPOYHOCTb
martepuana npu temnepatype 1650°C.

ApMUpoBaHUE MPONMUTOYHOIO MosIMMepa CTEKNOTEKCTONNTOB
HUTEBUAOHLIMWN BONMOKHAMU YBENUYNBAET UX MPOYHOCTb. ApMUpPOBaHUE
NINTOro MeTarnna CHUXaeT ero XpyrnkoCTb B KOHCTPYKLUMSAX.

[TlepCneKkTUBHO YNPOYHEHUE CTEKIA HEOPNEHTUPOBAHHLIMU
HUTEBUAOHLIMN KpUCTaniamu.

[na apMupoBaHUs KOMMO3ULMOHHBLIX MaTtepmnanoB NPUMEHSIOT
MEeTanIM4ecKyo NPOBOSIOKY U3 pasHbIX METASINOB: CTanun pasHoro
cocTaBa, Bonbdpama, HUobus, TuTaHa, MarHusi — B 3aBUCMMOCTU OT
ycnoBuu paboTbl. CTanbHas NpoBosioka nepepadbatbiBaeTcs B TKaHble
CETKU, KOTOPbIE NCNOMb3YHTCSA AN MNOSTyYeHUss KOMMO3ULMOHHbIX
MaTepuanoB C opyeHTaunen apMmaTypbl B ABYX HanpaBieHUSAX.

[na apMupoBaHUs Nerknx MeTasnsnoB NPUMEHSIOTCA BONOKHa 6opa,
Kapbuga KpeMHus.

OcobeHHO LUEHHbIMKN CBOMCTBaAMU 0bnaaatoT yrrepoancTble BOSTOKHA,
NX NPUMEHSIIOT AN apMUPOBaAHUS MEeTarnIMYeCKnUX, KepaMnyeCcKknx u
NOSIMMEPHBLIX KOMMO3ULMOHHbBIX MaTepuarsos.



OBTEKTNYECKME KOMMO3ULMOHHbLIE MaTepuanbl — CrsaBshbl
9BTEKTUYECKOrO U BIIM3KOro K 9BTEKTUYECKOMY COCTaBa, B KOTOPbIX
ynpoyHawLwen dason BbICTYNaT OPUEHTUPOBAHHbLIE KpUCTansbl,
obpa3syloumecs B Npouecce HanpaBneHHON KpuctTannmsayun.

B otnuumne ot 06bIYHbIX KOMMO3ULMOHHBIX MaTepunanos,
9BTEKTUYECKME MOSy4aloT 3a O4HY onepaunto. HanpasneHHas
OPUEHTUPOBAHHAA CTPYKTYypa MOXET ObITb NOMy4YeHa Ha y>Ke roTOBbIX
nagenmax. dopma obpasyonxcs KpUctansioB MoXeT ObITb B BUAE
BOJIOKOH UMK MMacTuH.

Cnocobamun HanpaBreHHOW KpucTannusaunm nonyyaroT
KOMMNO3NLUMOHHbIE MaTepuarnbl Ha OCHOBE antoMUHUSA, MarHnsa, Meau,
kobaneTa, TuTaHa, HUOBbUA 1 OApYyrnx ANIEMEHTOB, MO3TOMY OHMU
NCNOJSIb3YIOTCA B LUMPOKOM UHTepBarne temnepartyp.

[onumepHbie KOMMNO3UUUOHHbIe Mamepuarisbl.

OCcoBEeHHOCTLIO ABMISAIETCA TO, YTO MaTpuULy 0bpasyoT pasfnunyHble
NonuMepsbl, criyXatime CBA3YLWUMN NS apMaTypbl, KOTopas MOXET
ObiTb B BUOE BOMOKOH, TKAHWU, NSIEHOK, CTEKIOTEKCTONUTA.



dopmMmupoBaHME MOMMMEPHbIX KOMMO3ULIMOHHbIX MaTepmarnos
OCYLLECTBIAETCS NPECCOBAHUEM, NUTLEM NOA OAAaBNEHUEM, IKCTPY3INEWN,
HanbINEHNEM.

LLlnpokoe npuMeHeHne HaxoosaT CMeELUaHHble MONIMMEPHbIE
KOMMO3ULUMOHHbIE MaTepuanbl, Kyaa BXOOAT MeTannn4yeckme u
NofIMMEpPHbIE COCTaBNSAOLNE, KOTOPLIE OOMOSHAKT APYr Apyra rno
CBOWCTBaM.

