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BBEJAEHUE

Hemerannuueckue marepuanbl — 3TO OpPraHUYECKHE, W HEOPraHUYECKUE
MOJIMMEPHBIE ~ MaTe€puaibl:  pa3jW4YHbIE  BUABl  IUIACTUYECKUX  Macc,
KOMIIO3UIIMOHHBIE MAaTEPUAIIbl HA HEMETAJTIMYECKON OCHOBE, KAYUYYKH U PE3UHBI,
KJIEU, TEPMETHKH, JIAKOKPACOYHBIE TOKPBITHS, a Takxke Trpadur, CTeKIo,
KepaMuka. B kauecTBe KOHCTPYKIHMOHHBIX MAaT€pUalOB OHM CIYKaT BaKHBIM
JOTIOJIHEHUEM K METajlllaM, B HEKOTOPBIX CIy4assX C YCIIEXOM 3aMEHSIOT UX, a
WHOI/IA CaMM SIBJISIFOTCS HE3aMEHHMBIMHU. J[OCTOMHCTBOM HEMETAINIMYECKHUX
MaTepuagoB SBISIIOTCS TaKME€ HMX CBOMCTBA, KakK JOCTAaTOYHAas IPOYHOCTb,
JKECTKOCTh M 3JACTUYHOCTh MPU MAJIOW IUIOTHOCTH, CBETOIPO3PAYHOCTb,
XAMHUYECKAsT CTOMKOCTh, JUAJICKTPUYECKUE CBOMCTBA. TakxKe CiaelyeT OTMETUTh
UX TEXHOJOTUYHOCTh U IP(HEKTUBHOCTh MPU HCIOJIB30BAaHUU. TPYT0EMKOCTh
IIPY U3TOTOBJICHUU U3JECIVN U3 HEMETAIUIMYECKUX MAaTepHaoB B 5—6 pa3 HUXKE,
OHU B 4-5 pa3 JAemeBie Mo CPaBHEHHIO C METAJUIMYECKUMHU. B CBsi3u ¢ 3TUM
HEMPEPBIBHO BO3pPACTAET MCIIOJIb30BAHUE HEMETAJUIMYECKUX MAaTECpPUAIOB B
MAaIIMHOCTPOEHUH aBTOMOOUJIECTPOCHUH, ABUALIMOHHOM, MHILIEBOH,
XOJOAWUIIBHON U KPUOTEHHOU TEXHUKE U JP.

N3noxeHHsie B MOCOOMM MaTepualibl OMKMCHIBAIOT HanbOoJee MOMYJISIpHbIC
HEMETAJUIMYECKUE MaTepHualbl, UCIOJIb3yEMbIE B KaUYECTBE KOHCTPYKIIMOHHBIX:
IJIACTMACChI, PE3UHBI, KEPAMUKY, KOMIIO3ULIMOHHBIE MATEPUAJIBI.



1. INTACTMACCOBBIE MATEPHUAJIBI

[InacTuueckue macchl (I[aJ'IGG - HHaCTMaCCLI) — OTO CHHTCTHUYCCKHC
MaTCpUuaJibl, IIOJIYYACMbIC Ha OCHOBC OPTraHUYCCKHX MU JJICMCHTOOPTaHUYCCKHUX
IMOJIMMCPOB.

1.1. XapakTepucTuka miacrMace

CBoicTBa  IUTACTMACC  ONPENENSAIOTCA  CBOWCTBAMH  IIOJMMEPOB,
COCTABJISIFOLIMX UX OCHOBY.

Ilo cocmagy mmactMacchl MOTYT OBITb MPOCTBIMU (TEPMOIIACTBI —
XUMUYECKUE TOJMMEpPbl JIMHEMHOW WM pPa3BETBIEHHON CTPYKTYpbl) U
CJIIOXKHBIMH (KOTOpbIE MOMHMO IOJIMMEPOB, COAEPXK AT PpPa3IMYHbIE JT0OABKHU:
HAIOJIHUTEIHU, KPACUTEIH, IIIaCTU(PUKATOPBI, OTBEPAUTENH U T.1.).

Ceasyowee eewyecmgo SBISETCS 00S3aTENIbHBIM  KOMIIOHEHTOM. Takue
OPOCThIE IUIACTMACChl, Kak IOJUATWIEH, BOOOIIE COCTOAT U3 OJHOIO
CBA3YIOLIETO BEUIECTBA.

Hanonnumensamu  City)Kar TBepAble MaTepHaldbl OPraHUYECKOro M He-
OpraHMYECKOro MPOUCXOXkAECHMs. HamonHuTtenn mnpuaaroT IwiacTMaccam
IIPOYHOCTh, TBEPAOCTH, TEILNIOCTOMKOCTb, a TAK)KE HEKOTOPBIE CIIELHUAJIbHBIC
CBOMCTBa, HANIPUMEP aHTU(DPUKIIMOHHBIE WK HAa000pOT PpukimorHsie. Kpome
TOT'0, HATIOJHUTEIN CHUMAIOT yCAJIKy IPU IPECCOBAHUH.

B 3aBucHMMOCTH OT HamOJHUTENS Pa3IMYalOT  IPECC-MOPOLIKOBHIE,
BOJIOKHUCTBIE M CIIOMCTBIE IUIACTMACCHI, A TaKK€ NEHOIUIaCThl, KOraa
HAIOJIHUTEb IPUMEHSETCS B BUJIE Ta3a (BO3yX WM HEUTpaJIbHBIN ra3).

IInacmugpuxamopwvl NPEACTABISIIOT COOOW HENETy4YHe KUAKOCTU C HU3KOH
TeMIiepaTypoil 3amep3anus. PacTtBopsiAch B mojauMmepe, IUIACTU(DUKATOPHI
HOBBILIAIOT €0 CIIOCOOHOCTH K IUTacThyeckou nedopmanuu. Ilnactupukaropsl
BBOJAT JUIsl pACIIMPEHUs] TEeMIIepaTypHOH 0O0JacTh BBICOKO3IACTUYECKOTO
COCTOSIHHSI, CHWIKEHHUS KECTKOCTH IUIACTMACC M TEMIEPATYypbl XPyNKOCTH. B
Ka4yecTBE IJIaCTU(PUKATOpa MPUMEHSIOT CJIOKHBIE 3(UPbI, HU3KOMOJIEKYJISIPHbIE
noaumepsl U Ap. IlmacTudukaropsl AOMKHBI OCTaBaTbCs CTAOWIBHBIMU B
YCIOBMSIX 3KCIUTyaTalmu. JMX Hanuume yiydimmaeT MOpPO30CTOMKOCTh MU
OTHECTOMKOCTb INIACTMACC.

B cocraB miactmacc MOTyT Takke BXOIUTH CTAOMIN3aTOPBI, OTBEPAUTEINH,
KpPacuTENH U Ipyrue BEIEeCTBa.

Cmabunruzamopsl BBOAAT B IJIACTMACCHI JJISl MOBBIIICHUS JIOJTOBEYHOCTH.
CpeTocTabMIM3aTOphl NPEIOTBPAIIAIOT (HOTOOKUCICHHUE, a aHTUOKUCIUTEIU —
TEPMOOKHCIIUTEIbHBIE PEAKLIUH.

Omeepoumenu W3MEHSIOT CTPYKTYpy NOJHMMEpPOB, BIMSSI HAa CBOMCTBa
1acTMace. Hamie UCrosb3yrT OTBEPAMTENH, YCKOPSIoIUe noaumepusanuro. K
HUM OTHOCATCS OKCHJIBI HEKOTOPBIX METAIJIOB, YPOTPOIIMH U JIp.

Cneyuanvuvie xumuueckue 000a6KU BBOISAT C PA3IUYHBIMU  LESIMU;



HanpuMep, CUJIbHbIE OpraHUYecKue sAbl — QYHTUIUABI — AJI1 TPEeIOXPaHEeHUs
miacTMacc OT IJIECEHU U MOeJaHusl HACEKOMBIMU B YCIIOBUSIX TPOIIMKOB.

Cmasvigarouyue gewecmsea (CTeapuH, OJEUHOBAS KUCIOTA) MPUMEHSIOT IS
NpeNOTBpAlleHUs]  MPUJIMNAHUS  IUIACTMacChl K OOOpYZOBaHUIO  IIpH
IIPOU3BOJICTBE U SKCILTyaTalluH U3IEITHI.

Kpacumenu v nuemenmsi IpuatoT IJIACTMACCAM KEJIAEMYIO OKPACKY.

JIns mmacTmace XapakTepHbI CIIEAYOLME CBOMCTBA!

*HM3Kas IUIOTHOCTH (0ObIMHO 1-1,8 r/cM’, B HEKOTOpHIX ciydasx 0,02—
0,04 r/c);

*BBICOKAsl KOPpPO3WOHHAsi CTOMKOCThb. IlmacTMaccel He MOJABEPKEHBI
IIEKTPOXUMHUYECKON KOPPO3UH, Ha HUX HE JEUCTBYIOT Cladble KUCIOTHI W
menour. CymecTBYIOT — IUIACTMACChl, CTOMKME K  BO3JICUCTBUIO  KOH-
LHEHTPUPOBAHHBIX KHUCIOT M 1Ieio4Yed. bolblMHCTBO 1uiacTMace Oe3Bpe/lHbI B
CaHUTApPHOM OTHOILIEHUU;

* BBICOKHE JUAJIEKTPUYECKUE CBOWCTBA;

*XOpOIIIasi OKPAIIMBAEMOCTh B JIt0ObIe 1[BeTa. HekoTopkle miacTtMacchl MOTYT
ObITh M3TOTOBJICHBI MPO3PAYHBIMU, HE YCTYMAIOUUMHU 10 CBOMM ONTHYECKUM
CBOWCTBaM CTEKJIaM;

*MEXaHWYECKHE CBOWCTBA ULIMPOKOro Juamna3oHa. B 3aBucumoctd OT
IPUPOIBl BHIOPAHHBIX TMOJMMEPOB U HATOJHUTENEH IUIACTMACChl MOTYT OBIThH
TBEPABIMU Y MTPOYHBIMU WUJTU K€ THOKUMU U yIPYTUMH. Psii IacTUKOB 1O CBOEH
MEXaHUYECKOW MPOYHOCTH MPEBOCXOIUT YyTyH U OpoH3y. [Ipu ogHOM 1 TOH *e
Macce IJIaCTMAccoBasi KOHCTPYKLHS MOKET IO IMPOYHOCTH COOTBETCTBOBATH
CTaJIbHOM;

*aHTU(PPUKUMOHHBIE CBOMCTBa. IlmactMaccbl MOryT CHOYXKUTh — IOJI-
HOLICHHBIMHU 3aMEHUTENIIMU aHTU(PPUKIMOHHBIX CIUIABOB (OJIOBSHHBIX OpOH3,
0ab0utoB u np.). Hampumep, nonuamMujHble TOAMMIHUKA CKOJIbXKEHUS
JUTUTENIbHOE BpeMsi MOTYT paboTaTh 0e3 100aBIeHUsI CMAa30YHOTO MaTepHaa;

*BBICOKHE TEIUIOM3OJSALIMOHHBIE CBOMCTBA. Bee miactmaccel, Kak MpaBuilo,
IJI0XO MPOBOJAT TEILIOTY, & TEIJIONPOBOJHOCTh TAKUX TEIJIOM30JSATOPOB, Kak
MIEHO- U MOPOoIIacThl, MouTu B 10 pa3 MeHbllle, YeM Yy OOBIYHBIX TJIACTMACC;

*XOpOLINE TEXHOJIOTMYECKUE CBOMCTBA.

Wznenust w3 macTMacc M3TOTaBIMBAIOT — crocobamMu  0€30TXOAHOMN
TEXHOJIOTHH (0€3 CHATHUS CTPYKKH) — JINThEM, IPeccoBaHUEM, (pOpMOBaHUEM C
MPUMEHEHUEM HEBBICOKUX JIaBJICHUMN UJIU B BaKyyMe.

Henocrarkom  OOJNBLIIMHCTBA  IUIACTMACC  SIBJISIETCS  HMX  HEBBICOKAs
teroctokocTh (100-120 °C). B HacTosmee BpeMsi BEpXHUN TeMIepaTypHBII
npenen s HeKoTopbix mactmace nogHsuics g0 300—400°C. Ilmactmaccsl
MOryT paboTaTb NpU YMEpPEHHO HHU3KHX Temmnepatypax (mo -70 °C), a B
OTIENBHBIX CiIy4yasix — TMpU KPUOTE€HHBIX TemrepaTypax. Hemocratkamu
IJJaCTMAcC TaKXKe€ SIBISIOTCS MX HU3Kash TBEPAOCTb, CKJIOHHOCTh K CTapEHUIO,
MOJI3yYeCTh, HECTOMKOCTh K OOJBIIMM CTaTUYECKUM M JUHAMUYECKUM
Harpy3kaMm. OJIHaKO JOCTOMHCTBA IIJJACTMACC 3HAYUTEIBHO IPEBOCXOIAT HX



HEJOCTAaTKH, 4YTO OOYCIOBJIMBAET BBICOKHE TEMIIbl POCTAa HUX €XKETrOgHOro
IPOU3BOJICTBA.

CBoiicTBa IIaCTMAacC 3aBUCAT OT COCTaBa OTHEIbHBIX KOMIIOHEHTOB, HX
COYETaHUSI M KOJUYECTBEHHOTO COOTHOUIEHUS, YTO TMO3BOJISIET HW3MEHATH
XapaKTEPUCTUKHU IUTACTUKOB B JOCTATOYHO MIMPOKUX MPEAENIAX.

Ilo xapakTepy CBSA3YIOIIErO BEIIECTBA IIJJACTMACCHl IOAPA3JIEISAIOT Ha
TEPMOIUIACTUYHBIE (TEPMOILIACTHI), MOJY4Ya€MbIE HA OCHOBE TEPMOIUIACTUYHBIX
IIOJIMMEPOB, W TEPMOPEAKTUBHBIE (PEAKTOIUIACTHI), MOJIYYaEMble Ha OCHOBE
TEPMOPEAKTUBHBIX CMOJ. TepMmoIuiacTel yA00HBI I NepepadOTKU B U3JEIHS,
JAl0T HEe3HauuTelnbHyr0 ycaaky npu ¢opmosanun (1-3%). Marepuan
OTAMYaeTcsi OONBIION YHNPYrOCThIO, MajOH XPYHKOCTBIO M CIIOCOOHOCTBIO K
opueHtaui. OOBIYHO TEPMOIUIACTHI M3TOTOBJISAIOT O€3 HamojaHuTens. B
NOCJIEIHUE TOJlbl CTATM NPUMEHATH TEPMOIUIACTHI C HAMOJIHUTENSIMU B BUJE
MUHEPAIbHBIX U CUHTETUYECKUX BOJIOKOH (OPraHOIIACTHI).

TepMopeakTUBHBIE MTOJIMMEPHI MOCIIE OTBEPKACHUS U MEPEXOA CBA3YIOLIETO
B TEPMOCTAOMIIBHOE COCTOSTHUE XPYIIKH, YacTO Jal0T OOJbIIyI0 ycanky (mo 10 —
5%) npu ux mnepepaboTKe, MOPTOMY B HMX COCTaB BBOJST YCHJIMBAIOIIKE
HaIlOJTHUTENH.

[lo BuAY HaAmMOJIHUTENS IJIACTMACCHI JENAT HAa MOPOILIKOBBIE (KapOonuTa)
HATOJHUTENSIMU B BUJIE JPEBECHON MyKH, rpaduTa, Talbka U Jp.; BOJOKHUCTHIE
C HaIOJIHUTEJIIMM B BHJIE OYECOB XJIONKA W JIbHA (BOJIOKHMTHI), CTEKISIHHOTO
BOJIOKHa  (CTEKJIOBOJIOKHHTHI), acOecta  (aCOOBOJIOKHUTHI);  CJIOWCTEHIC,
coJepKalllie JIMCTOBbIE HAMNOJHUTENM (JUCTBI OymMarn B  TE€THHAKCE,
XJIONYaTOOYMa)KHbIE, CTEKJISIHHbIE, acOecTOBbIE TKAHM B  TEKCTOJIUTE,
CTEKJIOTEKCTOJIUTE U aCOOTEKCTOJUTE, JAPEBECHBIA LIMOH B APEBECHOCIOUCTHIX
IUTACTUKAX); TA30HANOJIHEHHbIE (HANIOJHUTEIh — BO3AYX WJIM HEUTpaIbHbIE ra3bl
— MIEHO- ¥ TIOPOILJIACTHI).

[lo mnpUMEHEHHIO TUIACTMACCHI MOXKHO TOAPA3AEIUTh Ha  CHIIOBBIC
(KOHCTPYKIIMOHHBIE, (QPUKLIMOHHBIE W  AHTU(PPUKIIMOHHBIC, 3JIEKTPOU30-
JSIMOHHBIE) W HECWJIOBBIE (ONTHYECKH TNPO3payvHble, XUMUYECKU CTOMKUE,
AIIEKTPOU3OJISILIMOHHBIE, TEIJION30JISIIUOHHBIE, NEKOpaTUBHBIE,
YIUIOTHUTEIbHBIE, BCIOMOraTenbHble). OJTHAKO 3TO JEJIEHUE YCIOBHO, TaK Kak
OJIHA U Ta e IIacTMacca MOXKeT 00J1a/1aTh Pa3HbIMU CBOMCTBAMH.

1.2. TepmoriacTbl

B ocHOBe 3THX MmIacTMacc JIeKaT MOJUMEPBI JIUHENHBIX U Pa3BETBICHHBIX
CTPYKTYp, MHOTJIa B COCTAaB BBOJAT Iu1acTU(ukaTopbl. OHU CIOCOOHBI pabOTaTh
npu temneparype 10 70 °C, crnennanbHble TEpMOCTOMKHE monumepsl 10 400—
600 °C. Ilpenen nmpounoctu tepmoruiactoB 10—-100 MIla, moayne ynpyroctu
(1,8-3,5)-10° MIIa. [{tHTeIpHOE CTATHYECKOE HATPY)KEHHE CHUKACT IPOYHOCTD
TEpPMOILIACTa U3-3a MOSABJICHUS BBIHYKJICHHO-3JIaCTHUECKON Jedopmaliuu.



OCHOBHBIE BUJIbI TEPMOILJIACTOB:

llonusmunen (113) — HenmonsipeH, MNOJy4aeTcs TNOJUMEPHU3alMel Trasa
ATUJIEHA ITPU HU3KOM MJIM BBICOKOM JIaBJICHUH.

CrtpykTypHas GopMyIia MOIUITUIICHA:

H H
| |

—C—C—
I I

H H 0

[lo mNIOTHOCTM MOJAMATWIEH NOJAPA3JCsOT Ha MOJUATUIEH HU3KON
IUIOTHOCTH, MOJTY4YaeMbIil B MPOIECCEe MOTUMEPHU3ALUU TTPU BHICOKOM JABJICHHUU
(II3BJ), comepxammii 55-65% kpucraminueckod @as3bl, U MNOJUITHICH
BBICOKOH TIJIOTHOCTH, TOTy4YaeMblii 1pu HuU3koM napieHuu (IT9OH]/I), umerommii
KPUCTAINIMYHOCTD 10 74-95%.

UeMm BbIlI€ IUIOTHOCTh M KPUCTAUIMYHOCTH MOJIMATUIIEHA, TEM BBIIIE
MPOYHOCTh M TEIUIOCTOMKOCTh Marepuana. [[IuTenbHO MONMUAITHIEH MOXHO
npuMeHATh pu temmneparype n1o 60-100 °C. Mopo30CTOMKOCTh JNOCTHUTAEeT -
70 °C n Hmxke. [TonudTHIIEH XUMHAYECKH CTOEK U IIPU HOPMAJILHOM TEMIIEpaType
HEPACTBOPHUM HU B OJTHOM M3 U3BECTHBIX PACTBOPUTENIEH.

HenocrarkoM monusTuiieHa SIBJISIETCS €ro MOJBEPKEHHOCTh cTapeHuto. s
3aIUTHl OT CTAPEHUS B MOJMATUIIEH BBOAST CTAOMIM3ATOPbl U UHTUOUTOPHI (2—
3% caxwu 3ameISIoT nporecchl ctapenus B 30 pas).

[Tog peiicTBMUEM MOHU3BUPYIOWIETO M3IYyUYEHUS TOJUATUIIEH TBEPHACET:
npuoOpeTaeT OOJbIIYIO IPOYHOCTh U TETIOCTOUKOCTD.

Honusmunen evicoxozco oasnenus (IIDBJl) umeer Oojee pa3BeTBICHHBIC
MakpomoJiekyiiel.  [loamdTuiien  crmocoOeH — JyMTenbHO — paboTaTh  IpH
temneparype 60-100°C. Mopo3octoek 10 -70°C, XUMHYECKH CTOCK B
pactBoputensx, npu 20 °C - smacTuuHblid 1uAIeKTpUkK. [loaBepxeH crapeHuro,
T.€. U3MEHEHUIO CBOICTB CO BpeMeHeM. [/l 3alUTHl OT CTapeHUsl BBOLAT CaKy
(2-3%). Beimmyckaercst B BUue IJIEHKH, JIUCTOB, TPYyO, O10koB. [Ipumensiercs as
U30JISIUU [IPOBOJIOB, KOPPO3UOHHO-CTOMKUX TPYO, MPOKIIAJOK, YIUIOTHUTENEH,
IUIAHTOB, JI€TaJel BBICOKOYACTOTHBIX YCTAHOBOK, 000JI0YEK KOHTEHHEPOB.

LHonucmupon (I1C) — ctpykTypHas ¢popmya:

—CH—CH —

C:H.
n

[TonsipubIii, aMmOpdHBIN, UMEIOIINNA TPEUMYIIIECTBEHHO JIMHEWMHOE CTPOCHUE.
OO6namaer  BBICOKOM  TBEPAOCTbIO U KECTKOCThIO. HMeeT  BBICOKHE
JURJIEKTPUYECKUE CBOWCTBA, XMMUYECKYIO CTOMKOCTh B LIENOYaX M KUCIOTAX,
macnax. [Ipu Temneparype Boie 200 °C paznaraercs ¢ 00pa3oBaHUEM CTUPOJIA.
[TonuctTupon Xpynok Npv HU3KUX TEMIEpaTypax, Ha MOBEPXHOCTH MOCTENEHHO
00pa3yroTcst TpEUIMHBI, IPUBOASIINE K Pa3pyLICHUIO.

lonusununxnopuo (IIBX) — nuHeliHbld aMOp(HBIA MOJIUMEp, CTPYKTypHas
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[Tonsipen, cymiecTByeT B ABYX BHUAaX — OJOYHBIA BUHMIUIACT W TUIACTHKAT.
Bununiact coaepx uT cTabuiIn3aTopsl, a miacTukar — miactudukaropsl. [1BX
CTOEK BO MHOTMX XMMHUYECKH aKTHBHBIX cpenax. [I[pUMeHSIOT Kak 3alluTHBIE
NOKPBITUS, B BUJE TPYyO ISl MOJA4YM arpecCHUBHBIX Ta30B, JKUJIKOCTH, BOJBI.
[Tnactukar, cogepxauuii 10 40% mactudukaropa, BEITyCKaeTCsl B BUIE TPYO,
JUCTOB, JIEHT, KaK KOX3aMEHUTEJIb, YIUIOTHUTENb THUIPOCUCTEM, H3OJSATOP
IIPOBOJOB.

THonumemwaxpunam (OpraHAYECKOE CTEKII0) — CTPYKTypHas hopmyra:

H CH,
Ll
-c—C
II{ (IIT—O—('TH
o’ ’

AMOpOHBIT MONMMMEp, TOJAPEH, MPO3padeH, CTOEK K pa30aBICHHBIM
KUCJIOTaM M IIEJI0YaM, HO PACTBOPSIETCS B OPraHUYECKHUX KHCIIOTaX, MOMKET
paborars npu Temmneparype ot -60 go + 80 °C. Beimyckaercs B BUJIE JIUCTOB
0,8—4 MM 1Jis1 U3TOTOBJICHUSI MHOTOCJIOMHBIX CTEKOJI (TPUILIEKCOB), OCTEKICHUS
KaOMH CaMOJICTOB M aBTOMOOMJICH, CO3JaHMsI ONTHYCCKHUX JIMH3.

Hlonumempagmopsmunen (hropract 4) — cTpykTypHas dhopmya:

F F

l I
c—C

| I
F F/7,

n

Henomnsipen, wumMeer aMopQHO-KPUCTALIUYECKYIO CTPYKTYpy, CHOCOOEH
pabotats mnpu Temmeparype 1m0 250 °C. HmeeT HEBBICOKYIO TBEPIOCTb,
00J1a/1aeT YHUKAJIBHOM XMMHUYECKOW CTOMKOCTBIO B COJITHOM, CEPHOM, a30THOM
KHCJIOTaxX, ApCKOM BOJKE, B IEJI0YAX U NEPEKUCIX. ITOT MATEPUAIl HE TOPUT U
HE CMA4yMBaeTCsl BOJOW M MHOTMMHM KUIKOcTsMU. He oxpymuuBaercs A0 -
269 °C u coxpansier miactudHocTh 10 -80 °C. Umeer Hu3kuii korddummeHt
tpenus (0,04), He 3aBUCALLNNA OT TEMIIEPATYPHI.

