I'maga 10. KoMno3unnoHHbIe MATEPUAJIBI
10.1. IlpyHUMIIBI CO3IAHUA W OCHOBHBbIE THIBI KOMIIO3UIIMOHHBIX MATEPHUAJIOB

KoMIo3uiimonHple Marepuaibl  00JIAaf0T KOMIUIGKCOM CBOWMCTB, OTJIMYAIONIUXCS OT
TPAJUIIMOHHBIX KOHCTPYKIIMOHHBIX MAaTEpHAJIOB, YTO U MPEIONPEACTHUIO WX YCIEITHOES
MIPUMECHCHHE U COBEPIICHCTBOBAHHUS COBPEMCHHBIX M Pa3pabOTKH MPUHIIMITHATHHO HOBBIX
KOHCTPYKIHI. KOMIIO3UIIMOHHBIMI HA3bIBAIOT MaTepUaIbl, COCTOSIINE U3 JIBYX KOMIIOHCHTOB H
0osee, OOBCAMHEHHBIX PA3IMYHBIMHA CIHOCOOAMH B MOHOJHUT M COXPAHSIOINIMMH IPH 3TOM
WHIUBUIYAIbHBIE 0COOCHHOCTH.

JIJIs KOMITO3UITHOHHBIX MaTEPHAJIOB XapaKTepHa CIISAYINasi COBOKYITHOCTh ITPHU3HAKOB:

* cocTaB, popmMa H pacrpe/esiecHue KOMIOHCHTOB MaTepralia OrpeieeHbI 3apaHee;

*  MaTepHaJbl COCTOST U3 IBYX KOMIIOHEHTOB U 00JIee pa3IMIHOTO XUMHUIECKOTO COCTAaBA,
pa3elieHHbIX B MaTepHalie TPaHMIICH;

*  CBOICTBa MaTepuaa ONPEISIIIOTCS KX IbIM M3 €r0 KOMIIOHEHTOB, COJICp)KaHuEe KOTOPHIX B

MaTepHale JJOCTaTOYHO OOJIBINOE;

* Marepuai 00JIagaeT CBOMCTBAMH, OTIIMYHBIMHU OT CBOMCTB KOMIIOHEHTOB, B3SITHIX B

OTJICIIBHOCTH,

* MarepHal OJHOPOJICH B MAKPOMACIITa0e M HEOTHOPOJICH B MHKpOMacIITaoe;
* MarepHal He BCTpPEUYaeTCs B IPUPOJIE, a SABILICTCS CO3/IaHUEM YeIOBEKa.

KoMIoHEeHThl KOMIO3MIIMOHHOTO MAaTepHalia Pa3jIM4Hbl 10 T€OMETPUYECKOMY IPHU3HAKY.
KoMmoneHT, KoTOpbIii 00JajaeT HEMPEpPhIBHOCTHIO IO BCEMY OOBEMY, SBIISIETCS MATPHUIICH.
KomnoHeHT ke mpephIBHBIN, pa3AeieHHBIH B 00beME KOMIIO3UIIMOHHOTO MaTepuala, CYUTaeTCst
ApPMUPYIOUIUM WK YIIPOYHSIOIIUM.

B xadecTBe MaTpuIil B KOMIIO3UIIMOHHBIX MaT€pHaiax MOTYT ObITh UCIIOJIB30BaHBI METAJUIBI U
HX CIUIaBbl, @ TAKXKE MOJUMEPbl OPraHUYECKUE U HEOPraHUYECKUE, KEPAMUYECKUE, YTIIEPOIHbIC
u npyrue matepuaibl. CBOMCTBA MATPHUIIBI OTIPEICIISIIOT TEXHOJIOTUYECKHUE TTapaMeTphl TIpoliecca
MOJYYEHUS] KOMITOZHUIIMM M €€ SKCIUTyaTAl[MOHHBIE XAPAKTEPUCTHUKHU: IUIOTHOCTH, YACJIBbHYIO
MPOYHOCTh, pPabO4Yyl0 TEMIEpaTypy, COMPOTHBJICHHE YCTAIOCTHOMY pa3pylICHUIO |
BO3/IEICTBHUIO arPECCUBHBIX CPELL.

ApMHpPYIOIIUE WM YINPOYHSIOMIME KOMIIOHEHTHI PABHOMEPHO PACHpPENCSICHbl B MAaTpHIIE.
OnHu, Kak mpaBujIo, 00Jagar0T BRICOKOW MTPOYHOCTHIO, TBEPAOCTHIO U MOIYJIEM YIPYTOCTH U TIO
ATUM TOKA3aTeNIM 3HAYUTEIBHO MPEBOCXOAAT MATpH 1y. bojee MUpPOKUM MOHATHEM, YEM
APMUPYIOIIUA WM YIPOYHSAIONIMNA KOMIIOHEHT, SIBJISETCS TEPMHUH <«HAMOJHHUTEIb», TOCKOJIbKY
HAMOJIHUTENb B MATPULIE NMOMHUMO HM3MEHEHUs MPOYHOCTH OKAa3bIBAET BIIMSIHUE W HA JPYyrue
XapaKTePUCTUKH KOMITO3ULIUH.

KoMmosunmonneie  marepuansl  KIACCHGMUIMPYIOT O  TEOMETPUM  HAIOJIHUTEINS,
PAaCIIOIOKEHUIO €r0 B MATPUIIE U MTPUPOJI€ KOMIIOHEHTOB.

[To reoMeTpun HANOJIHUTENS KOMIIO3UIIMOHHBIE MaTEPUAIIbI OAPA3ACIISIIOT HA TPU TPYIIIBIL:
* C HYJIb-MEPHBIMH HAIlOJHUTEISAMH, Pa3Mepbl KOTOPBIX B TPEX HU3MEPEHUSAX HUMEKOT OJUH U

TOT K€ MOPAIOK;

* ¢ OJHOMEPHBIMHU HAMOJHHUTEIISIMU, OJJMH U3 Pa3MEPOB KOTOPBIX 3HAYUTEIBHO MPEBOCXOIUT
ABa IPYrux,

* ¢ JIByXMEpPHBIMH HANOJHUTEISMH, pa3Mepbl KOTOPBIX 3HAYUTEIBHO TPEBOCXOAT TPETHUH.

[To cxeme pacnonoKeHUs HAMOJHUTENICH BBIIEIAIOT TPU TPYINbl KOMIO3HIIMOHHBIX
MaTepHaJIOB:

* ¢ OJHOOCHBIM (JMHEHHBIM) PACHOJOXKCHUEM HAIOJHHUTEIS B BHIEC BOJOKOH, HHTEH,
HUTEBUIHBIX KPUCTAUIOB B MaTPHUIIE MapaJLIEIBHO IPYT IPYTY;

* ¢ JBYXOCHBIM (IJIOCKOCTHBIM) PACIIOJIOKEHHEM apMHUPYIOIIEr0 HAIOJIHHUTEIS B BHIC
BOJIOKOH, MAaTOB W3 HHUTEBUIHBIX KPUCTAJUIOB, (OJIBIM B MATPHUIE B MapaICIbHBIX
IJTOCKOCTSIX;

* ¢ TpPexOCHbIM (0OBEMHBIM) PaCIOJIOKEHHEM apMHUPYIONMIETO HAMOJHHUTEIS M OTCYTCTBHEM
MPEUMYIIECTBEHHOTO HAIpaBJICHWs B €ro pacnpeneneHuu. [lo mpupoae KOMIIOHEHTOB
KOMITO3UIIMOHHBIE MAaTEPUAJIBI PA3JICISAIOTCS HA YETHIPE TPYIIIIHIL:

*  KOMIIO3UIIMOHHBIE MAaTEpHUAJIbI, COAECPKAIINE KOMIIOHEHT U3 METAJVIOB WM CIUIABOB;

*  KOMIIO3MUIIMOHHBIE MaTepHUalbl, COACPKAIUE KOMIIOHEHT M3 HEOPraHMYECKUX COCTUHECHUU
OKCHUJIOB, KapOHI0B, HUTPHUIOB H JIp.;

*  KOMIIO3UIIMOHHBIE MaTepHUalbl, COJEPKAIIMEe KOMIIOHEHT U3 HEMETALUIMYECKUX SJIEMEHTOB,
yriaepoja, oopa u ap.;

*  KOMIIO3UIIMOHHBIE MAaTE€pHaNIbl, COAEPKAIIUE KOMIIOHEHT W3 OPraHUYECKUX COECAUHEHUH
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(smokcuaHbIC, TONMMA(UPHBIE, (EHOTBHBIC U IPYTHE CMOJIbI).

B HasBaHHyr0 KJIacCH(MKAIMIO HE BXOAAT IOJMAPMHUPOBAHHBIC KOMITO3HIIMOHHBIC
MaTepHalbl, COACPIKAIIUE YEPEAYIOIIUECS CJIOU JIBYX KOMIIO3UIMIA WM OoJiee, C MaTpUIlAMH,
OTJIMYAIOIUMHCS XUMUYECKUM COCTABOM.

CBOMCTBa KOMIIO3MIIMOHHBIX MAaTE€PHaIOB 3aBHCAT HE TOJBKO OT (DU3MKO-XUMHUYECKUX
CBOMCTB KOMITOHEHTOB, HO M IPOYHOCTH CBSI3M MEXay HUMH. OOBIYHO KOMITOHEHTBI IS
KOMIIO3MIIMOHHOTO MaTepHaja BRIOMPAIOT CO CBOMCTBAMH, CYIIECTBEHHO OTJIUYAOIIMMHUCS IPYT
OT Jpyra.

Komno3unnonHbie MaTepHaibl MO CPABHEHHIO C COBPEMEHHBIMH KOHCTPYKIIMOHHBIMHU
MaTepualaMd OOHapy)KMBalOT Oojiee BBICOKYIO yaenbHyl0 jxkectkocth (E/p) m ymenbHyro
npounocts (o,/p) (puc. 10.1).
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Monyns ynpyroctd KOMIO3HUIIMOHHBIX MAaTEpUaioB MOXKET H3MEHAThCS B TpeOyeMoM

HampaBJICHUH B 3aBUCUMOCTH OT CXEMbI apMUpOBaHUs. Bbicokas HaleKHOCTh B pabOTE KOHCT-
PYKUIMH W3 KOMIIO3UITMOHHBIX MaTEPHUajiOB CBs3aHa C OCOOEHHOCTSMHU PACHpPOCTPAHCHUSI B HUX
TpeuyH. B 00bIYHBIX CITaBaxX TpEIInHA pa3BUBAETCS ObI-
CTPO U CKOPOCTh POCTa €€ B MEePHO/] padOThI KOHCTPYKIIMH JIETAJIM BO3PACTaeT. B KOMITO3UITMOHHBIX
MaTepuajiaX TpelrHa 0ObIYHO BOSHHMKAET M PA3BUBACTCS B MATPHUIIC M BCTPEYACT MPEMSITCTBUSI HA
rpaHuIle MaTpulla — YIPOUYHHUTEIb. APMUPYIOIIUN 3JIEMEHT TOPMO3HUT €€ PacIpOCTPaHCHHUE,
3aJIep KUBasi HA HEKOTOPOE BPEMS €€ POCT.

10.2. Komno3u1iuOHHbIE MATEPHAJIBI € HYJIb-MEPHBIMU HANIOJIHUTEJISIMHI

B KOMIO3UIMOHHBIX MaTepHajaX 3TOr0 THIA HAHOOJbIIEe PacHpOCTPAHCHHE ITOJTYYHIIa
MeTa/UIMUecKasi MaTpuila M3 MeTalla WM ciulaBa. KOMIO3UIMHM Ha METaJUIMYeCKOH OCHOBE
VIPOYHSIOTCS PAaBHOMEPHO  pacHpeeICHHBIMUA  AMCICPCHBIMH  YacTHI[AMH  Pa3JIMYHOM
3€pHUCTOCTH. MHKpOocKomudeckue ¢ guamerpom dactuisl d = 0,01—0,1 MM, Menkue c
nraMeTpoMm dacTuisl d= 1—50 MxMm.

KoMmo3uimonHele MaTepHalibl ¢ PaBHOMEPHBIM paCIpeeiCHUEM YaCTHIl YIPOUYHHTEIIS
OTJIMYAIOTCS] U30TPOITHOCTHIO CBOMCTB.

[Toay4aroT KOMIIO3HIMH, apMHPOBAHHBIC JHUCIIEPCHBIMH YACTHUIIAMH, 4Yallle METOdaMH
MMOPOIIKOBOM METAIUTYPIUH, BKIFOUYAIOIIEH CIICTYIOIINE TaIlbl:

*  [OJyYEHHE ITOPOIIKOBOM CMECH MAaTPUYHOIO METAILIA M YIIPOUYHHUTES (PAcCceB IMOPOIIKOB Ha

(bpakimu, CMEIIUBAHKE MTOPOIIIKOB B CMECHTEIISIX PA3THUYHBIX CUCTEM);

[IPECCOBAHKE MOPOIIIKA B KOMITAKTHYIO 3arOTOBKY B CTAJIBHBIX MaTpHIIaX (M30CTaTHYECKOE
MIPECCOBAHUE) C MOCICYIONINM CIICKAaHHEM.

Ha cramusax mpeccoBaHus W TOCHETYIOMICH ae(OPMAIMOHHON M TepMHUYECKOM OOpabOTKH B
rioryadprkare (popMHpYeTCs ONTUMabHAs, YCTOMYMBAs JMCIOKAIMOHHAS CTpyKTypa. JlpcrepcHbie
YaCTHIIBI HAIOJHUTEIISI CIIOCOOCTBYIOT 00pa30BaHHUIO 3epeH C OOJBIION CTEICHBI0 HEPABHOOCHOCTH
(BOJIOKHHCTOM CTPYKTYPBI) ¥ 3a€PKUBAIOT IIPOTEKAHHE PEKPHCTAIUIM3AIMOHHBIX IIPOIIECCOB.

B Takux marepraniax Marpuiia BOCIPHHAMACT BCIO HATPY3KY, a JCIICPCHBIC YaCTHITI apMHPYFOIIETO
HATTOJTHUATETS TIPETITTCTBYFOT PA3BUTHIO TNIACTHYCCKOM JiehopMaliim, OKa3bIBasi CONPOTUBRIICHHS JBFDKCHHIO
KaK €IMHMYHBIX UCIOKALMN, TaKk M AMCIOKAMOHHBIX 00pasoBaHmii (CyOrpaHMIl, T'paHMI] 3€peH).
DddeKTHBHOE YIIPOYHEHNE NOCTHraeTcs Ipu cozeprkaniy 5—10% (006.) yacTHII YIPOUHSFOLLIETO BENIECTBA.

Ha ypoBeHh NPOYHOCTH KOMITO3MIMN OKAa3bIBAIOT BIMSIHHE OOBEMHOE COJICPKAHHWE YaCTHIT
VIPOYHUTENSI, CTENICHb JIUCIIPCHOCTH WM PAcCTOSHUE MEXIy dacTuramu. COINpOTHBIICHHE
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YBEJIMYMBACTCS C YMEHBIIICHUEM PACCTOSIHIS MKy YaCTUIIaMU coriacHo Gopmyine OpoBaHa:

c = Gbl/l
riae G — MOoyb C/IBUra Marepraia MaTpHipl; b — mMekaromHoe paccrosiHre; — paccrosinue Mexay
JACTHUIIAMH YITPOYHUTEIS.

ApPMUPYFOIAMH HAMOJHATEISIMA  Yallle CIyXKaT JUCICPCHBIC YaCTHIBI TYrOIUIABKUX OKCHJIOB,
HUTPHIOB, 00puioB, Kaporaos (Al0s, ThO,, HfO,, BN, SC, Be,C u ap.). D1H TyromiaBkie CoeIMHEHNs
MMEIOT BBICOKHE 3HAYCHUSI MOJYJS YIPYrOCTH, HU3KYIO IUIOTHOCTH, 3HAYUTEIIBHYIO WHEPTHOCTH B
OTHOILICHUM Marepuajia Marpuil. Tak, Hampumep, Momyiih_yrpyroctd okcuiaoB ThQ, u Al0s paseH
380,510?’ u 146, 12-10° MITa, a riotHocts — 1,0m 3,97 r/em® COOTBETCTBEHHO.

Kpome MeToa TMOpPOIIKOBOM METALTYPIUHM CYIIECTBYIOT M JIPYTHE TEXHOJIOTUH TTOTy9ICHHUS
JIMCTICPCUOHHO-YITPOYHEHHBIX ~ KOMIIO3WIIMOHHBIX ~ MaTepuaioB. Hampumep, BBOISIT — YaCTHIIBI
apPMHUPYIOIIIETO TOPOIITKA B YKUJAKAN pacilaB MeTalla WK CIiaBa. YJIYYIICHUS CMAuMBAHMS YaCTHI
KHUIKAM METAUIOM M PABHOMEPHOIO PACIPENCIICHHS WX B MATPHIIC JIOCTUTAOT B 3TOM CJIydae
VIILTPa3ByKOBOK 0OPaOOTKOM pacruiaBa WM APYrHMH criocoOaMu. PaBHOMepHOE pacripeielieHre yiI-
pounsroIer (haspl 0 00beMy KOMIIO3MIMHM Yallle BCE KE JIOCTUraeTCsl MPIMEHEHHEM TBEPI0(ha3HbIX
METOJIOB.

10.2.1. KoMno3numoHHbIe MAaTEPHAJIbI C AJTIOMUHHEBONH MaTpHULei

[IpoMbIIsieHHOE TIPUMEHEHHE HAIUM KOMITO3UIMOHHBIE MaTeprabl HAa OCHOBE AJTFOMHUHUS,
yrpouHeHHble YacTuiiamMu Al,0s. VIX monydaroT Merofamu IMOPOINKOBOM METALIYPIHU IIPECCOBAHMUS
ATFOMHUHUEBOM MyIphl ¢ nocieayromum criekanreM (CAIT). Yactuip! myapsl uMeroT GopMy derryek
ToNIIMHOM ~ 1 MKM. PazmMephI yacTuIl 110 JIHHE 1 IIUPHUHE MaJI0 OTIIMYAIOTCS IPYT OT Apyra. OKcuaHast
IUIeHKAa Ha moBepxHocTy dactuil mmeer ToiuwHy 0,01—O0,1 MkM. YMeHbIIeHHE Pa3sMEpPOB YaCTHIL
My/pbI YBEIMYMBACT UX OOIIYIO TIOBEPXHOCTH U COJIEpyKaHKe OKCUIOB amtomMunus (tadm. 10.1).

Tabmima 10.1. XapakTepucTuka 4acTHIl ATIOMHHUEBOI MyIPbI

Mapxka myapsl Pazmep uvactuirsl, Conepxanne Al,03, %
MKM
ATIC-1 30—50 6—8
AIIC-2 10—15 9—12

Mexannueckue cBoiictBa CAll, morydeHHBIX U3 ATFOMHUHUEBOM Ty IPhI PA3TUYHBIX MAPOK,
npencTarieHsl B Tadn. 10.2.

Tabmuma 10.2. Mexanudeckue cBoiicrBa CAIl mpu 20 °C

Mapka |Comepxanne Al03 | oy ,MIla | ooz, MIIa| 6 ,% E ITla
%
CAII-1 6—8 300 200 7—9 67
CAII-2 9—12 320 230 4 71
CAII-3 13—17 400 340 3 76
J120* — 420 300 11 69
J120 — B cocrosHuu mocie 3akaiku ¢ Temieparypoil (535 = 5) °C u mociemyromero

crapenus nipu 180 °C, 124 4. IIpu xoMHaTHOH TemnepaType MexaHnueckue cBoiictBa CAII
HU)KE CBOWCTB BBICOKOITPOYHBIX ATFOMUHHEBBIX CILUIABOB

[TpermmymmectBa CAII oTuemiimBO nposiBIsIIOTCS TipH Temrieparypax Boimie 300 °C, mpu KOTOPBIX
QTIOMUHHUEBBIC CIUIABBI Pa3yNpOYHSIOTCS. JIMCIIepCHO-YITPOYHEHHBIE CIDIABBI COXPAHSIOT 3((eKT
VIIPOYHEHHUS BIUIOTH 70 Temnepa- Typsl 0,8 7, B pe3yibTare TepMOIMHAMIYICCKOW CTaOMIIBHOCTH
VIIPOYHSIONMX 4acTull. Kucrmopom He pactBopsieTcs B amoMmMuHuH, W auddy3noHHOE
B3anMoJIelicTBe Mexay dactumamu Alp,O; depe3 aTOMHHHEBYIO MaTpHIly HE ITPOHCXO/IHT.
VYHpouHSIONME YacTUIbl UMEIOT CTaOWIIbHbIE pa3Mepbl M YCTOMUMBOE B3aHMMHOE PacCIOJIO’KEHHUE.



ITpu 500 °C gedopmupyemsbie cruiasel [119, 120 nmeror npouynocts B npeaeiaax 1—5 MIla, B 1o
BpeMs Kak, pouHocTh CAII-1 o, = 80 MIa, CAII-2 6, = 90 MIla, CAII-3 6, = 120 MIla. ®u3suue-
ckue cBorictBa CAIl — 3IeKTpOIpOBOAMMOCTD, TEIUIONPOBOJMMOCTE M KOI(PDHUITUCHT
TEPMHUYECKOIO PACIIMPEHUS — CBS3aHbl JUHEHHOM 3aBHCUMOCTBIO ¢ coaepkanueM AlpQs m mx
3HAQUCHUS YMEHBINAIOTCS [0 MEpe €ro IOBBIIICHWSA. TeM He MEHee 3JIeKTPOIPOBOJHOCTE M
TeruonpoBoauMocTh crutaBa CAII-3 Bbllie, YeM y CTaHAAPTHBIX ATFOMHUHHEBBIX CIIaBoB (J119,
J120), u cocrapisier 70— 75% OT COOTBETCTBYFOIIHX 3HAYCHUI TEXHUYECKOTO ATFOMUHHSI.

Crmnasel CAIT ynoBieTBOpUTEIIHLHO IS(OPMUPYIOTCS B TOpsTdeM coCTosiHUY, a civiaBbl CAII-1 — uB
xonomHoM. CAII nrerko oOpabaTeIBaroTCs pe3aHreM, YAOBICTBOPUTEIILHO CBAPUBAIOTCS aprOHOTyTOBOM
Y KOHTAKTHOM CBapKOIL.

N3 CAII BeimyckaroT moiryadpHuKarsl B BUIC JIUCTOB, IpoduiieH, Tpyo, donsru. deram n3 CAIT
paboTarot nipu 300—500 °C u yalie 310 JIONATKH KOMIIPECCOPOB, JIONATKA BEHTUIATOPOB U TYPOMH,
nopurHeBble TOKU. JIuctel u3 CAIl Mcnons3yroT i M3rOTOBJICHUS ACTalel OOMIMBOK TOHZION
KATIO3H, pA0OTAIOIINX B 30HE BBIXJIONA CHIIOBBIX YCTAaHOBOK.

10.2.2. KoMno3numoHHbIe MaTePHAJIbI C HUKeJIeBOH MaTpuLei

VYIPOYHSOIIMM KOMIIOHEHTOM B KOMITO3HITHOHHBIX MaTepraiax ¢ HUKEICBOW MATPHIICH SBJISFOTCS
TOKCHYHBIE dYacTHipl auokchma Topus (ThQ,) mm muokcmpma radmms (HfO,). Dmu marepuanst
obo3navarorcsi B/IY-1 u BJIY-2 cootserctBerHo. B crutaBe BJIY-3 marpuiield CITY)KUT HHKEICBO-
XpOMOBBII TBepIbI pactBop (20% xpoma), a ypounuTeneM — auokcua radumst. Okcrapl TadHus 1
TOpUsI OOHAPYKMBAIOT BBICOKHE 3HAYECHHS MHUKPOTBEPIOCTH M MPOYHOCTH mpH Ckaruu (tadm. 10.3), a
Tarke MaKCUMAaJTbHYIO CTaOMIILHOCTH B Matpuiie. OObeMHOE COIepKaHNe YIPOUHSIOMICH JTUCTICPCHON
(ha3bI OKCHJIOB TOpHs ¥ radHUS HAXOAUTCS B Tipenenax 2—3%.

Tabmmual0.3. Mexannueckue cBoiicrea okcuaos ThO

MukpoTse [penen npounoctu [lpu cxarun, Ml1a,
M 20°C | 400°C | 600°C | 800°C | 1000 °C
9690 1372 1078 588 490 352,8

Teepnocts oxcra HfO, cocrapmsier 9070 MITa u marno ommdaercs ot tBepaoctu ThO..

JKaporpodHple CBOMCTBa JHUCIICPCHO-YIIPOYHCHHBIX CIUIABOB 3aBUCSAT KaK OT KOJIMYECTBA H
pa3sMepoB OKCHUIHBIX YaCTHIl, TAK U OT pa3MepoB, ()OPMBI U CTPOSHHS 3€pEH M CyO3epeH MAaTpHII,
(bopMHpYEMBIX IPH ONTUMAJIBHBIX PeKUMaxX 00paOOTKU TaBJICHUEM U TEPMUUYECKOI 00pabOTKH.