Hanpumep, nogwmnHnkm, padboTatoLlme B YCIOBUSIX CYXOro TPEHUS,
N3roTOBMAKT U3 KOMOUHaUUK pToponnacta n 6PoH3bI, YTO
obecrneynBaeT caMmocMa3blBAEMOCTb U OTCYTCTBUE MOSI3YyYECTM.

Co3aaHbl MaTepuanbl Ha OCHOBE MNONUATUNEHA, NofUCTUpPoOna ¢
HanonHUTeENaAMuM B BUAE acbecTta U Apyrux BOSIOKOH, obnagatouime
BbICOKMMM MPOYHOCTBLIO U XXECTKOCTbIO.



22.2. Mamepuanbil nopowkoeou MmemaJsnypauu

[NopolukoBasi MeTannyprus — obnacTb TEXHUKW, OXBaTbIBalOLLas
NpoLecchl NoONy4YeHs NOPOLLKOB MeTanmnoB 1 MeTannonogobHbIX
coeVHEHNIN 1 NPOoLECChl N3rOTOBMEHUS U3OENUIA N3 HUX 0e3
pacnnasneHus.

XapakTepHoi 0COBEHHOCTbIO MOPOLLKOBOW MeTannyprn SBnseTcs
NPUMEHEHNEe UCXOQHOro MaTepurana B BUAE NOPOLLKOB, U3 KOTOPbIX
npeccoBaHneM hopmyoTcsa n3nenus 3agaHHom dopmbl U
pa3sMepos.

nOﬂyquHble 3alrotToBKu nogBeprarTcd CriekKaHno MNnpu
TeMnepartype Hnxe temnepartypebl rnraBjiieHnd OCHOBHOIO
KOMIMOHEHTA.

OCHOBHbIMW AOCTOUHCTBaAMWN TEXHOSOMMN NPOU3BOACTBA U3O0ENUN
METO4OM NOPOLLUKOBOMN METaNNyprum siBASKTCSA BO3MOXHOCTb
N3roTOBIIEHUA AeTanemn u3 TyronnaBknx MeTanmnoB N COEANHEHUN,
Korga apyrme MeTtodbl UCrosfib30BaTb HEBO3MOXHO; 3HAYMUTENbHAS
9KOHOMUS MeTarna 3a CYET NMonyyYeHnst N3aerimn BbICOKOM TOYHOCTM,
B MUHMMAambHOW CTEMEHN HYXOAOLKMXCA B Nocneayowemn
MexaHunyeckon obpaboTke (oTxoabl cocTaBnsaoT He bonee 1.. .3 %);
BO3MOXHOCTb NOMy4YeHNa MmaTepuanoB MakCUManbHOW YNCTOTHI;
NpoCTOTa TEXHOMOrMN NOPOLLKOBOW METanNnypruu.



MeTogoM NopoLLKOBOM METanNypruv n3rotaBnnBatoT TBepable
crnaBsbl, NOPUCTbIE MaTepuarbl: aHTUDPUKLNOHHbIE N PPUKLIMOHHbIE,
bUNbTPbI; 3NEKTPONPOBOAHUKN, KOHCTPYKLIMOHHbIE AEeTanu, B TOM Yucre
paboTatoLme npu BbICOKMX TeMnepaTypax 1 B arpeCcCcUBHbIX cpeaax.

22.3. [lopucmbie nopowkKoebie Mamepuarbl

OTnMunTensHON OCODEHHOCTLIO ABMSAETCA HaNMMUne paBHOMEPHOW
0ObEMHON MOPUCTOCTU, KOTOPasi NO3BOSISAET nony4vaTb Tpedbyemble
aKcnnyartaunoHHbIe CBOUCTBA.

AHTUPUKUMOHHBbIE MaTepuarbl (nopuctocTb 15...30 %), WMpoko
NpUMeHALMeCa Ans N3rotToBneHns NOALWMNHNUKOB CKOMbXEHUS,
npeacTaBnsaoT cObOW NMOPUCTYHO OCHOBY, NPOMUTAHHYO MaCoM.