Henoctatkom SBISIFOTCS TOKCHYHOCTH W3-32 BBIJEICHHUS (PTOpa BO BpeMs
paboOTHI TIPU BBICOKUX TEMIIepaTypax W TPYMHOCThH MepepabOTKH W3-3a HU3KOU
MJIACTUYHOCTH.

Ciy>kuT i1 U3rOTOBJICHMS JETaleld, CTOMKHUX K JIEMCTBUIO arpeCCUBHBIX
cpen (EMKOCTH JJisi XpaHEHUSI CUJIbHBIX OKHCIIMUTENICH, aKKyMYJISITOPbI, TPYOHI,
NUIAHTH, MEMOpaHbl, YIUIOTHUTEIH, AaHTU(DPUKIIMOHHBIE TOKPHITUS Ha
METAJUIMYECKUX BTYJIKAX, NOJAIIWIHUKAX, a TAKXKE HA DJIJIEKTPUYECKUX H
paanoTexXHUYecKuX aetaisx). CBONCTBA TEPMOILIACTOB IPUBEACHBI B Ta0. 1.
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1.3. TepmopeakToImIacThI

OTU MaTepualibl M3TOTABJIMBAIOTCS HA OCHOBE TEPMOPEAKTUBHBIX CMOJ —
(dbopManbICTUIHBIX, aMUHOAIBICTUIHBIX, TOKCHIHBIX, KPEMHEOPTaHUYECKUX,
TIOJTUAMUIHBIX, TOJUI(PUPOB, KOTOPHIC SBISIOTCS CBS3YIOIIUM BEIIECTBOM.
CMOBI CKIIEMBAIOT KaK OTJEIbHBIC CIIOW HAMOJIHUTEINS, TaK W dJIEMEHTapHbIC
BOJIOKHA, BOCHPHHHMAsi HArpy3Ky OJHOBPEMEHHO C HUMHU. OTO TOJISAPHBIC
MaTepHalibl, UMEIoNe KOI(PPUIMEHT JTUHEHHOTO paCIIMpPEHUs, OJIU3KUN K
HATOJIHUTEJTIO - TIOPOIIIKAM, BOJIOKHAM H JIP.

Tabmuna 1
Pabouas R
TEeMIIepaTypa, = é
= %l °C a = 2
= E g min | max > o 3 S s
= =
” >
[TonusTunen 913— -70 105 10-17 120— 15-20 He
II5B/1 929 260 JoMa
ercs
[TonusTuneH 949— -70 125 18-35 650— 10-12 2—
IIOH/] 953 750 15
[Momuctupon | 1050— | -20 90 35 2700 1,5 16—
1080 20
®dtoporact4 | 2150— | -269 | 250 14-35 470— 250- 10—
2240 850 500 100
ITonmuBuHMII- 1400 -40 80 40-120 | 2600— | 5-100 | 75—
XJIOpUJL 3000 80
ITonnmeTni- 1200 -60 60 63-100 | 2900- | 2,5-20 | 8-18
aKpuJI 4160

[InactmMaccel ¢ MOPOLIKOBBIM HAmMoJHUTENEM. B KkauecTBe HamogHUTENs
MIPUMEHSIIOT 0pe8ecHyr0 MyKy, MOJIomuvle Keapy, acbecm, ciody, epagum M T.1.
NMerT HEBBICOKHME MEXAaHMYECKHE CBOMCTBA, BOJOCTOMKH, XUMHUUYECKH CTOMKH,
00J1aJ1at0T MOBBIIIEHHBIMU AJIEKTPOU3OISIIUOHHBIMU MTOKA3aTEISIMU, YCTOMUUBBI
K BJIA)KHOMY TPOITUYECKOMY KJIMMATY.

[InmacTmMacchl Ha OCHOBE PE30JIbHBIX U HABOJIOYHBIX CMOJI ¢ aCOCCTOBBIM WJIU
CJIIOJICHHBIM HamoJIHUTEeNeM. KapoCTOMKM U BIarocToMku. MapKupyroTca 3TH
mactMaccbl  OykBot K — HoMepom cBs3ymwomied cMmonbl, U HUGPOH,
COOTBETCTBYIOIICH HAMOJHUTENIO: LEJUIoi03a — 1, npeBecHas Myka — 2,
CIIOJITHAs MyKa — 3, IJIABUKOBBIN mImmat — 4, MOJIOTBIM KBapil — 5, acoect — 6.
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Hanpumep, K220-2-3 pe3onbsHas cmomna Ne 220, apeBecHas (2) u cioasHas (3)
MyKa.

[Ipecc-nopomiku AeNsATCA Ha TPU TPYIIIbL:

1 — 15 HeHarpy>KeHHbIX JeTalled, 2 — JUIs JeTalei 3JIEKTPOTEXHHUUYECKOTO
Ha3HaueHus, 3 — CHeHuajIbHOrO Ha3zHayeHus (Biaro- M TEIJIOCTOMKHE,
rpuOOCTONKIE, TOBBIIIICHHOW TIPOYHOCTH).

[InactMaccel C BOJOKHHUCTBIM HamoJHuTeneM. B 3aBucumoct  OT
HAIIOJHUTENS PA3IUYalOT CIHEAYIOUIME MapKd IJIACTMACC: XJIONKOB8ble 04echl
(6onoknum) Bn, acbecmosvie numu (acoosonoxnum) K6, KD3, cmexnsinnoe
80/10KHO — cmekno8onokHum (AlI-4B, AI-4C). Otu Marepuanbl 00JagaroT
OoJbIIEH, YeM MOPOILIKOBBIE IMIACTMACCHI, YIAPHOU BSI3KOCTHIO M MPOYHOCTHIO
MIPU PACTSIKEHUH.

Acbosonoknumul. Hanonuurens — acoect, cBsazymoliee — GpopmanbaeruaHas
cMona. [IpumMeHsoT 1isi PPUKIIMOHHBIX JUCKOB, KOJIOJOK TOPMO30B.

Cmexnosonoknumsi. HamomHuTenb — CTEKJIOBOJOKHO, CBS3YIOIIEE —
cuHTeTHYecKkass cmoia. [IpuMeHstoT s neraneil mo0oil  KoHdurypammw,
pabotaromux B auamna3zoHe Ttemieparyp -60 ° mo 200 °C. BoJOKHHUTHI
OPUMEHSIOT TakXKe JJIsl JIeTajeil 00IIero TeXHMYECKOro Ha3HAYEeHHs: CUJIOBBIC
JeTanu (IIKWBbI, MOXOBUKH, BTYJIKH), JIIEKTPOU3OISATOPHI.

Cnoucmuvle naacmmaccet  (mekcmoaumst). HamomHutenb —  JHCTHI
pPa3IMYHBIX MaTEpUaJOB, YJOXKEHHbIE cioaMu. OHU TOPUAAIOT MaTepHally
IUTACTHYHOCTh HO (DOPMUPYIOT aHU3OTPOIHIO CBOMCTB. CBS3YIOMUM SBIISIOTCS
pa3iuyHble CMOJIbl. MaTepuan BhIMYCKaIOT B BUJE 3arOTOBOK, TPYO, JIUCTOB, U3
KOTOPBIX J€Nal0T Pa3IMuHbIC JETalu.

Texcmonum. Hamonuutenb — XJIOMYaTOOyMa)kHasi TKaHb, CBS3yIIee —
TepMOpEaKTUBHbIE  cMOJibl. [lo  Ha3HauYeHWIO  TMOApPA3JCISAIOTCS  Ha
koHcTpykTuBHBIE (IITK, IIT, II'TM), anekrporexuunueckue (A, bI', BU), rudkue
— mpokianounbie. [IpumeHsitoTcs [isi WM3TOTOBJIEHMSI 3yOuyaThIX — KoOJIEC,
BKJIJIbIIICH MOJIIMIHUKOB. MoryT 3ameHsTh OpoH3y. Pabouas Temneparypa He
nomkHa npeBwimate 90 °C.  Bxiagpllii  NOAMIMIIHUKOB —MPUMEHSIIOT B
IIPOKATHBIX CTaHaX, TypOWHAaX, HACOCaX U T.[.

Acbomexcmoaum. Hanomautens — acbectoBas TKaHb U 710 43% cCBs3yrOIIE
cMmoutbl. KOHCTpYKIIMOHHBIN, GPUKIIMOHHBIN U TEPMOU3OJISIITIOHHBIA MaTEpPHAIL.

[IpumeHsIOT 1711 M3rOTOBIEHUS JIOMATOK OEH30HACOCOB, (PPUKITMOHHBIX
JUCKOB,  TOPMO3HBIX  XOJOJIOK, B  KauecTBE  TEIUIO3AlIUTHOTO U
TEIJIOU30JISILIUOHHOT0 MaTepuania.

Cmexnomexcmoaum. HanonHuTeNb — CTEKJISIHHbIC TKAaHU U3 OPraHUYECKHU
crexkia. OOmamaer BBICOKOM TpouHOCThIO (G6,>500 MIla), mo ynpenbHOIM
MPOYHOCTU MPEBOCXOAUT METAUIMYECKUE CIUIaBhl, KOPPO3HMOHHOCTOEK,
TEIJIOCTOEK, HMMEET BBICOKME  JudjieKkTpuueckue  cBoictBa.  [llupoko
OPUMEHSIETCS. B CaMOJIETOCTPOCHHMM, OJJIEKTPOTEXHUKE (OOIIMBKA KPBUIbEB,
3aKpBUIU JICTANN ONIEPEHUS U T.1.).

Mapku: KACT (ocHoBa — ¢popmanbaeruanas cmona), CTK, CTK-9®, CK-
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9A (ocHOBa — KPEMHUHUOPTAHUYECKUE CMOJIbI).

JCII — npeBecHO-CiOHMCTasi IlacTMacca. HamoJHUTENb — TOHKHUE JIMCTHI
JPEBECHOTO IINOHA, MPOMUTAaHHbIE (DEHOJO- U KPEe30JbHO-(POpMaibaeruIHbIM
CMOJIaMH M CIIPECCOBAaHHBIE B BHJIE JUCTOB M IUIUT. MiMeeT Bbicokue (pu3Mke
MEXaHMYECKUE CBOMCTBA, HU3KUM KOIPPUIMUEHT TpEeHUs. 3aMEHSIeT TEKCTOJIMT,
[[BETHBIE cIiaBbl. [IpuMeHstoT it 3y04aTsix Kojiec, paboTammux 0e3 myma,
NOAIINITHUKOB, BTYJIOK, IIIKUBOB, JIeTallel JTOJ0K, TEKCTUJIBHBIX MAaIlIMH U T.1.

TI'emunaxc. Hanomuutens — Oymara, OCHOBa — pa3JInyHble CMOJIbI. Paznuyaio
JIBa BHJA IUIACTMACC — JJIEKTPOTEXHUYECKUE U JIEKOPATUBHBIE. [[eKOpaTHBHBIN
BUJ TuiactMacc paboraer mpu Temmeparype 120-140 °C, ycroilunB mpoTHB
XUMUYECKOTO Bo3neucTBus. [IpumensieTcss mjis OOIIMBKM BaroHoB, KaOWH
CaMOJIETOB, KAIOT, B CTPOUTENBLCTBE.

1.4. I'a3o0HANMOJIHEHHBIE MJIACTMACCHI

["a3oHamnosHeHHbIE MJIAaCTMACChl — TE€TEPOTrE€HHBIE IUCIEPCHBIE CHCTEMBI,
COCTOSIIIME U3 TBEPJON WM yIPYTro3IacTUUHOM (a3.

CTpyKkTypa 3THX IJIACTMACC: AJIACTUYHBIN MOJMMEpP KakK CBSI3Ka, KOTOPHIi
o0pa3yeT CTEHKH JJIEMEHTApPHBIX SY€eK WM TOp C paclpeesieHHOW B HHUX
¢da3oii — HAMOJTHUTEIEM — Ta30M.

[TogoOHast cTpyKTypa oOmpeaenser Malyl IUIOTHOCTh U BBICOKHE
TETJION30JIAIIMOHHEIE ¥ 3BYKOU30JISIIMOHHBIC CBOWCTBA.

Ilenonnacm M3roTaBIUBAIOT HA OCHOBE IMOJIMCTUPOJIA, TIOJTUBUHUIXIIOPHUIA,
¢deHoa, AMOKCUAHBIX CMOJI, TIOJUypPETaHa, IOPOJIOHA U JIp. TIOJTUMEPOB MPHU UX
BCIICHUBAaHUM B COCTOSHUU BBICOKOIJIACTHYHOW jaedopManuu, T.e. TIPH
TeMIeparypax, npessimaronux tc Ha 10-20 °C. IleHomacTa UMEIOT SYEUCTYIO
CTPYKTYpY, Ta3000pa3HbIC HAMNOJHUTEIN OTACIEHBI APYr OT JApyra W OT
OKpY>Karollel cpe/ibl TOHKUM CJI0EM IOJIMMEpA.

[Topuctast  cTpykTypa TMOJy4yaeTcsi BBEJECHHEM B  COCTaB  CMOJ
razooopazoBareneii — (NH4)CO;, NaHCO;, oprannueckux mopodopoB
(a3oguHUTpUA,  noauu3zouMaHua  u ap.).  llemomosmmctupon  (I1C),
nenononuBuamwi-xyuopun  (IIBX) cmocoOuer  paborate nmo +60  °C.
deHOoNKayIyKOBBIE MIEHOIUIACTHI CITOCOOHBI padotath 10 120 °C. Jlo6aBKHu B uX
COCTaB  AJIFOMUHUEBOMN nyapel  (OK-20-A-20) mnoBsimaioT  padbouyro
Temneparypy no 250 °C.

Hcnonp3yloTcss  MEHOIUTACTHI  KaK  TEIJIOW3OJIAIIMOHHBIA  MaTepual,
IPUMEHSIEMBIN B XOJIOAWIBHHUKAX, pedpekupaTopax, A yIapOIOTIONIAIIeH
Tapbl, 3BYKOU3OJISTOPOB | T.]I.

Iloponnacmer (ryOuaThie  MaTEpHANIbl) — OTKPBITOJBIPUCTAS CTPYKTYpa,
CHUCTeMa SYE€EeK C YaCTUYHO pa3pylIeHHBIMU meperopoikamu. ['a3oobpaszHas
¢daza B Takoil cUCTEME MOXKET IIUPKYJIUpOoBaTh. 3roTaBianBaioT NopoIuiacTsl Ha
OCHOBE TMPOCTHIX TMOJUMEPOB, BBOJAS B COCTaB KOMIIO3MIIMI BEIIECTBa,
CHOCOOHBIE BBIKMMATh IPU HArpeBE€ WJIM BBIMBIBATHCS, UYTO MPUBOIAUT K
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oOpazoBanuto mnop. Ilopormactsl BeIyckaroT B BUAE OJOKOB C IUIEHKOM Ha
MOBEPXHOCTH. OJTHU MAaTE€pUAIbl OTIWYAIOTCS BBICOKOM 3BYKOITOTJIOLIAOLIEH
CIIOCOOHOCTBIO.

Comonnacmsl WU3rOTaBIMBAIOT U3 TIO(QPUPOBAHHBIX JIUCTOB IOJIMMEpA,
CKJICEHHBIX B BHJI€ MMUEIHUHBIX COT. [IpuMeHstoTcs /Ui OOIIMBKY MaHeled U Kak
TEIION30JIALIMOHHBIN, 3JIEKTPOU30JIALIMOHHBIM MaTEpHUal.

1.5. TexHoJsiorum u 060pyI0BaHMe JJI51 U3TOTOBJICHUS M3/1eJINH U3
IJ1aCTMACC

I{J’IH HU3roTOBJICHHUA OIIPCACICHHOIO M3ACIHA N3 IIAaCTMACChbl MOI'YT OBITH
HCIIOJIb30BAHBI PA3/IMYHBIC KW CHJIBHO OTJIIHMYAromuecsa Jpyr oOT apyra
TexHoJioruu. Mcxonsa us 9TOro, Hy’>KHO JCJIaTh BBI60p HanOoJjiee ONTHMAaJIbHOIO
croco0a M3roTOBJICHMS Tpe6y€MI>IX H3,IICJII’II>1 H3 IJIaCTHKa. PaCCMOTpI/IM Ooiee
HO,ZIpO6HO Hanooee PaCIpOCTPaAHCHHBIC TCXHOJIOTHH IMpOU3BOACTBA
IIJ1aCcTMaCCOBBIX I/ISILGJ'II/II\/JI.

1.5.1. Oxempysus

TexHonOTHsT AKCTPY3UM ONTHUMAaNbHA HJIi W3TOTOBJICHUS IIACTMACCOBBIX
U3JIeNIUi, UMEIOLUX OJMHAKOBOE MONEPEYHOE CEYEHHUE 110 BCEU CBOEH JUIMHE.

[Ipou3BoACTBO  IMJIACTMACCOBBIX  W3JACIHUM  OCYIIECTBISICTCS  IyTEM
NpeABAPUTEILHON TEPMUYECKOM OOpadOTKM IUIACTMACCOBOIO  ChHIPbSl U
NOCJEAYIONIMM  MPOJABIMBAHMEM  PACIUIaBJICHHOW  IJIACTMAcChl  4yepes
dbopmytoriee OTBEPCTHE (IKCTPY3HOHHYIO TOJIOBKY — QUIbEPY) U AATBHEUIITUM
OXJIAXJEHUEM ToydyeHHOro wuznenus. C MOMOIIbI0 JaHHOW TEXHOJIOTUU
MOJTYy4aloT U3/IETUs C MOMEePEYHBIM CEYEHUEM HY>KHOU (DOPMBI.

DKCTpy3us, TaK XK€ KaK W JIUThE IUIaCTMAacC MOJl JaBJICHUEM, SIBJISICTCS
JIOCTAaTOYHO TOMYJISIPHBIM METOJOM HW3TOTOBJICHUS] HU3JEIUI W3 IUIACTHKA.
[TpakTryecku Bce CYIIECTBYIOIIME BUIBI TUIACTMACC MOTYT mepepadbaTbiBaThCs
METOJIOM IKCTPY3HUH.

[To Ty ocHOBHOTO pabodero oprana (OpraHoB) SKCTPYIEPHI MOAPA3ACIIIOT
HAa OJHO- WM MHOTOIIHEKOBbIE (YEpBSYHbBIC), AUCKOBBIC, TOPIITHEBBIC
(mtymxkepuble) u ap. Ha puc. 1 mnokazaHa cxema OJHOIIHEKOBOIO
TOPU30HTAIBHOTO IKCTpyJepa. DKCTPYJIEp COCTOUT U3 HECKOJIBKUX OCHOBHBIX
y3JI0B: KOpIlyca 5, OCHAIllEHHOTO HarpeBaTeIbHBIMU 3JIeMEHTaMu 6; pabouero
oprana 4 (1IHEKa, MOPIIHS), Pa3MEUIEHHOIO0 B KOpPIycCe; Yy3ia 3arpy3ku
nepepabaTeiBa€MOro martepuasa 3; cuiIoBOro mnpusoga 1, 2. DKCTpy3HMOHHAs
roJIOBKa 7 COCTOMT M3 O0OrpeBaeMOro KOpmyca, KOTOPBIM KpemuTcs K
AKCTPYIEpYy, U (POPMYIOIIEr0 MHCTPYMEHTA C OTBEPCTUEM, HAIPUMEDP B BUJIC
cy)Xarolencs: K MeHTpy e (Npu TOJYyYEHUH JIUCTOB, IUIEHOK) WIH
KOJIBIIEBOTO KaHajia (MpU W3TOTOBJIEHUU TPYO WIM APYTUX W3AETUN KPYTJoro
CeUeHUs).
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Puc. 1. Cxema 0qHOITHEKOBOTO TOPU3OHTAIIBHOTO AKCTPYAEpa
1 — nBurarens; 2 — pexykrop; 3 — 3arpy304HO€ yCTPOUCTBO;
4 — miHek; S5 — kopnyc; 6 — HarpeBaTeNn KOpIyca;

7 — 3KCTPY3HOHHAs TOJIOBKA

3axBaTbiBasi MCXOJIHBIM Marepuain (IrpaHyJjbl, MOPOUIOK, JEHTY W Jp.) U3
3arpy304HOro yCTpPOMCTBA, IIHEK MepeMeniaeT ero BAoJb Kopmyca. [lpu stom
MaTepra CxKEMaercs (IaBICHHE B dKcTpyaepe gocruraer 15-50 MH/mM® (150—
500 krc/cM’), pasorpeBaeTcs, IUIACTHLMPYETCS M ToMoreHmsupyercs. I1o
YacTOTE BpAILECHHS IIHEKA SKCTPYJEpbl MNOAPA3IEISAIOTCS HA HOPMAallbHBIC
(okpyxHasi ckopoctb n0 0,5 m/MuH) U ObicTpoxomnbie (10 7 M/MUH); TIO
KOHCTPYKTUBHOMY HCIOJHEHUIO — HA CTAlMOHAPHBIE M C BPALLAIOIIUMCS
KOPITyCOM, C TOPU30HTAJIbHBIM WJIA BEPTUKAIBHBIM PACHOJIOKEHUEM IIHEKA.
CylecTBYIOT 3KCTpyAEpbl €O IIHEKAMH, OCYLIECTBIISIFOUIMMU HE TOJBKO
BpalaTeabHOe, HO U BO3BPATHO-MIOCTyNaTebHOE ABMKeHUE. [ 2 dhekTuBHOM
FOMOI€HU3allMd MaTepuaja Ha IIHEeKaX YCTAaHABIMBAIOT JIONOJIHUTEIbHBIE
yCcTpoicTBa  (3yObsi, ULUIMIBI, JHUCKM, KyJaukd ©  T.J.). llomydaror
pactnpocTpaHEHUE IUIAHETaPHO-BAJIBIIEBBIE AKCTPYAEPHI, Y KOTOPBIX BOKPYT
IEHTpaJbHOIO0 pabodero opraHa (IIMUHJESA) BpaliaeTcs HECKOIbKo (4—12)
JOTIOJTHUTENBHBIX IITHEKOB.

[IpuHuun nelcTBHUs JUCKOBOTO JKCTPYJEpa OCHOBaH Ha HCHOJIb30BaHUU
BO3HUKAIONIUX B YINPYTO-BA3KOM MaTepHalie HaIpsHKEHUH, HOPMAaJIbHBIX K
cABUTOBbIM. OCHOBY KOHCTPYKIIMM TaKOI'O0 3KCTpYJEpa COCTAaBISIOT 2 IUIOCKO-
napajiyiebHBIX AUCKA, OJUH W3 KOTOPBIX BpaIIaeTCs, CO3/1aBasi CIBUTOBHIE U
HOpMaJbHbIE  HANpsDKEHUs, a  Jpyrod  HemoJaBWkeH. B 1meHTpe
HEMOJBI)KHOIO JIUCKA HMEETCS OTBEPCTHE, 4Yepe3 KOTOPOE BBIJIABIMBACTCS
pa3MAr4eHHbl Marepuan. DKCTpyAEp COCTOUT U3 psAla MOCIEI0BATEIbHO CO-
€AMHEHHBIX LWIMHAPUYECKUX CeKUUi (puc. 2 a, 0), Mpoxojas uepe3 KOTOphie
NOJIUMEP IUIABUTCS, TOMOT€HM3UPYETCS, MOMKET IMOJBEprarbCcs Jerazaluud W,
HAKOHEI, BbIIABIUBAETCS Yepe3 NPOPUIUPYIOIIEe OTBEPCTHE.

Kaxxnas skcTpy3uOHHAsl CEKIMsI COCTOUT M3 JABYX AMCKOB 1 u la (cM. puc.
2a, a-1, a-2), 3akpeIyiecHHbIX Ha Bajly 2, BpalllaliollleMCsi BHYTpU Kopmyca 3.
[lepepabaThiBaeMblii TONIMMEp Yepe3 OKHO S5 1mocTymaer B pabouee
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MPOCTPAHCTBO MEXY JAUCKaMH (MOJOCTh A) M YBIIEKAETCS UMU B HAIlPaBJICHUU
BpAILICHUS.