Kommosummonnsie Marepuansl BY-1, BIY-2 u BJ/IY-3 npu yMmMepeHHBIX TeMmrieparypax IIo
MPOYHOCTH YCTYITAOT 5KApOIPOYHBIM HUKEJICBBIM CIIaBaM. [Ipr KOMHATHOM TeMIIeparype BpeMEHHOE
conpotuBiieHre paspbiBy ciiaBoB BJIY-1 u BJIY-2 cocraBaser 540—570 u 450—500 Mlla
COOTBETCTBEHHO, a y ciuiaBa B/1Y-3 — 800—850 MIIa. Bosnbinas mpourocts ciuiaBa BJIY-3 mo cpas-
HEHHIO C OCTATHHBIMHE JBYMS CBSI3aHA C JISTHPOBAHMEM MaTPHIBI XpOMOM. [Ipr BEICOKUX TeMIIeparypax
0 JKapOIIPOYHOCTH JUCIICPCHO-YIPOYHECHHBIC CIUIABBI MPEBOCXOMAT CTAperoNme JehopMUPYeMbIe
HHKeJIeBbIe CutaBbl (Tabi. 10.4).

Tabmuma 10.4. XapakTepHCTHKH JJINTEIbHOM nMpouHocTH ciiiaBoB BAY-1, BAY-2 n
CTapeoliero HUKeJeBoro crjiaBa

Mapxka crinaBa| I[lomydabpukar o1000,MI1a, mpu Temmeparype, °C
900 1000 | 1100 | 1200
BAVY-1 [Tpyroxk 140 120 100 65
BAY-2 [Tpyroxk 95 80 65 40
B/Y-3 Jluct 105 85 65 40
XKC-6K [IpyTox 170 70 20 _
DI1-868 Jlucr 30 15 _ —

INommxkenHas >xaporpoddocts criasa BJIY-2 (a taroke crmasa B/IY-3) B cpasaenmn ¢ B/Y-1
CBA3aHAa C MEHBIIMMHU pasMepaMM YacTHIl OKCHZA TOPHsS OTHOCHUTEIBLHO YaCTUI[ OKCHIA Ta(Hus.
O6bemnast osst yactuir ThO, u HfO, B critaBax He mpeBbimaet 2%.



JlucniepcHo-yrpounennbie civiaBbl B/IY-1, B/IY-2 u BJIY-3 nenecooOpasHo MPUMEHSTh MPH
pabounx Temneparypax 1100—1200 °C.

Kommosummonneie Marepuansl BJIY-1 n BAY-2 miactuunbl, 1 moiyhadpuKarsl TUX CILIABOB
1e(OpPMHUPYIOTCS B ITUPOKOM HHTEPBAIIC TEMITEPATYp PasIHUHbBIMUA MeTofamu (KOBKa, IIITAMIIOBKA,
ocajika, TaIyOOKas BBITSDKKA W ap.). JUis coemunenys Aertanei u3 ciuiaBoB tuma BJIY npuMensor
BBICOKOTEMITEPATYPHYIO TTalKy 1100 audy3noHHYIO CBapKy, C TEM YTOOBI H30€KaTh pacIlIaBICHHUS.
B 30He pacmiiaBiieHHsi IPOUCXOMUT arjoMeparys YacTUIl YIIPOUHSOmEeH (as3pl U, Kak CIEeICTBHE,
MOTEPS CIIAaBaMH YKAPOIIPOYHOCTH.

Crutaser B/IY-2, BJIY-3 BhIIycKaroT B BUjie TpyO, MPYTKOB, JIUCTOB, IMMPOBOJIOKH, (osbru. Mx
MIPUMEHSIOT TJIABHBIM 00pa3oM B aBHAIMOHHOM JBUTaTenecTpoeHur. M3 xommosummii B/Y-2 u
B/1Y-3 U3roTaBimBarOT COIIOBEIC JIOTIATKH, CTAOMIN3aTOPBI ITTAMEHH, KaMEephl CrOPaHHUs, a TAKIKE
TPYOOTIPOBO/IBI M COCY/IBI, pAOOTAOIIIME TP BBICOKMX TEMIIEpATypax B arpeCCHUBHBIX Cpeaax.

10.3. KoMmo3unuoHHbIe mMaTepuaJjJbl ¢ OTHOMEPHBIMHA HAIIOJITHUTECJIAMU

B KOMIMO3UITMOHHBIX MaTepraiax TOro THIA YITPOUHUTEISIMU SBIISTIOTCSI OJTHOMEPHBIC SJIEMEHTHI B
(hopMe HUTEBHIHBIX KPHUCTAUIOB, BOJIOKOH (MPOBOJIOKH). BONOKHA M JApyrre apMHPYIOIIHE 3JIEMEHTHI
CKPCIULTIOTCS MaTpuileh B ©OWHBIA MOHOJIMT. MaTpuiia 3aliyiiacT YIPOUHSIOINIME BOJIOKHA OT
TOBPEKICHNH, CITY>KUT CPEJION, TepeIatoIeii Harpy3Ky Ha BOJIOKHA, M ITepepacipeieisieT HanpsDKeHUs B
Cilydae paspbiBa OTHEIBHBIX BOJIOKOH. Ba)HO, 4TOOBI MPOYHBIE BOJOKHA OBUIM PaBHOMEPHO
pacmnpesiefieHbl B INTACTUYHOW MaTpHIIE.

Ha cBoiicTBa BOJIOKHMCTOM KOMIIO3UIIUM TOMHMO BBICOKOHM MPOYHOCTH apMHUPYIOLIHUX
BOJIOKOH Y JK€CTKOCTH TUTACTHYHON MAaTPHUIIBI OKa3bIBACT BIUSHUE MPOYHOCTH CBS3U HA TPAHUIIS
MaTpuila — BOJIOKHO.

JIns apMHUpOBaHUS KOMIIO3UITMOHHBIX MATEPHAIOB HCIIOJIB3YIOT HEITPEPhIBHBIC TUCKPETHEIC
BOJIOKHA C pa3MepaMu B MOTIEPEUYHOM CEYCHHUH OT J0JICH 0 COTEH MUKPOMETPOB.

10.3.1. YnpouHeHHe BOJOKHAMH

BonokHo, Haxopsiieecss B MaTpuile, \IOIDKHO  MMETh Oosiee BBICOKME 3HAUEHHUS MOy
VIIPYTOCTH, YE€M y MaTpPHUIbI (EB > EV), 4ro sBIIE€TCA OJHMM W3 YCIOBHH IOJyYCHHS
KOMITO3HUIIMH C BBICOKUMHU MEXaHUYECKUMHU CBOMCTBAMHU.

Teopusi KOMIIO3MIIMOHHBIX MaTepUaJOB MpPENojaraeT paBHOMEPHOE paclpeseieHne
BOJIOKOH 1O 00BbeMy MaTpullbl, HUX OJMHAKOBYI0 HANpaBICHHOCTb U OTCYTCTBHUE
MIPOCKaJIb3bIBAaHUSl HAa MOBEPXHOCTH pa3jeia MaTpulla — BOJIOKHO BIUIOTh 10 pa3pyLIEHHUS
komno3unuu. Harpyska, tTakum oOpa3oM, pacrpenesnseTcsi MeK/Iy BOJOKHaMU W MaTpuuel, a
nedopmari kommosumumii &5, mMatpuisr £ n Bonmokna £ Gymyr ommmakoser (£ = &M = £°).
[IpOYHOCTH KOMIIO3MIMU G'; B TAKOM Clydae H3MEHSETCSs B 3aBUCUMOCTH OT OOBEMHOIO
COIepKaHus YIpoUHsiounx Bookon Vo(puc. 10.2).
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Puc.10.2. 3MeHeHre mpOYHOCTH BOJOKHUCTOTO MaTepraia B 3aBHCUMOCTH OT COACPIKaHMUS
YOPOYHUTENS

Majioe comepxanie 06beMHON 1omu BosokHa B Martpuie (VP < V,,) CHIXKaeT IpovHOCTH
KoMITo3uIuu. BojiokHa, OBICTpO HArpykasch 10 NPEACIbHBIX HAMPSHKCHUM, pa3pylIaroTcs |
HArpy3Ky BOCIIPUHHAMAET TOJIBKO MAaTPHULA, KOTOpas v
OIpeacaCT MPOYHOCTE KOMITO3UIIUH. PaSyr[pO'—IHf[IOHICC )ICI\/’ICTBI/IG BOJIOKOH OTMEYACTCA BIIJIOTH
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10 V., , Korja BHayaJle TPOUCXOJUT pa3pylIeHUE MAaTPUIIB 1 npoOnenue BoJOKOH. [lpum
YBEITUYCHUU OOBEMHOTO COJEPXKAHUSA JIOJH BOJIOKOH (V >V,,) Harpy3Ky BOCIPHHHUMAIOT
BOJIOKHA, IPOYHOCTH KOTOPBIX OMPEAEIIAET MPOYHOCTh BCEM KOMIO3ULIMU. Pa3pylienne BOJIOKOH
MOJ1 ICWCTBUEM MTPUIIOKEHHONW HArpy3KH MPUBOIUT K OBICTPOMY Pa3pyIICHHIO MAaTPHUIIBI.

HpO'—IHOCTB KOMIIO3HMIIMHM CKJIaAbIBACTCA HU3 CYMMapHOI\/’I IIPOYHOCTH BOJIOKOH M MaTPHULIbI.

6", = 6% V2 + 0", (1- VP). (10.1)
AnHanornyHeIM 00pa3oM U3MEHSETCSl U MOJIYJIb YIPYIrOCTH KOMITO3ULIUU:
E*= EP VP + E"(1- V). (10.2)

[TpoYHOCTh KOMITIO3UITMKM PacTeT A0 3HAYCHWH OOBEMHOW JOJU BOJIOKHA VB =~ 08 - 09,
MOCKOJIBKY TPU OOJIBIINX 3HAYCHUSIX V2 cnoxHO 3amonHUTE IPOCTPAHCTBO MEXKIY BOJOKHAMU
MaTepHAIOM MATPHIIBI, YXY/IIAeTCS CICIUICHHE BOJOKHA C MAaTPHUIIEH U MEKY HUMH BO3MOYKHO
pocKasib3biBanne. Kpome TOro, B 3TOM cilydae BOJIOKHA OJM3KO PACIHOJIOXKCHBI APYTr K APYrY,
YTO HE 3aTPYAHSACT PaCpPOCTPAHEHUE TPEIIHH OT BOJIOKHA K BOJIOKHY.

Kpurnueckuit 00beM yIIPOUYHSIOIIMX BOJOKOH B MATPHUIIE OMPEICIISAIOT U3 YPaBHECHUS

o — Oy
v =——_ {103
? ur-of {103)

rJie 6"y — CpejiHee HalpsHKEHHE TEUEHHsT MATPHIIBI B MOMEHT Pa3pyIIeHHst BOJIOKOH.
W3 ypaBuenus (10.3) ciemyeT, 4T0 yBeIMUYCHHE PA3HHIIGI B MPOYHOCTHBIX XapaKTEPHCTHKAX
BOJIOKOH M MaTPHIIbl YMEHBIIIAET KPUTHICCKYIO 00BeMHYIO 10110 V,,,. KpuTnueckas oobemHas
JI0JI1 BOJIOKHA B MaTpHIle MOXKeT m3MeHsAThcs oT 1 o 50%. [Ipu ynmpoyHEeHUH KOMIIO3HMIITHH
JWCKPETHBIMH  OJIHOHAIPABJICHHBIMU BOJOKHAMH MATPHLA IEPEIACT HATPY3KY BOIOKHAM
MyTeM IUIACTUYECKOU ned)opMauHH MIPOTMTOPIIMOHATEHOM TPAJIOKEHHOMY HaPSDKEHUTO.
BoIIOKHO, uMest Gojiee BBICOKMIT MOJYIIb YIPYrocTH, 4eM Matpuua (E° > E“), orpanndmBaer
CBO60)1H06 VAJUHEHUE MAaTPHIll, 9YTO TMPUBOJIUT K HCKKEHHIO Mo nedopmarun. B 30He,

NPUICTAIOIIEH K BOJOKHY, YUIMHEHHE MATPHUIBl PABHO YIIPYroMYy YIJIMHEHHIO BOJIOKHA (pHC.
10.3).

' '. '
P Harpyaeunaos
LT COeTONHAE

L)
o

Puc. 10.3. Cxema coBMecTHO# nedopmalivu TUCKPETHOTO BOJOKHA M MATPHIBI (), SIIOPhI
pacripesielieHus pacTSATUBAIONINX HANIPSDKEHUH G B BOJIOKHE M HAIIPSDKEHHIA CABHTA HA
MOBEPXHOCTHU pazjiesia MaTpHIa-BoOJIOKHO (0):

1 — uckaxxenHoe moJie hpedopmanuu; 2 —apMHUPYIOIIEE BOJIOKHO; 3 — MaTpHIIA.

[Ipu yBenvueHUM Harpy3Ku MakCUMAaJIbHBIE 3HAUEHHs HAIPSHKEHUN CIIBUTA OIPAaHWMYMBAFOTCS
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IpeJIesioM TEKYIECTH MATPHIIB T . TaKoro 3HaYEeHHs TAHTCHIIHATIBLHOEC

HaNpsDKEHUE JIOCTHraeT Ha paccTosHuH |,,/20T koHIa BosiokHa. [lomHOE wcHoNB30BaHKE
YIIPOYHSIOIIErO JEHCTBUS BOJIOKHA HAOIIOAETCSl B TOM Ciydyae, €CJIM HalpsDKEHUs] B BOJIOKHE HE
JOCTUTHYT TIpejieiia MPOYHOCTH O p. KpUTHUYECKOE 3HAYEHWE [UIMHBI BOJIOKHA OIPEICISIOT W3
YpaBHEHMSI paBHOBECHSI SJIEMEHTOB BOJIOKHA U MATPHLIBL:

(dnd’o}) =1/ (2ndi 7>

OTKyZIa ! -
s
d 2

T

rje — auaMeTp apMHUPYIOIIETO BOJOKHA..

Kpurtnueckas [uimHa BOJIOKHA |y, TPONOPIHOHATIBHA HAMPSDKEHUIO PAa3pYIICHHUS BOJIOKHA
GBb.

Jedbopmanuss KOMIO3WIIMOHHBIX MATEPHAJIOB II0JT HArpy3KOM, IPUIOKEHHOW BIIOJIb

YIIPOYHSIIOIINX BOJOKOH, TPOXOUT B HECKOJIBbKO craauii (puc. 10.4).
[}

Puc. 10.4. [luarpamma pactspkenust BoJokoH (1), Mmatpuiibl (2) 1 KOMIO3HUIHH C
OJTHOHAIPABJICHHBIMH BOJIOKHaMH (3)

Ha | cragum w™aTtpuma u BOJIOKHO JeOPMHPYIOTCS YIpyro. MexaHHYecKue
XapakTepucTuky o'p u E- onpegersiores o dopmymam (10.1) u (10.2). Ha || craguu matpua
HEePEXOJUT B YIPYrOIUIACTUYHOE COCTOSHHE, a BOJOKHA JeopMUpYIOTCs ynpyro. Moyib
YIIPYTOCTH B TOM CITy4ae OTPEessieTcs 1o hopmyie:

El =ElV' +(":’j:!Il ]V",

rae do™/ de™ -ckopocTh e OpMALIMOHHOTO YITPOYHEHUS MATPULIBL.

Ha Il cTtagum mpodYHOCTh KOMIIO3HUIIMM PE3KO CHIDKACTCS B CBS3H C pPa3pyIICHUEM
XPYIKHX BOJIOKOH ¥ MaTpPHIIBI.
BoJIOKHUCTBIE KOMIO3HMIIMM — SIPKO BBIPQKEHHBIA aHU30TPOIHBIA  MaTepual,

MEXaHHYECKHE CBOMCTBA KOTOPOIO CaMbIM CYIIECTBEHHBIM 00pa30M 3aBHCAT OT yIJia
OpPHUEHTAIIMH BOJIOKOH OTHOCHTENIBHO JiciicTByromiei Harpy3ku (puc. 10.5).

EH

Puc. 10.5. 3aBucumMocTh MPOYHOCTH OTHOHANIPABICHHON KOMITIO3HIIMHU OT YTJIa OPHEHTAINN
BOJIOKOH OTHOCHTEIIFHO JIEHCTBYIOMIEH Harpy3Kku: 1 — marpuiia, 2 — BOJIOKHA



Ycerpansercs 9TOT HEJIOCTaTOK TOJbKO BBIOOPOM MaTepuayia [Uisl JAETald C
IIPOCTPAHCTBEHHBIM apPMUPOBAHUEM BOJIOKHAMM, CETKAMH WJIM KOHCTPYMPOBAHHEM ACTAINA W3
KOMITO3UIIMOHHOTO MaTepuajla TakuM o0pa3oM, 4TOObI Harpy3kd JEHCTBOBAJIM BJIOJIb
YIPOUYHSIOIIETO BOJIOKHA.

CpoiicTBa TpaHUIIBl pa3jena MaTpulla — BOJIOKHO, IMpPEXJE BCEro aJre3MOHHOE
B3aMMOJICICTBHE MATpPULBI M BOJIOKHA, OINPEIEISIIOT YPOBEHb CBOMCTB KOMIIO3UIMM W HX
CcTaOMJIBHOCTh B IpoLecce dKCIuTyaTanuu. ['panuia, obecrnieuuBaromias rnepeaadyy Harpy3sku ot
MaTpHUlLIbl Ha BOJIOKHO, JI0JDKHA OTIMYAThCS CTAOUIIBHOCTBIO CBOMCTB. AIr€3MOHHAs CBSA3b J10JIK-
Ha COXPAHATBCSA IPU BO3ICHCTBUM HANPSIKEHWH, BBI3BAHHBIX PA3NIMYMIMHU B TEMIEPAaTyPHBIX
K03 duIMeHTax JMHEHHOTO paclIMpEeHHsl MaTPULIbI U BOJIOKHA.

Ha rpanune npoucxoaar nud@y3noHHbIe TPOIECChl, XUMUUECKUE PEaKLUU, pACTBOPEHUE U
oOpa3oBaHue HOBBbIX (a3, yame HHTepMeTaIMI0B. C OJHOW CTOpPOHBI, HX OOpa3oBaHHE
YBEJIMUMBAET CLEIUICHUE MEXJIY MATPULEW W BOJIOKHOM, a C APYrOd — IIOHMKAET MPOYHOCTH
BOJIOKHA. VHTepMmeramapl — Xpynkue ¢as3bl, CHOCOOHBIE pa3pyllaTbCsi JAaxe IpH
HE3HAUMTeNbHbIX JledopManusax. Obecrneyuts Ke MNPOYHOE CUCIUICHHE MAaTpHlbl H
YIOPOUHSIOIIETO BOJIOKHa 0€3 B3auMOJEHCTBHUS ciokHO. Ha mnpakrtuke s yinydiieHus
CUCIUICHUS Ha BOJIOKHA HAHOCAT NOKPBITHS, a MAaTpHIly JIETHPYIOT. BOJbIIOe KOJIMYECTBO IO
BEPXHOCTEH pasziena (MaTpuiia — BOJIOKHO) B BOJIOKHUCTBIX KOMIO3UIIMOHHBIX MaTepHaiax Ofl-
penenseT ux NOBEACHUE MpU pa3pylieHuH. TpeuruHa, oOpaoBaBIIascs B MaTpHIIE, PU CBOEM
pacIpOCTpaHEHHHM 4YE€pe3 CEYEHHWE  MHOTOKPATHO 33JCPKMBAETCS HA TPAaHMIE MaTpuna —
BOJIOKHO. PacmpocTpaHeHne TpenmHBI CONPOBOXKIAETCS —PaspyLICHMEM TIpaHMIBI pasjiena |
BBITSTMBAHKEM BOJIOKOH 13 Matpuiisl (prc. 10.6).
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Puc. 10.6. Cxemerrdeckoe n300paKeHne TPEIIHHbI B MaTpHIle (), pacipOCTPaHSIONICHCS B KOMITO3UILINN
HIEPIICHIMKYIISIPHO BOJIOKHAM (0): 1 —matpuiia, 2 — BOTOKHA , 3 —TPEIMHA B MATPHIIE, 4 — BOJIOKHA, BBITSIHYThIC
W3 MaTPULIbI

ComnpoTHBIIEHHE PACIIPOCTPAHEHHUIO TPEIIMH MTPU BHITSATUBAHUH BOJIOKOH M3 MAaTPUITBI BO3HUKACT
B BHUJIC CHJI TPEHUSI MEXKTy BOJIOKHOM M MATPHIICH, a IPH Pa3pyIICHUH TPAHUI] — B Pa3pbIBE CBs3EH
MEXKIy HHUMH. ODHEPreTMYECKHE 3aTpaThl Ha BBITATUBAHWE BOJIOKOH, DPa3pbIB CBS3EH MEKITY
BOJIOKHAMH W MATPHIIEH CYIIIECTBEHHO IOBBIIIAIOT COMPOTHUBIICHHE Pa3pYyIICHUIO BOJOKHUCTHIX
KOMIIO3UIIMOHHBIX MaTEPHUAJIOB TI0O CPABHEHHIO C OTHOPOIHBIMHU.

B xommosuiyun, cocrosieii U3 XpyrnKod MaTpullbl MU XPYIKOTO BOJIOKHA, BS3KOCTh Pa3pyILICHHS
o0ecrieunBaeTCsl TPH peaTn3alliil MEXaHM3Ma paspyIIeHHs IyTeM BBITSATUBAHUS BOJIOKOH, TPHUYEM
BOJIOKHA JIOJDKHBI ObITh BHIOPAHBI COOTBETCTBYOIIICH JutHHBI ¥ ~1,, n quamerpa d = dg (cm. prc. 10.4). B
KOMITO3UITIOHHBIX MaTeprajiax C XPYIKOW MaTpHUIICH 1 AIACTHIHBIMU BOJIOKHAMH BSI3KOCTh PA3pYIICHHS
TIOBBIIIAIOT 32 CYET YBEJIMYCHHUS JMAMETpa HEMPEPhIBHBIX BOJIOKOH, MX TPOYHOCTH M OOBEMHOTO
cozep>kaHusl. B Takux Matepuasiax CymecTBeH He TOJIBKO MPOIIECC BHITSTHBAHMS BOJIOKOH, HO M TIPOIIECC
paspylieHusi caMuX BOJIOKOH. [Ipy BBICOKOH MPOYHOCTH TPaHMIIBI pa3zelia BOJIOKHO paspylIaeTcs o
JOCTIDKCHUH TIpEACIbHON JeopMalii, ONpeIesieMO  pacKpbITHeM TpeIuHbL.  CONpOTHBIICHHE
Pa3pYILICHUIO MOKET OBITh MOBBITIEHO CHIPKEHHEM TIPOYHOCTH CBSI3M MEXK/Ty BOJIOKHAMH U MaTpuiiei. B
3TOM CITydae MPOYHOCTh KOMITO3WIIMM HA C/IBUT U PACTSDKCHHE B HANPABJICHUH, MEPICHIUKYIISIPHOM
BOJIOKHAM, CHWKAETCs. BS3KOCTh pa3pylleHHs] TakoW KOMIIO3WIIMM TOBBIIIACTCS MPH  YIIPOYHEHUH
micTiepcHbIMU BoJIoKHaMH (1 < 1), BEITSTUBAIOIIMMICS M3 MATPHLIBL.



Bsi3kocTh paspyliieHUs] KOMIO3UIMH C TDIACTUYHON MaTPUIICH U XPYITKAM YITPOYHSIOIIMM BOJIOKHOM
TIOBBIIIAETCS C YBEJTMUCHUEM JTaMETpa BOJIOKOH M UX OOBEMHOTO COJIEPKAHMS, a TAKKE C TIOBBITICHUEM
TUTACTHYHOCTH ¥ TIPOYHOCTH MATPHITBI.

Jbx. Topnon n k. Kyk u3ydaim BIMsIHUE MPOYHOCTH CBSI3M BOJIOKHA C MATpPULIEH Ha XapakTep
pacnpoCTpaHeHHsl TPEIIMH B KOMIIO3UIIMOHHOM Matepuasie. OHM TMOKa3alk, 4YTO BIEPEIU OCTPHS
TPEILMHBI HapsiTy C PaCTATMBAFOIIMMM HANPSLKEHUIMU (G7) AEHCTBYIOT IOIEPEUYHBIC HAPsDKEHUS (Gy).
[Tpu onpeenieHHOM COOTHOIIEHUH MEXKTy HUMH TIOJT ISUCTBUEM HANPSDKEHHSI Gy BO3MOYKHO PACCIIOCHHE
WM Pa3pyIIeHHe TPAHUIIBI BOJIOKHA C MaTpHLIeH. TpelHa B 3TOM ClTydae paclpoCTpaHsIeTCs: HEe Yepes
BOJIOKHO, & OTBOJIUTCSI B HAITPABJICHUH, TIEPIIEHIMKYIIIPHOM OCH BoJIOkHa (puc. 10.7).