Macno noctynaeT n3 nop Ha NOBEPXHOCTb, U NOALUMMHUK
CTaHOBUTCS caMoCMa3sblBalOLLMMCS, HEe TpebyeTcss NoABOANTbL CMas3Ky
N3BHe. OTO CYLLECTBEHHO AN YMCTbIX NPOM3BOACTB (NuLleBad,
doapmaueBTuyeckaqa otpacnm). Takme noaWnnHUKU NOYTU HE
N3HaLIMBaKOT NOBEPXHOCTL Bana, wym B 3...4 pasa MeHblLle, YeM OT
LLIAPUKOBbLIX MOALUMMHUKOB.



[MogwmnHnku paboTatoT Npu CKOPOCTAX TPeHUa 4o 6 Mm/c rnpu
Harpy3kax go 600 Mla. INpn MeHbLLUNX Harpy3kax CKOPOCTU CKOSIbXEHUS
moryT gocturatb 20...30 m/c. KoapdnUMEHT TpeHnsa NOoALWNIHUKOB —
0,04.. .0,06.

[na n3rotoBneHnst NCNomnb3yTCcs ODPOH30BbLIE UMK XESE3HbIE
nopoLukn ¢ gobasneHnem rpadgpurta(1...3 %).

PaspabotaHbl noglMNHUKOBBIE CMEYeHHble MaTepuarnbl Ha
OCHOBe TYyronnaBkux coeguHeHnn (6opunaos, kapbmuagos u ap.),
cogepxallme B KadeCcTBe TBepaAOoM cMa3ku cynbduabl, ceneHnabl u
rekcaroHanbHbI HATpKA 6opa.

[MogwmnHnku MoryT paboTaTb B YCINOBUSAX Bakyyma u npu
Temnepatypax go 500°C.

[TpyMeHaAT MeTannonacTMaccoBble aHTUPUKLMOHHbIE
Martepuansbl: crie4eHHble BpOH30rpaduTbl, TUTAH, HEPXKaBEKLLNE cTann
NpPONUTLIBIOT doToponsiactoM. [lony4aroTca KOPPO3NOHHOCTOUKNE U
N3HOCOCTOMNKNE U3OENNs.

CpokK crny0bl MeTannonsacTMaccoBbIX Matepmanos BABoe Oorblue,
4yeM MaTepuanos Opyrux TUMOB.



PpuKLMoHHbIE MmaTepuansbl (nopuctoctb 10... 13 %) npegHasHaYeH:b!
ana paboTtbl B MydTax cuensieHnsa U Topmo3sax. Ycrnosusa paboTbl MOryT
ObITb O4EHDb TSXKENBLIMU: TPYLLUNECS NOBEPXHOCTU MIHOBEHHO
HarpeBatotca o 1200°C, a matepuan B obbeme — go 500...600°C.

[TpUMEHSAIOT cneYeHHbIE MHOITOKOMIMOHEHTHbIE MaTepmarnbl, KOTopble
MOryT paboTtaTb Npu ckopocTax TpeHusa Ao 50 m/c Ha Harpy3skax 350...400
Ml la. KoahdunumneHT TpeHmsa npu pabote B macne — 0,08...0,15, npu
cyxom TpeHun — go 0,7.

[1To Ha3Ha4YEeHMIO KOMNOHEHTLI (PPUKLUMOHHBIX MaTepuaros
pas3genstoT Ha rpynnbl:

a) OCHoBa — Mefb 1 ee cnnasbl — Ans paboymnx Temnepartyp
500...600°C, >kene30, HUKENb K cnfaBbl HA UX OCHOBE — AN paboTbl Npu
cyxom TpeHun n temneparypax 1000...1200°C;

6) TBepable cMasku — npeaoTepallaroT MUKPOCXBaTbIBaHNE NpU
TOPMOXEHUUN N NMPeaoXPaHAT PPUKLNOHHLIA MaTepuarn OoT U3HOCA;
MCNonb3ylT CBMHEL,, ONOBO, BUCMYT, rpadouT, cynbduTbl bapusi n
xenesa, HUTpug 6opa;



B) Martepuansl, obecnevnsaoLLine BbICOKUA KOIPDUUNEHT TPEHNS —
acbecT, KBapLeBbIWM NECOK, kapbuabl bopa, KpeEMHUA, XpoMa, TUTaHa,
OoKCUAbl antOMUHUSA U XpoMa 1 ap.

[TpumepHbIN cocTas cnnaea: meab — 60...70 %, onoBo — 7 %, cBUHeL,
— 5 %, UnHK -5...10%, xeneso — 5...10 %, KpemMHe3eM uUnu Kkapoua
KpeMHus — 2.. .3 %, rpadput — 1.. .2 %.