- AP
W AR
— AN R

a a-1 a-2

Puc. 2. Cxema: (a) eTMHUYHOM CEKIIMU IUCKOBOTO AKCTpYAepa:
a-1 — cexuus ¢ KaHaJIOM MOCTOSTHHOW IIUPUHBI;
a-2 — CeKIMsI C KOHUYECKUMHU JUCKAMU;
(6) — cMecHUTEITbHOM CeKIIUH

Ha mytn marepuana yCTaHOBIJIEH HENOABUKHBIM BBICTYN 4, HAIPABIISIOLIUN
paciuiaB nojMMepa B KaHal B. DKCTpy3uMOHHAs CEKIUS ¢ KaHAJIOM ITOCTOSHHOM
mupuHbl  (puc. 2 a-1) obecneunBaeTr pabOTy C MaKCHUMalbHOW MpOU3-
BOJIUTEJILHOCTHIO MPU TPAHCHOPTUPOBAHUM U IUIABJICHUM TojumMepa. Cexius
KOHUYECKUMHU JUCKAMH, 00ECIIEYNBAIOIIMMU MOCTOSIHHBIE HANMPSHKEHUST CIBUTA
1o Bcel riyOuHe kaHana (puc. 2 a-2), mo3BoJsieT HarHeTaTh paciuiaB moj Oosee
BBICOKHM JIaBJICHUEM.

CmecurenbHas CEKIUs TUCKOBOIO 3KCTpyaepa (puc. 2, 6) COCTOUT U3 IBYX
napajijieIbHBIX JTMCKOB 5, HACA)KEHHBIX HA OOIIUI BaJl 6 M PacHoyOKCHHBIX B
kopryce 4. PacruiaB noctynaer B kaHai 2 yepe3 OKHO 1, yBieKkaeTcsi JucKaMu U
JIBIDKETCSl MO Kpyry. Harblkasicb Ha HampaBisIONIyIO JOMNacTh &, paciuiaB
ITOBOPAYMBAECT U BBIJIABIMBACTCA Y€pe3 OKHO 7. B cTeHkax xopiryca Ha IyTH 1O-
TOKa yCTAaHOBJICHBI CMECUTEIbHBIC MTUMTHI 3, KOTOPHIE CO3JAI0T 3HAYNUTEIHLHOEC
COIIPOTUBIICHUE MOTOKY paciuiaBa. BcneactBue 3TOro B KaHajle BO3HHKAET
UUPKYJSLMOHHOE  TeueHue, oOecrnedyuBalollee  BeCbMa  MHTEHCHUBHOE
CMECUTEIIBHOE BO3/ICHCTBUE.

ComnocTaBiieHUE TEOPETUYECKON MPOU3BOAUTEIBHOCTH SKCTPyAEpa TaKOTO
TUMNA C MPOU3BOAUTEIBHOCTHIO OJIHOUEPBSIYHOIO IKCTPYJEpa MOKA3bIBAET, YTO
IpU PABHOM TpaJUEHTE MPOTUBOJABICHUI OHAa B 2,8 pa3a MpEBHIIACT
IIPOU3BOJIUTEIIBHOCTh OJIHOYEPBAYHOIO SKCTPY/IEpa aHAIOTMYHBIX pa3MepoB. B
KOHCTPYKIIMU TMPOMBIIUICHHBIX JUCKOBBIX 3KCTPYAEPOB OOBIYHO COUYETAIOTCS
BCE TPHU BUJIA CEKIIHM.

JluckoBbIe JKCTpyAephl 00damaroT Oojiee BBICOKOW IUIACTHIUPYIOUIEH H
TOMOTEHU3UPYIONIEH CHOCOOHOCTBbIO, YeM IIHEKOBBIE, HO pPa3BHUBAEMOE
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MU JaBjicHUEe GopMoBaHUs HIKE. [103TOMYy UCTIONB3YIOT WX TJIABHBIM 00pa3oM
KaK CMECUTEM-TPaHYJIATOPHI WU JJIS MIOATOTOBKH MaTepuajia Mepe 3arpy3Kou
B IIHEKOBBIA JKcTpynep. IIpemmyiecTBaMu AWCKOBOIO M ITHEKOBOTO
IKCTPYACPOB o00NamaeT KOMOMHHMPOBAHHBIA OKCTPYyACp C HE3aBHUCUMBIMHU
NpUBOJAMHM  ITHEKAa W Aucka. [lopmriHeBOW  dKCTpylep M3-3a  HH3KOM
MPOU3BOJUTEILHOCTH  HCIONB3YIOT  OTPAaHUYEHHO, B  OCHOBHOM  JUIA
U3TOTOBIICHUS TPYO M mpoduiiel u3 peakToIIacToB

CoBpeMeHHbIE  JKCTPyAEpbl —  aBTOMATU3UPOBAHHBIE  YCTAHOBKHU,
MPOU3BOAUTEIBHOCTD KOTOPBIX JIOCTUTAET 3-3.5 T/4. Hons
TEPMOIIIACTUYHBIX MOJTUMEPHBIX MaTepuasos, nepepadaThIBa€MbIX B

AKCTpyAepax, KojieOJaeTcs B pa3HbIX cTpaHax B npenenax 30-50%.
1.5.2. Baxyymuas ¢oopmoska

Bakyymnass ¢opMoBKa — 3TO METOJIMKA M3TOTOBJIEHUS ILIACTMACCOBBIX
U3JIeTUi 3apaHee onpenenéHHon GopMbl U3 TEPMOIUIACTUYHBIX MaTepuanos. C
MOMOIIbI0 BaKyyMHOW (OPMOBKM M3rOTABIMBAIOT pa3iuyHble u3aenusa. B
JAHHOW TEXHOJIOTMM BBIAEIAIOT 2 OCHOBHBIX JTama. [lepBblid 3Tam — 3TO
U3TOTOBIICHUE TEXHOJIOTHYECKON OCHACTKU. BTopoit — popmoBka moamMepHOit
TUICHKU. PaccMOTpHUM Kax bl ATamn noipooOHee.

[IepBpIii 3Tam — W3rOTOBICHUE OCHACTKU. TEXHOJIOTMYECcKass OCHACTKa
npencrapiseT u3 ceds matpuiy. COOCTBEHHO Ha ATOW MATPHUIIE U MPOUCXOIUT
BakyymHast (¢opMoBKa. B 3aBucMMOCTH OT TpeOOBaHMII K MPOCKTHPYEMOMY
IUIACTMACCOBOMY H3JIEJIMI0, MaTPULIAa MOXKET ObITh U3rOTOBJIEHA W3 PA3IHYHBIX
MaTepHalIoB. DTO MOXKET OBbITh IOPATIOMUHMM, cTekiomiactTuk, M® u T.4.

Bropoii 3tan — coOcTBeHHO cama BakyymHas (opmoBka. CXeMaTHyecKH
ATOT MPOLECC BBIMISAINAT TaK: IMOJMMEPHBIE JUCTHI ITOMELIAIOTCS B BAKYyM-
(GOpMOBOYHYIO MalllMHy, KOTOpas HarpeBaeT €ro J0 TeMIlepaTypbl Hayaia
IJIABJICHUS IUIACTHKA, M3 KOTOpOro BbIMoOJHEH JucT. [locrme HarpeBa smcra
POUCXOJUT CMbIKaHHe (OPMOBOYHOM KamMepbl, B KOTOPOH HAXOAMUTCS
U3TrOTOBJICHHAs Ha MEPBOM AdTale OcHAcTKa. B mpolecce BakyyMHON (OPMOBKH
pa3orpeThiii JUCT OOJieraeT MaTpuily. 3aTeM IMPOUCXOTUT 00padoTKa KpaeB
MOJIYYHMBIIIETOCS U3JIEIHS, TaKasi Kak oOpe3Ka Wi BeIpyOKa.

HauGonee yacto B BakyyMHOU (POPMOBKE MPUMEHSIOTCS TAKUE TTOJIMMEPHBIE
aucThl Kak nonuctupod, [T (II9T), IIBX.

Bakyymnas ¢opmoBka sBhsiercss Oonee  JOCTYMHOMW  TEXHOJIOTHEH
W3TOTOBJIEHUS TTOJIMMEPHBIX M3JEIIUA MO CPABHEHHIO C JIUTHEM ILIACTMACC O]
JABJICHUEM.
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1.5.3. Jlumvé niacmmacc noo oasneHuem

JIuthe macTMacc MOJA JaBJICHHEM — HaubOojee MOMyJsipHas TEXHOJIOTHS
nepepaboTKM TEpPMOIUIACTUYHBIX MarepuaioB. OHa BecbMa TEXHOJIOTHMYHA,
o0ecreynBaeT BHICOKYIO MPOU3BOAUTEIBHOCTD, XOPOIIIO aBTOMATU3UPYETCS U HE
TpeOyeT MpOBEJASHUS IOCICAYIOMCH MeXaHu4eckord o0paboTku. JlaHHBIM
CIIOCOOOM HM3TOTaBIMBAIOTCS W3METUS CIOXXHOW (POPMBI, MOITOMY HJICATHHO
NOAXOJIUT IJii MAacCOBOI'O IMPOM3BOJICTBA IJIACTMACCOBBIX JAETAJICH, BaKHBIM
TpeOOBaHUEM K KOTOPHIM SBJISIETCS HE TOJBKO OOBEMBI MPOU3BOJICTBA, HO U
TOYHBIEC TEOMETPUIECCKUE U/WITH ONITUYECKUE XaPAKTEPUCTHKH.

TepmoruiacTUYHbIE MaTEpHUabl, UCHOJIb3yEMbIE TIPU JIUTHE MO JAABICHUEM,
UMEIOT IIMPOKUM Auana3oH (PU3UYECKUX U XUMHUYECKUX CBOMCTB M JIETKO
MO/IAI0TCS MOBTOPHOM TMepepadboTKe.

HenocratkoMm TEXHOJOTHU SIBJISETCS BBHICOKAsi CTOMMOCTh TE€XHOJIOTHYECKOM
OCHACTKM — Tmpecc-GopMbl M JOCTAaTOYHO MPOAOKUTEIIbHBIA CpPOK €€
IIPOU3BO/ICTBA.

[IpousBoacTBO Jeraneld OCYIIECTBISIETCS IIyTEM BIIPHICKA pacIuiaBa
IJIACTMAcCOBOTO ChIpbsl TOJ JAaBJI€HHEM B mpecc-popMy ¢ MOCIAEAYIOIIUM
oxyaxaeHueMm. CpIpbeM Uil JIMThSl  IUIACTMAcCC  CIyKaT  TPaHyJbl
TEPMOILIIACTUYHOTO MOJINMEDA. Ilepen IIPOU3BOJICTBOM rpaHyJibl
MPOCYILIUBAIOTCS ISl YJAJ€HUs M3JIMIIKOB BJIard, a 3aT€M 3achIlaloTcs B
npueMHbld  OyHKep TepmoruiactaBroMara. OTTyAa IUIACTUK — CCHINAETCS
HEMOCPEACTBEHHO B IIHEK MAIIMHBI, T/I€ PACIUIABIACTCS W MOJ JAeHCTBUEM
TIOPIITHS TTOJAETCS ¢ BBICOKUM JaBJeHUEM B mpecc-popmy. PacriaB mpoxoaut
yepe3 JUTHUKOBBIE KaHANbl, U C OOJBIION CKOPOCTBIO 3aIOJHSET MOJOCTh
npecc-Gopmbl, Mociae uero Qopma oOXJaxKIaeTcss M Marepual 3acThIBAeT,
00pa3ys MIacTUKOBYIO JeTaib. [Ipecc-dhopma packpbiBaeTcs, A€Tajlb BBINNAIACT,
Y LUKJI IOBTOPSETCS] BHOBb.

Bech 1UKII JIUTBS OCYHIECTBISETCS HAa TepMmoruiactaBromare (puc. 3), B
KOTOpbIN MOHTHpYeTCs ipecc-popMma 2. Tepmoruacraromar (TITA) cocTout u3
JBYX OCHOBHBIX YacTeil: y3iia Iuiactukaiuu 4 u y3na cMblkanuss 1. Bcee
JIBIKEHUSI 3TUX Y3JI0B OCYIIECTBISIOTCS TUAPOINPUBOJAMHU 7, a JABJICHUE B
rupocucTeMe obecreunBaeT sJekTpoasBurarens 6. Ilpormeccamu ympaBisieT
omoxk UITY 3 — meHTpalibHBI KOHTPOJUIEP, KOTOPBIM HE TOJBKO 3a/laeT BCE
napaMeTphl IUKIIA JIUThSI, HO U MOKET YINPaBISATh BHEIIHUMHU YCTPOUCTBAMH —
AJIEKTPO- U TUJIPO- MPUBOJIAMH, HATPEBATEISIMU U T. 11

OCHOBHBIMM TIapaMETpaMU, XapaKTEPU3YIOIIUMH KOHKPETHYIO MOJIEIb
TIIA, sBastoTCS:

1. Ycunue cmbikanusi (OpMbI, B TOHHAX (a TOYHEE B ThICSYaX KWJIOPaMM
cuibl) uinu KwionbtoToHax (1T = 10KH ). D10 MakcumanbHas cujia, ¢ KOTOPOM
y3€JI CMBIKaHUSI MOXKET YAEP>KUBATH Mpecc-(HopMy B 3aKPHITOM COCTOSIHUH.
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2. Macca BropeicKa, OOBIYHO H3MEpse€Masi B TpaMMax WIM YHIUSIX. ODTO
MaKCHMaJlbHasi Macca IUIACTHKA, KOTOPYI0 MalllMHAa MOXET nepepadboTraTh 3a
OJIVH ITUKIL.

3. JlaBneHue BHOpbICKA. JTO MAaKCUMAaJbHOE JABJIECHHUE pacIllaBa, KOTOpPOE
MOKET NOJJIEPKUBATH y3€J1 BIIPHICKA B IIUKJIC JIUTHS.

4. PaccTtositHue MexAy KOJOHKaMH. OTO IIMPUHA MPOCBETA MEXKAY
KOJJOHKaMu — HampaBisiromumu  nojasxkHot 1umtel  TIIA.  IlpocBet
ompenensieT MaKCUMaIbHYI IMMUPUHY Tpecc-popMbI, KOTOPYIO MOXKHO
YCTAaHOBUTH HA MAIIUHY.

Puc. 3. Cxema TepmoriacraBromara
1— y3en cmbikanus, 2 — npecc-popma, 3 — 0ok UITY,
4 — y3el MIacTUKalUK, S5 — 3arpy304Hblid OyHKEp, 6 — IBUraTellb,
7 — rusipaBiIMyYecKasi CUCTEMA.

Bce nepeuncnennbie napaMeTpbl HAXOIATCS BO B3aUMHOW 3aBUCUMOCTH. Tak
yBEIIMYEHUE JIaBJICHHE BIIPhICKA MOXET OBITh JOCTUTHYTO CHHUXEHHUEM
IuaMeTpa IIHEeKa, a, CJIeIoBaTeIbHo, U 00bema BHpbicka. C Apyroi CTOPOHBI,
OoJbIlIee JAaBJICHHE MPUBEAET K BO3PACTAHUIO YCHIIUS, PA3JIBUTAIOIIETO MPecc-
dbopmy, B oTpedyeT TMO0 YBEIMUCHHS YCHIIMS CMBIKaHUS, JTU00 YMECHBIIICHUS
T€OMETPUIECKUX Pa3MEPOB (POPMEI.

[ToaToMy mis 0003HAUEHUS TEPMOIUIACTABTOMATOB OOBIYHO WCIOJIB3YIOT
OJIMH TIOKAa3aTelb — YCUIue cMbIkanusi. OH TaeT TOCTATOYHOE MPEACTABICHHE O
pa3Mepax ¥ OCHOBHBIX BO3MOKHOCTSIX MAIIIMHBI.

PaccmoTpuM  (yHKUIMOHaAJIbHBIE ~ OCOOEHHOCTHM  OCHOBHBIX  Y3JIOB
TEPMOILIACTAaBTOMATOB.

V3en nnacmuxayuu (puc. 4) sBISICTCS ONMPEACISIIONIAM JIJII BCETO IMpolecca
auThs. Ero dyHKIuMs 3aKi04aeTcss B pacIUIaBICHUH TMOJIUMEpa U ero mojade B
noyiocth mpecc-popmel. [IpuHIUn paboThl y37a TJIACTUKAIIMW CIIETYIOIINN:
MOJIMMEPHBIM MaTepuall 3achlllaeTcss B OyHKep S5, a 3aTeM IIOCTymaeT B
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MaTepUaJbHbIi LUIMHApP, TA€ BpAIAIONIMHCA IIHEK 4 IepeMellacT €ro B
cTOpoHy comia 1. B nunuuape matepuai pasorpeBaercs kKoublneseiMu TOHamu
U BIPBICKUBAETCA B Ipecc-(hopMy B paciiaBIE€HHOM cocTosiHuM. [nst toro,
4yToObl M30€XKaTh BbIJABIMBAHUS IOJMMEpa HazaJl B OyHKep, IIHEK OCHAIIEH
oOpaTHBIM KJIalaHOM 3, TNEPEKPHIBAIOIIUM JIBUKEHUE MaTepuaga B MOMEHT
BIIPBICKA.

Puc. 4. Cxema y37a riacTukanuu
1 — comto, 2 — mIHEKOBas KaMepa, 3 — 0OpaTHBIM KJlamaH,
4 — mHeK, 5 — OyHKep 3arpy3KH.

V3en cmuikanus u eénpuicka (puc. 5). LIUki TUThSI HAUUHACTCS CO CMBIKAHUS
npecc-QopMbl, MOCae 4ero B €€ MOJOCTh BIPBHICKMBAETCS PACIUIaB IOJMMEpA.
[Ipouiecc BmphICKa Ha COBPEMEHHBIX MAaIllMHAX MOXET pa3OuBaThCs Ha
HECKOJIBKO CTYIEHEW, C YIIPABJICHUEM CKOPOCTBIO BIIPHICKA HA KaXIOM U3 HUX.
DTO TMO3BOJIAET OOECMEYUTh HYXHYIO CKOPOCTh MPOXOXKICHHSI Marepuania o
pasITUYHBIM KaHajaM ® ToJocTsM (opmel. Hamamamk wmoxkeT m0OWTHCS
KaueCTBCHHOW JIeTalld, TOJ0OpaB CKOPOCTh BXOXJEHUS Marepuaisa B
LHECHTPAIBHBIA M PAa3BOJAIINN JINTHUKH, 3aTEM B OCHOBHYIO MOJOCTh OTJIMBKU H,
HaKOHEl, B €€ TOHKUE pedpa U CTEHKHU.

1T 2 3 4

Puc. 5. Cxema y3ma cMbIKaHHS U BIIPBICKA: | — XBOCTOBUK, 2 — NPUBOJAHOU
UWIMHAD, 3 — IUIMTA TOJIKaTeNel, 4 — moABMKHAs TUIMTA (TUIMTA ITyaHCOHA),
5 — HenoJABM KHAs MJIUTA (TUIMTA MATPUILIbL), 6 — MaTepUaIbHbIN LWIUH]ID,
7 — oOpaTHBIN KJanaH, 8§ — MIHEK, 9 — HapaBJISIOIIUE KOJIOHKH,
10 — Tonkatenu, 11 — nomocts popmsl, 12 — comio
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ITocne 3amomHeHmMst GOpMBI IIHEK TMOJACPKUBACT JaBJIICHHE BIPHICKA
MaTepuana, KOMIEHCHpPYS €ro ycaakKy B Tpolecce oxiaxaeHus. Ecmu 31o
naBjaeHue OyAeT CIUIIKOM OOJIbIIUM, TOJIOBUHKM (OPMBI MOTYT ClETKa
pPa3IBUHYThCA, U MaTepuaj HauyHET yTEeKaTh B MOSBUBIIMECS IIENH, 00pa3ys
0071011 110 JTMHUHM CMBIKAHUS.

Ha Tpertheit (aze mukia IHEK HAaYWHAET BpalIaThCs, OTOJBUTASCH B
UCXO0HOE TosiokeHue. [Ipu aToM creayromas 103a paciiaBIeHHOTO MaTepuaia
MOCTYIIAeT B ITHEKOBYIO KaMepy.

B pesynprare oxmaxaeHus mpecc-GOpMbI JETalb 3aCTBHIBACT, TOCIE YETO
MOJIBYDKHAS TUTUTa OTXOIUT Hazan, packpbiBas ¢opmy. OObr4HO, mpecc-hopma
MPOCKTUPYETCS  TaKuM  00pa3oM, dTOOBI TIOCIE  PACKPBITHS  JCTalb
rapaHTUPOBAHHO OCTaBajach Ha MOJBMXXHOM yacTu (opmbl — myaHcoHe. C
IyaHCOHA JeTallb CHUMAEeTCS TOJKATEIsIMU, OHU TPHUBOIATCS B JBH)KCHHE
OTJICTBHBIM THUAPOIMINHAPOM TEPMOIUIACTABTOMATA, K KOTOPOMY MPHUKPEIUIEH
XBOCTOBUK.

Heo6xoaumMo OTMETHUTD, UYTO MPEACTABICHHBIE CXEMbI OMHUCHIBAIOT MPOIIECC
JUThS BeChbMa MNPUOIU3UTEIBHO, U CYUIECTBYET MHOXKECTBO MOAU(PHUKALIMIA
o0opy0BaHus U Ipecc-PopM, 3aMETHO OTIMYAIOUIUXCS OT OMUCAaHHBIX. TeM He
MEHEe, OCHOBHBIC€ TPHUHIMIBI Pa0OTHl TEPMOIUIACTABTOMATOB OCTAIOTCS
HEU3MEHHBIMU YK€ MHOTHE JECATUJICTHS, & OTIMYMs OOBIYHO HAXOMISATCS B
00nacTi HEOOIBIINX U3MEHEHUHN TOTO WJIK HHOTO y3J1a.

1.6. Bonipockl mo Teme «IlmacTMaccoBbie MaTepHaIbD»):

1.13 yero cocroAT miacTMacchl?

2.KakoBEI OCHOBHBIE HEJOCTATKHU Iu1acTMacc?

3.Yrto Takoe Tepmoriact?

4.Kak BenyT ce0s peakToIiacThbl MPU HarpeBaHUu ?

S.11epeuncnuTe OCHOBHBIE BU/IbI TEPMOILIACTOB.

6.1loueMy peakToIIacThl HE MOABEPTaOT MOBTOPHOI nepepadboTke?

7. IlpermMy1iecTBa U HEAOCTATKH OCHOBHBIX CITIOCOOOB M3TOTOBJICHUS
JIeTaJiey U3 miiacTMacc.

8. Onuirte 060py1I0BaHUE, TPUMEHSIEMOE JIJISl JTUThS TUIACTMACCOBBIX
15631 (017178

2. PEBUHOBBIE MATEPHAJIBI

Pe3uHol Ha3pIBaeTCsl MNPOIYKT CHEIUAIbHOM 00pabOTKM (ByJIKaHU3AILIUH)
CMECH KaydyKa U Cephl C Pa3IMYHBIMU 100aBKAMH.

Bynkanuzanuss — mpeBpallleHue Kaydyka B pE3HMHY, OCYILIECTBIISIEMOE C
y4aCTUEM TaK HAa3bIBAEMbIX BYJIKAHU3UPYIOIIUX AareHTOB W MOjA JCHCTBUEM
MOHU3UPYIOIIEH paiualviy.

Kayuyku sBisitoTCsl mojguMepamMu C JIMHEWHOW CTPYKTYpoll H Mpu
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BYJIKAHU3AIlMM  TMPEBpAlalOTCd B BBICOKODJACTUYHBIE  PEIKOCETYAThIE
MaTepualbl — pe3uHbl. ByIKaHU3UPYIOMKUME TO0OaBKaMU CIIy»aT cepa U JIpyTHe
BemiectBa. C yBeIMYEHHEM COJEpXKaHUS ByJIKaHU3aTopa (cepbl) ceTrdaras
CTPYKTypa pE3MHbl CTaHOBUTCA Oojiee yacTol W MeHee asnactuyHoil. [lpu
MakcUMallbHOM HachilieHun cepoil (30-50 %) momyuaroT TBEpAyl0 pE3UHY
(200HUT), ipu Hackimennn cepoir 10—15 % — momyTBepayro pesuny. OObBIYHO B
pe3uHe coepkuTcs 5—8 % cephl.

JInsi yCKOpeHMsI BYJIKAHW3alMU BBOJAT YCKOPUTEIW, HANPHUMEP OKCH]
ITUHKA.

Pe3nHa kak TeXHUYECKUN MaTepuan OTJIMYAeTCs OT JPYrux MaTepHhalioB
BBICOKMMH 3JaCTUYECKUMH CBOWCTBAMHU, KOTOpBIE TMPUCYIIM KayuyyKy —
[JIaBHOMY HCXOJHOMY KOMITOHEHTY pe3uHbl. OHa crocoOHa K OYE€Hb OOJBIIMM
nedopmanusm (oTHocuTenbHOE yanuuenue aocturaer 1000 %), koTopbie MOYTH
MOJIHOCTBhIO OoOpatumbl. [Ipu HOpManbHOU TeMIepaType pe3uHa HaXOJUTCS B
BBICOKO?JIACTUYECKOM COCTOSIHUU, U €€ DJIACTUYECKUE CBOMCTBA COXPAHSIOTCS B
HIMPOKOM JIMAINa30He TeMIIepaTyp.