Puc. 10.7. Cxema pacciioeHusI rpaHHILb MapHLia —BOJIOKHO B KOMITO3HUIIMOHHOM Matepralie: 1 —rpaHuiia
paszena; 2 - TpelpHa

Takum 00pa3oM, POCT TPEILIMHBI TOPMO3MTCS B TJIABHOM HAIIPABJICHUU M OJHA OOJIbIIas TPEIIUHA,
CIocoOHas pa3pyIIUTh MaTeprail, B KOMIIO3UIMHU IpeoOpa3yeTcss BO MHOYKECTBO MEJIKUX OTBCTBIICHHBIX
TpenwH. CTpyKTypHBIE 0COOCHHOCTH KOMITO3UIMOHHBIX MATCPHAIOB M CBS3aHHBIN C 3THM IPEPhIBUCTHIN
XapaKTep paclpoCTpaHEHHs TPEINMHBI ONPEACIIAIOT MX CYIISCTBEHHOS OTIMYME B  XapaKrepe
YCTaJIOCTHOTO Pa3pyILICHUS OT HAOJII0JaeMOro B METAUIaX U CIUIaBax. B KOMITO3HMIIMOHHBIX MaTepraiax
KpUTHYECKas [IUIMHHA J1i¢ ()eKTa (TPEIMHbI) B CBSI3U C MIEPHOMICCKIMI OCTAHOBKAMH €€ Ha PACCIOECHMSIX
[0 TpaHUIC BOJIOKHA C MaTpUIel, OCOOCHHOCTSIMH pa3pyIICHHsS MAaTpHIbI, APOOICHHEM BOJIOKOH
0OJIBIIIE, YEM B METaJIaX M CILIABaX.

IIpy  OAMHAKOBBIX YCIOBUSX MCIBITAHWHA BpeMS M YHCIO IMKIOB [0 pa3pyllCHHS Y
KOMIIO3HITMOHHBIX MaTeprUasioB OOJIBIIIS, YeM Y METAJNIOB U CILIABOB.

10.3.2. Apmupyloniue MaTepuajibl M UX CBOiicTBA

JIns yrpodeHnsT KOMITO3UITOHHBIX MAaTepHANIOB KCIIOB3YFOT BBICOKOTIPOYHYIO ITPOBOJIOKY W3
crajd, MoJuO/eHa, BoJb()paMa M JIPYrdX METAJUIOB M WX CIUIABOB; BOJIOKHA M3 0Opa, yriepona,
CTEKJIa, a TAKXKe MOHOKPHUCTAILIBI M3 OKCHIIOB, HUTPHJIOB &JTFOMHUHHUS i KDEMHHS U JIPYTUX COC/THCHHUIA.

B tabm. 105 npuBeneHbI CBOMCTBA IPOBOJIOK, BOJOKOH W HHMTCBUIHBIX KPUCTAILJIOB IS
apMHUPOBAHHUS KOMITO3HIIMOHHBIX MaTEPUAJIOB.

IIpoBosiokn — HanbosIee SKOHOMUYHBINA U JOCTYHBIA apMHUPYOMUi Marepral. CTajbHbIE U
OepHILTHEBBIC TIPOBOJIOKH HICTIONB3YEOT B KOMITO3HMIIHOHHBIX MaTepUaiax, SKCILTyaTUPYEMbIX TIPH HA3KIX
1 YMEPEHHBIX TEMIIepaTypax, a BOJIL(PPAMOBBIC i MOJIMOICHOBBIC — IPH YMEPEHHBIX F BHICOKHX.

B Hacrosiiiee BpeMst IS yIPOYHEHUS] KOMITO3HITMOHHBIX MaTePHAIOB IMPUMEHSFOT TIPOBOJIOYHBIC
BOJIOKHA M3 CTAJICH ayCTEHUTHOTO, AyCTCHUTHO-MaPTEHCUTHOTO U MAPTEHCUTHOTO KJIACCOB.

Bosouenne mpoBonok u3 craneii aycrenurHoro kimacca (XI8H9, X18HI1O0T u ap.) mposomsr ¢
obkatusiMu Oostee 92%, UTO PE3KO YBEIMUMBACT MX IPOYHOCTH M 3HAUMTEILHO CHIDKACT IIACTHYHOCTb.
Takvie MOBBIIICHHBIE OOKATHS B TPOIIECCE H3TOTOBJICHHS IIPOBOJIOK C ayCTCHUTHOWM CTPYKTYpOM
BBINIOJIHSAIOT TIPM  OKOHYATEJIBbHOM BOJIOYCHMH. IIpyM MpOM3BOJCTBE MPOBOJIOK C MAapTEHCUTHOM
CTPYKTYPOI BEJIMYMHA CIUHUYHBIX OOXKATHM OOBIYHO HIDKE U ONPENCIIICTCA TEMIIEpaTypoll B 30HE
nedopmari.  3amaHHAs TeMIleparypa M COOTBETCTBYIOIIAS CTCICHb IUTACTHYCCKOH Jiedopmarmm
00CCIICUMBAIOT TIPOTEKAHWE W 3aBEPIICHUC Y—O-TIPCBPAICHUST B TPOIECCE BOJIOYCHHS HA
OKOHYATeIIbHBINA pasmep. [Iisi nHTeHCH(UKAIK TIpoIiecca TIPEBpaICHHsT HeCTAOWIIBHOTO ayCTCHUTA B
MAapTEHCHUT 3arOTOBKH OXJTAXKIAIOT IO OTPUIATESILHBIX TEMIIEpaTyp.



Ta6mua 10.5. CoiicTBa BOJOKOH, IIPOBOJIOKA M HUTEBHIHBIX KPUCTAILJIOB JUISI apMHUPOBAHUS
KOMITO3UITMOHHBIX MaTePHAIIOB

Marepuain VaenpHas
P |z < E o
. 5 9 - -
22 (5 (229283 |8 |¢
52 |2 |SEE |22E | 27,
= E = E == E Q S —
S |8 ” =2 S 5
L8 |5 ok
Bomokno:
OopHOe 2040 (2,63 |380—420 | 2,5—3,5 |95—133 | 14,4—159
yraepoaroe (3000 | 1,7 |196—296 [1,96—2,96 |117—176 | 11,7—17,4
OKCH/I 2054 |3,96 500 21—2,6 | 52—65 12,6
ATTFOMHUHUS
[IpoBousoka:
OeprwimeBas | 1284 | 1,8 290 1,0—1,3 | 55—65 15,76
Boyb(pamoBast | 3400 | 19,3 400 4,2 21 2,07
cTajbHas 1300 | 7,8 200 3,6—4,0 | 4551 2,56
HureBnannie
KPHCTAJLIBL
HUTPH]T 2400 | 3,3 380 15 455 11,5
ATTFOMHUHUS
KapOu1 2650 |3,21 580 37 1150 18
KPEMHHS
HUTPH]T 1900 (3,18 495 15 472 15,6
KPEMHHS

[IpoYHOCTH TIPOBOJIOKM C MApPTEHCUTHON CTPYKTYPOM IMPEBBIIAET MPOYHOCTH MPOBOJIOK C
ayCTeHHTHOM cTpykTypoii Ha 40—50%.

N3  crameii 30X13, XI7H2, 13X14H3®A MapTeHCHUTHOrO0 Kilacca IIOJIy4arOT
BBICOKOITPOYHBIC MPOBOJIOKHK 3akaikoi ¢ Temieparyp 950—1000 °C B Boay MM Macjio H
ormyckoM. Tak, mpoBojyioka u3 cramu 30X 13 mocne 3akanku u ormycka mpu 200 °C ummeer
npounocts 2000 MI1a.

PaszynpodyHeHre mpoBOJIOK U3 CTaJIeH ayCTEHUTHOTO W MapTEHCUTHOTO KJIAaCCOB IMTPOUCXOTUT
nocie Beiaepxkku mpu 380—400 °C.

Cranp aycreHHTHO-MapTeHCUTHOro kiacca 20X15H5AM3  coxpaHsieT MPOYHOCTHBIC
ceorictBa 10 480—500 °C. Dra cranb ynpoyHSETCS B OOJBIINCH CTEMEHU IOCIC XOJIOIHOIO
BOJIOUEHHsI ¢ cyMMapHbIM oOxaruem (80%) u mpomexyrounsiMu oTkuramu mpu 450 °C |, yem
CTali ayCTEeHMTHOro Kiacca. Ilocie Takoit oOpaboTku mpoBojoka u3 cranmu 20X15H5AM3
umeet npouHocTs 10 3200 MITa.

[TpodHOCTH IPOBOJIOK 3aBUCUT OT THAMETPa U BO3PACTACT C €r0 YMCHBIIICHUCM.

IIposonoxu uz eonvppama u monuboena. BBICOKOIPOUHBIC TPOBOJOKH U3 BOJb(pama U
MOJIMOJIEHA ¥ UX CIIaBOB M3TOTABIMBAIOT B OCHOBHOM METOJAMH MOPOIITKOBON METAJLTypPTryH C
MOCJICAYIOMKMM BOJIOUEHHEM. B kadecTBe mpHcamok, oOecleunBaromnuX TpeOyeMbli ypOBEHB
MIPOYHOCTHBIX CBOWMCTB, MPH IPOU3BOJICTBE BOJH(PAMOBBIX IMPOKOJOK HCIOJIB3YIOT OKCHIBI
ThO,, Si0,, Lap0s u ap. Bomouenuro moaseprarmT mTabMKH AHAMETPOM 2,75 MM, IOJIydEeHHBIE
[IPECCOBAHMEM B CTAIBHBIX (POPMax IpU aBieHHH 4—6 Tc/cM® Ha THAPABIMYECKUX [peccax
nocienyroomero cnekanus npu temmeparypax jgo 3000 °C. Temmeparypa BOJIOYCHHS Ha
HavyabHBIX cTamusax aehopmupoBanus coctaisier 1000 °C u mocrenienHo cHkaercs o0 400—
600 °C Ha 3aKJIFOUUTENBHBIX CTAIUsAX. B Impoliecce M3roTOBICHUS BOJIB()PAMOBYIO MPOBOJIOKY
TI0JIBEPTatOT HECKOJIBKUM IPOMEKYTOYHBIM oTxuram. [lepssiii mpoBoaT pu 800 °C B ra3zoBoi
nmeyn mpu auamerpe mpoBosiokd 0,5 MM, ¢ TeM YTOOBI MPHAATh MOBEPXHOCTH HEKOTOPYIO
IIEPOXOBATOCTh M YBEIWYWTh CMaYMBaeMOCTh e¢ cMma3koi. [lociemyroniue mpoMeKyTOYHbIS
omkura npoBojaT npu 600—750 °C ¢ OJHOBPEMEHHBIM BOJIOYCHHEM IIPOBOJIOKH Yepe3
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¢unwsepsl ¢ guamerpom 0,3; 0,12 u 0,05 mm.
CpoiicTBa BOJIB(PAMOBBIX MPOBOJOK auameTpoM 0,5 MM pasiuyHbBIX MapoK IpH
temreparypax 1000 — 1200 °C npuBenens! B Tabdm. 10.6.

Ta6numa 10.6. CoiictBa BoIb(hpamMoBHIX IPOBOJIOK quamerpoM 0,5 MM
mapok B A (W ¢ npucagxamu Si0, u A1), BT-15 (W ¢ npucankamu 2% ThOz)

BP-20 (cruta W ¢ 20% Re)
n;la\gigﬁgKH Tewmepatypa, | llpourocts, rﬁggieof;}éa;{a Honsl_I pgﬂgﬂ TSt
°c MIla 100 4y, MIla € 10yq11 i Ml)_lla

BA 900 1320 630 760
1000 1130 480 630
1100 — 350 470
1200 740 330 380

BT-15 900 — — —
1000 1200 660 830

1100 1090 440 600

1200 850 410 520
BP-20 900 2670 1170 1950
1000 2140 1060 1300

1100 1990 420 690

1200 1390 240 350

IIpoBosoka u3 Boab(dpamo-penneBoro cmiaBa g0 1100 °C umeer 00Jiee BBICOKYIO
JUIMTENbHYI0 Mpo4yHOCcTh. Omuako mpu 1200 °C mnurtenabHas MPOYHOCTH MpoBosioku BT-15
coJiepkamieit o0aBKy AUOKCHIA TOPHSI, TPEBOCXOINT JUTUTSIIBHYIO TPOYHOCTH MTPOBOJIOKH BP-
20. Jlmokcua TOpHS CTAaOWIM3UPYET CTPYKTYpy BOJb(ppaMa ¥ IOBBIIIACT TEMIEPATypy
PEeKpHCTAIUIN3aNU. BBICOKHE TMPOYHOCTHBIC CBOMCTBA MPOBOJIOK M3 BOJb(pama, MOJIMOJICHA,
TaHTana coxpanstores g0 1200—1500 °C.

MoJn6IeHOBYIO TIPOBOJIOKY TIOJIYYAOT IO TAKOW K€ TEXHOJIOTHMH, KaK M BOJH()PAMOBYIO.
MonubneH, oTIMYaronMics oT BoJb(ppaMa MOBBIIMICHHON TJIACTHYHOCTBIO, 00padaThIBAIOT NIpU
oonee au3kux Temreparypax (xa 100—200 °C), uem Bomsppam. Tak, MmoaubmeH 6e3 mprcagoK
MOXeT nedopmupoBarbes ¢ quamerpa 0,3 no 0,02 mm 6e3 Harpea.

BombsdpamoByto u  MOJIHMOIACHOBYIO IPOBOJIOKY II€JIeCOOOpa3sHO MPUMEHSATH  JUIS
apMHPOBAHHSI )KAPOIIPOYHEIX KOMIIO3HIIHOHHBIX MATEPHAIOB.

Bepunnuesas nposonoka. beprumii obnazaer Manol wiotHocTbio (1850 Kr/M®) 1 B coueranmu ¢
OOJIBITION TIPOYHOCTBIO M MOyieM yrpyroctd FOHra oOecrieurBaeT HamOOJiee BBICOKHE 3HAYCHHS
YIICNIBHBIX XapaKTCPHUCTUK—IIPOYHOCTH U KECTKOCTH.

Bomouenne OepuiuineBoii mpoBosIokH BeayT ¢ momorpeBom jgo 400—480 °C. Ilpu stux
TeMITeparypax IJIaCTHYHOCTh OCPUILTUS BBICOKAS U OJTM3KA K IUIACTHYHOCTH MAJIOYTIICPOIUCTHIX
crajeii. Bomoduenne OepwIIIvs OCYMIECTBISIOT B METAJUIMYECCKON 000JIOYKE M3 IIACTHYHOTO
MeTayuia, HarnpuMep Hukels. [locne BojoueHus: 000JI09KY yIAISIOT CTPABIMBAHUEM TOKPBITHS
M BBIIOJIHAIOT CrJIQKHBAHKHE MOBEPXHOCTH IPOBOJIOKH JJIEKTPOXMMHUYECKON MOJUPOBKON. B
KauecTBE OO0OJIOYKH MOJKET HCIIOJIB30BAThCS W MAaTepHall MATPHUIBI KOMIIO3UIIUH, YTO HC-
KITIOYAeT OTICPAIH YICKTPOXUMHUIECCKOTO TPABJICHHS U TIOJUPOBAHHS.

Tak, 6eprineBas TPOBOJIOKA THAMETPOM 1,8 MM umeeT npu pacTskeHnd op=1129 Mlla,
Moyis ypyroctd E = 320-10° MIla, 4To COOTBETCTBYET yeIbHBIM mpounocT (60 kM) u
xectkocTr (17300 km).

B cwibHOIEPOPMUPOBAHHOM COCTOSIHUM OCpHILTHEBAs IPOBOJIOKA HMEET BBICOKYIO
temmeparypy pexpucrammsanui (700 °C). K memoctaTkaM, IPEnsSTCTBYIONIUM HCIIOIb30BAHUIO
OepUILTHEBOH TTPOBOJIOKH B KOMITO3UITMOHHBIX MaTepHalIaX, OTHOCAT €ro HU3KYIO TUIACTUIHOCTD
(8 = 1—2 %) 1 BBICOKYIO TOKCHYHOCTb.

BepuineByro IpoBOJIOKY Yalle MPUMEHSIOT IS YIIPOYHEHUST MATPHII ¢ MaJIOW TIOTHOCTHEO
— QJITOMHHHEBOM, MarHUEBOM MM TUTAHOBOM.

VYriuepogHbie BOJOKHA. YTIEPOIHBIC BOJIOKHA TOJIYYAOT W3 TOJHAKPUIHUTPUILHOTO
(ITAH) ruapoIe/uIroa03H0ro BOJOKHA WM M3 BOJIOKOH Ha OCHOBE HE(TSHBIX CMOJI WM IIEKOB.
TexHONMOTUYeCKUH TIPOIecC IMOJIydeHHUsSl YTIEPOJHBIX BOJIOKOH OCHOBAaH HAa TEPMHUYCCKOM
Pa3JI0KEHUH OPTaHMYECKUX UCXOIHBIX BOJIOKOH B KOHTPOJIUPYEMBIX aTMOCHEpax.
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[Tporiecc Mpon3BOICTBA YIIIEPOTHOTO BOJIOKHA M3 TIOJIMAKPIITHUTPUIBHOTO BOJIOKHA CBOIUTCS K
MOCTIC/IOBATENIbHOMY — IPOBEJCHUIO  OIEpaIMii  OKUCIICHHS, KapOOHHM3alMd U TrpadUTH3AINY.
Oxkwucnenue TTAH-Bonokon ocymiectsisiror mpu 200—300 °C, u Ha 3TOM cTaguu TnepepabOTKU
CO3MAfOTCS  YCIIOBUS Uil (DOPMHPOBAHMS ONTUMAIBHOW CTPYKTYpBl yriepoaa. KapOoHwu3zarms
mpoxoauT mpu Temmeparypax Boie 900 °C B armocepe BOJOpOa, M HA 3TOM CTaUH UCXOJIHOMY
BOJIOKHY TIPUIAETCsl OrHECTOMKOCTh. Ilpu Temmeparype o0pabotku Bhime 2500 °C dopmupyercs
CTPYKTYpa YIJIepPOIHOTO BOJIOKHA.

OOpaboTKka MPOBOJUTCS B BaKyyMe HIM HMHEPTHOM cpelie — a30Te, aproHe WM T'eIdH.
Koneunas temmeparypa o0paOOTKH CYIIECTBEHHBIM 00pa30M BIIMSET Ha CBOMCTBA YIIIEPOIHBIX

BOJIOKOH. MI3MeHsIs TemmiepaTypy rpaduTH3aMKA, MOKHO YIPaBJIsATh CBOMCTBAMHU BOJIOKHA (pHC.
10.8).

Ty MI1a E107 MITa
au00l E {400
3000 - 1300
2000 & <1200

ﬂ.
10+ 4 100
| 1 1
1200 1600 2000 2400 £°C

Puc.10.8. Biusiaue temriepatypsl rpadUTH3AIMN Ha CBOMCTBA YIIIEPOIHBIX BOJIOKOH

Crpykrypa yriaepoaHoro BosiokHa (puc. 10.9) cocrowt HM3 CHCTEMBI JICHTOOOPA3HBIX CJIOEB
KOHICHCHPOBAHHOTO YIJIepo/ia C TeKCaroHAIBHOM CTPYKTYPO#, Ha3bIBAEMBIX MUKPO(QUOPUILIAMH.
['pymnmbl 0AMHAKOBO OPUEHTUPOBAHHBIX MHKPOMUOPUIUI, pa3/ieleHHbIX Y3KUMH [OPaMH,
obpasytor pubpusuiel. PazMepsl momepedHoro ceueHus (QUOPUIUT KOJEOTIOTCS B HIMPOKHX
IpeJienax OT COTCH JIO ThICSY aHTCTPEM.

Puc.10.9. Cxema cTpoeHHs yriiepoJHOTO BOJOKHA: @ — OOIIUi BHI, O — IPOIOJIEHOE CEUCHHE
(bUOPUILIBI, B — MOMIEPEYHOE CEUCHUE MUKPODHOPHILIBL, |4 1 |c — momepeunbie pazmepsl
MUKpPOGUOpUILI

Bzaumnoe pacnonoxeHue GuOpUI, CTENEHbL MX OPHUEHTAIMH 3aBHCSAT OT HMCXOJHOTO ChIPH.
CTCIICHU BBITAXKKKW BOJIOKOH, COCTaBa MAKPOMOJICKYJI, TCXHOJIOTHH IIOJIY4YCHHSA BOJIOKOH. B
pe3yabpTaTe yIrJIepOJHBIC BOJIOKHA, MOJYYCHHBIE M3 Pa3sHBIX HCXOJHBIX MaTepuaioB, OOHapy-
YKUBAIOT Pa3HBIN XapakTep COOTHOLIECHUS MEXKIY IPOYHOCTEIO H KecTKOCThIO (puc. 10.10) u pa3
HBIC ITPOYHOCTHBIC CBOICTBA. HpO'—IHOCTB YIJICpPOJHBIX BOJIOKOH TaKXKXEC 3aBUCHUT OT HaJIM4HA
Ie(PEKTOB — IIYCTOT, TPEIIMH — W 3HAYATEIBHO CHI)KACTCSA C YBEIMUYCHHUEM pa3MepoB
nedeKToB.
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Puc.10.10. CBs3b MeX/1y BPEMEHHBIM COITPOTUBJICHHEM U MOJYJIEM YIIPYTOCTH YIIIEPOIHBIX
BOJIOKOH, TIOJTY4EHHBIX U3 MoJUKpriHUTpIia (1), Bucko3sr (2)

B mHacrosimee BpeMs OCBOCHO IPOM3BOJCTBO  HECKOJBKUX THIIOB  YIJIEPOIHBIX
BOJIOKOH,OTIIMYAOIINXCSI YPOBHEM MEXaHHUECKUX CBOWCTB:

*  BBICOKOIIPOYHBIE BOJIOKHA G, = 2500—3200 MI1a; £ = (180—220)-10° MIla;
*  BBICOKOMOZYJIBHBIE BOJIOKHA 65 = 1400—2200 MITa; E = (350—550)-10° MI1a.

[TpOMBINIIIEHHOCTHIO BBITTYCKAIOTCS YTIIEPOIHBIC BOJIOKHA B BUJIE KPYICHOTO
WJIM HEKPYYCHOT'O JKI'yTa ¢ AUaMETPOM BOJIOKOH ~7 MKM U YHCIIOM BOJIOKOH B »kryte oT 1000 no 160
000. 13 yriepoJHbIX BOJIOKOH JICNIAFOT JICHTHI Pa3JIMYHOM IIIMPUHEIL.

K HemocraTkam yriiepoJHBIX BOJOKOH CJIEIYeT OTHECTH MX CKJIOHHOCTh K OKHCIICHHWIO Ha
BO3/[yXe, XUMHUYECKYI0 AaKTHBHOCTh IIPH B3aUMOJICHCTBHHM C METADIMYCCKUMU MAaTpPHUIIAMH,
C1a0yro aAre3wio ¢ IOJIMMEPHBIMU MaTpUIlaMH. YIIY4IICHUS COBMECTUMOCTH BOJIOKOH C
METAUTHICCKIMHU MaTPUIIAMH H 3alTUIICHHOCTH MX OT OKHCIICHUS JOOWBAIOTCS HAHCCEHUEM Ha
YIIIEPOIHBIE BOJIOKHA METAIUTMYECKUX U KEPAMUICCKUX TOKPBITHH.

bopHubie BosokHa. BopHbIC BOJOKHA MOJYJYarOT OcaxacHreM Oopa u3 ra3oBoit dassr (BC1,
+ Hy) mpu 1100—1200 °C Ha npeaBapUTENbHO HAIPETY0 W OYMINEHHYI BOJB()PaMOBYIO
MPOBOJIOKY auamerpoM 12 mkM. B pesynbrare ocakiacHus oOpasyeTcsi cep/ieBuHa U3 OOpHI0B
Bosbpama (WB, W,Bs, WB,4) muamerpom 15—17 MKM, BOKPYr KOTOPOM pacriojiaraeTcsi CIIou
MMOJIMKPHUCTAJUIMYECKOTO Oopa. Jlmamerp MOJydeHHOro TakuM OO0pa3oM BOJIOKHA Oopa — B
npezaenax ot 70 go 200 MxMm.

[TpoYHOCTh Cep/IICBUHBI 3HAYUTEIBHO HIDKE IMPOYHOCTH BOJIOKHA B IeJoM. B cepiiieBuHe
BO3HUKAIOT HAIPSDKEHUS CKATHsA, B TIPEJENIax ke 30HBI 0opa, Mpuiieraromeid K cepAlueBuHe, —
pacTIruBaloNe HANpsHDKCHUS. Hanuuaue pacTATHBAOMMX HANPSHKCHHWHA SBISCTCS TPHYUHON
paJIMaTbHBIX TPEIIUH B OOPHBIX BOJIOKHAX.

[TpoyHOCTH OOPHBIX BOJIOKOH OINPEACISICTCS TIOBEPXHOCTHBIMU M 00OBbEMHBIMU JieheKTaMu, a
Takke jJeekTaMu Ha IMOBEPXHOCTH pasjielia CepAlleBHHa—O00I0UKa. Yame MOBEpXHOCTHBIC
ne(heKThl BO3HUKAIOT B OOPHBIX BOJIOKHAX C Ipy0O# IMOBEPXHOCTHIO, COJEPKAIIeH HapOCTHI,
HEPOBHOCTH M TpemmHbL. [loBepXHOCTHBIE AC(PEKTHl YCTPAHSIOT TPABICHHEM, 4YTO BEJIET K
YBEIIMYCHHIO IIPOYHOCTH OOPHOTO BOJIOKHA.