3 pUKLUMOHHBIX MaTepmnanoB U3rotTaBnneatoT TOPMO3HbLIE HAKITagKu
N ONCKU. Tak Kak NPOYHOCTb 3TUX MaTtepmnanoB Mana, To UX NPUKPEnsaT
K CTarlbHOM OCHOBE B NpoLEeCcce N3roTOBIIEHUSA (NPUNEKAOT K OCHOBE) UM
nocrie (NpuUKnenbIiBatoT, NPUKIEMBAKOT U T.4.).

PuneTpbl (NOpUcToCThb 25...50 %) U3 cnevyeHHbIX MeTanInmyecKkux
MOPOLLKOB MO CBOUM 3KCMNyaTauNOHHbIM XapaKTepucTukam npeBocxoaaT
apyrue donneTpyrowme matepuanbsl, O0CODEHHO Korga TpebyeTcs TOHKas
dounerpauusa. OHmM moryT paboTtaTtb npu Temneparypax ot —273°C go
900°C, ObITb KOPPO3IMOHHOCTOMKUMM U XKAPOMPOYHbIMUN (MOXHO OYMLLATb
ropsidme rasbl).

CnekaHne No3BOoMsEeT nonyvyaTte QUNLTPYOLWME MmaTtepmarnbl C
OTHOCUTENBLHO NPSAMbIMW TOHKMMMW NOpamMm OANHAKOBOro pasmepa.



N3rotaenuneatoT puUnsTpbl U3 NOPOLLKOB KOPPO3IMOHHOCTOUKNX
MartepuanoB: OpOoH3bl, HEPXKaBeKLLUX CTaren, HUKens, cepebpa, naTtyHu
n ap.

[1na yoosneTBOpeHUdA 3anpocoB MeTasnyprmiyeckou
NPOMbILLUITIEHHOCTU pa3paboTaHbl MaTepuarbl HA OCHOBE HUKENEBDIX
chnfiaBoB, TUTaHa, Bonbdpama, MonmbaeHa v TyronnaBknx COeauHEHNN.
Takne uneTpbl paboTarloT ThiCAYM YacoB 1 NoaaatoTCAa pereHepauumn B
npouecce paboTbl. IXx MOXHO NpoayTh, NPOTPaBUTL, NPOXKEYb.

duneTpyoLne Mmatepmans BbilMycKaloT B BUAE Yalleyek, UMNMHOpos,
BTYNOK, ANCKOB, NNNT. Pasmepbl KonebsnoTca oT gMckos gnameTpom 1,5
MM o nnt pasmepamm 450 x 1000 mm. Hanbonee agpdekTMBHO
npuMeHeHne PUnsTPOB N3 HECKONMbKMX CITI0EB C pasfiMyHOW NOPUCTOCTLIO
N guameTpom nop.



22.4. llpoyue nopucmsbie uzoesnus

"lNoTetowne cnnasbl" — matepuarbl, Yepesd CTEHKU KOTOPbIX K
paboyen Hapy>XHOM NOBEPXHOCTU AeTanu NocTynaeT XUaKkoCcTb Unu
ras. brnarogaps ncnapeHuio XXNMOKoCTu Temrneparypa noBepxHOCTU
NOHMXXaeTcs (nonaTku ra3oBbIX TYPOUH).

CnnaBbl BbIMYyCKaOTCA HA OCHOBE MOPOLLKA HUXPOM C rnopamm
anametpom o 10... 12 mkm npu nopuctoctn 30 %. Cnnasbl 3TOro
TMNa NCNonb3ylTCA U AN pelleHns obpaTHOW 3a4aun: Kpbinbs
CaMOs1ETOB MNOKPbIBAKOT NOPUCTbIM MEQHO-HUKENEBLIM CITOEM U
noaaroT Yepes HEro Ha NOBEPXHOCTb aHTUMPU3, NPENATCTBYIOLLINN
obneneHeHunto.

[TleHOMaTepunanbl — MmaTepuarnbl C O4eHb BbICOKOW NOPUCTOCTLIO,
95...98 %. Hanpumep, nnoTHOCTb Bonbdpama 19,3 , a
neHoadaMppama — Bcero 3 . Takne maTepeaiibl UICNONb3YIOT B
KayecTBe Merkmx 3anornHuTenen u Tennon3onsunm B aBnaLnoHHON
TEXHUKE.