Moayns ynpyroctu jiexuT B mnpenenax 1-10 MIla, 1. e. oH B ThIcSuUM U
JECSATKU THICAY Pa3 MEHbIIE, YeM Ui JIpyrux matepuanoB. OCOOEHHOCTHIO
PE3UHBI SABISETCS €€ Majlasg C)KMUMAEMOCTh (JUIsl MHKEHEPHBIX PACUuE€TOB PE3UHY
CUHTAIOT Heckumaemoi); kodddurnment Ilyaccona 0,4-0,5, Torma kak yis
MeTaia 3ta BenuunHa cocrapisier 0,25-0,30. JIpyroit 0COOEHHOCTBIO PE3UHBI
KaK TEXHUYECKOr0 Marepuajia SIBISETCS  pPeNaKCallMOHHBIA  XapakTep
nedopmaruu. [Ipu HOpManmpbHOW TeMIepaType BpeMs pelaKCalll MOXKET
coctaBiath 10™ ¢ u Gonee. Ilpu paGoTe Pe3nHBI B YCIOBHSX MHOTOKPATHBIX
MEXaHUYECKUX HaNpsDKEHUW YacTh DHEPTrUM, BOCIPUHHUMAEMON U3JIEIIUEM,
TEepsieTCs Ha BHYTpPEHHEE TpeHHE (B CaMOM Kaydyke U MEXKAY MOJIEKyJIaMU
Kaydyka M 4YacTHIlaMHu J100aBOK); 3TO TpEeHHUE NpeoOpa3yeTcss B TEIUIOTY H
SBIIICTCS ~ NPUYUMHOM  THUCTEpPE3UCHbIX  motepb. Ilpum  skcmryaranuu
TOJICTOCTEHHBIX  JeTajedl  (Hampumep,  IIMH)  BCJEICTBHE  HU3KOM
TEIUJIONPOBOJIHOCTU MaTepuasiga HapacTaHHe TeMIlepaTypbl B Macce pPE3WHBI
CHUXKAET ee paboTOCIOCOOHOCTb.

Kpome oTMeueHHBIX 0COOCHHOCTEH Il PE3NHOBBIX MAaTEPUATIOB XapaKTEPHBI
BBICOKAsI CTOMKOCTh K HCTUPAHUIO, Ia30- U BOJOHENPOHUIIAEMOCTb, XUMHUYECKasI
CTOMKOCTb, SJICKTPOU3OIUPYIOIIUE CBOMCTBA U HEOOIBIIIAS TNIOTHOCTD.

2.1. CocraB n knaccupuKanus pe3NHOBbIX MATEPHAJIOB

['1aBHBIM MCXOJIHBIM KOMIIOHEHTOM pE3UHBI, MPUJAIOIIMM €H BBICOKHE
AJACTUYECKHE CBOMCTBA, fABJsETCA Kayuyk. Kaydyku ObIBalOT HaTypajbHBIC
(HK) u cunrernueckue (CK). HaTypanbHblii KaydyK MOJY4YarOT KOaryJsiuen
jJaTekca (MJIEYHOIO COKa) KaydyKOHOCHBIX JIE€pEBbEB, pacTyliux B bpasuium,
FOro-Bocrounoii A3uu, Ha ManaiickoM apxurnienare. CUHTETUUYECKHE KaydyyKH
(OyramueHoBble, OyTagueH-CTUPOJIbHBIE UM JAp.) TMOJy4YalT METOoJaMu
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noJiuMepusanu. BriepBble cuHTe3 OyTaAUMEHOBOrO KaydyKa MOJIMMEpHU3alMei
OyTajueHa, IMOJYYEHHOTO M3 3TUJIOBOTO CIMpTa, oOcyluecTtBieH B 1921 r.
pycckuMm yuenbiMm C.B. JleGeneBbiM. Pa3zpaGoTtanbl METONbI MONXYyYEHUS
CHHTETHYECKUX KayuyyKOB Ha OCHOBE 0oJiee JICHIEBOTO ChIPhs, HAPUMEP HEPTH
U alleTUIICHA.

ITomMmuMO Kaydyka B COCTaB PE3HH BXOJAT:

Bynkanusupyrowue 6ewjecmeéa (areHTbl) Y4YacTBYIOT B 00Opa3oBaHHUH
IPOCTPAHCTBEHHO-CETOUYHOM CTPYKTYypbl ByJkaHu3ata. OOBIYHO B KauyecTBe
TaKHUX BEIIECTB IPUMEHSIOT CEPY U CEJEH, AJI1 HEKOTOPBIX KayuyyKOB IEPEKUCH.
JUtst pe3uHbl 3JIEKTPOTEXHHUYECKOrO0 Ha3HAYEHHsI BMECTO 3JIEMEHTApHOW CEpbl
(koTOpasi B3aMMOJEHCTBYET C MEbI0) NPHUMEHSIOT OPraHUYECKHE CEPHUCTHIC
COEJIMHEHUS — TUypaM (TUYpaMOBBIE PE3UHBI).

Vcexopumenu mpouecca ByJIKaHU3aUMU: TOJUCYIbPUIbI, OKCHABI CBHUHIIA,
MarHusi U JIpyrue BIMSIIOT KaK HAa PEXUM BYJIKAHU3alUH, TaK U HA (U3HKO-
MEXaHMYECKUE CBOWCTBA BYJIKAHU3AaTOB. YCKOPUTENM TMPOSBISIOT CBOIO
HauOOJBIIYI0 AKTUBHOCTh B MPUCYTCTBUM OKCHIOB HEKOTOPHIX METaJIOB
(uMHKa W Jp.), Ha3bIBAEMBIX IIO3TOMY B COCTaBE€ pPE3UHOBOM CMecU
aKTUBATOPaMH.

IIpomueocmapumenu (aHTUOKCUIAHTBI) 3aMEIUISIOT IPOLIECC CTApEHUs
PE3MHBI, KOTOPBIA BENET K YXYAIIEHUIO €€ JKCIUIyaTallMOHHBIX CBOMCTB.
CylecTByIOT MPOTUBOCTAPUTENIN XUMUYECKOTO U (DU3MUECKOro JEHCTBUS.
JleiicTBUE NEpPBBIX 3aKIIOYAETCS B TOM, YTO OHH 33JEP>KUBAIOT OKHUCJICHHE
KaydyKa B pE3yJIbTaT€ OKHUCIEHHMS HX CaMHUX WM 33 CYET pa3pylICHHs
00pa3yroluxcs nepekucen kayuyka (MpUMEHSIOTCS albJ10Jib, HE030H I u np.).
®duznyeckue NpoTUBOCTapUTENH (MapaduH, BOCK) 00pa3yloT MOBEPXHOCTHBIC
3alUTHBIC [JICHKU, OHU TPUMEHSIOTCS pEXKe.

Msazuumenu (nnactudukaTopbl) o0eryaroT nepepadoTKy pe3uHOBOM CMecCH,
YBEJIMYMBAIOT JIACTUYECKHE CBOWMCTBA KayuyyKa, MOBBIIIAIOT MOPO30CTONKOCTD
pe3unbl. B kaudecTBe wmsiruuTenei BBOJAT mapaduH, Ba3eNHH, CTEAPUHOBYIO
KUCIOTY, OuTyMmbl, nuOytuiadranat, pacTtutelnbHble Macna. KomudecTtBo
msaryutenei coctapiser 8—30 % macchl Kaydyka.

Haronaurenn mno BO3ACHCTBUIO Ha KaydyK IMOAPA3ACIAIOT HAa AKTUBHBIE
(ycunuBarouue) ¥ HEaKTUBHbIE (MHEpPTHBIE). AKTHUBHBIE HAMOJHUTEIN
(yrmepoaucras caxa M Oenas caxa — KPEeMHEKHCIIOTa, OKCHJ LIMHKA U Ap.)
NOBBIIIAIOT MEXAHUYECKHE CBOMCTBA pPE3HH: NPOYHOCTh, COMNPOTHUBICHHE
UCTUPAHUIO, TBEPAOCTb. HeaKTUBHbIE HAMOJHUTENU (MeN, TajldbK, OapuT)
BBOJATCS JUIsl YACIIEBIECHHUS] CTOUMOCTH PE3UHBI.

Yacto B C€OCTaB pPE3UHOBOW CMECH BBOJST peceHepam — TPOIYKT
nepepadOTKM  CTapbIX PE3MHOBBIX  M3ICIUA M OTXOJOB  PE3UHOBOIO
npousBojacTBa. Kpome CHUXKEHHS CTOMMOCTM pPEreHepar MOBBIIIAET KaueCTBO
PE3UHbI, CHIKAs €€ CKIIOHHOCTh K CTapEHHUIO.

Kpacurenu muHepasibHble WM OPraHUYECKUE BBOJAT JUJISI OKPACKU PE3UH.
Hekoropbie kpacsimue BemiecTBa (Oeible, >KENThIe, 3€JEHBbIC) MOTJIOIIAI0T
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KOPOTKOBOJHOBYIO 4YacTh COJIHEYHOTO CIEKTpa U ITHM 3aIlUIIAIOT PE3UHY OT
CBETOBOT'O CTapCHUSI.

B HacTosiiee BpeMmsi pe3MHOBbIE MaTepHajbl KIACCUPHULUPYIOTCA IO BHUILY
CBIPbS, BUJY HAIOJHUTEINS, CTEHNEHU YIOPSIOYEHHS MAKpOMOJIEKY U IOPUCTOCTH,
HKOJIOTMYECKUM CII0co0aM 1epepabOTKH, TUMaM TEIJIOBOIO CTapeHUs! U U3MEHEHUIO
o0BreMa rocrie mpeObIBaHus B HETSIHOM SKUIKOCTH.

Knaccudpukanuss mo BuAy CbIpbS YYHUTHIBAET HAUMEHOBAHUE KAay4dyKOB,
SIBUBLLMXCSI HCXOJHBIM CBIPbEM IIPU MPOU3BOJICTBE Pe3HMHOBBIX Martepuanos: HK —
HatypaibHblii Kayuyk, CKb — cunTreTnueckuii kaydyk OyrtamueHoBblii, CKC —
OyTtanueH-ctuposibHblii Kayuyk, CKM — cuHTEeTMYeCKMi KaydyK H30IIPEHOBBIH,
CKH -  OyragueH-uutpwibHblii  kayuyk, CK® —  cuHTeTndeckuii
¢dropoconepxkammii kayuyk, CKOII — cononumep 3tunena ¢ nponuienom, XCIID —
xJiopeynbpononuytuiieH, BK — oytunkayuyk, CKY — nonnyperaHoBble KaydyKHu.

[lo Bumy pa3mMUalOT  HAMOMHWUTENM  JJII  PE3WHOBBIX  MAaTepuaioB
NOPOWKOOOpa3Hble U MKAHU.

Ilo creneHn ynopsgouyeHHss MaKpPOMOJIEKY] M IOPUCTOCTH PE3UHOBBIE
MaTepuaibl MOTYT OBbITb Msekumu, cecmkumy (SOOHUTOBBIMHU), HOPUCBIMU
(ryGuatsivMm) 1 nacmooGpastbvu. TIOTHOCTB TyGuaToit pesursr 100—750 K.

Cpenu TEeXHOJIOTMYECKHX CIOCOOOB MepepadOTKU Uil PE3MHOBBIX MaTEpUaioB
UCTIOJIB3YIOTCS 8b10AGIUBAHUE, NPECCOBAHUE W JIUMbE.

ITo TerioBoMy CTapeHHUI0 CYLIECTBYIOT cemb munog: T07, ..., T25.

[To n3menenuro oobema mocie mpedbIBaHUs B HEYTIHOM KUAKOCTH Pa3IHYalOT
cembv knaccos: K1,..., K7.

Hanbonee xpymHble mNOTpeOMTENM pPE3UHBI — MIMHHAS MPOMBIIICHHOCTD
(cBbitie 50 %) 1 NPOMBILUIEHHOCTh PE3UHOTEXHUYECKUX n3sienuii (6omee 22 %).

2.2. Kinaccuguxanusi pe3MHOBBIX MAaTepPUAJIOB

Pe3unoBbIe MaTepualibl ACNAT Ha TPYIIIBI 001e20 N CHeYUaibHO20 HAZHAYEHUSL.

Jist pe3auH oO0mIero Ha3HAYeHUS] OCHOBHBIMM KOMIIOHEHTaMHU SIBJISIOTCS
HenoJisipabie kayuyku — HK, CKH, CKC u CKB. Pe3unbl Ha ocHoBe HK
OTJIMYAIOTCS  BBICOKOM  DJIACTUYHOCTBIO, MPOYHOCTBIO, BOJO- H©  razo-
HEMPOHUIIAEMOCTbIO,  BBICOKMMH  DJIEKTPOM3OJISLUOHHBIMA  CBOWCTBAMU:
YIEIBHOE DJIEKTPOCOIPOTHBICHHE Poy= 3-10'-23-10" OmeM; mmdmexTpraeckas
NpoHUIaeMocTh  €=2,5. Haubonbiliee pacnpocTpaHeHne B MPOMBIIUICHHOCTH
nostyunsin pe3unbl Ha ocHoBe CKC (CKC-10, CKC-30, CKC-50). 910 Te pe3uHsl,
KOTOPBIE XOPOIIO PabOTAIOT MPU MHOTOKPATHBIX Ae(OpMaIisIx, IMEIOT XOpOIee
COIIPOTHUBJIEHWE CTAPEHUIO; MO0 Ta30HENPOHUIIAEMOCTH U JUAJIEKTPUYECKUM
CBOMCTBAaM paBHOLICHHBI pe3uHaMm Ha ocHoBe HK.

Pe3nHoBbIe MaTepualibl 0OILIEro Ha3HAUYEHUS UCTIONB3YIOTCS AJIsl IPOM3BOJICTBA
u3JeNui, padoTalolMX B BOZAE, Ha BO3/AyXe, B CIAa0bIX pacTBOpax KHUCIOT U
HIEJIOUEH TP TeMIiepaTypax skcruryaranuu ot -35 1o +130 °C. Takumu uznenusamu
SIBJISIFOTCS IIIMHBI, PyKaBa, KOHBEHEPHbIE JICHTHI, M30JIAIMS Kadesei u jip.
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Pe3uHoBbIE MaTepuanbl CHEUATLHOTO HA3HAYECHUS JENSTCA Ha OeH3UHO-
MAcIOCmMOoUKue, XUMUYeCKU CMoUKue, KOPPOIUOHHO-COUKUE, C8EeMOCMOUKUe, Menio-
U MOPO30CMOUKUE, INEKMPOMEXHUUECKUe N USHOCOCHOUKUE.

BeH3MHOMACIOCTOMKHE PE3UHOBBIE MAaTepHaibl W3rOTABIMBAIOT HA OCHOBE
Haupurta, THOKona, CKH wu gpyrux TumoB kaydyykoB. X OCHOBHBIMH IIO-
TPEOUTEITLCKUMHU CBOMCTBAMHU  SIBIITIOTCS  YCTOMYMBOCTh K BO3JICHCTBHIO THJI-
PaBIMYECKUX SKUAKOCTEH, Macio-, OEH3MHO- M O030HOCTOWKOCTh, a TaKkKe
BOZOHEIIPOHULIAEMOCTb. Pe3uHBI, CTOWKHE K BO3JACHUCTBUIO THMAPABINYECKUX
KHUJIKOCTEH, W3rOTaBIMBAIOT: sl paboThl B Macie — Ha ocHoBe CKH, mms
KPEMHUNOPraHMYECKUX KHUJIKocTeil — Ha ocHoBe kayuykoB HK, CKMC-10 u nip.

bensnHomMacnocroiikue pe3uHbl Ha ocHoBe kKayuykoB CKH moryr paborats B
cpene OeH3WHa, TOIUIMBA, Macel B uHTepBaie Temmeparyp ot -30 go 130 °C
Axpunatneie pe3unsl (Mapku BAK) Temnocroiiku, o00mamaroT aare3uend K
MOJIMMEpaM M METAJUIaM, CTOMKM K JEHUCTBUIO CEPOCOACPKAIMX MACENl U
KUCJIOPO/Ia, HO OO0JIaAt0T MAJIOW 3JIaCTUYHOCTBIO, HU3KOW MOPO30CTOMKOCTBIO U
HEBBICOKOM CTOMKOCTBIO K BO3JICMCTBUIO TOpsiuel BOJbl W mapa. M3 Oewnsu-
HOMACJIOCTOMKHX PE3WH W3rOTABJIMBAIOT IIMHBI, BApOUYHbIE Kamephl, quadparMbl U
T.J. AKpUJIaTHBIE PE3UHBI IIIMPOKO MPUMEHSIIOT B aBTOMOOUIIECTPOCHHUH.

XVWMUYECKH CTOWKHE PE3UHOBBIE MaTepHuaibl HW3rOTaBIMBAIOT HAa OCHOBE
Oytwikayuyyka. K wu3genusiM #3 Takux pe3uH TPEABSIBISIOTCS TOBBINICHHBIC
TpeOOBaHUSI TO Macjo-, OEH3WHO-, pPACTBOpUTENIe- W TEIIOCTOMKOCTH. OHU
UCHOJIB3YIOTCS, HalpUMep, JJIsi W3TOTOBJIICHUS TPAHCIOPTHBIX JIGHT MOAAYU
TOPIOYMX MaTEPHUAIOB.

Koppo3uonHo-cToiikue pe3nHOBbIE MaTepualibl M3rOTaBIMBAIOT Ha OCHOBE
XCIID. OHu SABISIOTCS HE3aMEHUMBIM KOHCTPYKLMOHHBIM MAaTe€pHaioM JJIs
U3JIENIUN, paboTaroUX B MOPCKOM Bojie. KpoMe Bcero mpodero, oHU HE 00pacTaroT
MIPU SKCIUTyaTallMy BOJIOPOCIISIMU M MUKPOOPTaHU3MaMH.

CBETOO30HOCTOMKUE PE3WHOBBIE MAaTEpUallbl HM3rOTABIMBAIOT HAa OCHOBE
HaceleHHbIX KaydyykoB — CK®, CKOJII, XCIID u BK. Pe3unbl Ha ocHOBe
dTopoconepxkaiero kayuyka CK® ycToWuMBBI K TEIJIOBOMY CTapeHHUIO,
BO3JICHCTBUIO MAaCeJl, TOIUIMBA, PA3JIMYHBIX PACTBOPUTENEH (JJaXKe MPH MOBBIILICHHBIX
TeMIieparypax), Heroproune, 001aat0T BBICOKAM COMPOTHBIICHUEM WMCTUPAHUIO, HO
UMEIOT HU3KYIO JIACTUYHOCTh U Malyl0 CTOMKOCTh K OOJBIIMHCTBY TOPMO3HBIX
)kuakocteil. Pesunsl Ha ocHoBe CK® 1 stusieHnpo-nuieHoBbIX kayuykoB CKOII
CTOMKM K JieiicTButo cuibHbIX okucaurened (HNO;, H,0;5 u ap.) u He paspymarorcs
npu paboTe B arMOC(PEepHBIX YCIOBUSIX B TEUEHHE HECKOJIbKUX JieT. Pe3uHbl Ha
OCHOBE  XJIOpCyJb(onommiTu-neHoBoro  kayuyyka XCIID npumeHstor Kak
KOHCTPYKIIMOHHBIM Marepuan (IPOTUBOKOPPO3MOHHBIE, HE OOpacTaloiue B
MOPCKOM BOJIE€ BOAOPOCIISIMU M MHUKPOOPTraHU3MaMHU TOKPBITHS), a TaKkKe IS
3alUThl OT TraMMa-u3nydeHus. Pe3unbl Ha ocHOBe OyTwikaydyka BK mmpoko
INPUMEHSIOT B IIMHHOM TPOW3BOJCTBE, & TAKXKE JUIA W3TOTOBJICHUS W3IEIHIL
paboTaroNMX B KOHTaKT: C KOHIIEHTPUPOBAHHBIMU KHUCIOTaMH U APYTMMH
xuMuKaTtamy. CBETOO30HOCTOMKUE PE3UHOBBIE MATEpPUAIIbl IPEIHA3HAYEHBI IS
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Maciyio- U OEH3UH CTOMKUX M3/AEIMA — TMOKUX LUIAHTOB, AuadparM, YIUIOTHUTENEH
U JIp.

Tennocroiikue pe3nHoBble Matepuansl n3rotaBiauBaroT Ha ocHoBe HK, CKT u
CKC. Mopo30CTOMKUMHU SIBJISIFOTCSI PE3MHBI HA OCHOBE KAay4yKOB, HMMEIOIIUX
HU3KME TemnepaTypbl crekinoBanusg, Hanpumep HK, CKC-10, CKT. 3Otu
PE3UHOBBIE MaTEpUAIbl MCIIOJB3YIOTCS JUIL  CBEPXTEIUIO- M MOPO30CTOMKHX
W3JIEITIH, SJIEKTPOTEXHUYECKUX JICTAIEN U JIp.

DNEKTPOTEXHUUYECKUE PE3WHOBBIE MaTepUallbl JEIATCS Ha JIBE TIPYIIIBL:
UBOTAAYUOHHBIE WU NpoBoosujue. NEKTPOU3OSILIMOHHBIE PE3UHOBBIE MaTepUaiIbl
M3rOTaBJIMBAIOT HA OCHOBE HemoJisipHbiX KayuykoB, Hanpumep HK, CKb, CKC,
CKT um BK. HX 3J1€KTpHUYECKHE CBOMCTBA: Poy= 10"-10" Om-cm; &=2,5-4.
DJNEeKTPONPOBOASALINE PE3UHBI Ui HSKPAHUPOBAHHBIX KaOened MoMydaroT Wu3
HATypaJIbHOTO, ~ CHHTETUYECKOro  OyTaJIM€HOBOTO  KAaydyyKOB, HaWpHUTa C
o0si3aTeNbHBIMU J100aBKaMu caxku M rpadura B koimuectBe 65-70 % mo macce
Kaydyka. YJIENbHOE OIEKTPOCONMPOTUBICHHE MPOBOMSIINX PE3HH  Poy=107—
10* Om-cm.

N3HOCOCTOMKHME PE3MHOBBIE Marepuanbl M3roTaBivMBaroT Ha ocHoBe CKYVY.
Paboune Temneparypsl pe3un coctapisitoT -30—+130 °C. Onu npenHazHaueHbI IS
NPOM3BOJICTBA IIIMH, aMOPTH3aTOpoB, OydepoB, KiIanaHoB, OOKIAIOK B
TPaHCIIOPTHBIX CUCTEMAX, ISl a0pa3UBHBIX MaTepUaIOB, 00YBH U Jp.

B nponecce skcruryaTani pe3uHOBBIE U3IENHS NOJBEPratoTCs pa3InyHbIM
BUJIaM CTapeHusi (CBETOBOE, 030HHOE, TEIUIOBOE, PAAUAIlMOHHOE, BAKYYMHOE H
1p.), 9TO CHIDKAET MX PabOTOCIIOCOOHOCTh; M3MEHEHHWE CBOWCTB MOMXKET OBITH
HeoOpatuMbIM. CTOWKOCTh pE3MH NP CTAPEHUU 33aBUCUT OT CTENEHH
HEHACBIIIEHHOCTH Kay4yyKa, TMHOKOCTH MaKpOMOJIEKYJ, IPOYHOCTU XUMHUYECKOM
CBA3M B LEMHU, CHOCOOHOCTH K OpPUEHTAalMU W KpucTaumzauuu. M3menenue
CBOMCTB OLIEHUBAETCA 10 U3MEHEHHUIO MPOYHOCTHBIX U YIIPYTUX XapaKTEPUCTUK,
[0 BOCCTaHABJIMBAEMOCTH pPE3UHbI (M3MEHEHUE BEJIWYUHBI JAePopMalud BO
BPEMEHM IIOCJIIE€ CHSATHUS HArpy3KHu), CTOMKOCTH K pa3aupy (KOHUEHTpalHH
HaIPSHKEHUH ).

[Ipounocts kpuctammsywomuxcs kayuykoB (HK, Oyrun kayuyk,
xnoponper, CKH), paxe O0e3 Hamomuurtenen, cocrabisger 20-30 Mlla.
PabGoTocrnocoOHOCT, TONTOBEYHOCTh PE3WH MPU JTUHAMUYECKOM Harpy KCHHUH
ONPEIEISIIOTCS YCTAIOCTHON MPOYHOCTHIO.