OO0beMHBIME Ac(heKTaMHU SBJISIOTCS BKIIFOUCHHS KPYITHBIX KPHCTAIOB O0pa, 00pa3yroIIuxcs
npu noBbimeHHbIX TemmnepaTypax (1200—1300 °C) B 30He OCaKACHUS, W APYrUX MPUMECEH.
[ToJTHOCTBIO WMCKITFOYHTH TMOSIBJICHHE IMOBEPXHOCTHBIX W OOBEMHBIX JC(PEKTOB HEBO3MOXKHO.
YMEHBIINTh MX BIUSHHEC MOXKHO, COBEPIICHCTBYS TEXHOJIOTUYCCKHM IPOIECC IOTYUSHUS
BOJIOKOH 0opa.

BosokHa Gopa 0GNafarOT [EHHBIM COYETAHMEM CBOMCTB. HM3KOM ILIOTHOCTBIO (2600 krimd),
JOCTAaTOYHO BBICOKOHM mpouHocThi0 (6, = 3500 MIla mpu moayme FOnra 420 000 MIla) u
temrieparype 1wiaBienus 2300 °C. BopHoe BOJIOKHO MHTCHCHBHO OKHCIISCTCS Ha BO3AYyXE MPHU
400 °C, a npu temneparypax Bbimie 500 °C MHTEHCHMBHO B3aUMOJCHCTBYCT C aIFOMUHUEBOM
Matpuiieil. [IoBBIIaoT KapOCTOMKOCTh U MPEAOTBPAIIAIOT B3aUMO/ICHCTBHE OOPHOTO BOJIOKHA C
QTFOMHUHHCBOM MAaTpHIlel, HAHOCS HAa WX IOBEPXHOCTh IOKPHITHS M3 KapOWaa KpPEeMHHS
tonmuHo 3—5 MkM. BojokHa 0Oopa, MOKPBITBIE KapOMAOM KPEMHHS, HOJYYHUId Ha3BaHUE
0opcuk. [Tpu MOBBIICHHBIX TEMIIEPATypax Ha BO3AYXE MPOYHOCTh BOJIOKOH OOpCHKa M KapOuaa
KPEMHHS 3HAYUTEIILHO BBIIIE MPOYHOCTH BOJIOKOH O0opa (puc. 10.11).
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Puc.10.11. Mi3amenenue npouHoCTH BosIoKoH 6opa (1), 6opcuka (2), kapouma kpemuus (3), Ha
BO3/yX€ B 3aBUCHMOCTH OT TEMIICPATyPhI

BopHbIie BoJIOKHA BBIMTYCKAIOTCS MPOMBIIIIICHHOCTHIO B BUJIE MOHOBOJIOKOH Ha KaTyIIKaX, a
TaKke B BHUAE 10Jy(paOpUKaTOB — JICHT IMOJIOTHSHOIO IUIETEHUs MmupuHOM ot 5 1o 50 cwm.
OcHOBY MMOJIOTE€H 00pa3yr0T OOPHBIE BOJIOKHA, & YTOK — TMOJHUAMUIHBIC I IPYTHE BOJIOKHA.

Bonokna 0opa NpUMEHSIOT B INPOU3BOJACTBE KOMIIO3MTOB HAa OCHOBE IIOJMMEPHOM H
QTFOMHUHHECBOW MATPHIL.

Bonokxna kapOumga kpeMHUs. BojlokHa 3TOro THIa MOIYYarOT MO TEXHOJOTHH, MaJio
OTJIMYAOIIEHCS OT TEXHOJIOTHH TIOJydeHHS BOJIOKOH Oopa. OCHOBHBIC (DH3UKO-MEXaHHUCCKUE
CBOWCTBA KapOMTHBIX BOJIOKOH Ha BOJIB(PaMOBOM MOJI0KKE TTprBeAeHbI B Ta0. 10.6.

KapOunokpeMHueBbie BOJOKHA, MOTYYCHHBIC HA YIIICPOIHON TMOMJIOKKE, OOojee JelieBbie U
XapaKTepU3yIOTCS TOBBIIICHHOW YYBCTBUTEIBHOCTBIO K TOBEPXHOCTHBIM JeeKTaM |
MTOHKEHHBIMU XapaKTEPUCTHKAMU IIPOYHOCTH.

Bonokna kapOuma KpeMHHS TPUMEHSIOT ISl apMUPOBAaHUS METAUIMYECKUX —MAaTPHI]
KOMTIIO3UTOB, TIPEHA3HAYEHHBIX TSI SKCILTyaTalliy IPH BEICOKUX TeMITEpaTypax.

CTexknssHHBIC BOJOKHA MMOJY4alOT MyTeM MPOMYCKAHHS PaCIUIaBICHHOTO CTEKJIa TP
1200—1400 °C wuepe3 ¢uabepsl auamerpoM 0,8—3 MM ©  JalbHEHIINM  OBICTPHIM
BBITSATUBAHUEM JI0 JHAMETPa HECKOJIBKO MHUKPOMETPOB. HerpephIBHBIC BOJOKHA THAMETPOM 3—
100 MKM, COCIOMHSSCH B MPSOd, HAMATBIBAIOTCS Ha BpAIAOIIUECs C OOJBIION CKOPOCTBIO
Oapabanb! 1 uMetoT uHY 710 20 kM. [lTanenbHbIe BOJIOKHA BITycKaroT quameTpom 0,5—20 MM
mmnaor 0,01—5 M.

Bosokna, coeauHEHHBIE B MPSIH, OKa3bIBAlOT JPYr Ha JApyra CHIbHOC aOpa3suBHOE
Bo3aciicTBue. VcThpanwe BOJIOKOH B TMPSAd  IPEIOTBpaIiaoT 00pabOTKOM  BOJOKOH
TEXHOJOTHYECCKUMH 3aMacauBaTe IMU (IMyJIbCHS Kpaxmaja WIM MHHEpaJIbHOTO Macia). Mx
OPUMEHSAIOT  HAa  CTaJdd  mepepabOTKH  BOJIOKHA.  AKTHBHBIC  3aMaciIiBaTeld
(meHKo00OpasyroIre CMa3Ki, KPEMHUHOPTaHUIECKUE COCTMHCHHUS) IIOMUMO TPEI0TBPAICHHS
WCTUPAHUS BOJIOKOH B TIPSIU YCHJIMBAIOT aAre 3WI0 MEXKITY MATPHICH W CTEKJIIOBOJIOKHOM B
APMHUPOBAHHBIX IUIACTUKAX. 3aMacIMBATeM TAKOKE IMPEISTCTBYIOT BO3HMKHOBCHUIO JE(DEKTOB Ha
MIOBEPXHOCTH BOJIOKOH M, TAKUM 00pa3oM, YBEIIMYMBAIOT UX MPOYHOCTD.

HenpeppiBHbIE BOJIOKHA BBIIYCKAIOTCS € TPEYrOJIBHOW, KBApPaTHOW, MPSIMOYTOJIbHOM,
IIECTHYTOJBHOW M KPYIJIOH (DOPMOM TIOMEPEYHOTO CEYEHUS, YTO IMO3BOJISIET IMOJIY4UTh OoJjiee
IUIOTHYIO YITAKOBKY MX B KOMIIO3HIIH M, TAKAUM 00pa3oM, 00€CIICUNUTh MOBBIIICHHE €€ TIPOYHOCTH
1 JKECTKOCTH.

OCHOBOM CTEKJITHHBIX BOJIOKOH sIBisieTcsi jauokcua kpemuus Si0,. B 3aBucumoctu oT
OPUPOABI  CTEKIOO0pA3yroIIero  BelecTBa CTeKia jensTes Ha  cwimkataeie  (Si0),
amomocmmkaraeie (A1,0,—Si0,), amromobopocrmkatabie (Al,0:—B20,—Si0;) u ap.

Crekna menounble, conepkamiue go6aBku K0 m NapO, umeror TOHIDKCHHYIO TEMIICPATypy
IUTABJICHHS, TPOYHOCTh U XUMHUYECKYIO CTOMKOCTD BBHTY Pa3pbiBa MPOYHOH cBs3n S—O—SI.

[IIupoko ucroap3yeMoe [y apMUpOBaHus IIacTukoB E-crexino comepxut 54,4% SO, 14,4%
A1,03, 17,5% CaO, 4,5% MgO, 8% B0,, 0,5% (Na0 + K20), 0,4% Fe,Os u 03% TiOx. Crexio
pa3MsrdacTcs npu 846 °C, ero wiotHocTs 2540 kr/m>, Moayis FOura — 73,5-10° MITa.

Beicokomnpounoe Screxo cocrasa 65% S|02, 25% A1,0;, 10% MgO_mnpu KOMHATHOM
Temueparype umeer mpousocts 4,510° MIla, a moxyms ympyrocru — 87-10° Ila. IIpodrocts
CTEK/ISIHHBIX BOJIOKOH YMEHBIIIACTCS MPH YBeNIM4eHH! ux quametpa (puc 10.12).
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Puc.10.12. 3aBucuMOCTh MPOYHOCTH BOJIOKOH U3 miesiouHoro (1), 6ecrienounoro (2), u
aIOMO000POCHIMKATHOTO (3) CTEKOJI OT €ro Auamerpa

bBosnee ToHKHE BOJIOKHA cojepskar MeHble aedektoB (mop, MUKpoTpenwH). Iy apMUpOBaHKs
[UIACTHKOB OYEHb TOHKHE HEMPEPBIBHBIC CTEKISHHBIC BOJIOKHA HE HCIOJB3YIOT B CBS3H C
paspymenusiMi (0OpBIBaMH) OYEHb MHOTHX M3 HUX. ONTHMaJIbHBIC 3HAYEHHST THAMETPOB BOJIOKOH JIISt
apMHUPOBAHUS ITACTHKOB 5—15MKM.

CTCKIIOBOJIOKHA TIPUMEHSIIOT IS apMHUPOBAHUS KOMIIO3UTOB B BHJIE JKI'YTOB, HUTCH, JICHT,
TKaHEH pazIMYHOro IJICTCHHSI, MaTOB.

Huteumnsie kpuctamisl (ycbr). HureBuHbIe KpUCTa/UThI KApOMIOB M HUTPHUZIOB KPEMHUSI, OKCHJIA
Y HUTPHJIOB ATFOMHHUS U JAPYTHX TYTOIUIABKMX COCIMHEHHI MOTYYar0T OCAKICHHEM U3 Ta30BOM (hasbl ¢
HCTIOJIH30BaHUEM TPAHCIIOPTHBIX PEAKIMA, PEaKIi ITMPOIN3a, BOCCTAHOBIICHHS JICTYIUX COSTMHEHHUH T10
MeTo Iy ap—xuaKocT—risepaas haza(lDKT).

Pocr kpucraumra kapouma kpemurs (mo cxeme IDKT) mpoucxoauT aHaIOrMYHO BBIPAIMBAHUIO
kpuctauia kpemuus (puc. 10.13).

!
v
e

VL]

Puc.10.13. Cxema pocrta KpucTaiia KpEMHHSI [0 MEXaHU3MY Hap — KHUAKOCTh — KpucTamwt: 1 —
nap, 2 — karnenbka paciiaBa AU-Si, 3 — KpeMHHEBas 10 UT0KKa, 4 — KpUCTA/UT KPEMHUS

Ha moBepXHOCTH KpeMHHMEBOW TOJIOKKH 3 HAXOJWTCS YaCTHIIA 30JI0Ta IIPH TeMIIeparype,
ONMM3KOM K TeMmmeparype IUIaBJIeHUS. B 3TUX yCIOBUSAX 30JI0TO PacTBOPSET KPEMHUH U
IpeBpaniacTcs B KamelbKy 2 paciuiaBa 30JI0TO—KpeMHUM. [lapsl KpeMHHS, KOHJICHCHPYSICh B
KareJibKe paciuiaBa, MePECHIaloT €€ aTOMaMu KPEeMHHUS. JTO BEACT K BBIICICHUIO KPEMHHUS Ha
TpaHUIIe pa3ziena KUAKOCTH—IIOAIO0XKKA U POCTY HUTEBUAHOTO Kpuctayuia 4. [lonepeunsie pazmMepbl
KpHUCTaJlJIa OMPENEIISIIOTCS JUaMETPOM KAl paciiiaBa, a CKOPOCTh POCTa yca — CKOPOCTBIO, KpH-
CTaJUTM3AITUH TTOCTYMAIOIIETO K TIOBEPXHOCTH KAIlJId KPEMHHS.

[Ipn mony4eHWM HUTEBUIIHBIX KPUCTAJUIOB KapOuaa
KPEMHUS HX
BBIpAIIMBAHUE BEIYT U3 XJIOPCHUIIAHOB U YIIJIEBOJOPO/IOB IO PEAKIUSIM

SiCl,+CH,= SIC + 4HC1
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CHsSiCl;=SIC + 3HC1

B kadecTtBe xumkoit ¢a3bl UCHONB3YIOT TPOHMHBIC PACILIABBI JKEIIE30—YyIIIepoa— KPEeMHHUH, a
TIOTIOKKOH cIykuT rpadut. [Ipomece mpoxomut mpu 1250—1350 °C.

JlmameTp KpucTaJuTuTa KPEMHHUS B 3aBUCUMOCTH OT YCJIOBUH TIOJYYEHUSI U3MEHSETCS OT J0JIeH
JI0 JIeCATKOB MHKpPOH. JlmnHa kpuctamintoB aocturact 60—80 mxM. B yciioBusx nmpousBoacTBa
JUISL TIOJTYYEHHs] HUTEBUIHBIX KPHUCTAUIOB HCIIOJB3YIOT TMEPUOJAUYECKUE, TOJMYHETPEPHIBHBIE U
HEIPEPBIBHBIC MTPOIIECCHI. B MepBhIX IBYX MpoIieccax poCT KPUCTAIUIOB MIPOUCXOIUT HA MACCUBHBIX
CTallMOHAPHBIX TOJYIOKKaX. B HEMmpepbIBHOM IPOIECCe POJIh MO UIOKKHU BBITIONHSIOT B3BEIIICHHBIE
B 00BEME Ta30BOTO IMOTOKA MUKPOCKOITMYECKHE IICHTPBI KPUCTALTH3AIHH.

HemnpepsiBHBIE TTPOIIECCHI MOTYYCHUSI HUTEBUIHBIX KPUCTALIOB 00JIee TPOU3BOIUTEIBHBI, HO
B 9TOM CJIy4a€ KPUCTAJUTUTHI UMEIOT JJIWHY MEHBIIYI0, YeM JJINHA HUTEBUIHBIX KPHUCTAJIIOB,
MOJTyYSHHBIX TIEPUOTUTICCKIMH U TIOTYHETIPEPHIBHEIMU METOJAMH.

[TpoMBIIIIIICHHBIE METOJIbI TPOM3BOJCTBA YCOB APYIMX COCTMHEHUH (HUTPHUIOB KPEMHHUS,
QIIOMUHKS, 0Opa, OKCHJOB AaJIOMHHHS) HMMEIOT MHOTO OOIIEro M aHAJIOTHYHBI TEXHOJIOTHU
MOJIy4YeHUs! KapOUJI0B KPEMHHUSL.

VYcbl, HUTEBUIHBIE KPUCTALIBI OTJIMYAIOTCS COBEPIICHCTBOM CTPYKTYPBl H HMEIOT
MIPOYHOCTHBIC CBOMCTBA, Onm3kWe K TeopernueckuM. CBolicTBa HamOoJiee HM3YUYECHHBIX |
MIPAKTHYECKU HCIOJIb3yEeMbIX HHUTEBHIHBIX KPHUCTALIOB I aPMHPOBAHHS KOMIIO3HIIMOHHBIX
MaTtepHuaioB npuBecHbI B Ta0. 10.7.

Ta6aunua 10.7. CBoiicTBa HEKOTOPBHIX HUTEBUIHBIX KPUCTAJLIOB (YCOB)

Marepuain 4
~ =~
KpHUCTAJLJIOB - 5 < 2 =
= S 5 = g
g5, | ® . |22 |8 |22
2 g = = == - ==
S F 3 3 = o < z 5
) 2 o S~ S S e Z e
E = = 2 S =g = = 5
5 g 5 < | & Xz |RE
== = = m = o > 2 > 5
SiC 2665 3320 49 21 650 15200
B4C 2450 2490 45 14 550 20000
A1,03 2040 3880 64 28 525 10700
Si3Ng 1675 3320 31 14 425 12000
Cr 1665 7500 23 9 125 3200
Fe 1540 6370 20 13,3 200 3200
I'padut 3640 1660 71 19,9 1075 |42500

Yol rpaduTa, 007amas BBICOKMMHU ITOKA3aTeSIMH YAEIBHOW TPOYHOCTH M SKECTKOCTH,
HEYCTOWYMBHl B METAUIMUSCKUX MATPHUIIAX IIPH BBICOKUX TemreparypaX. HwureBumHbie
KPUCTAJUTBl METAJUIOB H3-32 BBICOKOH IUIOTHOCTH OOHApY)KHBAIOT IMOHIDKCHHYIO YIIEIBHYIO
KECTKOCTh TI0 CPAaBHEHHIO C COOTBETCTBYIOIIMMH XapaKTCPHUCTUKAMU YCOB TYIOITIABKUX
coemunennit (SIC, B4C u ap.). Ycbl METAIOB CKIOHHBI K Pa3ylmpOYHEHHUIO MPHU MepepadoTKe,
HECOBMECTHMBI C METAUIMYCCKUMH MATPHIIAMA W HEMPUTOTHBI JUIS  apMHPOBAHHUS
MeTauindeckux  Marpuil. HwureBuansie kpuctamisl  SIC, Al,03 oOmagaror — aydmiei
COBMECTHMOCTBIO C METAJUIAMH, CTOWKM K BO3JCHCTBHIO BJIard, HCTHPAHHIO MIPU TIepepadoTKe.
OOHapy»KuBas JydIlIiue BRICOKOTEMIIepaTypHbie cBoiictBa, ycbl SIC, A1,03 u 1pyrux Tyromias-
KHX COCIUHCHHH SIBIISIOTCS XOPOIIMMH YIPOYHUTEISIMA KOMITO3UITHOHHBIX MaTEPHAIOB C
METAJUIMYECKON MaTpULIEH.
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10.3.3. [lonyueHre KOMITO3MITHOHHBIX MAaTEPHAJIOB HAa METAJIIMIECKON OCHOBE,
apMHUPOBAHHBIX BOJIOKHAMH

BriGop wmeTona monydeHHST KOMIO3WIMA W3 PA3IUYHBIX COYCTAHMM MAaTPUIBl U
apMHUPYIOIIET0 BOJIOKHA OIIPEICIISCTCS CICIYIOITUMH (haKTOpaMH:
* pa3Mepamu, IpoduIeM U IMPUPOION UCXOTHBIX MATEPHUAIOB MATPHUIIBI U YII-POYHUTE]IS;
*  BO3MOXHOCTBIO CO3JIaHUSI IIPOYHOM CBS3HM Ha TPAHMIIE pa3jielia MaTpHIla — YIIPOUHUTEb,
*  TIOJIy4YCHHEM PaBHOMEPHOTO pacIpe/ie/ieHHs BOJIOKOH B MaTPHIIC,
*  BO3MOYXHOCTBHIO COBMEIIICHUS ITPOIECCOB MOJYUYCHHUS KOMITO3UITHOHHOTO MaTepraia u
W3TOTOBJICHHUS U3 HETO JeTalleH;
*  YKOHOMHYHOCTBIO ITpOIIecca.

IIpy TpPOM3BOACTBE KOMIIO3UIIMOHHBIX MaTEpUAIOB € METAJUIMYECKOM  MaTpuilei
HanOOJIbIIIee PACIPOCTPAHCHHUE MOJYYHUIN TBepaoda3Hbie, KHUAKo(a3Hble, Ta3zomapodasHbie,
XUMHYECKHE U AICKTPOXUMHUICCKHE ITPOIIECCCHI.

TBepmodasueiii  MeTOA  COBMEIICHHS  KOMIIOHGHTOB — KOMIIO3HIIMKM  IIPEATIOiaraeT
WCIIOJIb30BAaHUE MaTepraja MaTpUIlbl B BHUJIE JIMCTOB, (DOJBIH, TPOBOJIOKH WM ITOPOIIIKA.
KoMmmo3unuoHHBI MaTepuana TOJYYal0T OJHUM M3 CICAYIOIIUX IpHeMOB. AUG(y3HOHHOM
CBApKOM TOJ JIaBJICHHEM, CBApKOU B3pHIBOM; Je(opMaMoOHHONW 00pabOTKOM TOM JaBJICHHUEM;
IIPECCOBAHUEM C MTOCIIEAYIOIINUM CIIEKaHnEM (IIOPOIIKOBOM METaLTypIrHeii).

Kunkodaszaple MTpoOIEcChl IMOTYyYSeHHS KOMIIO3UIIMOHHBIX MaTEpPHAIOB 3aKIIOYaAlOTCS B
MPOTIUTKE YIPOUYHSIONIMX BOJIOKOH WJIM HUTEBUIHBIX KPHUCTA/UIOB, PAaCIHOJIOKCHHBIX B
OTIpEICIICHHOM MOCIISIOBATEIFHOCTH WITH OSCIIOPSIOYHO, PACINIABOM MaTepHajia MaTPHIIbI.

MeTo bl TTOTydeHUS KOMITO3UITMOHHOTO MaTepHalia Pa3IMJaroTCsS MEXIy COOOH YCIOBUSIMH
IIPOTIUTKH BOJIOKOH PACIlJIABOM, ITPOXO/ISIICH
*  IIpH HOPMAJILHOM JABIICHHH,

* B yCJIOBHSX BakyyMma (BaKyyMHOE BCAaChIBaHHE);

®* 1104 JABJICHUEM,
¢ B COUYCTAaHHU 3JICMCHTOB BaKYYMHOI\/’I IIPOIMUTKHA U JINTHA 1101 AaBJICHHUEM.

K >xunxodaznomy mporieccy ciiemayeT OTHECTH METOJ TIOTyYeHHST KOMITO3UITMH HaIrlpaBJICHHON
KPUCTAUTU3AIMEe W3 PACIUIABOB JBTEKTHUYECKOTO COCTaBa. BaKHEHIIMM MOMEHTOM TOJTYYEHHs
Ka4eCTBEHHOTO KOMIIO3UIIMOHHOTO MaTepHaja IMPOMUTKON SIBISETCS XOpOIash CMauyuBaeMOCThb
VIOPOUHSIONIMX  BOJOKOH  paciulaBOM  Marpuilbl. BO3MOXHOCTH  MeTOAa  3HAYUTEIILHO
OTPaHUYMBAIOTCSI BBICOKOM PEAKIIMOHHOW CIIOCOOHOCTHIO MAaTEpUaIOB BOJOKOH B KOHTAaKTE C
METAJUTMIECKUMH PACTIAaBAMHU.

lNazomapodazupiMu  crioco0amMu HAHOCAT HAa apMUPYIOIIHME BOJIOKHA OapbepHBIC WIH

TEXHOJIOTUYECKUE TOKPBITHSA, OOECIEUYHMBAIONINE WX 3allUTy OT pa3pylieHus Npu
B3aMMOJICHCTBUU €ro C MarepuajioM MaTpuilbl. Mx ¢a30Beiii coctaB (damie BCEro HUTPHIBI,
OOpPHUIBI, OKCHJIBI, KApOUIBI) BEIOUPAIOT UCXOs U3 (PU3HKO-XUMHUYECKOW U TEPMOMEXAaHUYCCKOM
COBMECTUMOCTH apMHPYIOIIUX BOJOKOH M Marepuaysia MaTpuilbl. [IOKpBITHS TMONy4aroT B
pe3ynbTare 00 pa3ioKeHUs JIETyUYuX KapOOHWIBHBIX COCTMHEHUN METAJIJIOB, JIMOO UCTIapEeHUs
METaJUIOB U CIUIABOB MPU TEPMUYECKOM BO3JCHCTBUU AJICKTPOHHBIM JIYUOM, HOHHBIMU ITy9KaMHU.
Huskas mpou3BOAMTENHHOCTh METOJOB HE IIO3BOJSET HCMOJIB30BaTh WX IS IIPSIMOTO
KOMIIaKTUPOBAHUSI KOMITO3UIIMOHHBIX MaTEPUAJIOB.
JUist  3TMX 1enedl  MCHOJIB3YIOT METOJ] Ta30TePMHUYECKOro TUIA3MEHHOTO  HAIBUICHHS,
00eCIIeYNBAIOIINKN TIOJIyIeHHE TTOy(haOpUKaTOB KOMIIO3HITMOHHBIX MaTepuaioB. I1na3zMeHHBIM
HaIbUICHUEM HAHOCST TMOKPBHITHS W3 MAaTpPUYHOTO MaTepuajia Ha apMHUPYIOIIHE BOJOKHA 0€3
CYIIIECTBEHHOTO TOBBIIICHUSI UX TeMIepaTyphl. [[pOYHOCTh CLIETUICHHS TOKPBITHS C OCHOBOMU
OTIPEJICIIACTCS MEXAaHUYECKUM CIEIUICHHEM 4YacTHI[ HAmbUIIEMOTO MeTalla WM CIUlaBa ¢
IEPOXOBATON MOBEPXHOCTHIO, CHJIIAMH AAT€3MH M XUMHUUYECKHM B3auMOJieicTBHEM. [IpouHOCTh
CBSI3M TUTA3MEHHBIX TIOKPHITHH 3HAYUTEILHO HWXKE, YeM IMOKPBITUH, MOJy4aeMbIX MeETa-
TU3aruei, ICapeHNeM WM KOHJICHCAIlUe B BAaKyyMe.