22.5. KOHCMpPYKUUOHHbLIe NOpPoWKo8ble
Mamepuarnbl

CrnieyeHHbIe cmariu. TunoBbIMMU NMOPOLLUKOBbIMI AETAJTAMN
ABJIAKOTCA KyJ1aydky, Kopriyca noalunrnHMKoOB, POJrink, 3Be€3404KN
pacnpenesnimtesribHblX BasioB, Aetasriv nuywmnx m BbIMUCITUTESTIbHbIX
MallnH N apyrme.

B ocHoBHOM 3TO cnaboHarpyXeHHble AeTanu, X U3rotaBnmeatoT N3
NopoLLKa Xernesa u rpadura. CpefaHeHarpy»XeHHble getanu
N3roTaBnMBalOT UMM OBYKPATHLIM NpeccoBaHNEM — CNeKaHUeM, Nnu
NPOMNUTKOU CnevYeHHOWN aeTanu Meablo U naTyHbHo.

[eTtanu crnoXHou KoHurypaumm (Hanpumep, ABe LWeCTEPHU Ha
Tpyb4aTom ocu) nonyyarT N3 OTAENbHbIX 3aroTOBOK, KOTOPbIE
HaCaXXMBaOT OAHY Ha APYryr0 C HATArOM M NPOM3BOASAT CriekaHue.

[1na n3rotosrneHns aTou rpynnbl getanen UCrnosb3yT CMecu
Xeneso — Meab — rpadouT, Xeneso — YyryH, Xeneso — rpadouT —
nernpytoume anemMeHThl.

Ocoboe MecTo 3aHMMalOT LLECTEPHU U NOPLUHEBBLIE KOsbLA.
LLlecTepHn B 3aBUCMMOCTU OT YCNOBUIM paboTbl U3roTaBnNMBaoT N3
Xeneso — rpadouTa Unn U3 Xxeneso — rpadgouta ¢ Meablo Unu
NernpyroLnmm anemMeHTamu.,



CHM)XEHME CTOMMOCTU LUECTEPHM NPU rnepexone ¢ Hapeskn 3yobeB Ha
cnekaHue nopotuka coctasngaet 30...80 %.

[TponnTka macrnom no3sonseTr obecnevYnTs camocMasbiBaeMOCTb
LLIECTEPHU, YMEHbLLUNTL U3HOC N CHU3UTb LWYM Npu paborTe.

CneyeHHble NMopLUHEBLIE KOMbLA U3roTasnmealoT N3 CMeCH
KernesHoro rnopoLuka ¢ rpadputom, Meabto U cynbuaom UuHKa (TBepaas
cmaska).

[1na noBbILWEeHNA N3HOCOCTOMKOCTU AenatoT ABYXCITOMHbIE KonbLa: BO
BHELLUHMW CNOW BBOOAT XPOM M yBENUYMBaloT cogepkaHue rpadura.
[TlpumeHeHne Takmx Korew yBenmineaeTt npober asToMoOUNbLHOro
OsuraTtens, yMmeHblUaeTCcs N3HOC M COKpallaeT pacxon macra.

BbicokonernpoBaHHble MOPOLLKOBbIE CTanu, cogepxaiime 20 %
xpoma 1 15 % Hukensa, Ncnonb3yT A9 U3roTOBNEHUS N3OESNNN,
paboTaloLwmx B arpeCCuUBHLIX cpeaax.



22.6. Crie4yeHHbIe usemHbie MemaJsisibl

CnevyeHHbIN TUTaH 1 ero crnsiaBbl UCNOMNb3YIOT B BUAE
nonydgabpukaTtoB (NUCT, TPyObl, NPYTOK). TMTAaHOBLIW KapKac
NponNUTLIBaOT MarHmem. Takme marepumarbl XOpOoLUO
obpabaTtbiBaloTCA AaBrleHUEM.

LLInpoko ncnonb3ytotca matepmarnbl Ha OCHOBE Mean, Hanpumenp,
N3roTaBnMBatoT OPOH30 — rpapuTHble WecTepHN. CBonNCTBA
CNeYeHHbIX NaTyHEN BblLLE, YEM NUTbIX, N3-3a DornblUen
OOHOPOAHOCTMN XMMMNYECKOro cCoCcTaBa U OTCYTCTBUSA MOCTOPOHHUX
BKINOYEHUN.