[lon  pmeiictBuemM  aTMOC(EepHBIX  YCJIOBHMi,  O30Ha  IPOUCXOAMT
pacTpecKMBaHUE HANPSKEHHBIX pEe3UH M3 HeHachlleHHbIX kayuykoB (HK, BHK,
BCK); croiiku k o30HHOMY crapeHuto HacbinleHHble Kayuyku (CK®, CKT wu
OII). Cet BbI3bIBaCT (POTOOKUCIECHUE KAyUYKOB, KOTOPOE 3aBUCUT OT HAJIUYMS
B HUX JABOMHBIX cBsizeil. Ilo yObIBaHMIO CKOPOCTH (DOTOOKHUCICHHS KaydyKH
MOxHO pa3noxuTh B psia: HK, CKb >CKC>BK. Cserocroiiku pe3unsl u3 CK® u
CKT.

doTonpoliecc yCKOPSIETCs IPU MOBBIIIIEHUHN TeMIepaTypsl (puc. 6).
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Puc. 6. I3MeHeHnE OTHOCUTENBHOTO CTATUYECKOTO MOAYJISL YIPYTOCTH IIPH
ceeroctapenuu Byikanuszata CKb: 1 — 25 °C, B remHuore; 2 — 80 °C, B TEMHOTE;
3 — 25 °C, npu oceuiennu; 4 — 80 °C, npu oCBeLICHUU

CkopocTh CTapeHUsl PE3UH B HANPSHKEHHOM COCTOSSHUM BBIIIE, YEM B
CBOOOJHOM cOCTOSIHMH. [10oBBIIIEHHE 030HOCTOMKOCTH TOCTUTAE€TCS BBEJACHHEM
COOTBETCTBYIOIIMX MHIPEAUEHTOB W HAHECEHHEM 3allUTHON IUIeHKU (U3
nonuyperana). Cpoku CIykObl WM XpaHEHUS W3ACIUNA W3 PE3UHBI
OTIPENIEISIOTCSA 0 U3MEHEHHUI0 OCTAaTOYHOU J1epopMaIiuu CKATUS Eoer, KOTOPAS
JUIs.  YIUIOTHUTEIBHBIX MaTepuasioB jgomyckaercs 10 80 %, u penakcauuu
Hanpsokenus 0,2.

JIns IpOrHO3UPOBAHKSI CPOKOB COXPAHHOCTH CBOMCTB PE3WHBI MPUMEHSIOT
KOMOWMHHUPOBAHHBIN METOJI, COYETAIONIMK OKCILTyaTallHOHHBIC WCIBITAHUS
IIOJIMMEPHOTO MAaTEpHAJIa C YCKOPEHHBIMH.

[IprHMMaeTCs creayronee COOTHOIIEHHE:

(t/T) + (/T2) =1,

rje t; — BpeMs, B TEUEHHE KOTOPOIro M3JENue dKCIUTyaTUpyeTCs (XpaHUTCs);
OHO COCTaBJIsIET HEOOBIIYIO YacTh OT T| — MOJIHOTO CpOKa CITyKObI U3IENUS; t)
BpeMsl JTOCTMKEHUS OIpPEACICHHBIX 3HAYEHUN BBIOpAHHBIX MOKa3aTeled mpH
YCKOPEHHOM CTapeHuu; T, — BpeMsl TOCTUKEHUS NIPEACIIbHBIX 3HAUYEHUHN TEX KE
IOKa3aTelIeu I U3J1eJIUM, OABEPraBIIMXCS YCKOPEHHOMY CTAPEHUIO.

Tepmuueckasi cmouxocmy. 1IpOYHOCTP XUMHUYECKUX CBS3€M B  Makpo-
MOJIEKYJIaX U UX CTPYKTypa ONPEAEISIOT TEPMUUYECKYIO CTOMKOCTH IIOJIMMEPOB.
[1o yBEenMYEHNIO TEPMUYECKON CTOMKOCTH Kay4YyKH PacIOJIaratoTCs CIEAyIOINM
oopazom: Tnokon < HK < BHK, bCK < CK3II < CK® < CKT.

[Tpu noseiennsix Temneparypax (150 °C) opraHudeckue pe3uHbl TEPSIOT
npouHocTs nocie 1-10 4 narpeBa, pesnnsl Ha ocHOBe CKT moryr mpu stoi
Temneparype paboraTh IMTENbHO. [IpOYHOCTH CHIIOKCAHOBOM pE3UHBI MPHU
HOPMAaJIbHOW TEMIIEpaType MEHbBIIE, YEM MPOYHOCTh OPTAHUYECKUX PE3UH, MPHU
200 °C ux mpo4yHOCTH OJMHAKOBHI, a Tipu Temneparype 250-300 °C ona maxe
Bbiie. OcobenHo 1eHHsl pe3unbl Ha ocHoBe CKT mpu ucnosnbp3oBaHuM UX B
YCJIOBUSIX JUIMTEJIBHOIO HarpeBa.
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[Ipy MOBBIIEHHBIX TEMIEpATypax MPOTEKAECT AECTPYKLMS MaKpPOMOJICKYI,
BBIICIIAIOTCS KUAKUE U Ta3000pa3Hble NPOAYKThI, 00pa3yIOTCs LUKIMYECKUE U
apoMaTHYeCKHEe CTPYKTYpbl, 00JIaJaiolue BBICOKOW TEpMOCTOMKOCThIO. [lpu
TEMIIEpAType B COTHM M ThICAYM TPaayCoB TEPMHUYECKass CTOMKOCTb
ompeeNsieTcs Mo MoTepe MOJIOBUHBI Macchl noiauMepa 3a 30 MuH (Hanpumep, JUis
HK, CKH 510 330 °C, niga CKII-410 °C).

eticmeue ompuyamenvuolx memnepamyp. llpu HU3KHX TeMmeparypax
CHIKAIOTCSl U Ja)Ke MOJIHOCThIO YTPAYMBAIOTCS BBICOKOAJIACTUUECKUE CBOICTBA,
IPOUCXOAUT NEPEXO0]I B CTEKIOO0PA3HOE COCTOSHUE M BO3PACTAHUE KECTKOCTH
pEe3WHBI B THICSYM W JECATKHA ThICSYM pa3. KoadduimeHT mMopo30CTOMKOCTH
(YpoBeHb MOTEPU CBOMCTB) MpPU CABUTE OOJIbIIE, YEM TMPHU CKATUU U PACTSHKEHUU
(KMCZ[B > KMC)K > KMDaCT)'

eticmsue uoHusupyrowe2o uzyueHus Ha pe3uHy — paouayuonHoe cmapeHrue.
Ha cToliKoCTh K paguaiuu BIUSET NPUPOaa KaydyKa, MHIPEIUECHTOB, 3alIUTHBIX
no0aBoKk (aHTUpanoB), cpena. HauOosblias CKOpOCTh CTapeHUsi y PE3UH Ha
ocHoBe cTpykTypupyromuxcs kayuykoB (CKH, CKB). Ilox neiictBuem
paguanuu y 3TUX PE3UH YBEIMYMBAECTCS TBEPAOCTh, YMEHBIIAETCA MOIYJb
ynpyrocti. Haumensiasi ckopocTs ctapenus y pe3ud Ha ocHoBe HK, CKU-3,
CKO3II. Hectpyktupytor pe3unbl u3 Oytunkayuyka BbK. Bo ¢topkayuyke
MPOUCXOAUT CHIMBAHUE JTMHEUHBIX MAKPOMOJIEKYJI, IPU STOM PaCTyT TBEPJOCTb U
MOJYJb YOPYTOCTH, @ MPOYHOCTh CHMXKAETCS HE3HAYUTENIbHO. B mopsake moBbl-
HIEHUSI OTHOCHUTEJIBHOM pPAaJMAllMOHHOW CTOMKOCTHM PpE3WH KaydyyKd pac-
MOJIAralOTCSA B CICAYIOMUN psl: OyTHIIKaydyK < (TOpcoAepKanue Kaydyku <
CHWJIMKOHOBBIA KaydyyK < XJIOPOIPEHOBBIM < aKpwiaTHbli < OyTagueH-
HUTPWIbHBIN < OyTaaueH-CTUPOIbHBIN < HaTypaJIbHbIN <
STUJICHNPONMICHOBBIH < yperaHoBbiii. Haubonee cTOMKMMH K CTapeHHUIO
SBIIAIOTCS YPETAHOBBIE pPE3UMHBI (B MAaKpOMOJIEKYJaX KaydyKa CcoJepKarcs
¢dbenunbHbie KoJblia). CTOMKOCTH PE3WH K paJHallMi MOXET H3MEHSTHCS B
3aBUCUMOCTUA OT MOJU(UKAIMK KaydyKa, MHTPEJUEHTOB, BHUJIAa U KOJIMYECTBA
3alIUTHBIX T00aBOK (aHTHPAJIOB).

Pe3unnl Ha ocHoBe kayuykoB CKH um HK mmpoko mpuMeHsIIOT B sJIepHOM
TEXHUKE [JIs1 W3TOTOBJICHUSI YIUIOTHUTENbHBIX PE3UHOTEXHUUECKUX JeTalel
(PT).

eticmeue eaxyyma. Pe3suHOBBIE YIUIOTHUTETH MOTYT padOTaTh B BaKyyMe
OpU pa3IUMYHBIX TEMIlepaTypax, B arpecCUBHBIX CpeJax, IO BBICOKUM
napienreM. OJIHaKO HEAOCTAaTKaMU PE3UHBI SIBISIOTCS Ta30MPOHUIIAEMOCTD,
ra3oBblJIEJIEHUE, TEPMOOKHUCISIEMOCTh. OIIEHKa BaKyyMCTOMKOCTU JENAETCA 10
MOoTepe MAacChl W 3aBUCUT OT TUMNAa Kayudyka. [0 BaKyyMCTOMKOCTH KaydyyKd
YCIIOBHO Pa3JIEsIOT HA TPU IPYIIIbL:

1 — ycroiiuuBble B BakyymMe (T€pMOBaKyyMHasi CTOMKOCTb BBIIIE
tepmookuciautenbHoi) — CKU-3, CKJl, CKMC-10, CK3II, CK®-26, CKT®-50,
CKTOT-100;

2 —ycToWuyuBblE B  BakyyMe (T€pMOBaKyymMHass CTOMKOCTb  HHUXKE
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tepmookuciautesbHoii) — CKT, CKTB-1, CKT®B-803;
3 — neycroituuBblie B Bakyyme — CKVY, 1IXII, CKH-40, CK®-32.

B npoMBINIUIEHHOCTH B OCHOBHOM HCIHOJIB3YIOTCS PE3MHBI HAa OCHOBE
kayuykoB HK, CKH1-3, CKH-26, CKD-26.

2.3. Ilosryuenue usaeauii U3 pe3uHbI

TexHomornyeckuii Mmpouecc U3rOTOBJIEHUS PE3UHOBBIX TEXHHUUYECKUX
JeTaneil COCTOUT U3 OTACIBHBIX MOCIEI0BATEIbHBIX ONEPalliii: MPUTOTOBICHUS
pe3uHOBOM cMecH, (QopMoBaHMS H ByJKaHu3auuu. I[Ipormecc mOAroTOBKHU
PE3UHOBOW CMECH 3aKJII0YAeTCs B CMEIICHWU BXOIAIIMX B HEe KOMIIOHEHTOB.
[lepen cmemieHneM  KaydyK NEpeBOAAT B IUIACTUYHOE  COCTOSIHHE
MHOTOKPATHBIM  TPOIMYyCKaHWEM  €ro  uepe3  CleuuajgbHble  Bajbllbl,
npeaBapuTeabHo nogorpereie a0 Temnepatypel  40-50 °C. Haxopsice B
IUTACTUYHOM  COCTOSIHMM, KaydykK o0Jajaer  CIOCOOHOCTBIO  XOPOIIO
CMENIMBAThCA C JAPYTMMH KOMIOHEeHTaMu. CMellleHne MPOBOJSAT B YEPBSIUHBIX
WIM BAJKOBBIX cMecHUTeNsix. [IepBbIM M3 KOMIIOHEHTOB MPHU MPUTOTOBJICHUU
CMECH BBOJSIT IPOTUBOCTAPUTEIb, MOCIEIHUM - BYJIKAHU3ATOP WK YCKOPUTEIND
BYJIKAHU3ALUH.

MHorue TeXHOJIOrn4ecKue Nporecchl nepepaboTKu PEe3NHOBBIX KOMITO3ULIUN
B JleTasiu (BbIIaBIMBaHUE, IPECCOBAHUE, JINTHE MO/ IaBIECHUEM U Jp.) MOI0OHBI
TEM, KOTOpble OBLIM paccCMOTPEHbl Mpu (PopmMooOpazoBaHUU JeTaleld U3
wiactMacc. CnenupuYHbIM SBISIETCS JUIIb MPOLECC MOTYYEHHUS JIMCTOBBIX
3aroTOBOK (KaJIaHJAPOBAHHUE).

KananapoBanue NpuUMEHSIOT AJs MOMyYEHHUs PE3UHOBBIX CMecel B BHJIE
JUCTOB U TPOPE3MHEHHBIX JICHT, a TaKXKe ISl COSAMHEHHUsS JHCTOB PE3UHBI U
MPOPE3UHEHHBIX  JIeHT (ayonupoBanue). Ormnepanuio  BBINOJHSIOT — Ha
MHOTOBAJIKOBBIX ~MalllMHAX — KaJllaHapaxX. Banku kanaHapoB cHaOXaroT
CHUCTEMON BHYTpEHHEro o0OorpeBa WM OXJAKIEHUSA, YTO TO3BOJISIET
peryaupoBath TEMMEpaTypHbIA pexuM. JIMCTBI  pe3uHbl, TMOJyYECHHbIE
IPOKATKOM Ha KajJaHApax, CMAThIBAIOT B PYJOHbI M MCIOJB3YIOT 3aTE€M B
KauecTBe monydabpukata g JAPYyTUX MpoieccoB  (GopMooOpa3oBaHMUs
PEe3MHOBBIX jAeTajneil. Bo n30exanue ciunaHus pe3uHbl B PyJIOHAX €€ MMOCHINAI0T
TaJIbKOM WJIM MEJIOM NpH BBIXOJAE M3 Kajanapa. B mporecce mnomyueHus
IPOPE3MHEHHOW TKAaHUW B 3a30p MEXAy BajJkaMu KajnaHapoB 3 (puc. 7)
OJTHOBPEMEHHO MPOMYCKAIOT IIACTH(PHUIMPOBAHHYIO PE3MHOBYIO cMech 4 U
TKaHb 2. Pe3nHOBas cMech MOCTyHaeT B 3a30p MEXAY BEPXHUM M CPEIHUM
BaJIKaMH, OOBOJIAKMBAET CPEJHUI BAJIIOK U MOCTYMNAET B 3a30P MEXAY CPEAHUM U
HIDKHUM BaJIKaMU, 4epe3 KOTOPBIM MpoXoauT TKaHb. CpeTHUI BaJOK BPAIAeTCsI
c Oonbliel CKOpOCThIO, 4YeM HIbkHMM. PasHuna ckopocreir obOecrieuynmBaeT
BTHpaHUE PE3MHOBOM CMeCH B TKaHb. TOJIIMHY PE3MHOBOM TUIEHKH HAa TKAHU
PEryJupyIoT, HM3MEHSAsl 3a30p MEXKIy BajKaMH KajlaHapa. MHOTroClIONHYIO
MPOPE3UHEHHYI0 TKaHb IMOJY4YaloT MpPU MPONMYCKAHWU OIPEACNIEHHOTO Yucia
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JIMCTOB OJHOCJIOWHOW MPOPE3UHEHHOM TKAaHU 4Yepe3 Balku KanaHuapa. Ilo-
JYy4YEHHYI0 TKaHb HAMATbIBAIOT Ha OapabaH 1 W 3aTeM BYJKAHU3UPYIOT.

Puc. 7. Cxema nony4yeHus: IpOpEe3MHEHHBIX TKaHEN

Henpepuisnoe 8b10a6IUBAHUE HCIIOJIb3YIOT TUISI NOJIyYeHUS
npoUIMPOBAaHHBIX PE3UHOBBIX JeTanedl (TpyO, NpyTKoB, mOpoduien s
octekieHus ). Jleranu HenpepbIBHBIM BbIIABIMBAHUEM U3TOTOBISIOT MAIIMHAMU
YEepBSIYHOTO THUIMA. TakKUM CHOCOOOM TMOKPBIBAIOT PE3WHON METANINYECKYIO
IIPOBOJIOKY.

Ilpeccosanue sBNSIETCS OJHUM M3 OCHOBHBIX CIIOCOOOB MOJYYEHUS
dacoHHBIX neTaneill (MaHXKeT, YIUIOTHUTEIbHBIX KOJell, KJIMHOBBIX pPeMHEH u
T.1.). Ilpeccytor B Metammnyeckux gopmax. [IpumeHsIOT ropsiuee U X0JIOAHOE
npeccoBanue. Ilpu ropsiuem mpeccoBaHMM PE3MHOBYHO CMECH 3aKJIAJbIBAIOT B
ropsuyro mpecc-popMy U IpEecCyloT Ha THUIPABIMYECKUX IIpeccax ¢
o0orpeBaemMbiMH IuIMTaMH. Temmepatypa mnpeccoBanus 140-155°C. Ilpu
IPECCOBAaHUH OJHOBPEMEHHO MPOUCXOIAT (POPMOOOpa30BaHNE U BYJIKAHU3AIIHS
neraneil. Boicokonpounslie aetanu (Hampumep, KIMHOBBIE PEMHH) mocie (op-
MOBAHHUSl MOJABEPraloT JIONOJHUTEIBHON BYJKAHU3aUUW B CIELHUAIbHBIX
IPUCIOCOOJICHUSIX-TTAKETaX. XOJIOAHBIM IPECCOBAHUEM IMOJIYYAIOT AETAId W3
700HHUTOBBIX cMeced (Kopryca aKKyMyJSTOPHBIX Oarapei, peranu Juis
XUMUYECKOW MPOMBIIUIEHHOCTH H T.1.). Ilociie mnpeccoBaHusi 3aroTOBKU
OTNPABIIAIOT Ha ByJIKaHU3alMI0. B cocTaB 500HUTOBON cMeCH BXOAAT KayuyyK U
3HauUTENbHOE KonnuecTBO cepbl (10 30 % ot Maccel kayudyka). B kauecte
HAIOJIHUTENIEH NPUMEHSIOT pa3MeIbYeHHBIE OTXOJbl S00HUTOBOIO IPOU3-
BOJICTBA.

Jlumvem noo Oagnenuem TOMYYaAIOT JETaNU CIOXHOU (opmbl. PesnHoBas
cMech TIOCTymaeT moA JAaBieHueM npu Ttemmepatype 80-120°C  uyepes
JUTHUKOBOE OTBEPCTUE B JUTECHHYIO (OPMY, YTO 3HAUUTEIHHO COKPAILAET IIUKI
BYJIKAHU3ALIMH.

Bynxkanuzayus sBisieTcsl 3aBeplIAOIIEd onepauudeid NpH W3rOTOBJIECHUU
PE3MHOBBIX JeTaneidl. BylkaHuzalnuio OPOBOJAT B CHELUUATIBHBIX Kamepax-
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ByJIKaHu3atopax npu temmneparype 120-150 °C B armocdepe HaCHIIEHHOTO
BOJSTHOIO Mapa Impu HeOOJBIIMX JaBJICHUSIX. B mpoliecce ByJKaHHU3alUu MpoO-
UCXOAUT XUMHUYECKas PEaKIUsl Cepbl M Kaydyyka, B pe3yjibTare KOTOPOH
JUHEWHas CTPYKTypa MOJIEKYJ KaydyKa IpeBpallaeTcs B CETYaTyro, 4YTO
YMEHBILAET IUIACTUYHOCTh, MOBBIIIAET CTOMKOCTh K JEHCTBUIO OpraHMYECKUX
pacTBOpUTENIEH, YBEIIMUNBAET MEXAHUYECKYIO IPOYHOCTD.

IIpu mMaccoBOM IPOU3BOACTBE PE3MHOBBIX JIE€TAJE€Hl BCE TEXHOJOIMYECKHE
ONEpallid  BBIIOJHSIKOT C  INOMOLIBIO  BBICOKOIPOU3BOAUTENBHOIO U
ABTOMAaTU3UPOBAHHOI'O 000PYAOBAHUS.

2.4. Bonipocsl o TeMe «Pe3nHOBBIE MaTEPHAJIBD):

[.YTo Ha3biBaeTcs pe3uHoi? KakoBblI €€ COCTaB M HAa3HAYEHUE OTJIEIbHBIX
KOMIIOHEHTOB?

2.B yeM CyIIHOCTb Ipoliecca BYJKAHU3ALMNH; KaK U3MEHSIOTCS CBOMCTBA pe-
3UHBI MI0CJIE BYJIKaHU3AIUU?

3.Ha3oBuTEe OCHOBHBIE CHHTETUYECKHE KaydyKH, UX COCTaB W 00JiacTu
IIPUMEHEHUS PE3UH HA UX OCHOBE.

4.HazoBuTe OCHOBHBIE (PU3UKO-MEXAaHHMUYECKHE CBOWCTBA  Pa3IUIHBIX
PE3MHOBBIX MATEPUAJTIOB U UX IPUMEHEHUE.

5.B dem cymHOCTh TpolecCOB cTapeHus pe3uHbl? Kakumm crocobamu
3AIIMINAOT  PE3WHY W PE3MHOBBIE JIETAIM OT CTApeHUs?  YKaXuTe
DKCIUTYaTallMOHHYI0 CTOMKOCTh PE3UH.

6.Kak n3MeHAIOTCA CBOMCTBA PE3MH MOJ AEHCTBUEM O030HA, TEMIIEPATYPBHI,
paauanuy U BaKkyyma?

7. KakoBbI TEXHOJOTUU U3TOTOBJIEHUS PE3UHOBBIX U3/IEIIHI1?

3. KEPAMUYECKHUE MATEPUAJIbI

Kepamuka — HeopraHnyeckue MONIUKPUCTAIMYECKUE MaTEpHUallbl, IMOIY-
yaemble U3 CPOPMOBAHHBIX MHHEPAJIbHBIX Macc (TJIMHBI U UX CMECU C MUHE-
padpHBIMU J00aBKamMu) B Mpoliecce BbicokoTemmnepaTypHoro (1200-2500 °C)
CIIEKAHMUS.

3.1. Buabl kepaMHYeCKMX MATEPHAJTIOB U UX XaPAKTEePUCTHKH

B kepamMudeckoil TEXHOJOTHH HCIONB3YIOT TJIaBHBIM 00pa3oM KaOJWHBI U
[JIMHBI, a TaK)X€ 4YHUCTble OKCUAbL. Ilox KaonMHamMu M TIIMHAMH TOHUMAKOT
IPUPOJIHBIE BOJHBIC ATIOMOCHIMKATHI C Pa3IUYHBIMHU MPUMECSIMH, CIIOCOOHBIE
IIPU 3aMEIIMBAaHUM C BOAOW OOpa30BBIBaTh IJIACTUYHOE TECTO, KOTOPOE IOCIE
00>kura HeoOpaTUMO MEPEXOIUT B KAMHEBUHOE COCTOSTHUE.

Kepamuueckue usaenuss U3roTOBISAIOT CIOCOOAMM IUIACTUYECKOro (Gopmo-
BaHUS U MOIYCYyXOT'0 PECCOBAHMSI C MOCIEAYIOLIEH CYIIKON U ClIEKaHUEM.
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IIpy Harpese IiMHBI BO BpeMs CIIEKAHMsS B HEW HAYMHAIOT IIOCIIEAOBATEIIBLHO
NPOUCXOJIUTh XUMHUYECKHE U (PUIUKO-XUMHUYECKHE TPOLECCHl, MPUBOISALIME K
MOJIHOMY M HEOOPATUMOMY U3MEHEHHIO €€ CTPYKTYPBI:

1) ynanenue xumudecku cBsi3aHHo# Bozpl (500—600 °C);

2)paznoxkeHue 00e3B0KEeHHOM IIMHBI Ha oKcH/IbI (800—900 °C);

3) 00pa3oBaHKE HOBBIX BOJIOCTOMKHUX U TyromiaBkux Munepasion (1000—-1200 °C);

4)00pa3oBaHue HEKOTOPOro KOJIMYECTBA pacijiaBa M3 JIETKOIUIABKUX KOMIIO-
HeHTOB ruHbI (900-1200 °C);

5) o0pa3zoBaHHE MPOYHOIO KAMHEBUIHOIO MaTepuajla 3a CUET CBSA3bIBAHMS
TBEPBIX YACTHUI] 0OPA30BABLIMMCS PACILIABOM.