DNEKTPOTUTHYECKUE METOJbI TIO3BOJIAIOT TIOJMy4YaTh KOMIIO3UIIMOHHBIC MaTepuaibl B
pe3ynbTaTe OCaXIACHUS MaTPUYHOTO MaTephalia Ha HUTEBUIHBIC KPUCTAUIBI U BOJIOKHA,
KOTOPBIE HEMPEPHIBHO HAXOJATCA B KOHTaKTe ¢ KaToioM. [Iporecc mpoTekaeTr mpu HU3KOU
TeMIiepaType U B OTCYTCTBHE JIaBJICHUS, YTO MPAKTUYECKU TIOTHOCTHIO UCKITIOYAET Pa3pyIICHUE
BOJIOKOH W BpEIHOE BIHUSHUE TemrepaTypHoro c¢akropa. [IoKpeITHEe MOTy4aeTcsl TUIOTHBIM,
OECTOpUCTEIM B TOM CJIy4ae, €CIM OHO PAaBHOMEPHO TOKPBHIBAET IMOBEPXHOCTh BOJIOKOH H
MIPOCTPAHCTBO MEXTy HUMH. [lopucTocTh HaAOMIOJACTCS MPH HCIIOJIB30BAHUHM BOJIOKOH 0O0pa,
KapOua 60pa WM METAUTHYECKUX BOJIOKOH quamerpom Oojiee 100 Mxm.
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XHAMHUYCCKAE METOJIbI TTO3BOJISIOT OCAXK/IaTh METAIMYCCKHUE IMMOKPBITHS Ha HE MPOBO/ISAIINC
TOK YIIPOYHHUTEIN B BUJE HUTEBUIHBIX KpuCTAILIOB (camdup), a Tak:Ke Ha yriIepoJHbIe BOJIOKHA
(mentsr, mpsou). Meraumdeckas IUICHKAa TOYHO BOCIIPOM3BOIUT INPO(HIL BOJIOKHA, H €€
TOJIIIMHA JITKO KOHTPOJHMPYETCSA IMapaMeTpaMHd TEXHOJIOTMYEeCKoro Iporecca. CyIHOCTb
XUMHUYECKOTO METOJa OCAKJICHHUS MOKPBITHHN 3aKIF0YAETCS B BOCCTAHOBJICHUH MOHOB METAJIOB
Ha MOBEPXHOCTH MTOKPHIBAEMOTO BEIIECTBA.

MeTo0oM XHMHUYECKOTO OCAXKIACHHS IOJYyd4aroT HMOKPBITUs ToimuHoN 10 30 MKM U OoJiee.
HanbGonee mmpoko HCIONB3YIOT OCAXKIACHUS HA YIPOYHUTEIN HHUKEIISI, B MCHBIICH CTEIICHU
MeJH, XpoMa, KoOaJlbTa.

CBoMCTBa KOMITO3UIIMK HauOoJIee MOJIHO PEATM3YIOTCI B ACTAIAX M y3J1aX C HEINPEPHIBHLIM
pacriojio)keHuEeM BOJIOKOH I[lemecooOpa3HO W3roTaBiIMBaTh JETald W3 KOMIIO3UIIMOHHOTO
MaTepHalia HEMmoCPEJACTBEHHO B IIPOIIECCE MPOM3BOJICTBA KOMIIO3UIINHY. V3roTaBmBaTh aeTanu u
3JIEMEHTHI KOHCTPYKIHI M3 T0JIy(haOpUKaTOB KOMIIO3UITMOHHBIX MAaTEPHAIOB B BHUC IPYTKOB,
JINCTOB, TPYO, JIGHT M T II. 3aTPYOHUTEIIFHO, W B 3TOM CIIy4ac HE PCaJM3yIOTCS 10 KOHIIA
MIPEUMYIIECTBA KOMITO3HIITHOHHBIX MAaTEPHUAJIOB IO CPABHEHUIO C OOBIYHBIMH.

10.3.4. KoMno3umoHHbIle MaTepHalIbl C AIIOMUHUEBON MaTpHIICH

Texuuueckuit amoMuHuil u ero criasbl (AMi, AMro, AJ[1, /116, CAIl u ap.) HCIIONB3YIOT B
KauecTBE MAaTpHI] KOMIIO3UI[THOHHBIX MAaTE€PUAIOB. APMHPOBAHHUE MAaTpPHI] BBITIOJHSIIOT
BBICOKOIIPOYHOM CTaIbHOM MPpoBOJIOKO# u3 craneit (08X18HIT, 1X15H4AM3, DI1322 u ap.),
OCpHILIHEBOM ITPOBOJIOKOM 1 BOJIOKHAMHU Oopa, KapOmaa KpeMHHUS, yriepoa.

Kommno3unuu, ynpoYHeHHbIE CTAIBHBIMHA TPOBOJIOKAMH, IMOJIYYArOT MPOKATKOM MEXKIY
BaJIKAMHM TTPOKATHOTO CTAaHA JI0 KOMITAKTHOTO COCTOsTHUS. [IpokaTke moaBepraroT COHABHY W3
ATIOMUHUEBOM (OJBIM U BOJIOKOH. PeXWM MpoKaTKu oOmpenenseTcss TEeMIEepaTypou,
HaIpaBJIEHUEM U CTENeHbI0 aeopmanmu. Temmeparypa pa3ynpoOyHEHHsS CTaJbHBIX BOJOKOH
OTpeIeNsIeT TeMIIepaTypy NPOKATKA KOMIIO3UIIMK ATIOMUHUH—CTanb. Tak, Temmeparypa
MIPOKATKU JJII KOMITO3UIIUN QTFOMUHUNR—CTaJlb MPU UCIOJIb30BAHUN B KaYECTBE YIPOUHUTEIS
rnpoBojioku u3 craau 08X 18HIT u 12X18H10T, cocraBiser 380—400 °C u 420—450 °C npu
HCIOJb30BaHKKM BOJOKOH u3 ctanmu 15X15H4AM3 u DI1322, umeronmx 0ojiee BBICOKYIO
temreparypy pasynpounenus (400 u 450 °C coorBerctBenno). Hampasnenune nedopmariun
MIPU MPOKATKE BBIOMPAIOT TOJ HEKOTOPBHIM YIJIOM K HAaIPaBJICHUIO apMHUPYIOIINX BOJIOKOH, C
TeM 4ToObI M30eXaTh OOphIBa BOJOKOH MpH JehOopMallid B XOJI€ MPOJJIOJIBHONW MPOKATKH H
WCKPUBIICHUS BOJIOKOH IIPH MOMEPEYHON MPOKATKE.

[TpompIiuieHHOCTEIO OCBOE€H BhIMycK Kommo3uta KAC-1. B kauectBe ympodHHTENS
npuMeHsoT poBosioky 1X15H4AM3 auamerpom 0,15 MM. Matpuiieii B 3THX KOMIIO3HUIIHSX
coyxutr cmiaB AB wimm  CAII-1. Mexanndyeckne CBOWMCTBA JIMCTOB KOMITO3HITHOHHBIX
MAaTEPUAJIOB C ATFOMUHUEBON MATPHUILIEH, apMUPOBAHHBIX CTAIBHON MPOBOJIOKOM, MPUBEIAECHBI B

Tabi. 10.8.

Taonuma 10.8. Mexannueckue XapakKTCPUCTUKH KOMITO3HLINI C aTFOMUHHEBOM MaTPHIICH,
apMHPOBAHHOM CTAIBHBIMU ITPOBOJIOKAMH

h&:igﬁ?é? HanosHuTens I110THOCT®, Hp(ﬁlﬁOCTB, Monyne
3
Martepuan | KoJmdect- /M : YHE%FS ™
IIPOBOJIOKH, BO, % '
MiTa MlIla
Al X}L%IélgT 7—24 | 31—39 | 160—465 100
AMro6 X%%I(‘)I(?T 5—20 2,9-3,7 390—630 70—90
AMT6 32%%2 525 29—4 | 420—1000 | 80—101
IXI5H4AM3
CAIIl 21900 40 48 1700 100
B pesyabrare apMupoBaHHS ~ATIOMHHHEBOM MAaTPHUILI IPOYHOCTH  KOMITO3UIIMH

yBesmmuuBaercs B 10—12 pa3 npu o0bemMHON noie yrnpounutens g0 25%. [Ipu yBenudyeHun
00BeMHO# 0N apmupyromero BojokHa a0 40% BpeMeHHOE CONMpPOTHUBIICHHWE MPOYHOCTH
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kommo3uumuu gocruraer 1700 MI1a.

ANIOMHHHEBAs ~MaTpHila, apMHPOBAaHHAs CTaIbHOM MpoBONIOKOW  (25—40%), mo
MIPOYHOCTHBIM ~ CBOMCTBAM  TIPEBOCXOJUT  BBICOKONPOYHBIC AIIOMHHUEBBIE CIUIaBBI U
MPUOJIMIKAETCS K YPOBHIO aHAJIOTUYHBIX CBOMCTB TUTAHOBBIX CILJIABOB.

[IpouHOCTh QIFOMUHUEBO-CTAIBHOW KOMIIO3UIIMA MOYKHO JOMOJHUTEIBHO TOBBICUTH
XOJIOJTHOM TUIACTUYECKOW JedopMamMel M 3aKaIKOW C TMOCIEAYIONIUM CTapeHUEM, €Clu
MaTpHULIEN CITYKUT aJIFOMUHUEBBIN CIUIaB, YIIPOUHSAEMbIN TEpMUUECKONH 00pabOTKOIA.

[Ipy TOBBIMIEHHBIX TeMIEpaTypax MPOYHOCTh ATIOMHHUEBO-CTAIHHOW KOMITO3HUITUU
MIPEBBIIIAET MPOYHOCTH TEIJIOCTOMKHX aTIOMHUHHUEBBIX CIUIaBOB. {11 paOOTBI TIPH BBICOKHX
TeMrepaTypax paldoOHaIbHO B Kaue€CTBE MATPHUIIBI MCIIOIB30BATh JUCIEPCUOHHO-YIIPOYHEHHBIC
Matepuaibsl Tuna CAIL

Brenenue cranpHOM mpoBosioku B Matpuily u3 CAIl yBennunBaeT mpOYHOCTHBIE CBOMCTBA
kommosuiun. Tak, mpemen mpounoctd kommosunuu CAII-1 ¢ 15% mnpososioku X18H9 (o=
1750 MIla) mpu Ttemmeparype 250 °C u 415—435 MIla B 2,3 pasa OoJbilie, 4eM Mpeaesnt
npouynoctd CAII-1 npu Tex xe Temneparypax, a npu 350 °C — B 3,9 pasa, npu 500 °C — 5,6
paza.

Kommnosumusa CAII-1—cranbpHas OpoBOJIOKA MMEET YAOBJIETBOPUTEIBHYIO TEPMHYCSCKYIO
CTaOMJIBHOCTh MHKPOCTPYKTYPBI TIPH BBICOKMX Temreparypax. Ha rpanune marpuma —
BojiokHO mipu 450 °C B Teuenume 150 9 mox Harpy3kod He MPOHMCXOTUT OOpa30OBaHUS
WHTEPMETALTUICCKUX COCTUHCHHM.

Kommozummss Al—BosokHO Oopa OTIWYAeTCS BBICOKOM ITPOYHOCTBIO M JKECTKOCTBIO H
cnocobna padorars npu 400—500 °C, mockoJibKy 00p Majo pa3ynpoy-HICTCS C MOBBIIICHHEM
TEeMIIEPATYPHI.

OcHoBHas npoOjeMa IpH apMUPOBAHUH ATIOMHHHUS BOJIOKHAMH OOpa — IIpEeAOTBpaIlcHUE
B3auMOJICHCTBUS Oopa ¢ amoMuHUEM. [103TOMY MPOMBIIITICHHBIM KOMITO3UIIMOHHBIN MaTepHa
(BKA-1), comepxammii 50% BosokoH Oopa, Obul moaydeH audQy3noHHOM CBapKOM ITaKeTa,
COCTaBJICHHOTO W3 YEPEIyIOIIHNXCS JIUCTOB aTIOMHUHUEBON (DOJBIM C 3aKPETUICHHBIMH Ha HUX
CIOSIMU OOpHBIX BOJIOKOH. [lokpbiTHE OOPHOrO BOJIOKHA HUTPUAOM OOpa WM KapOUIOM
KpeMHus (BOJOKHO OOpPCHK) CHH)KAET €ro B3aMMOIEHCTBHE C aJlOMUHHUEBOM MaTpHUIECH Iaxe B
paCIUIaBJICHHOM COCTOSSHUM. B 3ToM ciydae OTKpBIBaeTCs BO3MOXKHOCTh  TOJTYYCHUS
KOMITO3UIIMOHHOTO MaTepualia XuaAKo(pa3HbIMU METOJaMHU.

VYBenuueHne o0OBEMHOTO COJIEp)KaHUS Oopa YBEIMYMBACT MPOYHOCTH U IKECTKOCTh
kommo3unuu Al—B (ta6ma. 10.9).

Taonuma 10.9. IIpoyHOCT ¥ 5K€CTKOCTh KOMITO3HIHH Al—B B 3aBUCHMOCTH OT COIepKaHUS
BOJIOKOH O0pa

CojeprkaHue BOJIOKOH | () 10 20 30 40 50
6opa, % (00.)

[Tpounocts, Mlla 70—140 |300—380 {500—650 |700—900 [900—1140 | 1100—1400

Moayns OCTH
Ed 0‘%],1 MyllngYF 70 105 135 180 190—200 200—257

[Ipounocts 1 Momyns yrnpyroctu Marepuasia BKA-1 mo temmneparypsr 500 °C mpeBocxost
COOTBETCTBYIOIIME XapaKTEPUCTUKH BBICOKOIpouHOro crutaBa BO5 u crutaa AK4-1 (puc. 10.14).

G, MITa £10°, MTTa

250

1200

1150

100 200 300 400 500 £°C

Puc.10.14. M3meHenue npeesna npuHocTH ( ) 1 Moayst ynpyroctu (------- )
komnoszunuonHoro Matepuana BKA-1, cimas B95 u AK-1 ot Temmeparypsl
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Hanbonee 3HAUMTENBLHO MPEUMYIIECTBO KOMITO3HMITMOHHOTO Matepuana mpu 250—400 °C.
Mopyne ynpyroctu Marepraia BKA-1 ¢ moBbIIIeHHEM TeMIIEpaTypbl MCHACTCS HE3HAUYNTEIBHO U
COCTaBJISIET MPH conepkanuu BojiokoH 0opa 30 u 50% cootBerctBenHo 136 000 u 228 000 Ml]a.
[lnotHOCTH Matepuana BKA-1 — 2650 kr/m°, a yuesnbHast npousocTs 45 K.

[Ipemen MPOYHOCTH AOMHHUS, APMHUPOBAHHOTO BOJIOKHAMU Oopcuka, mpu 500 °C
cocraBisser 600 Mlla. ITpo4HOCTh TakOW KOMIIO3HMIIMK TIPU OOBEMHOM COJICpP)KaHUU OOpCHKa
65% cocraBiasier 1600 MIla u coxpansercs mocie umATenbHOW BbiAepkku (mo 1000 )
matepuana mpu 300 u qaxxe 500 °C.

KomMrio3uiinonHple MaTepraibl Ha aIFOMHHHCBOW OCHOBE, apMHUPOBAHHBIC YIIICPOJIHBIMU
BOJIOKHAMHM, YCTYHAIOT IO YACIbHOW mpodHocTH (42 KM) MaTepuaiaM, apMHUPOBAHHBIM

OOPHBIM BOJIOKHOM, XOTSI OHH JICIICBJIC U JIETYE TOCIICTHUX.

[Tpon3BOACTBO KOMIIO3UIIMOHHOTO MaTrepuaja C YrJIepOIHBIM BOJIOKHOM CBSI3aHO C
OOJNBITUMH ~ TEXHOJIOTHICCKHUMH TPYIHOCTSIMHA BCJICJICTBHE B3aMMOJICHCTBHUS  yriiepoja C
METAJUIMYECKON Marpuieii (B TOM 4YHMCIe W AIIOMHHHEBOM) IpM HarpeBe. B pesynbrare
OTMEUaeTCs TOHFMKCHUE MPOYHOCTH MaTepuana. Kommosummu Al — yriaepoaHoe BOJIOKHO
MOJTYYaIOT OBICTPBIM MIPOTATHBAHUEM ITyYKa YTIICPOTHBIX BOJOKOH Yepe3 pacIuiaB alFlOMUHUS.

[TomBITKH TIOJTYYUTH KOMIIO3HIIAIO ATFOMUHUN — YTJIEPOHOE BOJIOKHO APYTUMHU METOIaMHU
(muddy3nonHas cBapka, dJIEKTPOOCAKJACHUE MaTepraia MAaTPHUIIbl) HE JAIH MOJI0KHTEIbHBIX
PE3yJIbTATOB M3-32 PA3PYIICHUS BOJIOKOH IIPU TTOHMKECHUH JIaBJICHUS.

XapaKTepUCTUKNA TPOYHOCTH ATFOMUHHCBO-YIIICPOJIHBIX KOMIIO3HMIIMA M3-3a2 OOJIBIIIOTO
pa3bpoca XapaKTEpHUCTUK YTJICPOJHBIX BOJOKOH, PAa3IMYMs B TEXHOJOTMYECKHX PEKUMAX
IIPOIIECCOB TPOU3BOJICTBA MOTY(HaOpPUKATOB W M3ICIUH U3 ITOr0 MaTepuaia IMPOSBISIOTCS B
IIUPOKOM Juama3oHe 3HadeHui. [Ipm oObemHON mosie ympounurens 18—53% mnpoyHocTh
KOMIIO3UIMH Al—yTIIepoIHOE BOJIOKHO BJOJIb PACIOJIOKECHUS BOJOKOH cocTaBiseT ot 150—
400 1o 500—1000 MIla, a Mmoxyns FOnra — (116—168)-10° MIa.

JIoOUTBCS YIIyYIIEHUST CBOWCTB KOMIIO3HIIMOHHOTO MaTephaja MOHO, COBEPIICHCTBYS
TEXHOJIOTHIO €r0 U3TOTOBJICHHUS.

Kommo3unmonHele Marepuaibl ¢ TUTAHOBOM MaTpPULEH apMHUPYIOT C LEIbI0 YBEJIMYECHUS
MOJIYJIsl YIPYrOCTH W TOBBIIICHUS padboumx Ttemieparyp. [IpoW3BOJCTBO KOMITO3HIIHOHHBIX
MaTepHaJIOB C THUTAHOBOM MAaTpHICH CBS3aHO C HEOOXOJMMOCTBHIO HArpeBa JO BBICOKHUX
TEMIIeparyp, 4YTO PEe3KO aKTHBH3HPYET CIIOCOOHOCTh MATPHIlBI K Ta30lOVIONICHUI0 |

B3aWMOJICCTBUIO CO MHOTHMH yIpOYHHUTENIssME (OOpOM, KapOWJIOM KPEMHHS, OKCHIOM
ATIOMUHUS U JIP.).

10.3.5. Komno3unmoHHble MaTepraibl Ha HUKEJIEBOW MaTpHUlie

ApMHPOBaHHUIO Yallle IOABEPrarOT KapOIpPOYHbIC HHUKEJEBBIC CILIaBBI, YTOOBI YBEIMYUTH
BpeMs BX paboThl M pabouyro Temieparypy no 1100—1200 °C. Jlns apMUpOBaHHS HHUKEICBBIX
CIUTABOB IIPUMEHSIOT YIPOYHHTEIW. HUTeBUAHbIE KpucTamwisl Al;03 (ycel), IIPOBOJIOKH
TYTOTUTABKMX METAIIOB M CIIaBOB Ha ocHoBe W 1 Mo, BOJIOKHA yriiepo/ia 1 KapOuaa KpeMHHS.

ApmupoBaHue Hukels W Huxpoma ycamu Al,O3 BBINOJHSAIOT METOJAMH IOPOIIKOBOM
METALUTYPTHuH. J{JIs yIydiIeHus TPOYHOCTH CBS3U BOJOKHO—MATPHUIIA B IITUXTY BBOJAT THTaH U

xpoM. [IpodHOCTH KOMITO3HIINY TIpH coaepkannn ycoB 9% A1,0; mocturaer 1800—2100 Mlla, a
yZelIbHas IPOYHOCTh 22—25 KM.

Haubonee mmpokoe pactpocTpaHeHUE MOJTYIHSIO apMUPOBAHUE KAPOIPOUHBIX HUKEICBBIX
CIUTAaBOB BOJb()PaMOBOM MPOBOJIOKOH. KOMIIO3HIIMOHHBI MaTepuall B 3TOM ClIy4dae IMOJIy4aroT
croco0amu IIaCTUYECKOTo JIehOPMUPOBAHUS: IPOKATKOM, CBAPKOI B3PHIBOM.

Tak, MeToJOM JWHAMHYECKOTO TOPSYEro NPECCOBaHUS B BaKyyMe TIIaKeTOB U3
YepeNyIOIIUXCS CJIOEB JKapOIpPOYHOrO HUKEILXPOMOBOJIb(ppamoBoro cruiaBa XH60B u croes
npoBosiokn BT15 mmamerpom 0,15—0,18 MM momydaroT KOMIIO3UIIMIO, OTJIMYAOIIYFOCS
MOBBIIEHHON KpaTKkoBpeMeHHoW mnpouHocTeio mpu  1100—1200 °C mo cpaBHEHHIO C
HOopMupoBaHHOM Matpuieit (puc. 10.15).
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Puc.10.15. 3aBucumMocTh mpejesna mpouHocTH YucToro Hukens (1), cruraa JKC6K (2),
criaBa XH60B (3) u crutaBa XH60B, ynpounennoro npososiokoit BT15 B konmmuectse 34% (4),
28% (5). 22% (6), 15% (7)

[IpounocTh BoNB(GPaMOBOW apMaTyphl 10 KOHIIA HE HCIOJB3YETCS B CBS3H C TOSIBJICHHUEM
neheKTOB B OTJCIBHBIX BOJIOKHAX MPH YAAPHOM YIUIOTHEHUU. MOIyib YIPYTOCTH KOMIIO3UITUN
YBEJIMYUBACTCS C POCTOM COJICPKaHUS YIIPOUHUTEIS COTJIACHO 3aKOHY aTUTUBHOCTH | TIpH 34%
nposonoku BT15 on cocrasisier 265-10° MITa. JUmrensHast Ipo4HOCTs KoMmo3uuun XHE0B—
BT15 (34%) na 6a3e 100 4y mpu 1100 u 1200 °C pasna coorBercTBenHo 104 1 55 MITa.

JlnutensHas paboTa KOMIO3UIIMHU MMPUBOJUT K PA3yIPOYHEHUIO apMaTyphl B CBSI3M C Pa3BH-
teM B mpoBojioke BT 15 pekpuctamim3anmoHHBIX MPOIECCOB, YCKOPSIEMBIX  ACUCTBYIOLIEH
Harpy3kou u quddy3uel HUKENIs 1 XpoMa U3 MaTPUIIBl B BOJIOKHA.