CnieyeHHble antoMUHNEBLIE CrilaBbl UCMOSb3YIOT AN
N3rOTOBSIEHNS NOPLUHEN TAXKENO Harpy>XeHHbIX aBurarenemn
BHYTPEHHEro cropaHua n opyrux nsgenuin, gnutenbHoe BpeMs
paboTalowmx Npu rMoBLILEHHBIX  TemMnepaTypax, brnarogaps nx
NOBbILLEHHOW XapOonpo4YHOCTN N KOPPO3UOHHOWN CTOUKOCTN.



Kepamukomemarnudyeckue Mmamepuarsbl (KepMemael) cogepxart
bonee 50 % kepamuyeckon asbl.

B kayecTBe kepamuyeckon asbl UCNONL3YIOT Tyronnaskne 6opuasl,
Kapbuabl, okCUabl U HUTPUAObLI, B KAYECTBE MeTanM4yeckon gasbl —
KoDarbT, HUKESb, TYronnaBkue MeTansbl, CTanmu.

KepMeTbl OTNNYaroTCA BbICOKUMM XKapPOCTOMKOCTLIO,
N3HOCOCTOWKOCTbIO, TBEPAOCTLIO, MPOYHOCTLIO.

OHM nCnosnb3yTca Ans N3roToBneHUs getanen KOHCTPYKLUMHN,
paboTaloLmMx B arpeCcCuUBHbLIX cpedax npu BbICOKMX TeMnepaTypax
(Hanpumep, nonaTtok TypbuH, 4YexnoB TepmMonap).

YacTHbIM criydaem KepMeToB SABMAKOTCA TBepAble Crniasbl.



22.7. AnekmpomexHu4ecKue nopowkKoseble
Mamepuaribl

3ﬂeKm,OOKOHmaKmeIe NMOPOLLUKOBbIE MaTepnarsibl AENATCA Ha
MaTepuarsbl A4 pa3pblBHbIX KOHTAKTOB U MaTepuaribl And
CKOJ1b3ALWWUX KOHTAKTOB.

Mamepuarbi pa3pbI8HbIX KOHMaKMmMo8 AOMKHbI ObITb TEMMNO- K
9MEeKTPOonpPoBOAHLIMU, S3PPO3NOHHOCTONKMMU NPU BO3OENCTBUMN
ANEKTPUYECKON OYrK, HE CBapuUBaTbCA B rnpouecce paboThl.
KoHTakTHOE conpoTmnBneHmne OOMKHO ObiTb BO3MOXHO MEHbLLUUM, a
KPUTUYECKME CUNa TOoKa U HanpsiXXeHne npu obpasoBaHun oyrm —
BO3MOXXHO BONbLUMMW.

YnCTbIX METANNOB, YOOBMETBOPSOLLNX BCEM 3TUM TpeboBaHMSAM,
HeT.

3rotaBnuBalOT KOHTaKTHbIE MaTepuanbl NPECCOBAHNEM C
nocrneayrLwmmM cnekaHMem unm NPonnuTKOW NOPUCTOro TYronnaBKoro
Kapkaca 6onee nerkonnaBkMm MeTansioMm (Hanpumep, Bosibpam
NPONUTLIBAIOT MeAbIO UK cepebpom).



TsKkenoHarpyXeHHble pa3pbiBHbIE KOHTAKTbI AS1 BbICOKOBOJSIBTHbIX
annapaTtoB genatoT N3 cMecen Borbdpam — cepedbpo — HUKESb UNu
Xeneso — Meab.

B HM3KOBOSETHOW 1 craboTOYHOM annapaTtype LWUPOKO NCNOMb3YHT
Matepuarnbl Ha OCHOBE cepebpa C HMKeNeM, OKCUOOM KagMus U aApyrumm
gobaBkamm, a Takke MeagHo — rpadouToBbIE MaTepuansbi.

Ckonb3auiue KOHmMaKkmal LUMPOKO UCMOSb3YIOT B Npndopax,
KONMSTEKTOPHbIX ANIEKTPUYECKUX MaLUMHAX N INEKTPUYECKOM TpaHCrnopTe
(TOKOCEMHUKN).

[MpencraBnsoT cobon napbl TPEHUS, OOIMKHbI 06r1aaaTh BbICOKMMMU
aHTUMPPUKLUNOHHBIMU CBOUCTBAMU, NPUYEM KOHTAKT OOMKEH ObITb MArye,
YeM KOHTPTENO U HE U3HALLUMBAaTbL €ro, Tak Kak 3aMEHUTb CKOSTb3ALLNN
KOHTaKT NnpoLle, YeM KOSINEKTOP UM NpuUBoA.