CoctaB kepamuku 0Opa30oBaH MHOTOKOMITOHEHTHOW CHCTEMOM, BKIIO-
YaroLIeH:

kpucmanudeckyro ¢gazy (6onee 50 %) — XUMUUECKHE COCTUHEHMSI U (WJIM)
TBepAble pacTBOpbl. Kpucramimueckas ¢aza sBIsETCS OCHOBOM KEpaMUKH U
OTpeJeNsieT 3HAUeHHs MEXAHWYEeCKOM NPOYHOCTHU, TEPMOCTOMKOCTH M JAPYIHX
OCHOBHBIX CBOMCTB;

s cmexnosuonyto  (wma - amop@uyro) ¢azy (1-40 %) — mnpocioiiku CTeka,
XUMUYECKUHA COCTaB KOTOPOTO OTIMYAETCS OT XHUMHUYECKOTO COCTaBa KpHUC-
Tamuyeckor (aszpl. CrexnoBuaHas ¢aza yxyAllaeT MEXaHHUECKYH0 MPOYHOCTh U
TEIUIOBBbIE IOKA3aTeNM, OJHAKO CTEKJIOOOpa3yloIie KOMIIOHEHTHI (TJIMHUCThIC
BEILIECTBA) O0JIEryaroT TEXHOJIOTHIO N3TOTOBJICHUSI U3/1ENN;

*2a308y10 ¢haszy — ras3bl, Haxopsdumecs B mnopax. Ilo crpykrype mopoBoro
IPOCTPAHCTBA PA3IUYAOT KEPAMHMKY C OTKpPBITBIMHM, T.€. COOOLIAIOUIMMHUCS C
BHEIIHEN CPENoM, M 3aKPBITBIMU MOopaMu. Hammume naxke 3aKpbITBIX MMOpP BEIET K
CHIDKEHUIO MEXaHMYECKOM M 3JEKTPUYECKON MPOYHOCTU, POCTY INEKTPUUECKUX
OTEPb.

Kepamuka — H30TpOIHBIA Marepuall, TaK Kak MpPEeACTaBIsieT COOOM MOJH-
KPUCTAUIMYECKOE BEIIECTBO C MEJIKUMH OECHOpSAOYHO  PACIIONOKEHHBIMU
kpuctamiamu. Kepamuky ¢ aHM30TponMed CBOMCTB IMOJy4alOT Ha OCHOBE
MOHOKpUCTAIOB. CerHeTo- M THhE30KEPaMHUKY TOIYyYalOT TMPU COXpPAHEHUH
OCTATOYHOM MOJSPU3ALIUH.

CBoiicTBa KEPAMUKU ONPEAEISIFOTCS €€ COCTaBOM, CTPYKTYpPOU M IIOPUCTOCTBIO.
K OCHOBHBIM CBOMCTBaM KEPAMUUYECKUX MATEPUAIIOB OTHOCATCS:

e rutotHOCTH 1800-3900 Kr/M° 1 Goee;

* BOJIOTIOTIIONIEHHE — JiIsl mopucToi kepamuku 620 % mo macce (12—40 % no
o0bemy), a asist wioTHo — 1-5 % no macce (2—10 % no o0bemy);

* TEIUIONPOBOAHOCTh B 3aBUCHMOCTH OT MOPUCTOCTH M XUMHUYECKOIO COCTaBA
0,8-1,16 B1/(M'K). CpaBHUTEIBHO BBICOKAs TEIUIONPOBOJHOCTh Y KEPaAMHMKH Ha
ocHoBe A1,0; n, ocobeHHo Ha ocHOBe BeO;

* Gpaci=30-300 MIla, 6.,=3000 MlIla u Gonee;

* TBEPJIOCTh, OJIM3Kasi K TBEPAOCTH aJIMa3a;

* BBICOKAsI XPYTKOCTb;

*BBICOKOE  DJICKTPUUECKOE COMPOTUBIIEHUE, OTJIUYHBIC JIUDJIEKTPUUECKUE
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CBOMCTBA;

* BOJI0-, XUMUYECKasi, KOPPO3UOHHAS U KAPOCTONKOCTb.

Henocrarkom kepamMuku SBIISIETCSl BBICOKAs yCaJKa MpU CHEKAHUM paBHAs
20-25 % wu BbIlIE, YTO CO3/1AET TPYAHOCTU C OOECHEUYEHHMEM TOYHBIX pPa3MEpoB
m3aenvs. OOpaboTKa rOTOBBIX M3/EIUN 3aTPYHEHA, TaK KaK CIICUYCHHAs KepaMHKa
00J1a71aeT BRICOKOM TBEPAOCTHIO, PEXKETCSI C TPYAOM U TOJIBKO adpa3uBaMHU.

Cnocobamu BO3/IEHUCTBHUSI Ha CBOMCTBA KEPAMUYECKUX W3ACIUN SBISIOTCS
XUMUKO-TEpMHUUECcKasi 00paboTKka M HMCIHOJIb30BaHUE TMOKPBHITHI, B TOM YHUCIE
2nasypu.

I1a3ypy — 3alIUTHO-JIEKOPATUBHOE CTEKJIOBUIHOE TOKPHITUE HA KEpaMHKE,
3aKPETUICHHOE O0KHUTOM.

[IpoyHOCTP KE€paMMKM C TAKMM HOKpbITHEM MoBbIIaeTcss Ha 15-20 %, uro
CBSI3aHO CO CXKMMAIOIIMMU HANPSHKEHUSMU B TTOBEPXHOCTHOM CJIO€, KOTOPBIE BO3-
HUKAIOT U3-3a Pa3HULIBI TEMIEPATYPHBIX KOAPDUIIUEHTOB IUHEHHOTO PaCIIUPEHHUSI
KepaMuKi W miazypu. OIHAKO Ia3ypb YBEIUYMBAET SJIEKTPUYECKHUE TMOTEPH,
MO3TOMY €€ HE MPUMEHSIOT B BBICOKOYACTOTHOM JIEKTPUUECKON KEpaMUKE.

W3nenus u3 KepamMHUKU COCTUHSIOT APYT C JPYrOM TEMU K€ MaTepuajamu,
YTO U CUTAILIBL: CTEKJIOKPUCTAITMYECKUM [IEMEHTOM C IMOCJIEyIOUIeH TepMuye-
CKOM 00pabOTKOM, KJIEIMH M 3aMa3KaMH Ha OCHOBE SIMOKCHIHON CMOJIBI H
JKHJKOTO CTEKJIA, @ TAKYKE METAJUIM3ALUEN C MOCIEYIOIIECH TaiKOoMu.

Kepamuky kimaccuuuupyror no eewjecmeeHHoM)y cOCMagy, cocmagy Kpuc-
mannuyeckou ghaszvl, cCmpykmype u Ha3Ha4eHuro.

Ilo sewecmeennomy cocmagy Ppa3HOBUIHOCTSAMHU KEPAMUKHU SIBISIOTCS
Qasnc, nonygapgop, apgop, meppaxoma, Kepmemol, KOPYHO08As U CEEPX-
meepoas Kepamuka A Tak Ha3blBaeMasi KaMeHHAs Macca.

Dasnc, nonypapghop v hapgop NOIyHarOT HA OCHOBE >KIYIIMXCS OCNbIX TJIUH,
KAOJIMHOB, KBaplla W IOJEBOIO IIMaTa, B3ATHIX B Pa3JIUYHBIX COOTHOIICHUSX.
Onu 001a7a10T PA3IMYHON MOPUCTOCTHIO, UTO OMPEJIENIIET MEXaHUYECKUE CBOMCTBA
u BojornoromeHue. Bomornornomenue dasaca 10-12 %, npenen mpoyHOCTH TPH
cxatuu o0eraHo 10 100 MIla. Tlomydapdop no cpaBHeHHto ¢ (assHCOM UMeEeT
Oosiee cnekmmiicst yepenok (BojororomeHne 3—5 %), U ero MpOYHOCThb BHIIIE
(0x=150-200 MIIa). ®apdop oramuacrcs eme  OOJbIICH  IIOTHOCTHIO
(Bomonornouenue 0,2-0,5 %) u npodHOCThIO (O A0 500 MIla), uto mo3BosisieT
U3TOTOBJISATh U3 HETO TOHKOCTEHHBIE U3IEIIHS.

Teppakoma — xepamuueckue u3lenvs (OOJMLIOBOYHBIE IUIUTBI, APXUTEKTYpPHBIE
JeTaIn, TOCyAa U T.J.) C MOPUCTHIM YEPENKOM, OOBIYHO KPACHOTO, KOPHYHEBOTO
WJIU KPEMOBOTO I[BETOB.

Kepmemvr  (kepamuko-wemannuueckue mamepuansi) — WUCKYCCTBEHHBIE Mare-
pHUAJIbI, TOJyYaeMble CIEKAaHUEM METAUIMYECKMX U KEPAMUYECKUX IOPOIIKOB,
COUETAIOIINE CBOMCTBA METAJUIOB M KEpaMUYECKHX BellecTB. M3aenus u3 kepmera
— JIeTaj TypOUH U aBUAIIMOHHBIX JABUraTeseH, pEeXYIIUNA HHCTPYMEHT U Jp.

Kopynoosas rkepamuxa (munepanoxepamuxa) — 3TO KepaMUKa Ha OCHOBE CIIC-
YEHHOr'0 OKCH/JIa aTFOMHHUS, COJIeprKalliero He 6onee 2 % npumecei.

33



Ceepxmeepoas Kepamuxa — KOMIIO3UIIMOHHBIA MaTepual, MOIyYyaeMblii Ha
OCHOBE HUTpHUJIa Oopa.

[To cocrtaBy KpucCTaIMUECKOW (ha3bl pazIMyaloT KEPaMHUKy W3 YHCTBIX
okcusioB (A1,03, ZrO,, MgO, BeO, CaO u ap.) u 6eckucnopoanyto (SiC, TiB,,
ZI'Bz, BN, Si3N4, MOSlz)

ITo cTpykrype (XapakTepy CTPOEHHUsI Yepernka) KepamHKa ACIUTCS HA MIOMHYIO
(p=1-2 %) u nopucmyro (p=15-20 %). [lopuctsie Kepamuku moryonaT 60see 5 %
BOJIbI (10 Macce), a miotHble 14 % 1o macce wm 2—8 % 1o oowvemy. Ilopucryro
CTPYKTYpy UMEIOT KUPITHY, OJIOKH, YepenHiia, APeHaXHbIe TPyObl U Ap.; TUIOTHYIO —
TUTMUTKY IS TI0JIOB, KAHAJM3AIMOHHBIE TPYObl, CAHUTAPHO-TEXHUYECKUE U3/IEIIUS.

K umciny HOBBIX MO CTPYKTYpe KEpPaMHYECKHX MAaTepHaloOB CJIEAYET OTHECTU
BOJIOKHUCMblE KepaMUYyecKue Mamepuansl, TOIydyaeMble CIEKaHUEeM, HaIlpuMmep,
aMop(HOro KBapueBOro BoJIOKHA. KepaMuKy ¢ IIIOTHOM CTPYKTYpOil HCHONB3YIOT B
KaueCTBE BaKyyMHOM, MOPHUCTYIO M BOJIOKHHCTYIO — KaK TEPMOM3OJISILIMOHHBIN
Marepuag M Marepuan Uil BBICOKOTEMIIEPATYpPHBIX JKUAKOCTHBIX W Ta30BbIX
(bUIBTPOB.

1lo Ha3naueHuro KEpaMUKy JIENST HA KOHCMPYKYUOHHYIO, UHCIPYMEHMAIbHYIO,
MeXHUYecKyo U ObIMogyIo.

Koncmpykyuonnas kepamuxa TPOU3BOIUTCS KaK CMpOUmMenvHas W Ma-
WUHOCMPOUMEeNbHAs.

B crpoutenbcTBe KOHCTPYKIIMOHHYIO KEPAMUKY HUCIOJIB3YIOT KaK JI0JITOBEYHBII
Marepuayn, CTOMKMM NPOTHB W3HOCA, HarpeBa W arpeccuBHbIXx cpen. Ilo
HAa3HAUCHUIO CMpOUmenvhble Kepamuyeckue Mamepuanbl W W3NETUs  JeNsT
CJIEAYIOLIUE BUJIBIL:

1. Kupnuy 0ObIKHOBEHHBIHM, KUPITUY U KAMHU ITyCTOTENbIE U TIOPUCTBHIE,
KpYITHbIE OJIOKU M CTEHOBBIE MAHEJIN U3 KUPIHYa U KAMHEH.

OCHOBHBIE CBOMCTBA KEPAMUYECKUX KUPIIUYEH:

* IUIOTHOCTH CIUIOMIHOrO Kupruda — 1600—1900 kr/ar’;

* TEIJIONPOBOTHOCTS crutoiHoro kuprnuya — 0,7-0,82 Br/(m-°C);

* 10 TUIOTHOCTH U TEIIOTEXHUYECKUM CBOMCTBAM KEPAMHUYECKUE
KUPIIAYH JCJAT HA TPU TPYIIIIbL:

aghghexmuaHbie — ¢ BHICOKUMHU TEIUIOTEXHMYECKUMH CBONCTBAMU TUIOTHOCTHIO HE
Gonee 1400—1450 kr/M’; yerosHo-s¢hgpexmugHbie — mIOTHOCTBIO 1450—1600 kr/nv;
0ObIKHOBEHHBITI KUPNUY—TIIOTHOCTBIO CBbIie 1600 Kr/v’;

* BOJIONOITIOLIEHHE KMpnrya Mapku Bbilie 150 nomkHO ObITh HE MeHee 6 %, a
JpYTUX Mapok — He MeHee 8 % (3T0 TpedyeT OompeaeneHHON MOPUCTOCTH KUPITNYa,
WHA4Y€ OH CTaHeT CIMIIKOM TEIUIONPOBOAHBIM M OyAeT IUIOXO CHEIUISTBCS CO
CTPOUTENILHBIM PACTBOPOM);

* mpejaes NPOYHOCTH Ha cxkartue onpeaensetr mapky — 250, 300 u T.1.;

* MOpPO30CTOMKOCTh KHUpHUYa [OJDKHAa OBbITh HE MeHee 15 [HKIOB
MOTNIEPEMEHHOI0 3aMOpPAXMBAaHUA W OTTaWBaHUs (MpPeAyCMOTpeHbl U Oosee
BBICOKHE MapKu 1o Moposoctoikoctu — P 25, 35 u 50). Kupnuu He noipkeH
UMETh MEXaHWYECKUX MOBPEXKJIECHUN M CKBO3HBIX TpemuH. Ha ogHom kupnuye
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JIOIYCKAETCsl HE CBBILIE ABYX ombOumocmetl pebep N yeno8 pa3MepoM Mo JJIMHE
pebpa He Ooisiee 15 mm. Ha oTaenbHBIX KUpIHYax MOXET ObITh JOMYIIEHA OJHa
CKBO3HAs TPEIIMHA MPOTHKEHHOCTHIO He Ooiiee 30 MM 10 MIMPUHE KUPIIHAYA.

Kepamuueckuii Kupnud NpuMeHSIOT IPEUMYIIECTBEHHO /IS KJIAJIKU CTeH
3/1aHUi, U3TOTOBJICHUS] COOPHBIX CTEHOBBIX MaHENEH, KIIaIKH 1euei U AbIMOBBIX
TpyO.

2. [lycroTrenpie kaMHU, OAJTKU U TTAHETW U3 MTyCTOTEIBIX KAMHEH.

[IycroTtenbie 351eMEHTHI IEPEKPBITUN BKIIFOYAFOT:

* KaMHH JIIs apMOKEPAMHUYECKHX GalIOK IUIOTHOCTBIO He Gonee 1300 kr/m’;

* KaMHU JJI 9aCTOPEOPHUCTHIX MEPEKPHITHI MIIOTHOCTHIO He Oosiee 1000
KT/M;

* KAMHHY JUIS HAKATOB IUIOTHOCTBIO 10 1000 Kr/M”.

3. Kupnuy 1 kaMHM KepaMHUECKHE JTULIEBbIC, KOBPOBasl KEpaMuKa, MIUTKU
KepaMuyeckue (pacaaHble.

Dacaomnvie Kepamuyeckue uzdenuss TPUMEHSIOT ISl OOTUIIOBKHU (hacaIHbIX
MOBEPXHOCTEH CTCHOBBIX IaHeNel, OJIOKOB, IOKOJEH 3MaHUM, JOJKUM, IS
OTJIEJIKU apXUTEKTYPHBIX 3JIEMEHTOB (hacaja 3JaHUN — MOSICOB, KAPHU30B — U
CO37aHUsl JIEKOPATUBHbIX TaHHO. g oThaenku cOOpHBIX KOHCTPYKUMN Ha
3aBOJAaX UCIOIb3YIOT KOBPOBO-Mo3auuHvle naumku pazmepamu 48x48 u 22x22
MM TOJIIUHON 2-4 MM, naumku muna «kabawyuxy pasmepoM 120x65x7 mwm,
muna Opexuuu — KOBPHI, HaOpaHHBIE M3 IUIUTOYHOTO O0s. [lmst oOnmuIoBKH
TOTOBBIX KHPIWYHBIX M OCTOHHBIX CTEH NPHUMEHSIOT TJa3ypOBaHHBIE U
HerjiasypoBaHHble KpynHopasMmepHble (250x140x10 MM) ©  LIOKOJBHBIE
(150x75x7 MM) TAUTBL. DTH TJIUTHI AOJKHBI UMETh CHEKIIUKCS YEpemnoK Hu
BOJIOIIOTIOIEHHE He Ooitee 5 %.

JluueBble KUPONUYM W KEpPaMUYECKHE KAMHU MPUMEHSIIOT MJis KIAIKu |
OJTHOBPEMEHHOM OOJIMIIOBKM HAPY>KHBIX U BHYTPEHHUX CTEH 3/IaHHiA, BO3BOJIUMBIX
U3 IITYYHBIX W3Aeui (kupnuya, kamus). [lomobpaB coctaB kKepaMUUECcKOi Macchl U,
PEryIUpYs PEKUM OTXKUTa, MOKHO MOJTY4UTh KUPIHUY O€I0ro, KpeMOBOro, KOpUUHE-
BOTO LIBETOB. BBIMyCKalOT uyesvie kupnuuu M Kepamudeckue KamMHu C TIAJKOU, a
TaKxke perabeGHON WK oakTypeHHON JTUIICBOM MOBEPXHOCTHIO. Ha miieBoit rpanu
HE JIOITYCKAIOTCS TPEIIUHBI U OTKOJIBI.

Kepamuueckne OONMIIOBKA OTHOCSTCS K YHCIY Haubonee HSKOHOMUYHBIX
HAPY>KHBIX 00JIUIIOBOK.

4. IThI ¥ IUTUTKY 17151 CTEH U TTOJIOB.

Kepamuueckue naumxu ons emympenueti oO1uyosKu BHYTPEHHEW OOJIMIIOBKU
CTEH H3TOTaBIMBAIOTCS C MOPUCTOM CTPYKTYpOH, JIMIEBasi MOBEPXHOCTh HX
MOKPBIBACTCS TJIa3ypblo, KOTOpas NpUIAeT TUIMTKAM BOJOHENPOHUIIAEMOCTh U
CTOMKOCTh IMPOTHUB BO3/ICHCTBUS CJIA0BIX PACTBOPOB KUCJIOT U IIEIOUYEH.

J1i1st BHyTpeHHEHN OOJIMIIOBKU CTEH BBIITYCKAalOT pa3HOO0pa3HbIe 10 (hopMe TUIUTKU:

kBaspatHbie (150x150 mm),

IPSIMOYTOJIbHBIE ¢ TIpssMbIMU KpoMKamH (150x100 u 150x75 Mm).

[1MUTKY M3roTaBIMBAIOTCS TIOCKUMHU, PEIbe(PHBIMU, OPHAMEHTUPOBAHHBIMU, C
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LBETHBIMU PUCYHKaMHU.

Kepamuueckue TMIMTKA A0 TOJOB M3rOTAaBIMBAIOT M3 TYTOIUIABKUX U
OrHEYIOPHBIX KAOJMHOBBIX IVIMH C PasMYHbIMU JI00aBKaMU M, €CIIM Tpelyercs,
OKpammBaronMx npuMeced. [lombl W3  KepaMHYECKMX IUIMTOK IPAKTUYECKU
BOJIOHETIPOHUIIAEMBI, XapaKTEPU3YIOTCA MalOd MCTHPAEMOCTBIO, HE AT IIbUIN,
JIETKO MOIOTCS, CTOMKH K JICMCTBHIO KHUCJIOT M mienodei. HepocTatkoM IIMTOK SIB-
asercss OoJiblliasi  TEIUIONPOBOJHOCTH  (IOJBI  XOJIOAHBIE), HE IO3BOJISAIOLIAS
IPUMEHATh UX B KWIbIX NOMEIIEHUAX. [INTKM M3roTaBIMBarOT KBaJpaTHBIE,
IPSIMOYTOJIBHBIE, HIECTUTPAaHHBIE, BOCBMUATPAHHBIE, TPEYTOJIBHBIC; JIMHA TpaHe S0—
150 mm 1 Tonmmua 10—-13 mm.

Kepamuueckue canumapHno-mexuuyeckue uzoenus U3roTOBISIOT U3 ¢asHca,
nosydapdopa u papdopa.

N3 ¢asiHCca mnpeuMyliecTBEHHO METOAOM JIUThSI MPOU3BOAST YHUTA3bI,
YMBIBaJIbHUKH, CMBbIBHbIC Oauku, BaHHbl u J1p. I[lomydapdop u dapdop
IPUMEHSIOTCS JUIsl IPOU3BOJICTBA 00JI€€ TOHKOCTEHHBIX HU3JIEIHM.

IToBEpXHOCTh CAaHUTAPHO-TEXHUUECKUX M3ENNN 0053aTeIbHO MOKPBIBACTCS
IJIa3yppro, 4YTO IPUIAET MM BOAOHENPOHMULAEMOCTb. M3nenus caHuTapHO-
TEXHUYECKOM KepaMuKH Oenble, MHOIZA CBETJIO-)KENThIE, JOJDKHBI HMETh
OpaBWIbHYI0 (QOpMY, pOBHYIO, IJIAJKyl0 M YHCTYIO MOBEPXHOCTh 0e€3
UCKPHUBJICHUN, PAaBHOMEPHO MOKPBITYIO IN1a3yphl0; OHU JOJDKHBI OBITH XOPOILO
000KKEHBI.

5. Kepamunueckas dyepenmna. Kepamuueckas  depenuma — JI0JDKHA
BBIICPKMBATh HE MeEHee 25 LMKJIOB MOMNEPEMEHHOIO 3aMOpPaXUBAaHUS MU
OTTaMBAaHUS B HACBHIILIEHHOM BOJIOM COCTOSTHUU.

6. JlpeHaxxHble ¥ KaHaIU3alUOHHbIE TPYOBI.

penasicnvie mpyovl TPOU3BOAAT U3 KUPIIUYHBIX BHICOKOTUIACTUYHBIX [JIMH.

Jist aTux TpyO BOJOMOIJIOLIEHUE Yepenka JomyckaeTcss He Ooisee 15%,
MOpPO30CTOMKOCTh — He Hmke 15 1nukinoB. IIpOMBINUIEHHOCTH BBIITYCKAET
2naokue HeauazyposanHvle mpyowvl 6e3 pacmpydos WIH 21a3YPOSAHHbIE C
pacmpybom u nepgopayuei Ha cmenkax. IlpuMeHSIOT TpPyOBI TpHU
MEJIHMOPATUBHBIX paboTax, a TAKKE IPU OCYILLIECHUH.

Kananuzayuonnvie mpyovl U3rOTOBIAIOT U3 IUIACTUYHBIX OTHEYHOPHBIX WIIH
TYTrOIUIaBKUX TJIMH. OHU JOJOKHBI BBIAEPKHUBATh TMIPOCTATUYECKOE JABJICHHE
He menee 0,2 MIla. Bogonornomenue yepenka tpy0: ne 6omnee 9 % mnsa I copra
u 11% mua II copra. IloBepxHOCTh TpyO CHapy kM M BHYTPH IOKPBIBAIOT
KHCIIOTOCTOMKOM Tiasypero. JlnnHa kaHanmuzauuoHHbIX TpyOo 800—-1200 mwm,
BHyTpeHHHI auamerp 150—-600 MM. Otu TpyOBl Ha OJHOM KOHLE HMEIOT
pactpy6. Kananuzanuonnsle TpyObl NPUMEHSIIOT IS OTBOAA CTOYHBIX U
IIEJIOYHBIX BO/I.

7. Tennou3osALMOHHBIE, OTHEYIIOPHBIC, KUCIOTOYIIOPHbIE U Jpyrue H3-
JEJHSL.

JUIsL BBICOKOTEMIIEPATYpPHOM TEIUIOM3OJISIUN PA3JIMUHBIX TPOMBIIUICHHBIX
Ie4e M TEIUIOBBIX arperaroB MCIOJB3YIOT BOJIOKHHCTBIE KEPaMHUYECKHE
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MaTepuallbl —  ATIOMOCUTUKAMHblE  B0JIOKHA,  OOJAaJarolIMe  BBICOKOM
MPOYHOCTHIO, TEPMUUYECKON CTOMKOCTHIO U MaJIOM TETIONPOBOAHOCTBIO.