Kommnosurmonnsiit mateprian BKH-1 (Marpuiia — nuTelinsiii sxapornpounsiil cruraB JKC6K,
VIIPOYHEHHBIN BOJIL(PaMOBOi MmpoBoaokoir BA mmamerpom 0,5 MM) MmoirydaroT BaKyyMHBIM
BcaceiBanueM. JlymrensHas mnpouydocTh BKH-1 Bemme mpounoctn crmiaBa JKCOK, w mpm
OJMHAKOBBIX 3HAYCHUSX HArPY3KU MU JOJTOBEYHOCTH OH NO CPABHEHHUIO C HEAPMUPOBAHHOMN
MmaTpureit umeet peseps o temneparype 100 °C (puc. 10.16).

o, MIla

SGf

20

101

i 1 1 | 1 i

2 5 10 20 50 100 200 3500 &9

Puc.10.16. InurensHas npounocts ciiaBa BKH-1 npu temneparypax 1100°C(1), 1200°C(3), u
criaa JKC6K nipu remneparype 1100°C(2)

HepCHeKTI/IBHBIMI/I YOPOUYHUTECIIAMUA I KApPOIIPOYHBIX MaTpul MOI'YyT OBITE BOJIOKHA
KapOuga KpEeMHHS U YIJIEpOIHBIE BOJIOKHA, OTJIHWYAIOIIMECS BBICOKOH TeMIepaTypoi
PasynmpoO4YHCHUA. Mx wucmonabp3oBaHne B KadecTBE APMHUPYIOIIUX OSJIEMECHTOB CJICPKHUBACTCA
COBMECTHUMOCTBIO C JKapoIlpouHoii Marpuiieii. [IpoOiaema permaercs B HacTosImee BpeMs IIyTeM
pa3paboTKu GapbEePHBIX MOKPHITUHN IS 3TUX BUJOB YIPOUHUTEIICH.
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10.4. DBTeKTHYECKHE KOMIIO3UIIHOHHbIE MATEPUAJIbI

OBTEKTUYECKUMH KOMIIO3UIIMOHHBIMU MaTepHaJlaMH HA3bIBAIOT CILIABBI 3BTEKTUUYECKOTO WU
OJIM3KOTO K OBTEKTMYECKOMY COCTaBa, B KOTOPBIX YIPOYHsIOmEH (ha3oi BBICTYNAOT
OPUEHTHUPOBAHHBIC KPHUCTALIBI, 00pa3yIolruecs B MPOIIECCEe HAMPaBICHHOW KPHUCTAUTA3AINH.
OpueHTHpOBaHHAs CTPYKTypa B CIUIAaBaX 3BTEKTUYECKOTO COCTaBa IOJIYYaeTCs METOJaMU
HampaBlIeHHON Kpucrtaumsanud (Metoasl Yoxpanbckoro, bpumkmena, 30HHON IiaBku). B
OTJINYME OT OOBIYHBIX KOMITO3UIIMOHHBIX MAaTEPUAIOB, MOIYYaeMBbIX ITYTEM IMOCJIEIOBATEIIBHOTO
BBITIOJIHEHUSI ~ HECKOJBKUX  TPYJOEMKHUX TEXHOJIOTHUYECKMX OIEepaliii, 9SBTEKTHUYECCKHE
KOMIIO3UITMOHHBIE MaTepHUaJIbl MOJTYYar0T 3a OJHY orepaiuto. LleHHo To, 4To Ha mpaBiieHHAs
OPHEHTHPOBAHHASI CTPYKTypa MOXET OBITh MOJy4eHa Ha YK€ TOTOBBIX H3JCIHIX. IJTO
CYIIIECTBEHHOE MPEUMYIIECTBO IBTEKTHMUYECKHX KOMIIO3UIIMM IO CPaBHEHHIO C JAPYTUMHU
TEXHOJIOTHUSIMHU TTOTYYCHHST KOMITO3UITHOHHBIX MaTEPUAJIOB.

[ToapoGHO mpoIeCChl HANMPABICHHON KPUCTAUIM3AINKN CIUIABOB IBTEKTUUYECKOTO COCTaBa
paccMOTpeHsI B 1. 15.

CrpykTypa 0Opa3yroIieics HBTEKTHKH B pe3yiIbTaTe HAMpPABICHHOW KPHUCTAUTH3AINN
COCTOMT, KaK MPaBUIIO, U3 KPUCTAIUIOB TBEPI0# MPOUHOH (hasbl (KapOHUI0B, HHTEPMETAIUIHIOB),
pacnpe/ieieHHbIX B MaTpHUIIE, IPEICTaBIISIONIENH co00il TBEpbIi pacTBOP.

dopma 00pa3yOMMXCS KPUCTAUIOB MOXKET OBITh B BHIEC BOJOKOH WM IUacTUH. [Ipum
o0BeMHOH Jjoyie ympouHstonied (asel MeHblmie 32% oHa wMeeT GOpMYy CTEpXKHS, a TpH
0O0JIBIIIEM COJICPKAHUU — IIACTUHYATYIO.

PaBHOBecHBIE  yCIIOBHS KPUCTAIM3ALMKA ~ OOCECIICYMBAIOT  BBICOKYI0 TEPMHYECKYIO
CTAaOMJIBHOCTh HBTEKTHYECKUX KOMIIO3UIIMOHHBIX MaTepuaioB. Mexay ¢a3amMu 3BTEKTHKH,
BOJIOKHAMH W MaTpPHUIIEH OTCYTCTBYET XMMHYECKOE B3aUMOJCHCTBHUE, MOCKOIBKY XUMHUYCCKUE
noTeHIMabl  ¢a3  paBHbl. OCOOEHHOCTH CTPOCHHSI IBTEKTUYECKUX MHUKPOCTPYKTYD,
MOJYKOTEPEHTHBIC TpaHUIBl pa3fena ¢a3 ¢ MUHAMAIbHOW TIOBEPXHOCTHON JHEpruei
OTIPENIEISIOT TEPMUUYECKYIO CTAOUIIBHOCTh BTEKTHYECKON MUKPOCTPYKTYPHI M, KaK CJICJICTBHE,
BBICOKHE MEXaHWYECKHE CBOICTBA MpPU TEMIIepaTypax, OJM3KHX K TeMIeparypaM ILUIaBJICHUS
ABTEKTHKH.

Crocobamu HampaBJICHHON KPUCTAUTA3AIMH TOJYyYal0T KOMITO3UIIMOHHBIE MaTepHaibl Ha
ocuoBe Al, Mg, Cu, Ni, Co, Ti, Nb, Ta u gpyrux sneMeHTOB. [103TOMYy 3BTEKTHYECKHE
KOMITO3HMIIMOHHBIE MaTepraibl MOTYT SKCIUTYaTUPOBATHCS B IIUPOKOM MHTEPBAJIC TEMIIEPATYP.

10.4.1. IBTEKTHYECKHE KOMIIO3UIIMOHHbIE MATEPHAJIbI HA AJTIOMHUHHUEBOM
OCHOBeE

MeTo10M HampaBJICHHOW KPUCTAUTM3AIUK MOJTy4atoT KoMmo3umud Al— Als Ni u Al—
CI/IAlz.

ITpu 3atBepaeBannn sBTekTHYecKoro cruraBa Al—AI3Ni dasa AlsNi Beigensercs B Buje
CHJIHO BBITSHYTHIX YacTHI], 00beMHOE cojiepkanne KoTopblx ~11%. HanpaBineHHOCTH 9acTHIl
Al3Ni gocTruraercs KpucTayuM3aluei co ckopocTbio 2—10 cm/4.

IIpouHOCTH CIUIaBa, MOJXYYEHHOTO 0O€3 HampaBiIeHHON KpucTam3anuy, Huskas (-90 MITa),
B TO BpPeMs Kak IPH OpueHTaruu apMupyronmx gactui] AlsNi ero mpodHocTs HoBBIIIaeTCS 10
330 Mna. ,

[Tpu pacTsDKEHHH KOMITO3UIUH, M3-3a BEICOKOM mpouHocTy cBsi3u ycoB Al3Ni ¢ maTpureid,
pa3pylieHre HAYMHACTCS C BOJOKOH.

C moBsIIIEHHEM TeMIIEpATypsI TpouHoCcTh crutaBa Al—AlsNi monmkaercs (puc. 10.17,
kpuBas 7) v mpu 500 €C cocrasnsier 75 MITa. KOMITO3HIMS OTIHYAETCS BBICOKOM
CTaOMIBHOCTBIO CTPYKTYPHI BILIOTH 10 Temiepatyp ruiaBierus. Yactumsr AlsNi mpu stux
YCIOBHSX COXPAHSIOT ITPOYHYIO CBSI3b C MAaTPHUIICH, HE YKOPAUYUBAIOTCS U HE IT0IBEPTarOTCS
chepouam-3amuu g0 611 °C.

Komrosummst Al—AlsNi oGHapyxuBaer Bbicokuit peaen yeranoctd. Hanpumep, Ha 6ase 108
[IUKJIOB OH B 4—05 pa3 BBIIIC TIPe/eia YCTAIOCTH — aTIOMUHUS. Y CTaJOCTHAS
tpemuna B kommosuiuun Al — Al3Ni, 3apoxmasice B marpuie, orudaer BoaokHo AlsNi u He
paspymaer ero. [Ipeaen npounoct kommosuimu Al— AlsNi cocrasisier 270 MITa.

B xommosummn Al— CUuAl, npu HampaBJI€HHOW KpPUCTAUIM3AIMA OSBTEKTUKA HMEET
miactuHyaToe crpoenue. OObeMHas mons KoHreHTparuu mmactuH CUALl, cpeaw mmacTuH
TBEPJIOr0 pacTBOpa Meau B amoMuHuu cocraBisieT ~50%. ITnactursl CuAly, KOHIIEHTpaLus
KOTOPBIX B KOMITO3UIIMHM BECbMa BBICOKAs, MMEST MEHBIIYIO ITPOYHOCTh, yeM Al3Ni, ympodnsioT
matpuny Mmenbine, yeM AlgNi. Crma A1—CuAl, u3-3a IIACTHHYATOTO CTPOCHMS 3BTEKTHUKU
OTJIMYACTCS BBHICOKOM XPYIKOCTBIO. Pa3pyrienne MaTepraia HaUMHACTCS ¢ pa3pyIICHUS IUIACTHH,
3a KOTOPBIM CIIETYET pa3pylICHUE MaTPHIIHI.

C nosbiueHueM Temieparypbl 'y komno3uiun Al—CUAl, oTMEYeHO CyLIECTBEHHOE
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BO3paCTaHWE OTHOCUTEIBHOTO Y/UIMHCHHS W majaeHue mpenena npounoctd go 30 MIla (puc.
10.17, kpuBas 2).

&,. Mia
300

200

100

| 1
100 300 300 LeC

Puc.10.17. 3aBucumocts npounoct kommo3unuu Al-AlsNi (1) u Al-CuAl (2) u
OTHOCHUTENBbHOTO yuiuHeHus kommosuimu Al-CuAl, ot Temmepatypsl

OBrekrnueckue Kommnosuiponnsie Mmarepuaasl A1—AlsNi, Al—CUuAl, xoporio cBapuBarorcs
MeTo oM UGG Y3HOHHOW CBapKu M 00pabaThIBAIOTCS XOJOJHOM IIACTHYECKOM AehopMaInei.
Jubdy3noHHy0 cBapky MOXKHO BecTd npu 525 °C M moiydarh JIMCTBI C IEPEKPECTHBIM
apMHPOBAHHEM.

CrerneHb 00OXKaTHs JIMCTOB IIPH XOJIOJHOM IPOKATKE IMoIepeKk BoJIoKoH He Oonee 70—80%,
TaK KaK IpH OOJBIINX CTEIEHSX 00XaTHs BOJIOKHA pa3pyliarTcsa. B pesynbTaTe mpOYHOCTH
koMmmosuuu Al—AIlsNi B10JIb BOJTOKOH CTAHOBUTCS MEHBIIIE UCXOTHOM.

Kommosutmonnsie marepuansl A1—AlsNi 1 A1—CUuAl,; mpuMEHSIOT KaK KOHCTPYKIIMOHHBIH
MaTtepHal, a TaKKe JUIS M3rOTOBJCHHUS BBICOKOIIPOYHBIX DJIEKTPHUECKHX IPOBOJOB M KOHTAKTOB
AIEKTPUICCKHIX BBIKITFOYATEIICH.

10.4.2. OBTeKTHYECKHE KOMIIO3UIIMOHHbIE MAaTEePHAJIBI

HAa OCHOBC€ HUKEJIHA

KoMIo3nimonssle  Marepuanbl Ha OCHOBE HMKENS SIBILIFOTCS  KAPOIPOYHBIMM  MaTepHaIaMU.
OU3MKO-MEXaHMYECKUE CBOMCTBA HEKOTOPBIX KOMIIO3UIIMOHHBIX MAaT€pUaliOB IMPHUBEACHBI B TaOIl.
10.10.

Tabma 10.10. Pusrko-MEXaHNYECKHE CBOMCTBA ABTEKTUUYECKUX KOMITO3UIIMOHHBIX
MaTepraioB HA OCHOBE HUKEJIS

OOmas nons g
Marpuia E{IEES;: ynpcl%;opr)iem, tys, °C| p,rlem® I\ZlEEI’a I;'[lg:’ 3 ,%
BogokHucreie KOMITIO3WMITMOHHBIC MaTCpHUaIbl
Ni w 6 1500 — 830 — 45
Ni NbC 11 1328 8,8 890 — 9,5
Ni—Co—Cu—A1 | TaC 9 — 8,8 1650 — 5
IImacTuH4yaTeie KOMITIO3MITHUOHHBIC MaTCpHaJIbl
Ni NiBe 38—40 1157 — 918 215 9
Ni NisNb 26 1270 8,8 745 — 124
Ni—NizAl NisNb — 1270 — 1140 — 2,3
NisAl NisNb 44 1280 8,44 1240 24,2 0,8
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[TnacTrHYaThIE KOMITO3UIMH, COJEPKaIIe OOBEMHYIO 00 YIIPOUHSIOIEH (as3bl Ooee 33—
35%, otHOCATCS K XpymnkuM. K IDIACTHYHBIM OTHOCSTCS KOMITO3MIIMM HA OCHOBE HHKEIS C
coliepkaHueM OOBEeMHOHM N0 BOJOKOH 3—15% w3 kapOMmoB TaHTana, HHOOWS, TaHWI.
[IpouHocTs KapOHIOB OJIM3Ka K ITPOYHOCTH YCOB, MOJIYYCHHBIX M3 Tra30BOM (a3bl, U KojeOiIeTcs B
mpeaenax 600—1200 MI1a.

Iporiecc  mepopMupoBanmst HBTEKTHUECKMX Kommosuimii  Hukenms—kapoun (Ta, Nb, Hf)
COTIPOBO’KIACTCS HHTEHCHBHBIM JIpo0IieHreM ((hparMeHTaIiei) apMUPYIOIIHX BOJIOKOH. (DparMeHTarust
OXBaTBIBACT BCIO PabOUYIO 30HY M MPOUCXOIUT B IPOM3BOJILHOM CeUeHUH. PaspyriieHre BOJIOKOH TeM He
MEHee He TIPUBOJIMT K Pa3pyIICHUIO BCEH KOMIIO3UIINH, TIOCKOJIBKY Je(hOPMHUPYIOIIAsACS W BCIIC/ICTBHC
3TOTO YIPOYHSFOIIASCS MaT-
pHIla BOCIPUHMMACT HArpy3Ky, KOTOPYIO HECIHM pa3pyliarommecs BOJOKHA. PaspymieHne
KOMITO3HIIMH IIPOMCXOIUT TI0 JOCTIKEHUH BOJOKHAMU (B pe3yibrare (parMeHTalni) KpUTHIECKOM
JUTHHEL. JlernpoBanue HUKeIeBOH Marpulls! (Hampumep, Cu, Al 1 ApyruMH 2IEMEHTAaMH) ITOBBIIIACT
€¢ MPOYHOCTh BCIICJACTBHEC OOpa3oBaHUS TBEPAOIO pacTBOpa U BBIJACICHUS M3 HEro IpH
OXJIKJICHHH JUCIIEPCHBIX YacTull. [IOBBIIICHNE TPOYHOCTH MATPHIIbI B PE3YNIbTaTe €€ JICTHPOBAHMS
HEen30e)KHO TIPUBOJIAT K TIOBBIIIICHUTO TIPOYHOCTH BCEH KOMITO3UITHH.

[IpoyHOCTh  IIACTUHYATHIX ABTEKTHK BO3pAcTaeT C YMEHBIICHHEM MEKIUIACTUHYATOTO

PacCTOsTHMSI, KOTOPOE B CBOO OUYEPE/Ib 3aBUCUT OT CKOPOCTH OXJTasK ieHus1 KomrosuiwH (prc. 10.18).
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Puc.10.18. 3aBucumocTts o ractua4yatoit 3BTeKTHKH NizAl- NisNb o Temmieparypsl u ckopocTi
KPUCTALTU3AIUH

PazpyiieHne Xpynkux IUIACTHHYATHIX ABTEKTHK MPOKMCXOUT BCJEA 3a Pa3pylIeHHEM HEOOJIBIIIOro
YKCIIa TIACTHH.

ITpu MOBBIIIEHHBIX TEMIIEPATYPaxX IIACTUYHOCTH BOJIOKHUCTBIX OBTEKTHK HOHIKaeTcs. C pocToM
TeMIeparypsl  Ae(OPMaIMOHHOE YIIPOYHCHHE MATPHUIBI HE MPOMCXOJUT M OHAa HE CIOCOOHA
BOCIIPMHMMATH HAIIPSDKEHUS, TOSBISIONINECS B pe3yibTaTe (pparMeHTaui BOJOKOH. JpoOsienue
BOJIOKOH IIPH BBICOKMX TEMIICpaTypax IPOUCXOJUT B Y3KOH 0O0JIacTH, MpPHICTAIOIICH Hemo-
CPEICTBEHHO K 30HE pa3pylICHHS.

[Ipemen mIMTENBHON MMPOYHOCTH DBTEKTHUYECKHX KOMIIO3MIIMOHHBIX MAaTE€PUAIOB ITPEBOCXOJIAT
IpeAeNbl  UIMTENBHONM IPOYHOCTH  COBPEMEHHBIX KAPOIIPOUYHBIX CIUIABOB IIPH  PabOdmX
temmneparypax Boie 900 °C (puc. 10.19).
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Puc.10.19. Biusaue temnepatypsl Ha 100-4acoByro JTUTETBHYIO IPOYHOCTD KAPOIIPOYHBIX
HukmmeBx ciaBoB (1 —32U741, 2 —Dud37b, 3 —KC6, 4 — KC6®) u 3BTEKTUIECKHUX
kommno3uinonHbIx MaTepuanoB (5 — (Ni -NizAl)- NisNb, 6 - NizAl- NisNb)

DBTEKTHYECKHE KOMITO3HIIMOHHBIC MaTepyaibl HA OCHOBE HHUKEIISI IIPUMCHSIIOT B OCHOBHOM B
KOCMHYECKOM M PaKeTHON TEXHUKE IS M3TOTOBJICHHS COIIOBBIX paO0YMX JIOTIATOK M KPETIeKHBIX
JieTajiel Ta30TYpPOMHHBIX JIBUTATEIICH.

10.5. Komno3unuoHHble MATEPUAJIbI HA HEMETAILIMYECKOH OCHOBE

B kauectBe MaTpuIbl B KOMIIO3UIIMOHHBIX MaTepHAIAX HA HEMETAUTMYECKOM OCHOBE MCIIOJIB3YIOT
OTBEPIKJICHHBIC SIOKCHIHEIE, MOMA(HPHEIE, (PeHOJIBHEBIC, MOJIMaMUAHEIE B Apyrue cMokl. Hanbosee
pacmpoCTpaHeHbl KOMIIO3UIMH, apMHUPOBAHHBIC CTEKJITHHBIMH, YIJTIEPOJHBIMH, OpPraHAYECKUMH,
OOpHBIMHU U JIPYTHMMH BUJIAMH BOJIOKOH.

Komrosutsl, apMupoBaHHbBIE OTHOTUITHBIMHA BOJIOKHAMH, TTOJYYWIM HA3BaHUS IO YIPOUYHSIOIIEMY
BOJIOKHY. Tak, KOMIIO3HMIIMIO, COJICPKAIIYI0 HAMOJHUTEh B BHIC JUIMHHBIX CTEKIOBOJIOKOH,
PaCMOJIAraroIUXCsl  OPUEHTUPOBAHHO  OTJCIBHBIMH — TIPS/IIMH,  HA3bIBAIOT  OPUEHTHPOBAHHBIM
CTEKJIOBOJIOKHUTOM. HeopreHTHpOBaHHBIE CTEKJIOBOJIOKHUTHI COZEPKAT B KaueCTBE HATIOTHUTEIS
KOPOTKOE BOJIOKHO. B TOM citydae, eciti yImpo4YHHUTENEM SIBIISIETCS CTEKIIOTKAHb, — CTEKJIOTEKCTOJITOM.
KoMmo3uimmoHHbI MaTeprat, coiepKaliuii yriepoaHOe BOJIOKHO, Ha3bIBAIOT YIIICBOJIOKHUTOM, OOpHOE
BOJIOKHO — GOPOBOJIOKHUTOM, OPTAHMYECKOE BOJIOKHO — OPraHOBOJIOKHUTOM (OPTaHUTOM).

Kommo3uimiorHpIe MaTepraibl ¢ IMOJIMMEPHON MaTpHIICH OOHAPY)KUBAFOT IICJIBIA PsiT JJOCTOMHCTB,
CpeM KOTOPBIX CIIMyeT Ha3BaTh BBICOKWUE Y/IENbHBIC MPOYHOCTHBIE W YIIPYIHE XapaKTEPHCTUKH,
CTOMKOCTH K BO3JICHCTBHIO arpeCCUBHBIX CPEI, XOPOIIHE aHTH(PPHUKITMOHHBIC M (PPHKIIMOHHBIC CBOMCTBA
Hapsiy C BBICOKMMH TEIUIO3AIMTHBIMU M aMOPTH3AIMOHHBIMK CBOWCTBaMH. BMecTe ¢ TeM miacThku
MMEIOT ¥ HEZOCTATKU . HU3KYFO TIPOYHOCTH U YKECTKOCTh TIPH CKATUH M CIIBUTE, CHIDKEHHE TIPOYHOCTH TIPU
noBbieHny Temmeparypbl 10 100—200 °C, u3MmeHeHHe (PU3NKO-MEXaHHYECKHX XapaKTEPUCTUK IIPU
CTapEHUH U T10]T BO3ICHCTBUEM KITMMATHIECKUX (PaKTOPOB.

B mHacrosmiiee Bpems IJIaCTMKM TIOMy4YarOT BCe OOJIbIIIEe, MHTEHCMBHOE PACHPOCTPAHEHHE TIO

MIPUYHHE TIPOCTOTHI, TEXHOJIOTUYHOCTH | JICIIICBU3HBI TIPOM3BOJICTBA U3 HUX JETAJICH.
B xoMmo3uimm ¢ moJmMepHO MaTpUIIeH YCHIIUE OT MaTPUIThl K apMUPYIOIIIEMY MJIEMEHTY TepeaeTcs 3a
CUET CHJI MEKMOJIEKYJISIPHOTO B3aUMOJICHCTBUS M IMEET aIre3UOHHBIN Xapakrep. O0ecneunTh MPOYHYIO
CBSI3b MEXKIY BOJIOKHOM M MAaTpHIeii MOXKHO TIpH IIOJJHOM CMAUMBAHUM KUJIKOM CBSI3YFOIICH
VIIPOUHSIOIIMX BOJIOKOH. B 3TOM cilydae MOBEpXHOCTHAs SHEPrusi BOJIOKHA JIOJDKHA OBITH OOJIBIIE
TOBEPXHOCTHOTO HATSDKEHMS JKUAKOM Marpuibl. Cpeiy MOJMMEpOB JKUJKAsl SMOKCHIAHAS CMOJIa,
o6afaromas Heprueil MoBepXHOCTHOro HarsmkeHms 5:10° Jbr/M, nydine IpyruX MOIHAMEpOB
CMa4yMBaeT yrJIEpPOIHbIE U 6opHHe BOJIOKHA, OHEPTHs TIOBEPXHOCTH KOTOPBIX UMEET CIIEIYIOIIHe
snauenns: (2,7—5,8) -10° i/m® u 2:10° JI;K/M COOTBETCTBEHHO. Ha IpakTHKe MOBBIIICHUS SHEPTHH
TOBEPXHOCTH BOJIOKOH JIOCTUTAIOT, HAIIPUMED, TPABIICHUEM, OKHCIICHHEM, BUCKEPU3AITHECH.

WMznenns w3 KOMITO3UIIMOHHBIX MAaTE€pUAIOB C TIOJIMMEPHOM MAaTpuleld CTaparoTcsl TMOIydaTh
OJTHOBPEMEHHO C MarepuaiioM. HecMoTpsi Ha CpaBHUTEIILHO OOJIBIIYIO TPYIOEMKOCTh, B 3TOM CITydae
yaaeTcs HanoosIee TOJTHO PEeaTM30BaTh MPEUMYIIIECTBA KOMITOZUIIMH U CYILIECTBEHHO CHU3UTH CTOUMOCTh
JIeTaIH.

TexHomorusi MPOW3BOJACTBA M3ACIMN C TOJMMEPHON MarTpHliei, apMHPOBAaHHON BOJIOKHAMH,
BKJTFOYAET CJITYIOIINE OCHOBHBIE OTICPAITHH:
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1) moAroTOBKA YIPOUHSFOIIMX BOJIOKOH:

- yIIaJICHHE 3aMaCITBaTelIs;

- HAHECCHHE Ha TIOBEPXHOCTD BOIOOTTAIKMBAOIIMX TOKPBITHIA;

- CHOBaHHE, T. €. NIEPEMOTKA U YKJI/IbIBAHKUE BOJIOKOH (JICHT) B OJJHOHAIPABICHHYIO IMOJIOCY —
POBHUHY;

2) IPUTOTOBJICHHUE CBSBYFOIIIETO:

- IIPOBEPKa KOMITOHEHTOB CBSI3YIOILICTO;

- IPUTOTOBJICHHE CMECH KOMITOHEHTOB (KOMITayH/Ia);

3) mpomnuTKa:

- IIPOITUTKA BOJIOKOH CBSI3YIOIIIHM,;

- [O/ICYIIIMBAHUE U YaCTHIHOE OTBEPIKICHHC;

4) popmoBaHuE;

5) oTBepIK ICHHE;

6) yasieHre OnpaBKy;

7) KOHTPOJIb KaYeCTBa W3ICIIHIA;

8) mexannueckast JlopabOTKa M COSIMHEHHE C APYTUMH JCTASIMH.