[na obecneyveHns aHTUPPUKLMOHHOCTHU, B COCTaB cMecen angd
CKOMb3SLLMX KOHTAKTOB BBOOAT TBEpAble CMa3sku — rpaduT, agucynbduag
MonmbaeHa, rekcaroHanbHbI HUTPUA 6opa. borbLUMHCTBO KOHTAKTOB
AIIEKTPUYECKUX MALLUUH M3roTaBnnealtoT N3 Mean ¢ rpauTom.



[na KonnekTopHbIX NNacTUH naHTorpadoB UCMOMNb3YIOT
6poH30rpaPnUTOBbLIE KOHTAKTHI.

KoHTakTbl NpnbopoB U3rotTaBnmeatoT N3 cepedpa c rpadputom,
cepebpa ¢ nannagmem, HUKenem, amcynbpuaom MonmbaeHa,
BoNnb@pama ¢ nannaguem.

22.8. MacHUmMHbIe nopowkKkoeblie Mamepuaribl

PasnunyatoT MarHUTOMsIrkme um MarHUToTBepable Mmartepmalibl.

MazHumomsizkue — 3T0 matepuarbl ¢ 60MbLION MarHNTHOW
NPOHULAEMOCTBIO U Manon KO3PLUTUBHOU CUNON, BbICTPO
HaMarHM4MBarTCA U BbICTPO TEPSAOT MarHUTHbIE CBOWUCTBA MPU CHATUU
MarHMTHOro rnorsisi.

OCHOBHOU MarHUTOMArNKMA MaTepuarn — YACTOE Xeres3o U ero
cnnaBbl C HUKENEM N KOBansTOM.

[1Na NoBbILWEHUSA 3NTIEKTPOCONPOTUBNEHUA NETNPYIOT KPEMHUEM,
antoMmHuem. [nga ynyduweHus npeccyemocTt cnnasoB BBOAAT 40 1 %
nriacTMacchbl, KOTopasi MOSIHOCTLIO UCMAPSETCA MPU CriekaHuu.
[TopncToCcTb MaTepuanoB AOMmKHa O6bITb MUHUMANbHON.



OTaencHo BblaendaeTcs rpynna MagHuUmoouasiekKmpuKkos — 3To
YacTuubl MarHUTOMSITKOro MmaTepuana, pasgeneHHble TOHKUM CIoeM
ON3NEeKTpUKa — XXNOKOro CTekna nim CUHTETUYECKOW CMOSbI.

Takum matepumanam npuUCyLm BbICOKOE 3NEKTPOCONPOTUBIIEHNE U
MUWHUMAsbHbIE NOTEPU Ha BUXPEBbLIE TOKM N HA NepeMarHM4YnBaHue.
3rotaBnmBaloTCs B pe3ynbraTte CMELUMBAHUA, MPEeCCOBAHUSA U CrEKaHUS,
OCOBEHHOCTbIO SIBMSAETCS TO, YTO NMPU HarpeBe YacTulbl MArHUTHOIO
Martepuana ocTarTcs U30NMPOBaHHBIMU U HE MEHSIOT bopMbl. 3a
OCHOBY UCIMOSIb3YIOT YNCTOE Xenes3o, anbcndepsl.

MazHumomeepObie mamepuarsibl (MOCMOSIHHbIE Ma2HUMbI) —
mMartepuanbl C Manown MarHUTHOM MPOHNLLAEMOCTbLIO 1 BOSbLLION
KO3PLUUTUBHOU CUSION.

MarHutel maccom go 100 r narotaBnmBatoT U3 MOPOLLUKOBbLIX CMECEN
TaAKOro »Xe€ CoCTaBa, KaK NINTble MarHUTbI: Xene3o — antoMUHUA — HUKESb
(anbHK), XKeneso — antoMUHUN — HUKeNb — KobaneT (anbHUKo).  [locne
cnekaHusi 3TUX cnnaBoB obsizaTenbHa TepmMmuyeckasi obpaboTtka ¢
HanoXeHNnemM MarHMTHOro rnoJsisi.

BbiCOkne MmarHMTHble CBOMCTBa MMEKOT MarHuTbl U3 CNsiaBoB
penko3eMernbHbIX MeTasnnos (Lepun, camapumn, npaseognm)
kobarnsTom.