BonokHucTeie KepaMHuYeCKHE€ MaTepHalibl CIIOCOOHBI 1O CpPABHEHUIO C
KpeMHE3eMHbIMH  (OJUM3KUMHU [0 CBOMCTBaM) MaTepuajiamMH JJIATEIbHO
BhIZIep)kuBaTh Temiepatypsl 1650—1700 °C, e 6osaTcs mpuMeceit u 001a1aroT B
2-2,5 pasza Ooiiee BBICOKOH TPOYHOCTHIO. (OCHOBHBIMH HEJIOCTATKAMH,
CAEPKUBAIOIINMHU MPUMEHEHHUE BOJOKHHUCTBIX MaTEPHUAJIOB, SIBIISIIOTCS HU3KHE
MPOYHOCTh W KOPPO3MOHHAS CTOMKOCTh W 3aMETHOE IbUICBBIACICHUE, YTO
TpeOyeT UCIOIB30BAHUS CIICIIMATBHBIX 00BEMHBIX U MMOBEPXHOCTHBIX MOKPHITHI
(BbICOKOTEMITEpATYPHBIC KOPPO3UOHHO-CTONKHE TEPMOPETYJIUPYIOLIHE
HOKPBITHS).

Kepamuueckue orHeynopHble U3JeNWs MOJy4arOT OTJIMBKOM M3 paciuiaBa
WM  OOXHIOM  MHUHEpaJIbHOM  CMeCH. bBOJBIIMHCTBO  KepaMUUYECKHUX
OTHEYTOPHBIX U3AeNuil (ocreynopos) — 310 kepamuka Ha ocHoBe SiO,, Al,0;,
MgO, ZrO, a tak xe Ha ocHoBe SiO, SisNy; M Japyrux OeCKHCIOPOIHBIX
coenuHeHni. Bo3MokHBIE TeMmmepaTypbl JKCIUTyaTallud OKCHIOB, KapOHUIOB,
o6opunoB u HuTpUa0B 16002500 °C, kaponpouHbIX cTanei u criaBoB — 800—
120 °C, mommbaena — 1500 °C, Bomsppama — 1800 °C. Haubombiiee
pacrnpocTpaHEHUEe B CTPOUTENBCTBE U MPOMBIIIJIEHHOCTA CTPOUTENIbHBIX
MaTepuagoB MOJYYWIN KPEMHE3EMUCThIE M aJIOMOCHIMKATHBIE OTHEYIOPHBIE
U3JIEIHS.

Kepamuueckne OTHEyMoOpHbIE W3ACIUS KIACCUDUIMPYIOT 1O  O2cHe-
YNOPHOCMY, — NOPUCMOCMU,  XUMUKO-MUHEPAIbHOMY — COCMAgy W CHOCOOY
U320MOBIeHUS.

[Io orHeymopHOCTHM KepaMHU4YeCKHE OTHEYIOPHBbIC H3CIHUS MOTYT OBbITh
oecneynopuvimu  (1580-1770 °C), swicokooeneynoprvimu (1700-2000 °C) u
evicuierl ocneynoprocmu (6onee 2000 °C). B 3aBUCHUMOCTH OT TOPHUCTOCTH
KepaMUYECKUE OTHEYNMOPHBbIE M3CNUs MOAPA3JCISIOTCS Ha 0Cc000 niomHble
02HEYNnopbLI—TIOPUCTOCTh MeHee 3%, GvlicoKoniomHble 02HEYNOPLI-TIOPUCTOCTD 3—
10 %, nrommuwie oeneynopwvi—nopucrocts 0-20 %, obwiunbie ocHeynopvi—o-
pucroctb 20-30 %, neckogecHble ocneynopsl (Mmeniou3onayuoHHvle) — TOPUCTOCTh
45-85 %.

Kepamuueckre orsueynopHble H3J€AUsl MNPUMEHSIOT ISl CTPOUTEILCTBA
IMPOMBIIIUVICHHBIX TI€Yed, TOMOK W amnmaparoB, pabOTaOMUX TMPU BBICOKOM
TeMIlepaType.

K xumunueckn CTOMKONW KEpaMHKE OTHOCHUTCS TVIMHOIIAMOTHAsT KEpaMHUKa C
rpyOO3epHUCTON  CTPYKTypod, a  Takke  dapdop. Kepammueckue
KHCIIOTOYNOPHBIE M3JENUsl JOJDKHBI 00JafaTh KUCIOMOCMOUKOCHbIO, KOTOPAs
XapaKTepHU3yeT UX HEPACTBOPUMOCTh B KUCIIOTaX (32 UCKIIOUEHUEM TJIABUKOBOM
KHUCJIOTHI) U 1Iesiouax. Takue u3eaus U3roTaBinuBarOT U3 IJIUMH, HE COJEp KallInX
puMeceil, MOHMKAIIIMX XUMHUYECKYI0 CTOMKOCTh (KapOOHAThI, TUIIC, CEPHBII
KOJTYeaH U T.I1.).

K kepamudeckuM KHCIOTOYMOPHBIM U3JIETUSM OTHOCST:
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* xucaromoynopuwviu kKupnud Mapok 150-250 KucmoTOCTOMKOCTBIO HE MEHEE
92-96 %, BogomnoriomenueM He Oonee 8—12 %, TEPMOCTOMKOCTHIO HE MEHEe
JIBYX TEIJIOCMEH;

* NAUMKU KUCIOMOYNOpHble W mepmoxuciomoynopuole Mapku 300
KHCJIIOTOCTOMKOCTRIO  96-98 %, BojomoriomeHueM He Ooiee 6-9 %,
TEPMOCTOMKOCTBIO HE MEHEE 2—8 TETIOCMEH,;

s mpyovl u gaconnvie yacmu xk HAM Mapok 300—400 KHCTOTOCTONKOCTHIO
He Hmwke 97-98 %, Bomomormnomenuem He Oonee 3-S5 %. Kucnoroymopusrii
KAPIIUY W IUIUTKA CIyXaT s (GyTepoBKH OallleH W pe3epByapoB Ha
XUMUYECKUX MPEINPUATHIX, a TaKKe Neuel s 00Kura CepHOro KojdeaaHa,
JUIsl yCTPOMCTBA MOJIOB B II€XaX C arpeCCUBHBIMU cpeaMu U T.1. Kepamuueckue
KUCJIOTOYNOPHbIE TPyObl MPUMEHSIIOT Il TEPEeKaYKd HEOPraHWYECKUX W
OpPraHUYECKUX KHUCIIOT U Ta30B IPU pa3pexeHuu win aasienuu 1o 0,3 Mlla.

8. JlopoxHBIN (KJIMHKEPHBIN) KUPHHUY. /[opooicHblil Kupnuy BbIpaOaThIBAIOT
U3 TYTOIUIaBKUX TJIMH, O0XKHUTas UX N0 CHeKaHus. J[OpOoXHBbIM KUPHUY HMEET
mapku 400, 600 u 1000. Ero BojomoriomeHue I0HKHO ObITh 2—6 %,
MOpo30CcTOMKOCTh 50—100 UMKIOB TMONEPEMEHHOTO 3aMOpaKMBaHUS U
oTTauBaHusl. J{OpOXKHBIM KUPIUY MOXKHO NPUMEHSATH JUIsl MOUICHUS JOPOT U
TPOTYapoOB, YCTpPOICTBA TIOJIOB NPOMBILUJIEHHBIX 3JaHUM, KIAJIKU Ka-
HaJM3al[MOHHBIX KOJIJIEKTOPOB.

9. Kepamzum. 3anonnumenu O 1eckux Oemonos

NckyccTBeHHBIM MOPUCTHIN 3aMIOJIHUTENb TUIA TPAaBUs JUIsl JIETKUX OCTOHOB.
Pa3mep 3epen 5—40 mm. TlosyyaroT 00:KUTOM JIETKOIUIABKUX BCITYUYMBAIOIIUXCS
[JIMH.

N3 MammHOCTpOUTENbHON KEPaMHUKH H3TOTOBJSIOT TOPIIHU W TOJOBKH
0sokoB MIUHAPOB (Si3Ny4), cBeun 3axkuranus (Al,0;3), jJomacTu ra3oBbIX
TypOuH (Mo81,), BakyyMcToiKui cMa3ouHblil Matepuain (MoS;) u zp.

Kak uncmpymenmanvnolii mamepuan uctionb3yeTcsi KOPYHOOBAS U CEEpPX-
meepoas Kepamuxa.

Kopyno w3BecTeH B TEXHHKE MPUPOJHBIMU M CHHTETUUECKUMH Pa3HOBUJI-
HocTsiMU. [IpupojHbIe pa3HOBUIHOCTH KOpyHAAa — pyOuH, camdup, Tomas, akpa-
MapHH, CUHTETUYECKHUE — KOPYHIOBas KEpaMHUKa, CPeIu H3IEIMHA KOTOpOh —
MUKPOJIUT u dJeKTpokopyHA. Hambonee pacmpoctpaHeHHOE KOPYHIOBOE
uznenue—muxkpoaum (mapka [IM-332) — nonywator cnekanuem npu 1710—
1750 °C cmecu TOHKOMOJIOTOTO TEXHUYECKOTO TJIMHO3€Ma M OKCHJA MarHusl.
MukpoauT 1O CBOWCTBAM  NPEBOCXOJUT JAPYrH€ HMHCTPYMEHTAJIbHBIC
MaTepuaibl: MIOTHOCTh — A0 3960 KF/M3; 6.x=5000 Mlla, TBeprocts — 92-93
HRA. On obnangaer 3HauMTeNIbHO OOJIbIIEeH KpacHOCTOMKOCThIO (10 1200 °C),
TBEPJIOCTBI0 M PEXKYIIEH CHOCOOHOCTBIO, 4Ye€M OBICTPOPEKYILIHME CTadu U
TBEP/IbIE CIJIaBHI.

Pe3npl ¢ muiacTUHKaMU U3 MUKPOJIMTA MCHOJB3YIOT JJisi 00pabOTKU cTajeH,
YYT'yHOB, I[IBETHBIX METAJIJIOB, HEMETANIOB (rpaduTta, AepeBa, riacTMace 1 ap.).
W3 mMukposiTa M3roTaBiMBaIOT TaKKe (PUIBEPHI, COMIIAa MECKO- U APOoOecTpyil-
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HBIX allllapaTtoB, BOJOKKH M Jpyrue AeTaiu, padoTarollde Ha HCTUpPaHUE MNpU
HauOoJiee BBICOKMX TemIiieparypax. HemoctaTku MUKpPOJUTAa — BBICOKAsl XpyI-
KOCTb U 3aTPYJIHEHHOCTh KPEIUJICHUS TUIACTUHOK K JepyKaBKaM.

InexmpoxopyHo (Koppakc) — KOPyHJ0Bass KepaMuKa U3 CIICYCHHOTO OKCHJIA
amomunns ¢ gobaskamu Cr'', Fe’*, momyuaemas miaBkoii B 2JIEKTPHUECKHX ITe-
Yyax IMIMHO3EMCOJIEPIKAIIETO ChIPhs, UMEIOIIEro He oonee 2% nmpumeceil.

DNEKTPOKOPYHJ 1O TBEPAOCTH YCTyHaeT JHIIb aiMasy MW HMEeT
temrneparypsl miaasienus 1750-2050 °C. DnekTpoKOpyHI MIUPOKO UCIIOIb3YIOT
B CBETOTEXHUKE (BMECTO HUTEH HaKalMBaHUs), B MPUOOPOCTPOCHUH (YaCOBBIC
KaMHH W Jp.), B Jlazepax KaK H3IIyYaroNIuil AJIEMEHT, B TEIJIOTEXHUKE Kak
OTHEYTOPHBIN MaTepual v AJ U3TOTOBJICHUS TUTEHHBIX OPM U CTEPIKHEH.

Csepxmeepovbie KepamuuecKue mamepuaibl — KOMIO3UIMOHHbIE KEpaMHUUeC-
KHE MaTepHuabl, MOJy4aeMble BBEJICHUEM Pa3IMUHBIX JICTUPYIOIMIUX TOOABOK U
HaIoOJIHUTEIEH B UCXOAHBIN Humpuo 6opa. CTpyKTypa TaKuUX MaTepHasioB
oOpa3oBaHa TMPOYHO CBSI3AHHBIMU ~ MEJbYANIIMMHU  KPUCTAUIUTAMH W,
CJIeIOBAaTEIbHO, OHU SBJSIOTCS CHUHTETUYECKUMH TOJUKPUCTATNIMYECKUMHU
MaTepHallaMHu.

Hutpun G6opa (6opazan), nmeromuii anmMa3onogo0HOe CTpOEHUE, SBISETCS
3aMEHUTENIEM anmasa, cToek K okucieHuto a0 2000°C (anma3 HaUMHAET OKHC-
asateest npu 800 °C).

K rpynme cBepXTBEpIbIX KEPaMUYECKUX MATEPHUATIOB OTHOCSTCS KOMNO3UM
01 (a1060p-P), komnosum 02 (6enboop), komnozum 10 (eexcanum-P), a Takxke
HOMUKPUCTNANTUYECKUL HUMPUO 60pa.

CBepxTBepbIe KepaMUUECKUE MaTEPHUAITbI HCTIOIB3YIOTCS IJIS1 U3TOTOBJICHHUSI
peKYImUX  TUIACTUH K  MHCTPYMEHTaM  JJIi  YUCTOBOM  00pabOTKH
TpyJIHOOOpabaThIBAEMbIX MaTEPUANIOB U 3akasieHHOM ctanu (6osee 55 HRC).

K mexnuueckoti kepamuke OTHOCSATCS 271eKmMpo- U paOuUOmMexHuuecKas Kepa-
MUKa, kepmemol, abpaszueuvie KepamuiecKkue Mamepuaisl, NeHOKepamuKka u ap.

[To snexkTpuyecKuM CBOWCTBAM KEPAMHKY MOJPA3ICISIIOT HAa COOCMBEHHO
91eKmpomexHu4eckyro, IpuMeHsiemyto npu yactorax no 20 kl'u, u paouomex-
HU4ecKylo, WCIOJIb3yEMYI0 MPEUMYIIECTBEHHO MpHu BhICOKHX (Oonee 20 kI'm)
4acToTax. DJIEKTPOTEXHUYECKAs KepaMHuKa 1Mo 00JaCTH IPUMEHEHUS JEIUTCS Ha
uzonssmopHyto (yCTaHOBOUHYIO), KOHOEHCamopHyto (CETHETOANEKTPUKH) U Nbe30-
KepamuxKy.

N3onsropHast kepamMuka JOKHA UMETh HHU3KUE TOTEPU, XOPOIIUE IJIEKTPO-
M30JSILIMOHHBIE CBOMCTBA U MPOYHOCTH. Bemytiyro pons urpaet anexrpodapdop, B
KOTOPOM OCHOBHBIE€ BHJIbI KPUCTAJUIOB MpeAcTaBisitoT Myt 3A1,05-SiOu Si0s.
M3onsTopHas kepaMuKa MPUMEHSIETCS Ui M3TOTOBJIEHUSI HU30JIATOPOB, KOJIOAOK,
J1aT, KapKacoB KaTyIIEK U JIp.

KongencaropHas kepamuka J0JDKHA HUMETh OOJIBIIYIO JUAJIEKTPUYECKYIO
MPOHUIIAEMOCTh, MaJible TOTEPU U TeMIlepaTypHbIi Kod(pduimeHT. OCHOBY KOH-
JICHCATOPHON HU3KOYACTOTHOM CETHETOKEPAMHUKH COCTABIISIIOT TBEPIbIE PACTBOPHI
tutanatoB Oapus (BaTiO; ¢ mo6aBkamu Zr—CM1), kambiwst (CaTiOs) u cTpoHIms
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(SrTi0O5-T-7500), a Takxe cranHat ctpoHuus (SrSnO; — BK-1) mist BapukoHmoB.
BbicokOYacTOTHAs KOHJCHCATOpHAsi KepaMuKa W3TOTOBISIETCS HA OCHOBE PyTHIIA
TiO, (tuxonm T-80), turanaroB kambius (CaTiO; — tukona T-150), mupkoHus
(ZrTiO; — Tepmoxon T-20) u craHHaTOB (CTaHHaTHAsK Kepamuka) Kaiabius CaSnO;
u Maraus, MgSnQO; u np. Micnionb3oBaHne KOHICHCATOPHOW KEPAMUKHU YBEIUUMBACT
HAJIOKHOCTh pabOThl MU  TEIJIOCTOMKOCTh KOHJIEHCATOPOB M YMEHBIIAET UX
pa3Mepsbl.

[lbe30kepamMuka — KepaMHUYECKHE MaTepUalbl C IbE30JIEKTPUUECKUMHU
cBoiictBamu. CTpyKTypa MbE30KEPaMHUKU — TBEPbIE PACTBOPHI HA OCHOBE TUTAHUTA
6apus (TBC u TBKC), anobarta 6apust (HbC) n HmobGara m ThTaHaTa CBUHIIA
(HTC). s HTC npononsrsiii meezomoayns d33 no 7-107"° K/H, e=400-1700,
MakCHMMaJlbHas TeMrieparypa skcruryaramu 250 °C.

[Tpe30KepamMuKy IPUMEHSIOT ISl YCTPOMCTB TeHEpaIUy U MIpUeMa yIbTPa3ByKa;
JIATYMKOB JIABJICHUS, YCKOPEHUS, BUOpAIIMH, B CHCTEMaX 3a)KUT'aHUsl IBUTATENCH, B
TpaHchopmaropax u ap.

B kadecTBe pauOTEeXHUYECKON BBHICOKOYACTOTHOM KEPAMHUKHU HCIOJIb3YETCs
pamuodapdop (mymut 3A1,03-Si0,), xKopyHmoMmysummToBas kepamuka KM-1
(mymmur  w  kopyHn Al,03), ymaerpadapdhop (3A1,03-Si0, u  Al,0;),
amroMuHOKCH Al,05, cteatut MgO-Si0,, nens3uan BaO -A1,03-Si0O,, moaukop
Y MUKPOTIUT.

Munuartioprzanusi 3JIEKTPOHHOW, BhruMciauTensHo M CBY anmaparypel no-
TpeOoBana CO3MaHMS MAaTEepUaioOB C TAaHICHCOM YIJia AWAJICKTPUYECKUX IOTEPh
0,0001-0,0002, B yacTHOCTH HUTPUAOB OOpa M KPEMHHS U KOMIIO3UIMHA Ha HX
ocHoBe. [lpuyem mmeercss MHOTO BO3MOKHOCTEH BapbHpPOBAHUS HMX CBOMCTB
MyTeM HM3MEHEHHs XUMHUYECKOTO COCTaBa U CTPYKTYPHI, @ TAKKE TEXHOJIOTHH II0-
JIYYEHUS U3JICITU .

AOpa3uBHbBIE KepaMUYeCKHe MaTepuasbl (abpa3uBbl) — BEIIECTBA TMOBBI-
IICHHOW TBEPAOCTH, MPUMEHSEMble B MACCUBHOM WA W3MEJIbYEHHOM CO-
CTOSIHMM JUIsl ME€XaHU4ecKoi 00paboTku (uumdoBaHUs, pe3aHus, UCTUPAHMUS,
3aTOYKH, MOJUPOBAHMS U T.J.) APYTUX MaTtepuanoB. EcrecTBeHHbIE aOpa3uBHBIC
MaTepHallbl — KpeMeHb, HadxNcOaK, nem3da, KOPYHO, 2paHam, aimaz | Jp.;
HCKYCCTBEHHbIE a0pa3MBHBIC MAaTEpUAIIbl — 3IEKMPOKOPYHO, KApOUO KpeMHUs,
oopason, 31v00p, cunmemuueckui aimas u Ap. Ilo yOwBanuto aOpa3uBHOMN
CIIOCOOHOCTH O3TH MaTepHalibl PACIONaraloTcsl TaK: CHHTETHYECKHH anMas,
KyOnueckuit HUTpU7 Oopa, kapOuzg Oopa, kapOua KpeMHus, KapOuJ TUTaHa U
3NIEKTPOKOpPYHI. B Hacrosimee Bpemsi pa3pabaThiBalOTCS HOBBIE aOpa3vBHEBIC
MaTepuaibl Ha OCHOBE OOpHUIOB M KapOWIOB MEPEXOIHBIX METAJUIOB, a TaKXKe
TUIA Oenbopa.

OCHOBHBIE XapaKTEPUCTUKH a0pa3UBHBIX MaTEPUAIOB: TBEPAOCTh, IPOUYHOCTH U
u3HOC, pasMep U (Gopma aOpa3MBHOrO 3epHa, abpa3uBHasl CIIOCOOHOCTb, 3€p-
HUCTOCTh. C yBEMMUEHHEM MPOYHOCTH ATUX MATEPHATIOB YJIYUILIAETCS CONpPOTHB-
JSIEMOCTh YCWJIMSIM PE3aHusi, TaK KaK COIMPOTHUBJICHUE CKATUIO Y HUX B HECKOJIBKO
pa3 OoJbllie, YeM COINPOTHUBIICHHE pPacTsbKeHHIO. [IpodHOCTh aOpa3uMBHBIX MaTe-
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pUAIOB Ha PACTSHKEHHE M C)KAaTHE CHMYKAETCSl C IOBBIIICHUEM TEMIIEPaTypbl
nuiQoBaHus.

W3menbueHHbI U KIacCU(PUIMPOBAHHBIN aOpa3vBHBIA MarTepuan Ha3bIBAIOT
uiugosanbHuIM. 3epPHUCTOCTh NUIM(POBAILHBIX MaTEPHATIOB OIPEACIIeTCs pa3Me-
poM abpa3uBHBIX 3epeH, T.e. rpynmnoi MarepuasioB o 'OCT 3647-80: nwmd-3epHo,
NUTUGTOPOIIKH,  MUKPONUTU(PIOPOIIKM Y TOHKME  MHUKPOUUIADIOPOIIKH.
O06o3HavyeHre 3epHUCTOCTH JonoiHsroT mHaekcamu B, II, H u JI, koTtopsie xa-
PaKTEpPHU3YIOT MPOIIEHTHOE COECPIKaHNe (MacCOBYIO JIOJI0) OCHOBHOM (hpakimu (36—
60 %).

AOpa3uBHBIE KEPAMUYECKUE MATEpUaAlbl HCIOJB3YIOTCS KaK B HECBSI3aHHOM
BUjie (TIOPOILIKH, TTACTHI, CYCIICH3UN), TaK U B CBSI3aHHOM (OpyCKH, UM OBaTbHbIC
HIKYPKH, KPYTH, TOJIOBKH U JP.).

3.2. TexHOJIOTUM U3TOTOBJICHUSI KEPAMHYECKHX JIeTajiei

CymiecTBytoT 1Be HauOoyiee pacHpOCTPAHEHHBIE TEXHOJOTHUU TMOJYyUYEHHUS
JneTaliel W M3JeNUi M3 KEepaMHUYEeCKUX MATEepUasoB: IUIMKEPHOE JUThE H
IIPECCOBAHMUE.

['munsHOE MK wiuKepHoe 1umve OCHOBAHO HA CBOMCTBE TUIICA BIUTHIBATH B
cebs Biary W Ha CBOWCTBE TJIMHBI OTAaBaTh Biary. lllnumkep — sto rnuHa,
pa3BeIeHHAas BOJIOM J0 COCTOSIHHSI, HATIOMUHAIOIIETO TYCThIE CIUBKH.

['uncoBast ¢opma, B KOTOPYIO HAJIMBAIOT NUIMKEP, MHTCHCUBHO BOUPAET B
cebs Bomy. Ilpm »TOM cCIIOH TIMHHCTOM MAacChl OJWHAKOBON TOJIIHMHBI
PaBHOMEPHO paCHpeemsieTCsl M0 BHYTPECHHUM MOBEPXHOCTSIM (HOpPMBI, 00pasys
CTECHKH OyIymero W3Ieius, WIH, KaK TOBOPSIT KEPaMHUCThI, depemnok. I
YCKOpEHHsSI Ha0opa TOJIIUHBI CTEHOK NPHMEHSIOT: TOJOTPEB IUIMKEpa
(yckopsier Ha®op B 2 pasa); BakKyyMUpOBaHHEe WM BHOpauuio GopMbl H
[UIMKEPA; JUThE MOJ JaBICHUEM; CMAuMBaHHE THUIICOBBIX (OPM PacTBOPOM
MO4YeBHUHBI (KapOamua) rnepes GOpMOBaHHEM U T.J.

[Tocne BhICHIXaHUS TMOJIOE TIIMHSHOE W3JENIMe H3BJICKAIOT M3 (POpMBI U
JOCYLIMBAIOT TEpes TeM, Kak MOJABEeprHyTh o0xury. TakoBa B OOHIMX YepTax
cXxeMa TIOWHAHOTO (UUIMKEpPHOro) JuTha. HemocpeacTBEeHHOMY — JIUTHIO
IpEAIIeCTBYET OOJIbIIas MOATOTOBUTENbHAS padoTa. HeoOX0auMO BBITIOJHUTH
ACKU3 Y M3TOTOBHUTH MO HEMY MOJIENb OyAyIIero M3feius, a 3aTeM OTJIUTh U3
TUTICA TI0O MOJICIIA TUTEHHYIO (hOpMY.