10.5.1. CgoiicTBa KOMIO3ULUMOHHBIX MATEPHUAJIOB C NOJUMEPHOM
MaTpuuen

CTeKIJIOTUTACTHKH CO/IepKaT B KAYECTBE HAIOTHUTENS CTEKIITHHBIE BOJIOKHA!
HETPEPHIBHBIC B BU/IC HUTEH, )KT'YTOB U IOJIOC — TKaHEH Pa3IMIHOTO IJICTCHUS,
IMCKPETHBIE — PYOJICHBIE HITH IITAIeIbHbIE.

B opreHTHpOoBaHHBIX OHOHAIPABIICHHBIX CTEKIOBOJIOKHUTAX YIIPOYHSIONIME HEMPEPHIBHBIE BOJIOKHA
PAacCIIOJIOKEeHBI B OHOM HAIIPaBJICHUH — HAIPaBJICHUX JACUCTBUS HaArpy3ku. OIHOHAIpaBICHHBIE
CTEKJIOBOJIOKHUTBI OTJIMYAIOTCSI aHU30TponHel cBoiicTB. Hanboplryto NpoYHOCTh U )KECTKOCTh
TakMe KOMITO3UIIMM HMMEIOT BJOJb BOJIOKOH. OTOT HEJIOCTATOK YCTPAHSIOT B TIEPEKPECTHO
apMUPOBAHHBIX OPHEHTHPOBAHHBIX CTEKIIOIJIACTHKAX, B KOTOPBIX BOJIOKHA PACIOJIOKEHBI TI0
pa3nuuHbIM HarpaBiieHHsM. CTEKJIOBOJIOK-HUCThINA aHU30TpornHbIil Matepran (CBAM) conpepxut
CTEKJITHHBIE HUTH, KOTOpBIE MO BBIXOJAE W3 (QHIbEp, CKICEHHBIE MEXIy CO00 B MOJIOCH,
yKJIaJpIBatoT 3aTeM 1o 1 yriiom 90°. CBS3YIOMIMM B HUX BBICTYMAIOT PA3IUYHBIC CMOJIBL.

IIpu cooTHOIIEHHH TPOAOIBHBIX W momepednbix cioeB 1:1 (Bomoxkno E) CBAM mmeer
cienyroniue xapakrepuctiku: og = 460—500 MIla u moxyns ynpyrocta £ > 35 000 MIla. B
cirydae cootHomrenus cinoeB 10:1 mpenen mpouHocT Bo3pactaer g0 850—950 MIla, a moaynb
ynpyroctu — g0 58 000 MIla. OpHOHamNpaBlICHHBIH CTEKJIOBOJIOKHHUT, apMHPOBAHHBII
BBICOKOIIPOYHBIM BOJIOKHOM BM-1, oOHapyXuBaeT mpees MpoYyHOCTH B HAIIPABJICHUH BOJIOKOH
2100 MIla u momyns ynpyroctu 70 000 MITa.

[Tpo4HOCTh CTEKIIOBOJIOKHUTOB 33aBUCHUT OT OOBEMHOTO COJCP)KaHUS HANOJHHUTEIS U
MIOBBIIIACTCS C YBEITMUEHUEM €ro TI0 3aKOHY aJIUTUBHOCTH. ONTUMAaIIbHOE
COJICp)KaHWE HAIOJHUTENS cocTaBisier 65—67%. Ilpu OosblieM coJepKaHUU BOJIOKOH
BO3pACTaeT MOPUCTOCTHh CBSA3YIOIIETO, YTO BBI3BIBACT HEPABHOMEPHOE HATPY)KEHHE BOJIOKOH.
YMeHbIlIasg AuaMeTp BOJIOKOH M BBOJSA B MaTpuily MoHOKpuctamibl Al,Os, moOuBaroTcs
YBEIIMYCHUS MPOYHOCTH cTeKormiacTikoB 1o 2000—2400 MITa.

W3 crexnaHHBIX HUTEN IMOJIy4arOT TKAaHH, KOTOPBIC HCIIOJIB3YIOT B Ka4C€CTBE YII-POYHHTCIIA.
Crex/IsTHHBIE TKAaHU IO BUY IICPCIVICTCHUA HUTEH noapasgCc/LilOT Ha TKaHU IIOJIOTHAHOIO,
CapKeBOT0, CATHHOBOTO U KOpaoBoro mierenuii (puc. 10.20).
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HoB

Purc.10.20. Cxema meperuieTeHUs TKAaHEH: a — MOJIOTHSAHOE, O — cap)KeBOe, B - CATHHOBOE

TkaHM MONOTHSHOTO TUICTEHUS HAa MOBEPXHOCTH MMEIOT YaCTOE YEPEIOBAHUE MPOI0THHBIX
(ocHOBHBIX) ¥ momepedHbIX (YTOYHBIX) HHUTEH, YTO MPHUIAET TKAHUBBICOKYIO JKECTKOCTb.
CaTUHOBBIM TKaHSIM CBOMCTBEHHO 0oOJiee PEIKOoe IMeperieTeHue HUTEH. YUUTHIBAasi BBICOKYIO
XPYIKOCTh CTEKJIOBOJIOKOH, BO3MOXXHOCTh HMX B3aMMHOTO TIEPETUPAHUS M PA3PYIICHHS TIOJ
JaBJICHHEM, CTCKJIOTUIACTUKU (CTEKIIOTEKCTOJIUTHI) C YIPOYHHUTEIEM CATHHOBOTO IUICTCHHS
0oJiee TPOYHBI U JIydIlle padoTal0T B KOHCTPYKIIUSX.

KopnoBeie Tkanu copepaT yCHJICHHBIE HUTH OCHOBBI M TOHKHE, PEIKO PAaCIOJIOKEHHBIE
nornepevHpie HUTH. [Ipyu MpoM3BOCTBE M3CIU OCHOBHBIC HUTH YKJIAIBIBAIOT B HAIPaBICHUU
NEHUCTBUS HArpy3KM W OHHU BOCHPHHHMAIOT JCHCTBYIOIIME PACTATHUBAIOIINE HArPy3KH.
CTeKJIOIIaCTUKK, YIPOUYHEHHBIE TKAHBIO KOPJOBOIO TUICTEHHUS, OTJIMYAIOTCS 3HAYUTEIHLHOU
AHU30TPOITUECH CBOMCTB.

DU3NKO-MEXaHMYECKHE CBOMCTBA HEKOTOPBIX CTEKJIOIUIACTUKOB C  HAIMOJHUTEISIMHU
CaTHHOBOTO IUIeTEHUs puBeeHbI B Ta0r. 10.11.

Crexnorekcroaut tuma KACT Ha ¢eHonpopManbIeruIHON CBA3KE OTIMYACTCS HEBBICOKOMH
yIapHOH BsA3K0oCThI0. Hanboiplnas ynapHast BI3KOCTh IPH JIOCTATOYHO BBEICOKOH TEIIOCTONKOCTH
nocruraetcs B crekioruiactuke CT911-1A ¢ SmOKCUIHON CMOJION B KAUECTBE CBSA3KH.

HeopuentupoBanHbie CTEKIOBOJOKHUTHI COJIEPIKAT XaOTHYHO PACIOJIOKCHHBIC B INIOCKOCTH
(pesxe B TPOCTPAHCTBE) JAUCKPETHBIC, KOPOTKHE BOJIOKHA. J[IsI TakWX CTEKIOIIACTHKOB
XapakTepHa 0oJIbIas, Y4eM Y OPUEHTUPOBAHHBIX CTEKJIOIIACTUKOB, H30TPOTIUsS CBOMCTB. B TO ke
BpeMsI TTPOYHOCTh U JKECTKOCTh HEOPUEHTUPOBAHHBIX CTEKJIOIUIACTUKOB MEHBIIIE TPOYHOCTA U
KECTKOCTH OPUEHTHPOBAHHBIX cTeKIOILUIacTHKOB (puc. 10.21).
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Puc.10.21. ITpounocts opueHTHpOBaHHOTO (1) U HEOpHEHTUPOBAHHOTO (2) CTEKIIOIIACTHKA B
3aBUCHMOCTH OT COJICPIKAHMSI HATTOJTHUTEIIS

[LIOTHOCTh CTEKIOIIACTHKOB cocTaisier 1500—2000 kr/m°. B pesyisrate HX yjesbHbIE
XapaKTePUCTHKA TPOYHOCTH COMOCTaBUMBI C COOTBETCTBYIOIIUMH XapaKTCPHCTUKAMHU CTaJICH.
CTeKIIOIIIaCTHKA CHOCOOHBI muTenbHoe BpeMsi padotars mpu 200— 300 °C. TemmeparypHoe
BO3)I€I71CTBI/IG B HECKOJIBKO TBICAY I'padyCOB OHHM BBIJICPKHUBAIOT B TCUCHHUEC ACCATKOB CCKYHI, 4YTO
CBSI3aHO C OCOOCHHOCTSIMH TOBEICHHS CTEKJIOIUIACTHKOB TIPH ITOBBIIICHHBIX Temreparypax. [Ipu
JCUCTBUM OYCHH BBICOKHUX TEMIIEpATyp IMOBEPXHOCTHBIC CIIOW, BBI'OpAsi, BBIICIIIIOT Ta3000pa3HbIC
MIPOAYKThI JECTPYKIIUMH CBA3YIOIICTO. BBI)IGJI?[IOHII/ICC?I MOPpOAYKTHI, Iorjomasa TCIjoTy, YMCHbIIAIOT
TETUIOBOM TIOTOK, ITOJXOJISIINN K MOBEPXHOCTH CTEKIIOTUIacTHKA. OIDIaBICHUE CTEKIOHAIIOTHUTEIIS
MOBEPXHOCTHBIX 30H M 00pa30BaHHE HA TIOBEPXHOCTH CJIOS TEPMOCTOMKOrO KOKCA YMEHBIIIAIOT
TETJIOBOM TIOTOK BHYTPY MaTeprajia ¥ 3aMeJUISTIOT ITPOIIECC JeCTPYKIUH.
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Tabmuma 10.11. duzuko-MexaHHYECKUE CBOUCTBA HEKOTOPBIX CTEKIOTEKCTOIHTOB C HAIIOJTHUTEIEM CATHHOBOTO TJICTCHUS

ia)
B
o Q
= £ SEa g
[TpouHOCTH - °cSg | &8
Cassyromee | I110THOCTS, npu Moy, KC, o2 = C 2 §2 g =1
Marepuain YIPYIrOCTH, 9 esS s O &
BEILIECTBO kr/m3 PacCTsIKCHHH, kJx/M2 o F = g =2 2 S
MlIla == sE 2 |2
MIla 5 B =S8 |52
- = B =g
= = )
@]
=
KACT-B denondop- 1,5—18 300—500 18 000—25 000 |60—90 |0,01—0,05 3,8—8,0 |200
MaJibIeru Has
cMouia
BDT-C » 1,7—8 450—550 22 000 90—125 |0,01—0,02 4,25-45 |200
CK-90A Kpemuwuiiop- |1,8—1,9 150—350 18 000—25 000 |105 0,02—0,05 3,8—7,0 |250
raHnyecKast
cMoJia
Cr-911-IA  |Onokcumnas |1,65—1,75 [400—600 21000 480 0,023—0,025 |4,25—4,5 (200
cMolia
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JlnuTenbHasi TMPOYHOCTh CTEKJIOMJIACTUKOB 3aBUCUT OT HMX COCTaBa, BIAXKHOCTH H
TeMIIepaTypbl OKPYXKAIOUIEH CpeAbl, YPOBHSA NEHCTBYIOIIMX HamnpsokeHuid. Jlydmme cBoiicTBa
00HapyKMBalOT CTEKJIOIUIACTUKM Ha OCHOBE JIMOKCUIHOW U (eHosihop-MaibAEeruaHON CMOJ.
OT/IeNbHbIE CTEKTOTEKCTONNTEI CIIOCOOHBI BHIACPKUBATE TIPH H3rH6e 10 1,5-10 iKIIoB.

JInHaMU4ecKoe COTPOTHUBIICHHE YCTAJOCTH CTEKIIOTEKCTOJIMTOB HA PAa3IMYHOW MaTPUUHOM
OCHOBE TpuBeieHbI Ha puc. 10.22.
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Fae, 10.22. Minauieckes COTPOTHENE]HR
YCTATOCTH CTEKIDMIACTHEDR KA denonfiop-
manbaerHisaed (1), anoxcupaott (23, nom-
adwprcii (3), EpesondioprammeckoBi (4)
MIT LR

[To nmemmdupyrOmMUM CBOMCTBAM CTEKJIOILUIACTHKH IIPEBOCXOAAT METAIIBI M XOPOIIO
paboTaroT B YCIIOBUSX BHOpAIIHH.

[To mpuMeHEHHIO CTEKJIOIIACTUKH JACNAT Ha KOHCTPYKIIHOHHBIC, AJICKTPOTEXHUYSCKHE MU
pamuoTeXHUYeckne. B kadecTBe  KOHCTPYKIIMOHHOTO  MaTepHaja  HCIOJB3YIOT — Kak
OJTHOHAITPaBJICHHBIC, TAaK 1 HCOPUEHTUPOBAHHBIC CTEKIIOTIACTHUKH.

OpmHoHAIpaBIICHHBIC CTCKIIOBOJIOKHUTHI MMPUMEHSIOT IS M3TOTOBJICHUS TPYO M Pa3IUUIHBIX
npoduiiel, B KOTOPBIX B YCJIOBHSAX SKCIUTyaTalldd HArpy3KHd HaIIpaBIICHBI 10 JITMHE JICTAJIH.
[Tonocer nimm poduIbHBIC HAKIAIKA U3 OJTHOHAIIPABICHHBIX CTEKJIOIIACTUKOB HAKJICHUBAIOT Ha
HanOoJiee Harpy)KCHHBIC CCUSHHs JETald 110 €€ JUIMHE, TEM CaMbBIM BBITIOJHSIOT MECTHOC
YIPOYHEHUE KOHCTPYKIIMH. DTO JIaeT SKOHOMHIO PacxXoja KOHCTPYKIIMOHHBIX MaTEpHAJIOB U
MO3BOJISICT HMCIOJIB30BaTh METOABl TMPOCKTHPOBAHMS, pPa3padOTaHHBIC I METAUIMYCCKUX
KOHCTPYKIUH.

HeopuenTupoBaHHbIC IUIACTUKH TPHUMEHSIOT B  IIPOM3BOJCTBE KOPIYCOB  JIOJOK,
aBTOMOOMIICH, KaTepoB, MeOeH, MOKPHITUHA TOJIOB, OOJMIIOBKH OBITOBBIX M KEIC300CTOHHBIX
KOHCTPYKIIUH, CHJIOBBIX JETaJIel JIEKTPOOOOPYIOBaHHUS.

Marepuaiisl ¢ MepeKpPECTHBIM apPMUPOBAHUEM HCIIOJB3YIOT B KOHCTPYKIIMAX THITA 000JI0YEK,
B CCKIMAX KPBUIBEB, XBOCTOBOTO OIlepeHHs M (ro3eiisbka camMoJieToB. M3 ATUX MarepualioB
MMPOU3BOIAT IUIUTHI, TPYOBI, KOPITyCa pakeT M TBEPAOTOILIMBHBIX JIBUTATENICH, COCY/IBI BBICOKOTO
JABJICHUS, JIOTIACTH BEPTOJICTOB, PaIMOJOKAIMOHHBIC OOTEKaTeIH, TOIUIMBHBIC OaKH, Ipecc-
(hopMBI, M30JIATOPHI IS DJICKTPOABUTATEICH W TpaHCHOPMATOPOB, (PyTEPOBKY €MKOCTEH s
XUMHUYECKOTO MAIIMHOCTPOCHUS U APYTUE U3ACTUS IS PA3IMYHbIX 00JIacTel TEXHUKH.

Yraemnactuku  (KapOOBOJOKHUTBI). ITO  KOMIIO3MIIMOHHBIE MaTepUalbl Ha OCHOBE
MoJMaMua SIOKCHIHOW, SMOKCHUTPU(PEHOIBHON H APYrHMX CMOJ Pa3JIMYHOTO COCTaBa C
VOPOYHUTEISIMU W3  YIJIEPOJIHBIX BOJIOKOH. OTBEpKACHHE CBS3YIOIIMX TMPOUCXOAUT 0Oe€3
BBIJICJICHUS HU3KOMOJICKYJISIPHBIX ~coeauHeHui. B pesymbrare GopMmupoBaHWE U3IETHIA
BO3MOXXHO TIPM HEBBICOKOM [IaBJIEHWH, YTO IIO3BOJISIET COXPAHHUTHh IICJIOCTHOCTh XPYIMKHX
YIOPOYHSIOMUX BOJOKOH. CMOJIBI TIJIOXO CMAYMBAIOT YTJIEPOIHOE BOJIOKHO, MOATOMY BOJIOKHA
MIPEABAPUTEIILHO TTOIBEPTatOT TPABJICHUIO, BUCKEPU3AITUH.

YHIpoYHUTEN UCIIONIB3YIOT B BHJe kTyToB BM3, BM4 u tkaneBsix sent JIY1, JIV2, JIY3,
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BBITIOJIHEHHBIX W3 BBICOKOMPOYHBIX M BBICOKOMOJYJIBHBIX YIJEpOIHBIX BOJIOKOH. CocTaB u
cBoiicTBa yrieractiukoB Tana KMY npencrasnens B Tada. 10.12.

Tabmuma 10.12. CocraB u (pU3NKO-MEXaHNIECKUE CBOWCTBA YIIICTNIACTUKOB

3

Mapka Marepnan Ynpounurens

ITnoTHOCTE, KI/M
IIpoyHOCTH BIIOJIH BOJIOKOH ,
MlIa
Moy yrpyrocti-10° , MITa
[Tpenen BRIHOCIUBOCTH Ha Oa3e
10"umkmnos,MIla
IIpenen nmpounoctu 3a 1000y,
MlIa
Pabouas Temmepartypa, °c

KMY-1 | 5pokenpudenonsmas | Kryr BMH-3 | 1500 | 740 | 160 | 350 | 660

KMY-4 cmona JKryr BMH-4 | 1500 | 1200 | 180 | 500 | 880

KMY-1r Jlenra JIV-2 | 1400 | 650 | 120 | 300 | 600 | 300
THonmnumun

KMY-21 JKryr BMH-4 | 1400 | 900 | 140 | 400 | 800 | 300

KMy-3 | OnoxcHbeotbhas JlentaJTV-2 | 1400 | 650 | 120 | 300 | 600 | 200

Pabouast TemmepaTypa yIJICINIaCTHKOB OIpeaeiseTcs WX cBs3yromiel. Hambonee BbICOKHe
paboune Temreparypbl UMEIOT CTEKJIOTIACTUKY Ha TIOJTMMMUIHOM OCHOBE.

[To ynenpHOW TPOYHOCTH U IKECTKOCTH YIJICIUIACTHKU CYIIECTBEHHO TPEBOCXOIAT
CTEKJIOTUTACTHKH, CTallb, AJIOMHUHUEBBIE W THTAHOBBIC CIuiaBbl. Cnabas aAre3MoHHAsl CBS3b
MMOJTUMEPHON CBSI3YIOIIEH C YIJIEPOJHBIM BOJIOKHOM OOYCIIOBIMBAECT UX ITOHIKCHHYIO
MIPOYHOCTH MPU MeXciIoeBoM casure. [Ipounocts crexiomnactuka KMVY-1B, apmupoBanHOTO
BHCKCPHU30BAHHBIM YTJIEPOHBIM JKI'YTOM, HMEET IIPOYHOCTh MPH MeKciIoiHOM casure g0 100
MITa.

AHUBOTpONHSI CBOMCTB Yy VIJICTUIACTMKOB BBIpaXEHA emie 0Oojiee pe3ko, 4YeM Yy
CTEKJIOTUTACTHKOB.

OTHoIIIeHHE MOJTyJICH YIPYTrOCTH HAIOJHUTENIS U MaTpHIlBl Y yriemiacTukoB gocturaetr 100, B
TO BpemMs Kak y  crexiomractukoB — ~30. Kpome  Toro, ympouHsroniue
HAMpaBJICHUSIM BJOJb M TEPICHAUKYIIPHO OCH BOJIOKOH, YTO JOIOJHUTEIBHO BBI3BIBACT
MOBBIIICHHYIO UX aHU30TPOITHOCTb.

VriaennacTUK\ OTJIMYAIOTCS BBICOKMM YCTAJIOCTHBIM COIIPOTHBIICHHEM Harpy3kam B
pe3yapTare MeHbIIed aegopManui, YeM Yy CTEKJIOIUIACTHKOB, IIPH OJWHAKOBOM YPOBHE
HAMpsDKCHUH, 9TO CHIDKAET PaCTPECKUBAHNE MATPHIIHI.

Ilo BUOpPOIPOYHOCTH M JEeMII(PHUPYIOMIEH CHOCOOHOCTH VIVICINIACTUKH IPEBOCXOIAT
MHOTHE MeTalIbl. BBICOKas TEIUIONMPOBOIHOCTh YIIIEPOJIHBIX BOJOKOH CIOCOOCTBYET
pacCcerBaHMUIO DHEPrHM KOJICOAHMM ¥ CHIDKAeT camMoOpa3orpeB MaTepana 3a CUYeT CHII
BHYTPEHHETO TPEHUSI.

BoicokOoMOTynTbHBIC ~ YIJIEpOAHBIC  BOJIOKHA, O0Mamasl  HU3KUM  OTPHIATCIBHBIM
KO3 (OUIMECHTOM TEPMHYCCKOTO PACIIMPESHUS, TPHAAIOT YIjeIIacTHKaM ocoOble CBOMCTBA,
pacIupsIONIAe IUalma30H WX IpUMEHEHHWs. JleTranmu, BBIMOJHECHHBIC M3 YIJICIUIACTHKA, C
W3MCHCHHEM TeMIIepaTypbl Majo H3MEHSIOT pa3Mmepbl u (popmy. M3-3a JOBONBHO BBICOKOM
3JICKTPOIIPOBOJHOCTH CTEKJIOIUIACTHKY IMTPUMEHSIOT KaK aHTHCTATHKH U 3JICKTPOOOOTpEBAIOIINE
MaTepHabl.

Bombmioe pacripocTpaHeHHE YIIICTUIACTHKHN TIOMYYHIIA KaK KOHCTPYKIIMOHHBIM MaTepHuajl B
OTpacisaX HOBOM TCXHWKH. aBHAIlWs, KOCMOHABTHKA, SJCpHAs TEeXHUKA. V3 HHX MpOM3BOIAT
KOHCTPYKIIUH, paboTaroIue Ha YCTOWYMBOCTBH ITOJ] BO3JICHCTBHEM BHEIIHErO H3THOAIOIIETO
MOMCHTA, JaBJICHHWS. JIOTIACTH HECYIIEro BHHTA BEPTOJICTOB; KOpIyca KoMIIpeccopa H
BEHTWJISITOPA, BEHTWJISTOPHBIE JIOMATKH, TUCKH CTaTopa M POTOpa KOMIIpeccopa HHU3KOTO
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JIABJICHUS aBUAIMOHHBIX JBUrateieid. B pe3ynbprare MpUMEHEHHs B 3THUX y3JIaX YIJICILIACTHKOB
B3aMCH METAJJIOB Macca JABUTaTens cHkaercs Ha 15—20%.

B KocMHUecKo# TEXHHMKE M3 YIICINIACTHKOB M3TOTABJIMBAIOT MAHEM COJIHEYHBIX Oarapei,
0aJUTOHBI BBICOKOTO JIABJICHHMS, TEIUIO3AIMTHBIC TOKPBITHSA. [IpuMEeHEeHWEe YIriIeINIaCTHKOB B
KOHCTPYKITUSAX CAMOJICTOB CIICP)KUBACTCS HEM30EKHOW NCPEKTHOCTHIO UX CTPYKTYPBI B BHUJC
TPEIIWH, TIOp, OTCIOCHWH, KOTOpas 3akKiaJbIBAacTCs HA HAYAIBHOH CTaJUHd CMaddBaHUS
HAIOJIHUTENST JKUIKOW MarpuIeii. TpemuHsl Ha BOJIOKHAX YMEHBINAIOT ITOBEPXHOCTH
Mex(a3HOTO B3aWMOJICHCTBHS W TOBBIMIAIOT KOHIIEHTPAITUIO HANMPSHKCHUH B OTBEPXKIACMOM
MaTpHIIe.

VYTIemiacTuke, Kak XUMHYSCKHA CTOWKHIA MaTepuall, IPUMEHSIOT B IIPOU3BOJICTBE HACOCOB
JUTS TIePEKaYKH KOPPO3UOHHOAKTHBHBIX CPE/I.

BopoBOJOKHUTHI COJepKaT B KAYeCTBE apMHPYIOMIETO HAIOJHUTENSI OOpHBIEC BOJIOKHA.
BopHbIe BOJIOKHA MCTOIB3YIOTCS B BHJIC OTACIBHBIX HUTEH HEMPEPHIBHON JUIMHBI JUAMETPOM
100 mm 150 MKM, OJHOHANPABICHHBIX JICHT PA3IMYHON IIMPUHBI, B KOTOPHIX MapajuieIbHbIC
OOpHBIC BOJIOKHA CIUICTCHBI CTCKJISTHHOM HUTBIO I TNpUAaHuS (HOPMOYCTOMUYMBOCTH,
JIMCTOBOTO IIMOHA, TKAHEH.

B Goporutactrkax MaTpuiend ciayxar MOIUGUIIMPOBAHHBIE TOKCHIHBIC W TTOJTHAMHUTHBIC
CMOJIBI.

bopoBomokuutet KMb-1 u KMbB-1K Ha »smnokcHIiaHaTHOM CBSI3YIOIIEM CIOCOOHBI
matensHoe Bpems padorars mpu 200 °C. BopoBonokaur KMB-2K Ha ocHOBEe aMUIUMUIHOTO
CBsI3yIONIEero uMeeT padouyro temmneparypy 300 °C. Mare-

puaisl KMB-3, KMB-3K Ha 0CHOBE SIMOKCHIHOM CBS3YIOIIEH paObOTOCIIOCOOHBI IIPH TEMIIEpaTypax 10
100 °C; HO OTJIMYAFOTCS TEXHOJOTMYHOCTHIO M TOBBIICHHBIMK [TPOYHOCTHBIMU CBOWCTBAMH (Ta0II.
10.13).

Ta6mima 10.13. CocraB 1 pH3HKO-MEXaHUUESCKHE CBOMCTBA OOPOBOJIOKHHTOB

Mpenen | o =
MPOYHOCTH T'.“ < é
pH = = z
= |52 |E |
Mapka | Marpuua |= = é gz g =
= S S = a | a,
; ! < ;\‘ o QO = s g
3 = = o g 2 |8 |S
A S = 7 5 |ES |5
S = = > = 57| ¢
S - ~ a2
E |5 |E S|B9 |58 E
) & = = o |HO |2
= g % (@) o 53 [oX] ‘\g
= o S Se |28 I:Q:g [aW
KMB-1 |Onokcumso- (2000 (1200 |— |— |— —
KMB-1K |muanat 2000 |900 |920 |214 |350 |1220| 200
KMB-2K |Amumonmi 2000 1000 |1250({260 (400 |1200| 300
KMB-3J1 |OnokenmHast 2000 |1500 [1500(260 |420 |1300| 100
MO (DAL
poBaHHAas

MexaHuueckre CBOWMCTBA OOpOIUIACTUKOB TMOJUMHSIOTCS OOIIMM JUIsl apMHUPOBAHHBIX CHCTEM
3aKOHOMEPHOCTSIM U 3aBUCAT OT Cozieprkanus BojokHa (prc. 10.23 u 10.24).
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Puc.10.23. 3aBucuMOCTh MEXaHUYECKUX CBOMCTB OopoBosiokHITa KMbB-1 0T conepkanus
OOpHOTO BOJIOKHA: 1 —MOJIy/Ib YIIPYTOCTH, 2 — IIPeeIl TPOYHOCTH IIPU U3ruode, 3 — MOy
cnBUTa, 4 — 1peest MPOYHOCTH TIPU CIBUTE
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15004
2
1000
Sm.
3
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Puc.10.24. 3aBucMMOMTH pa3pyIIearomiero H3ru0aroIero HarpspkeHus 00pOBOJIOKHUTOB €
Pa3IMYHBIMU MAaTPULIAMH OT TeMIepaTyphl: 1 — smokcuaHast, 2 — HOIUMUIHAS, 3 —
KpPEMHHMHOpraHn4yecKas

[IpouHocTHBIE CBOMCTBA B HAMPABICHUM APMHUPOBAHMS CYIIIECTBEHHO YMEHBIAIOTCS B CIIydae
VICKPUBJICHUSI BOJIOKOH M HAJMYMs TOp B CBsByolled Mmatpuie. [losiBiieHre mop 4amie CBS3aHO C
OTKJIOHEHHEM PE&KHMA OTBEPYKIICHUS CBSI3YFOILIETO BEIIECTBA OT ONTUMATBLHOTO PEXKMMA.

[IpouHocTs GopoIIacTUKOB MpH Ckatik Ha 20—30% BBIIIIE, YeM IPH PACTSHKEHHH, YTO OO0YCIOBICHO
Pa3TMYHBIM TIOBEZICHHEM JIehEKTOB Ha TOBEPXHOCTH BOJIOKHA TIOJ JICHCTBHEM CKUMAIOIIMX W PACTSTH-

BaFOIIMX HArpy3oK. Sdercras cTpykTypa OOpPHOTO BOJIOKHA OOCCITIEUMBACT BBICOKYIO IPOYHOCTH OOpOIDIa-
CTHIKOB TIPH CJIBUTE H CPE3E.

BopHbIe BOJIOKHA, SIBISISICH ITOJTYIIPOBOJHUKAMHM, TPUIAIOT 6opo TUIACTHKAM TTOBBIIICHHYIO
TEIIONPOBOHOCTh | SMEKTPONPOBOIHOCTS! A = 43 k]Il (mK);_py = 1,9410" Omen; € = 126—205
(upu gactote Toka 10” T'ny); tg & = 0,02— 0,05 (mipu wactore Toka 10 Fu)

Hanbonpiee mprmMeHeHre 00-poIUIacTHKKA HAILIA B aBHAIMOHHOM M KOCMHYECKOM TexXHHKe. VX
BBICOKasT TIPOYHOCTh M YKECTKOCTh TPU CKATHUH HCTIONIB3YIOTCS B KOHCTPYKIUSIX JICTAICH JIeTaTelTbHBIX
armaparoB. OAJIOK, CTPUHIEPOB, CTOCK ImaccH. LIIMpoKo WCIonB3yroTcss OOPOIUIACTMKHA B KadecTBE
TOAKPEIUISTIONINX  YCHIMBAIOIINX 3JIEMEHTOB METAUIMYCCKHX CHJIOBBIX KOHCTPYKITHH, OaHIIaKHBIX
JICKOB U POTOPOB KOMIIPECCOPOB T'a30TYPOMHHBIX JABUTaresieil. Tak, MpUMEHEHUE YITPOUHSIOIIX KOJIeI]
13 OOPOBOJIOKHA B KOHCTPYKIMH JMCKA, BBIIOJHEHHOTO W3 THTAHOBOTO CIUIABA, KOMIIPECccopa raso-
TYPOMHHOTO JBHTaTeNisl yMeHbInaer ero maccy Ha 40% mpu coXpaHeHHWH TOKazarelici HaJe:)KHOCTH H
IMPOYHOCTHU U3IACIINA.

Mexanundeckas 00paOOTKa OOPOBOJOKHHTOB 3arpylHEHa M JUIA €€ IIPOBESICHMS IPHMEHSIOT
JOPOTOCTOSIILIMI aJTIMA3HBIN U TBEPIOCIUIABHBIN HHCTPYMEHT.

OpraHoBOJIOKHUTbI — KOMITO3UIIMOHHBIE MAaTePUabl, COCTOSIIUE U3 MOJMMEPHON MATPHIIBI
Y HAIOJTHUTEIICH — CHHTETUYECKUX BOJIOKOH —> KallpOHa, HUTPOHA, HAlJIOHA, JTaBCaHa.
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TexHONOTHsT M3rOTOBJICHHS OPTraHUTOB OTJIMYACTCS OT TEXHOJOTHH TIPOHM3BOJICTBA CTEKIIO- W
VIJICTUTACTUKOB. BBICOKasi MPOYHOCTh OPraHOIUIACTHUKOB PEAIM3yeTCs TPH BEChMa TOYHOW YKIIajKe
BOJIOKOH. HapyIieHust yKITaki BOJIOKOH B KOMITO3HITHOHHOM MaTepraie IMoClie IepepadOTKH BbI3bIBAIOT
WX CHJIBHYIO 1e(hOPMHUPYEMOCTb U, KaK CIICZICTBUE, CHIDKCHHE MX TIPOYHOCTH B 2—5 pa3 10 CPaBHEHHIO C
BOJIOKHAMH JIO TTePepabOTKH.

[Tpupoya BONOKHA ¥ MaTPHUITBl OJWHAKOBA, TIO3TOMY are3us CBSI3YIOMICTO K HAIOJHUTEIIO H3-3a
XUMHYECKOTO B3aMMOJICHCTBUSI MKy HAMHU BBICOKA. 3HAYMTEIIbHAS aAre3MOHHAs MPOYHOCTH MEXKITY
MaTpuIleii W BOJIOKHOM, OJM30CTh 3HAYCHHH WX TEMIICPaTypHbIX KOA(PQUITMEHTOB JMHEHHOIO
pacIIMpeHus] TIO3BOJIIIOT TOJIydaTh OPraHOIUIACTHKUA ¢ Oe3/e(eKTHOM, MpaKTHYeCKH OeCTIOpHCTOM
(mopucrocts 1—3%) CTPYKTYpO#i ¥ CTAOMIBHBIMI MEXaHHYECKUMH CBOMCTBAMIL.

BonokHa yrmpoyHHUTENs OTIIMYAt0TCsl HEOTHOPOAHOM CTPYKTYPOH, COCTOSIIEH M3 OPHEHTHUPOBAHHBIX
MaKpOMOJIEKYlI M HMX COBOKYIMHOCTH — (uOpmwwt. OpueHTtanus (GuOprIIT ¥ MaKpOMOJICKYlI B
HaIlpaBJICHUH OCH BOJIOKHA MPUJACT BOJIOKHAM BBICOKHE 3HAUCHHS IIPOYHOCTH M KECTKOCTHU IIPH
pacTsDKeHUH. B OTHENBHBIX 3JIEMEHTax, BCICACTBHE €ro HEOJHOPOIHOCTH, BO3HHUKAIOT
pasiInyHbIe HANPSHKEHHBIC COCTOSHMSA. MeXIy 3JeMEHTaMH BOJIOKHA B Pe3y/IbTaTe BO3HUKAIOT
HaIPsDKEHUS CABUIa, IPUBOAMAIINE K PACIICIUICHUIO BOJIOKHA BIIOJIb OCH, a 3aT€M U pa3pyliie-
HU. Takol paspbiB YIPOYHSIOIMIMX BOJOKOH BBI3BIBACT 3HAYUTEIBHYIO pabOTy pa3pyllcHUs
KOMIIO3HUIIMH B 1ieJIoM. Tak, YAapHas BA3KOCTh OPraHOIUIACTHKA C HIACTHIHBIM HAMOJIHHTEICM
cocrasster 600—700 k/Ix/m”.

MexaHn4ecKre CBOMCTBA OPraHOIUIACTHKOB 3aBHCAT OT THma BojokHa (tabm. 10.14).
OObeMHas 10Ji BOJOKOH coctaBisger 35—37%.

Cnabble MEXMOJICKYJISIPHBIC CBSI3M B BOJIOKHAX-yIIPOYHUTCISIX — TMPHYAHA HHU3KOH
MIPOYHOCTH U KECTKOCTH OPraHOBOJIOKHUTOB IIPH CYKATHH.

Tab6muna 10.14. MexaHn4yeckue CBOMCTBA OPraHOILIACTHKOB C Pa3IMIHBIMHU

YIPOYHHTEIISIMA
[Ipounocts, Mlla, npu
Martpuna Apmupyromiee
BOJIOKHO u3rube PaCTSDKCHUH
JlaBcan 102 —
DHoKCHIHAsA CMOJIa [MomarmuaHoe (apmr) 170 117
[MommamuHOE ((heHHIOH) 222 142
CBM 351 550

[MpenensHast gedopmaiius MPU CHKATHH OIMPEACIACTCS HMCKPHUBICHHEM BOJOKOH, a HE HX
paspyieHUuEeM.

Yamie B KayecTBE YIPOUYHHUTENS IMPUMEHSIOT BBICOKOMPOYHOE CHHTETHYECKOE BOJIOKHO
moaudunupoBannoe (CBM), a marpuiia — smokcuaHas, smokcuruanatHas (opramut 5T),
snokcupenonsHas (opranur 7T u 7TO), snokcuHoBostaynas (opranut 10T). OpraHuThl UMEIOT
BBICOKYIO TPOYHOCTh TPU JAMHAMHYECKOM M CTaTHYECKOM Harpy:keHuHu. I[IpoyHOCTH W
KECTKOCTh OPraHUTOB CaMbIM CYIIIECTBEHHBIM O0pa30M 3aBHUCAT OT CTPYKTYPHI HAIOJIHHUTEIIS
(ta6m. 10.15). BoBIIMHCTBO OPraHUTOB MOKET JUTUTENILHOE Bpems padotath npu 100—150 °C.

JIOTIOTHUTEIPHOE apMHUPOBAHUE OPraHOBOJOKHHUTOB, HAMPHUMEP, YIVIEPOAHBIMU WM
OOPHBIMH BOJIOKHAMH, 3aTPYIHSIOINIMMHA HCKPUBJICHUE OPraHMYCCKMX BOJIOKOH, TMOBBIMIACT MX
MIPOYHOCTD ITPU CHKATHH.

CTpyKTypa TKaHH, apMHUPYIOLIEH OPraHUT, B OCHOBHOM 3aBHUCHT OT KOHCTPYKIMH JCTaIH
(koH(HTrypaIuK, TOJIIHUHBI MOHOCIIOS), TEXHOJIOTHH (DOPMUPOBAHHUSI.

OpranuTel OOHAPYXHBAIOT BBICOKOE COMPOTHBICHHE 3HAKOMEPEMEHHBIM Harpy3kam u
BBICOKHE TEIJIO3AIMTHBIC CBOWCTBA.

OpraHoBOJIOKHHATHI HCIIONB3YIOT B AJIEMEHTAX HECYIIMX W BCIIOMOTATENbHBIX KOHCTPYKIIHHA
COBPEMEHHBIX CaMOJIETOB M BEPTOJETOB. VX MNPUMEHSIOT Uit OOIIMBKH CaMOJIETOB U
BEPTOJIETOB, JIOMACTEH HECYIIMX BHHTOB BEPTOJIETOB, MOJ KPEIUIIOMIMX JJIEMEHTOB OalloK, B
MaHeJSIX TI0J1a, B COTOBBIX KOHCTPYKIUsAX. I[lpumenenue opraHoBojokHuTOB Ha 20—40%
CHMIKAET MaccCy JeTalel MPHU COXPAHEHUH MX DKCILTYaTaAllMOHHOW HAJIEKHOCTH.



Tabnuma 10.15. Cocra u pU3HKO-MEXaHUYECKHE CBOMICTBAa OPTaHUTOB
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10.5.2. O6paboTKa H coeTMHEHHE KOMITO3UIIMOHHBIX
MAaTepHaJioB

Ha mpakTtuke dacto BO3HHKaeT HEOOXOJAMMOCTh COCAUHEHUS JeTaied Y3J0B U3
KOMITO3UIIMOHHBIX MaTEPUaJIOB MEXTy COOOM M ¢ KOHCTPYKIMSIMH, BBIITOJIHEHHBIMU M3 METAJIJIOB
U CIUIaBOB. B 3TOM ciywyae 3amaya CBOJUTCA K 0OECIICUCHUIO PABHOMPOY-HOCTU COCIMHEHUS C
OCHOBHBIM MaTepuaioM. CoeauHeHHe KOMIIO3UIIMOHHOTO MaTepuaia IPOU3BOJIUTCS Yepes3
MaTrpuily, M0 MPOYHOCTH CYIIECTBEHHO YCTYIAIOUIEH BOJIOKHaM. B MecTe coennHEHHs] BOJIOKHA
MIPETEPIIEBAIOT PA3PBIBBI M Ul 00ECHEUCHUsT MPOYHOCTH COCTUHEHUS HEOOXOMMO HCIOJIb30BaTh
OosbIKe epekpbIThsa. OTHOIIEHHE [UTMHBI IEPEKPBITHS K TOJIIMHE MaTepraiia 00baHO He MeHee 20.

K MeramnyeckuM KOMITO3UIIMOHHBIM MaTepuajaM IPUMEHUMbl METOAbl COEIUHEHUS
TOYEeYHOU U MU Py3MOHHON CBapKOH, MaKo, ¢ MOMOILbIO OOJITOB, 3aKJIETIOK U KIIEEB.

Haubosnee HameXHBIM M JIEHIEBBIM CIHOCOOOM COCIMHEHHUS KOMITO3MIIMOHHBIX MAaTepHajioB
SIBJISIETCSl TOYEUYHasi CBapka. BBICOKOE KayecTBO M HANIEKHOCTh COCIUHEHUSI 00€CIIeUUBAIOTCS
peXUMaMu CBapKH, MPU KOTOPBIX YIPOYHSIOIIME BOJOKHA HE IOJBEPrarTCs IJIUTEIbHOMY
HarpeBy U He nepepe3aroTcs. CBapka KOMIO3UIIMOHHBIX MATEPUAIIOB TPEOYET TIIATEILHOrO BhIOOpa
PEKUMOB, KOTOPBIE PEATU3yIOTCS Ha OOBIYHOM CBapOYHOM OOOPYAOBaHHMU WM YCOBEPUICHCTBOBAHHOM,
obecreurBarolieM Ooyee IIaBHOE PEryIMPOBaHUE TABJICHUS U TEMIICPATYPhI.

CoenuHeHNE C TOMOIIBI0 OONTOB U 3aKJIENOK MeHee dPPEKTUBHO, YEM COECIUHEHUE, MOIyYCHHOE
TOYEYHOU cBapkoii. CBepiicHUEe OTBEPCTUI HEM30EKHO CBSI3aHO C Pa3pyIICHUEM BOJIIOKOH, H MPOYHOCTD
TaKuXx COCZII/IHCHI/Iﬁ 3aBUCHUT OT IMPOYHOCTU MaTcpurajia MaTpUlbl. HpO‘IHOCTB 6OJ'ITOBBIX N 3aKJICIIOYHBIX
COCIMHCHUH  TOBBIMIAIOT  JIOTIOJHUTENBHBIM  TEPEKPECTHBIM — apMHUpOBaHHEM UX (Qombsroi w3
KOPPO3MOHHOCTOMKHMX CTajiel, cIuiaBoB. Bo n30ekaHHE TOJOMOK BOJIOKOH (Hampumep, OOpHBIX)
BHEIIHUHN ClIoi MaTpuibl JOJIKECH GBITB He oueHbh TOHKMM. Bemnumna YCniida HaTATMBaHUA 6OJ'ITOB u
3aKJICTIOK KOHTPOJIMPYETCS U YCTaHABIMBACTCS B 3aBUCHMOCTH OT KaueCTBa COSMHACMBIX MaTEpHAIOB.

[Tpo4HOCTh KJICEBBIX COCAMHEHHUH 3aBUCUT OT CIIOCO0A M KAayeCcTBA MOJATOTOBKH MOBEPXHOCTH. s
OUHCTKM MOBEPXHOCTEW COEAMHEHUS OT MOCTOPOHHUX BKIIIOUEHHH MCHOJB3YIOT MECKOCTPYWHYIO WIIH
MEXaHUYECKYI0 00pabOTKy BpalllaloIICiCs CTaIbHOM IECTKOM.

KoMOuHMpOBaHHBIE KJIeeOONTOBBIC U KIIEE3aKIICIOYHbIC COSTUHEHHS OOJIee MPOYHBI U HAIKHBI, YeM
COC/IMHEHHSI KJICCBBIC MITM MEXaHHYECKHE B OTIEIbHOCTH.

KOMHO3I/IHI/IOHHBIC mMarepualibl, apMHUPOBAHHBIC MCETANIMYCCKMMU U YIJICPOJAHBIMHU BOJIOKHAMH,
VIIOBIICTBOPUTENBHO 00padaThIBalOTCS METOIAaMH MEXaHU4YecKOoi o0paboTKu: pe3koi, (pesepoBaHUEeM,
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cBepieHueM, nuidoBanreM. TPYAHOCTH BO3HHKAIOT MPH 00pabOTKE KOMIIO3UIIMOHHBIX MAaTepHasIoB,
YIIPOYHEHHBIX BONB(OPAMOBON MpoBONOKOW muamerpa, Oonpmero 0,3 mM. MexaHudeckas oOpaboTKa
MaTepuaioB, apMHUPOBAaHHBLIX BOJIOKHAMH, METOHaMH PE€3aHUA IMPAKTHYCCKH HCEBO3MOXKHA. BOpHBIe
BOJIOKHA, OOHApYXHBAIOIME BBHICOKHE aOpa3sHMBHBIC CBOMCTBA, OBICTPO MPUTYIUISIOT PEXKYIIHE KPOMKH
MHCTPYMEHTA, & CaMH BOJIOKHA BOJIM3M JIMHHUHU Pe3a BBIKPAIIMBAIOTCS, Pa3pyIIAOTCS U BBIACPTUBAIOTCS 13
matpuiibl. OOpabaTHIBAIOIINI HHCTPYMEHT M MaTepHall pa3orpeBarOTCs, apMUPYIOIIAE BOJIOKHA TEPSIOT
MPOYHOCTb, @ CaMa KOMITO3HIIMS OYCHb YaCTO PacClianBacTCs.

Hannyummve pe3ynbTaThl NpU CBEPICHHM OTBEPCTHS IIOJIYYEHBI IIPU HCIOJIB30BAaHHUU CBEPI C
aJIMa3HBIMH TIOKPBITUSAMH pexylied KpoMku. CBepiieHne MPOU3BOANTCS MPHU OXJIAKIEHHH HHCTPYMEHTA
SMYJIbCUEH.

AOpa3uBHass pe3ka oOOecleYMBacT BBICOKOE KadeCTBO KpaeB 00pabaThiBaeMOro Marepuaja
HE3aBUCHMO OT HampaBJCHHsS YIPOYHSIOIIMX BOJOKOH. IIpomecc oOecrieuMBaeT  BBICOKYIO
MMPOU3BOAUTCIILHOCTE IIpU xopomeﬁ CTOMKOCTH HWHCTPYMCHTA. OZIHI/IM U3 Ha3BaHHBIX METOILOB
MPOU3BOJSIT KPEIUICHHE HAKIIAJA0K (CTOMIEpOB) Ha Hanbosee HArpy)KEHHbIC MECcTa KOHCTPYKIIMH U TeM
CaMBbIM MOBBIIIAIOT €€ HECYIILYO CIIOCOOHOCTb.

VcraHOBKAa HAKIAJOK B HEMOCPEICTBEHHOH ONMM30CTH OT KOHIIOB TPEIMH MPEIOTBpPAIACT PE3KOe
CHIDKEHHE Pa3pyIIAOIIMX HATPSDKSHHUIA TIPY CTATHYECKUX HArpy3kax ¢ yBeimdeHreM umiHbl TperrHs (1) (prc.
10.25, @) u MO3BOISIET 3aTOPMO3HTH WM TIOMHOCTBIO OCTAHOBHMTH PAa3BUTHE TPEIIMHBI NMPH IIHKIHIECKOM
Harpyxennu (puc. 10.25, 6).

Kocrpyname ¢ TpenmHol
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Puc.10.15. D¢ dexTrBHAS poib HAKIAIOK U3 KOMIIO3UIIMOHHBIX MaTepPHAJIOB IS
BOCCTaHOBJIEHUS PA0OTOCIIOCOOHOCTH KOHCTPYKLHUHN € TPEIIMHAMH : @ —3aBUCUMOCTh
pa3pylaromuX HanpsyKeHUH OT JJIMHBI TPEILMHBI, 6 —3aBUCUMOCTD JJIMHBI YCTAJIOCTHOM
TPEILHHBI OT YKCia LIUKIOB HAarpy3Ku

KoHTposibHbIE BONPOCHI

1 Yo npescrapisier co00it KOMITO3UIIMOHHBINA MaTeprai?

2. HazoBuTE NpH3HAKH, 110 KOTOPBIM KIACCH(DUIMPYIOT KOMIIO3UIIMOHHbIC MaTepuaiibl. [IpuBeaute
puMep KiIacCUuOUKAIUH.

3. YeM BBI3BaHO YIIPOYHCHHUE TUCIIEPCHO-YIIPOYHCHHBIX U BOJIOKHUCTBIX KOMITO3UIIMOHHBIX
MaTepHanoB?

4. HazoBuTe MaTepHaibl, HCIOIb3yeMbIE IS apMUPOBAHMS MATPHI] U PACCMOTPHUTE UX OCHOBHBIC
MIPOYHOCTHBIC XapaKTEPUCTUKH.

5. Uem 00yciioBICHA BBICOKAs TEPMUYECKask CTaOMIBHOCTh CBOMCTB OBTEKTHYECCKUX
KOMIIO3UI[HOHHBIX MaTEPHAJIOB.

6. B "em 3aKITH09ar0TCS TIPEMMYIISCTBA KOMIIO3UIIMOHHBIX MATEPHUATIOB HA HEMETAITMUECKO M MaTpuIe?
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