Cnocobvl popmosarus 1umvem: CAIMBHON, HATUBHOW U KOMOMHUPOBAHHBII.
[Ipn cnmuBHOM cmocoOe BBUIMBAIOT OCTATOK IIIUKEpa IMOCie Habopa CTEHOK
U3JIeTIUs ONpeeeHHOW TommuHbl. OOpasyeTcs ero BHYTPEHHSS MOJIOCThb. [Ipu
HAJIMBHOM CIIOCOO€ NUIMKEP 3aJUBAIOT MEXIYy IBYMS CTCHKaAMHU THIICOBOM
dbopMbI, TOrAa TOJNIIMHA W3ACIUS paBHA 3a30py Mexay Humu. llpwm
KOMOMHUPOBAHHOM CIIOCOOE YacTh u3enus GopMyercs Mo CIMBHOMY CIOCO0Y,
4acTh — M0 HATMBHOMY. J[OCTOMHCTBA CIMBHOTO crocoba — rnpoctora GopMbl U
ee COOpKM, MEHbINAs TPYAOEMKOCTh OIepaluuud Mo OGOPMIICHUIO H3EIHM,
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BO3MOXXHOCTh MEXaHHW3aIMKM TIpoliecca OTIWMBKU. HemoctaTku — OOJBIIHIA
pacxoji INIIUKepa, IOBBLIINICHHAS €ro BIAXHOCTb, HEPAaBHOMEpPHAs TOJIIUHA
CTEHOK, MPUMEHUMOCTb TOJBKO JJI1 MENKOpa3MepHbIX uzaenuid. [Ipeumyiiecrsa
HAJMBHOrO criocoba: nHTeHcHuKkamus Habopa uepernka (B ABa pasza OoOJbIIe
KOHTaKT C THUIICOM); BO3MOXHOCTb MOJIYYEHHUS CTEHOK 3aJaHHOI TOJIIIUHBI;
MOHKCHHBIA PacXo]l IIJIUKEpa M €ro BIAKHOCTh. HemoctaTku: ycloKHEHHE
KOHCTPYKIIUU (POpPMBI; 00s513aT€IbHOCTh Pa300pHON (OPMBI; 3aTPYIHEHHOCTD
MeXaHHU3allUH.

B TexHONOTMAX mMpeccoBaHUS KEPaAMUYECKUX H3ACIUNA MOXKHO BBIJICIHTH
nBe: (hopMOBaHUS U3IETUHN U3 TIACTUYHBIX MAaCC | MOJTYCyX0e MPECCOBaHUE.

dopmosanue U3 nIACMUYHBIX MAcc TIPUMEHSETCS Ui CTEHOBOM KEPaMUKH,
€CIM KapbepHasi BJIAXHOCTh Onm3ka kK (opmoBouHOl (18-22%), a rIHMHBI
cozepXaT MaJlo KaMEHUCTBIX BKJIIOYCHUH. [[macTMuHBIME MaccaMu Ha3bIBAIOT
Takhe, Y KOTOPBIX CHJa BHYTPEHHEH CBS3M OOJBIINE CHUJI TOBEPXHOCTHOTO
cuervienust  (aaresuu). Ilmactuuyeckoe ¢GopMoBaHHME TPOU3BOAMUTCS: Ha
JICHTOYHBIX Tpeccax, MTAMIOBKON B TUIICOBBIX MM METANTMYECKUX (HopMax U
BpY4HYIO (JIETIKA).

Dopmoska Ha  JEHMOYHLIX Hpeccax TPUMEHSETCS BaKyyMHas U
O0e3BakyyMHas. JIGHTOYHBI TIpecc  MPEACTaBISeT COOOW  3aKpBITHIN
META/NIMYECKU KOpPoO, B KOTOPOM Bpallaercss Bajl C BUHTOOOpPa3HBIMH
JIOTIACTSIMH, HATHETAIOIIMMH MAacCy B CTOPOHY BBIXOJHOTO OTBEPCTHUS. XapaKTep
JBYDKEHUS MAacChl U €€ CTPYKTYpa 3aBHUCST OT TUIACTUYHOCTH MAacCChl, BIIAXKHOCTH
¥ BHYTPEHHETO TpeHus. 3-3a pa3HOil CKOPOCTH ABUKEHUS MACCHI B IECHTOYHBIX
mpeccax €€ CIIOM MMEIOT TIOCTOSIHHBIM CIBUT OTHOCHTEIHHO APYT ApPYyTra, 4TO
SBIIICTCS MCTOYHUKOM Je(exToB. CHIKAIOT ATH HAMPSHKCHUS YBEIUYCHHEM
BJIQXHOCTH MAcCChl, TOBBIIAIONUM €€ CBSA3HOCTh. CHIDKCHHE BIIAXXHOCTH
NPUBOJMUT K TEperpy3kaM W aBapusM B pabore mpecca. J1o0aBKH KpyIHOTO
MeCKa 3aTPYAHSIIOT CIBUT (CIIMBAIOT CJIOM), @ MEJIKHI MOBBIIIAET CKIIOHHOCTD K
pa3phiBy CIUIOINIHOCTA 32 CHYET CHIDKEHMsI CBs3HOCTH TIiuH. [lapoBoe
YBJIQKHEHHE MOBBIIIAET CIIOCOOHOCTh MAacC K BOCCTAHOBJICHHMIO CILJIOIIHOCTH.
JIJist yMEHbIIIEHHSI BHEITHETO TPEHUS U HAIPSKEHUS B CIOSX, MPUJIETAIOMINX K
cTeHKaM mnpecca, BBOJAT [IABbI. BakyyMupoBaHue MOBBIIAET CBSI3HOCTb, HO
IpY HAPYIICHUSX CIUIOMIHOCTH 3a CUET CABUTA TPYJHEE €€ BOCCTAHOBUTH.
[TooToMy TiIyOMHY BakyymMa CHIDKAIOT JUIS BBICOKOIIACTUYHBIX TJIMH H
MOBBIMIAIOT JIJIST MATOTIJIACTUYHBIX.

JIist kaxaoro BUAA TIIMH TOJOUPAIOT IIar JOMAcTel IHeKa (MEHbINE IS
MaJOINIACTUYHBIX TIJIMH), a YroJl uX HakioHa MeHee 28° u 28-30°
cooTBeTCTBEHHO. CKOpPOCTh BpalleHUs IIHeKa BO U30€XKaHHE CpbIBa
CIUIOIIHOCTH JOJDKHA ObITh MeHee 32 o0/mMuH. OHa moadupaeTcs sl Kaxaou
MacChl IKCTICPUMEHTAJILHO, HWHAYE BO3MOXHO MPOBOPAYMBAHUE MACChI (UTOOBI
n30exaTh MPOBOpAUYMBAHUS JieJaloT pUGICHUE BHYTPEHHEH MOBEPXHOCTH
Kopmyca). 3a30p ero y CTEHKM He Oosiee 3 MM, WHAYe YBEIUYUTCS TPEHHE,
CHUKasl TaBJICHHE.
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JUis  oOecriedyeHust HaJexHOW pabOThl Bakyym-lpecca HEOO0XOIUMO
IPUMEHSATh pellIeTyaThle KEPAMUYECKUE HACAJKH, IJl€ KOHJEHCUPYETCs Bilara.
[TpeBbllieHHE BIAQXKHOCTH MAcChl WM €€ 3aHMKEHUE IPUBOAUT K CPBIBY
BaKyyMa M3-3a MEpENoIHeHMs] BaKyyM-KaMmepsl riauHoi. Ha BbIxone u3 mpecca
Opyc He AOJKEH UMETh CBWJIEH U pa3pblBOB CIUIOIIHOCTH, KOTOPbIE MPUBOJAT K
PaCTpPECKMBAHMIO U OpaKy.

[lImamnoséka W3 IUIACTUYHBIX MAacC IPUMEHSETCS MPU HU3rOTOBIECHUU
YEepenuIbl, JJIEKTPOU30JATOPOB, Kanceneil. Ilnockue (HECMMMETPUYHBIE)
U3JENMA IITAMIYIOT B TUIICOBBIX HIJIM METAIIMYECKHX (HOpMax, YKIaIbiBas B
HUX BAJIIOIIKK; HIPUMEHSIOTCS Calla30YHbIE WJIM PEBOJIBBEPHBIE IPECCHI.
JlaBneHue npeccoBaHMs 3aBUCUT OT 00bEMA U3JEIHUS U INIACTUYHOCTH MACCBhl.

Buvimauuseanue U3 IIaCTUYHBIX Macc MPOU3BOAUTCS AJIs U3AeIui (OPMBI TEN
BpalieHus (U30J4Topbl, TpyOsl). O0OpyA0OBaHKE: TOHYAPHBIN KPYT, CTAHOK C
BpalIAIOIIMMCS CTOJIOM, IIMUHACIISIMU U IIa0JIOHaMU, [IeHTpoOekHas hopma.
[TorbeMOM Bpalaroerocs MMUHES MIACT MIIMHBI OJBOJANUTCS MO 11a0JI0H,
KOTOPBIA 00KUMAET MACCy U «Pa3BOAUT» €€ A0 HE0OX0UMOW KOH(pUTypaliy, a
HWDKHUW WIM BHYTPEHHUH (DOPMYET BHYTPEHHIOIO IOBEPXHOCTb.

Jlenka — py4yHoe (QOpMOBaHME W3JEIMM W3 IJIACTUYHBIX MAacC B THMIICOBBIX
dopmax mwiu 6e3 HuX. ITO TPYAOEMKUN MPOIIECC, TOITOMY JIETKA MPUMEHSIETCS
JUIS  U3TOTOBJIGHUS M3ACNTUN  CIOXHOW KOHPUIypaluu, YHHUKAJIbHOTO,
MaJOTHPAXKHOTO ACCOPTUMEHTA.

[Ipeumyiuecta IUIACTHYECKOTO IIPECCOBAHMSL: BO3MOYHOCTb
UCIIOJIb30BAaHUSI KAapbepHOM BIIAXKHOCTH TJIMH M MW3TFOTOBJIEHUS W3IEJIHM
CJIOKHON KOH(UTYpALIHH.

Henocrarku: noBbIlLIEHHBIE SHEPro3aTPaThl HA CYIIKY.

IIpeccosanue u3 noaycyxux macc (nopowxos). llomycyxoe mnpeccoBaHue
UMEET MPEUMYIECTBa: MPOYHEE ChIpell, TOYHEE KOH(Urypauuss U pa3Mephl,
MEHbIIIE ycaJKka B CylKe U o0xwure, mpoiie Mexanuzanus. [loaTomy oHO
IPUMEHSETCS Yallle, 4YeM IUIacTH4YecKoe (opMoBaHHE (OCOOEHHO Ul IUIOCKUX
TOHKOCTEHHBIX U3/JEJINUN).

Teopust mosyCyxoro nmpeccoBaHusi M3y4yaeT 3aBUCUMOCTb CBOWCTB M3JENINN
OT CBOMCTB IIpeCC-NIOpPOILIKAa M YCJIOBUU mpeccoBaHus. Ilpecc-mopomok —
Tpex¢as3Has cucTeMa: TBEpJO€ BEIIeCTBO, Boja M Bo3ayx. CremeHb ero
YIUIOTHEHUS 3aBUCUT OT BJIAXKHOCTU M COOTHOIIeHus ¢pakuuil. [lo maHHbIM
®dymiepa, HauOOJBUIYIO IUIOTHOCTh MMEKT MOPOLIKH, cojepxkamue no 20%
bpaknuii 3...4, 2..3 u 1.2 mm, o 12% dpaxmuii 0,5...1 u menee 0,1; 10%
dbpaxnuu 0,2...0,5 mm 1 6% ¢paxiuu 0,1...0,2 Mm. [To JTaHHBIM APYTUX YYCHBIX,
3TU BEJIIMYMHBI MOTYT OBITH JPYTMMH, B TOM YHCJIE, B CTOPOHY YBEIMYECHHUS
pa3mepa 3epeH 10 4...5 mM. HekoTtopeie peKOMEHAYIOT NPEPBIBUCTHIN 3€pPHOBOM
coctaB. i1 OJHOPPAKIMOHHBIX MOPOIIKOB MPUMEHSIIOT BBICOKOE KOHEYHOE
JlaBJICHHE, TIOBBIIIAOIIEE IUIOTHOCTD 3a CYET Je(OopMalliy YacTHULl.

IIpeccoBanue BKIIOYAET TPU CTAIUM YIUIOTHEHUS TIOPOLIKOB:

1. YiioTHeHue 3a c4eT CONMKEHUS YacTUll IpU yIaJIeHUH BO3TyXa.
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1. [Inactuueckue aedopManvu 4YacTUIl C YBEJIMYCHHEM KOHTAKTHOMU
MOBEPXHOCTH, BBIKUMAHKE BJIard U3 rIIyOUHHBIX CJIOEB HA MMOBEPXHOCTh YACTHUII
Y yBEJIWYEHUE CLECTUICHUS CUJIaMU ITOBEPXHOCTHOI'O HATSHKEHUS BJIATH.

2. Yopyras npedopmalus 4acTHIl C MX pa3pylIeHUEM W MaKCUMaJbHbIM
YIUIOTHEHUEM 32 CUET Pa3BUTHS MTOBEPXHOCTH KOHTAKTOB MEXKy 3€pHAMH.

ITocne cHATHS HATPY3KU U U3BJICUEHUS U3ETUS U3 (POPMBI BO3MOXKHO €T0
pacugpeHne, KOTopoe MOXKeT ObITh 110 8%, U pacTpecKUBaHUE, TaK KaKk
JIaBJICHUE MPECCOBAHUS PACTIPEACIISICTCS IO TOJIIIMHE U3EIUs HEPAaBHOMEPHO
(3aTyxaeT mo Mepe yJajaeHus OT IITaMIIa), YTO 3aBUCUT OT BEIMYUHBI OOKOBOTO
TPEHUS U OT BJIAXKHOCTH MOPOIIIKa. B IeHTpe 1aBiieHue BhIIIE, 4eM Yy KpaeB. Jliis
€Tr0 CHMIKEHUSI CMa3bIBAIOT (POPMY, TIOJIOTPEBAIOT €€, MOBHIIIAIOT BIAKHOCTh
MOPOIIKa, MPUMEHSIOT ABYXCTOPOHHEE UJTH JBYXCTYNEHYATOE MPECCOBAHUE, €r0
3aMeJICHUE JJIsl YJaJdeHUs BO3/IyXa, BhI3BIBAIOIIETO PACTPECKUBAHUE 3a CUET
00paTHOIO MOCIEICHCTBUS.

[Ipecchl  moJlycyXoro mpeccOBaHUS  pa3leNsOT IO  HaMpaBJICHUIO
IIpeccoBaHMs, CIocoOy IMepenayd ycuiaus W HazHadyeHuto. [lo HampaBieHHIO
MIPECCOBaHMS — OJIHO- WM AByXcTopoHHue. [lo cmocoOy mepegaum ycwimss —
yAQpPHOTO JCHCTBHS, PBhIYAXKHBIE W THUIPABIWYECKHE; [0 HAa3HAYCHUIO — IS
MIPECCOBaHUS KUPMNUYA, IIJIUTOK, YEPETTHUIIHI.

3.3. Bonmpochl o Teme «Kepamu4yeckue MaTepuaibD»:

1. Yo Takoe kepamuka?

2. Kak npunsaTo knaccuuuupoBarb KepaMuky?

3. UTo BXOJUT B COCTaB KEPAMHUYECKUX MAaTEpUAIOB?

4. I3 xakux omnepanuii COCTOUT TEXHOJOTUSI U3TOTOBJICHUSI KEPAMUUYECKUX
MarepuangoB?

5. KakoBbl JOCTOMHCTBA KEPAMUKH?

6. C yeM CBA3aHbI HEJOCTATKU KEPAMUKHU?

7. I'ie npUMEHSIIOTCSl KEpaMUUECKUE MaTepUaIbl?

8. OnuIIUTE JUTEHHYIO TEXHOJIOTHIO U3TOTOBJICHUSI KEPAMUYECKUX U3/ICIIHIA.

4. KOMIIO3UIIMOHHBIE MATEPHAJIBI

Komnosuyuonnvivy  Ha3bIBaOT  OAHOPOIHBIE B  MAaKpOOOBEME Mamepuanl,
MOJTy4aeMble MyTEM HCKYCCTBEHHOTO OOBEAMHEHHS MUKPOCKOIMMYECKUX OOBEMOB
Pa3HOPOJIHBIX BEILECTB.

MaxkpooObeM KOHCTPYKITMOHHBIX MarepuaioB (KM) onpezaemnsiercs: rabapuTHHIMU
pa3mMepamMu U3rOTOBJICHHOW U3 HETO JIETATIM U MOXKET JOCTUTaTh 3HAYUTEIIbHBIX BEJTU-
yuH. Hampumep, pasmepbl HEKOTOPBIX JeTayiell XuMuieckor armaparypsl u3 KM,
MOJTyYaeMbIX IyTeM HAMOTKM BOJOKHHCTOIO HAIOJHHUTENS CO  CBSI3YIOLIHM,
nocturator 10 M u 6onee. JluckperHsie 35eMeHThI cTpyKTYpbl KM, nipeacraBieHHbIe
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XUMUAYECKU WM (PU3UUECKH Pa3HOPOJHBIMU BEIIECTBAMHM, B OOJBLIMHCTBE CITy4YaeB
UMEIOT pazMepsl 10 10 MKM, a B HEKOTOpBIX MaTephaiax He 0ojee COTEH MHKpPO-
METPOB.

4.1. XapakTepuCTHKH KOMIIO3ULIMOHHBIX MATEPHATIOB

KomMmno3nnnonseie Marepualibl COCTOST U3 HENPEPHIBHOW MATPHULBL, B KOTOPOU
PABHOMEpPHO pacIpe/ie/ieHbl JTUCKPETHbIE WM HEMpPEpbIBHbIE MHKPOOOHEMBI
HATOJIHUTENST 3€pHUCTOM (puC. 8, a) WM BOJOKHHCTOM (puc. 8, 0, B) (PopMbL
Marpuna CBS3BIBACT OTHENBHBIC 3JIEMEHTHl HAIMOJHUTENS B E€IUHBIA MOHOJMT.
Mexanunueckast Harpy3ka, npuiokeHHast K KM, BOCIIpMHAMAETCsl MAaTpULIEH U 4epe3
MOBEPXHOCTH pazfena (a3 mepenaeTcs Ha SIIEMEHThI HarojHuTens. B kadecTBe
HAIoOJHUTEISE OOBIYHO UCTONB3YIOT 00Jiee MPOYHOE BEILLECTBO, & MATPUIIEH JTOJHKHO
OBITH OOJIee MITACTUYHOE BEIIECTBO.

VYnpoussitoliee IeMCTBUE HAIOJIHUTENS ONpPEIEIsIeTcss €ro TreoOMETPUYECKON
dbopmoii, a Takxke pazMepaMH M OPHUEHTALMEH JUCKPETHBIX 3JIEMEHTOB CTPYKTYpHI
HaronauTens B KM. Ilo reomerpuueckoii popme ucnonszyemoro HamosHurens KM
NOJPA3ACIISIIOT Ha JiBa KJlacca:

* C 3CpHHUCTHIM HamoyHUTEeNeM. HamomHuTenb Ha3bIBAIOT 3€PHUCTBIM IPU
ycnosuu 13/d=1.

* C BOJIOKHUCTBIM HamojHuTeneM. JII1  BOJIOKHHMCTOTO  HArOJIHUTENS
BeImosHseTcs ycnosue li/d » 1 (rae li — nuaa BonokHa, d — muaMeTp BOJIOKHA).

MexaHu3M YIPOUHSIOIIETO JACHCTBUSI 3€PHUCHO20 HAIIOJIHUTENST 3aBUCUT OT
pasmepa ero 3epeH, UCX0/1s1 U3 KoToporo paznuyaror KM:

* IMCTIEPCHO-YTIPOYHECHHBIE (YIPOYHEHHE TaKOro TUMA TPOSBIACTCA TPHU
pazmepe 3epen d<0,1 Mkm);

* IOPOLIKOBBIE (HAIIOJHUTENB C pa3MepoM 3epeH d>1 Mkm).

® e II

0:® o0 o0
d. .

HanonHirens 6 Matpiiia
a
JTHCKpeTHBIE HerpepsHere
BOJIOKHA 1 BOJIOKHA
3epHHCTBIIT BonoKHHCTBI

Puc. 8. Knaccudukarus KOMIO3UIIMOHHBIX MAaTEPUAIOB MO BUIY HAIOJTHUTEIS:
a — C 3€pHHUCTHIM HAIOJHUTENEM; O — C AUCKPETHBIM BOJJOKHHCTHIM HAIIOJHHUTE-
JIEM; B — C HENPEPHIBHBIM BOJOKHUCTHIM HAOJHUTENEM; d — IHAMETP 3€pHA;

13 — Mexk3epeHHOe paccTOsTHUE
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B 3aBucumocTM OT MexaHW3Ma apPMUPYIOIIErO JCHCTBUSL  BOJOKHUCIO2O
HarnojaHuTeNs paznuyaor KM:

* C TMCKPETHBIM BOJIOKHOM (OTHOIIIEHUE Ppa3MEPHBIX MapaMmeTpoB BosiokHa li/d B
ATUX KOMIIO3UTAX HaXOUTCS B IIpeieiax 10—103);

* C HETIPEPHIBHBIM BOJIOKHOM, yIOBJIETBOPSIFOIIMM yCIIOBHIO 11/d » o,

[IpocTpancTBeHHas: OpHEHTAlMsl BOJIOKHHUCTOTO HAIOJHUTENS, HE BIMSS Ha
MEXaHU3M KOHTAaKTHOTO B3aUMOJICHCTBHSI MATPHUIIBI C BOJIOKHOM, OKa3bIBaeT
BIMSHUE Ha YCJIOBUS Tiepelayd HampsokeHus B oObeme geramu w3 KM.
PanmonanbHasi OpuveHTAlMsl BOJIOKOH TMO3BOJISIET ONTUMAJIBbHO HCHOJIb30BAThH
npeumyiectsa KM npu KOHCTpyupOBaHHUM JA€Taliell MalllvH, YCUJIMBas MaTepuall B
HanOoJIee HATPYKEHHBIX HAMIPABIICHUSIX JICTAJIH.

4.2. MaTpuubl KOMIIO3UIIMOHHBIX MATEPHAJIOB

OcHoBHOe Ha3HadyeHue marpuibl B KM cOCTOMT B CBSA3bIBAaHUM JUCIIEPCHBIX
4acTull WM Oosiee KPYIHBIX 3€peH, IUCKPETHBIX WM HENPEpPhIBHBIX BOJIOKOH
HAIIOJIHUTEIIS B CIUIOIIHOE TBEPIOE TEJO, a TAKKE B BOCIPHUATHUH U PAaBHOMEPHOM
HIepepaclpe/ic/iCHNy  BHEIIHE Harpy3Kd Ha JIEMEHTBHl HamojHurens. s
BBIIIOJIHEHUSI  YKa3aHHBIX (YHKIMHA MaTpUYHbIA Marepuayl JIOJDKEH ObITh
IJIACTUYHBIM M 00JlaJaTh JOCTaTOYHO BBICOKOM MPOYHOCTBIO KOHTAKTHOTO
B3aMMOJIEVCTBHUS C TOBEPXHOCTHIO HAIOJIHUTEIIS.

B xauectBe marpuubl KM wncnone3yercsa psA MarepuaioB, HUMEKOMIMX U
CaMOCTOSITENTbHOE MPUMEHEHUE, B TOM YHUCIIE KOHCTPYKIIMOHHOE (puc. 9).

BONBIIMHCTBO METAIOB M MOJIMMEPOB BIOJIHE YJIOBJIETBOPSIOT OCHOBHBIM
TpeOOBaHUSAM, NPEABSIBIAEMbIM K MATPUYHOMY MaTepHaTy, U MOIYUYHIH ILIUPOKOE
npumenenue a1t cozganuss KM Ha mx ocHoBe. CTEKIIO M KepaMuKa OTHOCSTCS K
XpYIKAM MaTepHhaiaM, OJHAKO OHM TAKXKE HAXOJAT NPUMEHEHHE MPH pa3paboTKe
KM crienpanbHOro Ha3HA4YEHHUs.

I't'I'r'I'I]l}[l.[ﬂ KOMITOZHITHOHHOT ¢ MaTE¢PHAIA

I
MeTanmel

YepHeie

| HemeImem |
[

[ | |
ITommiepel | CT{‘I{JID‘ ‘R{‘l}ﬂl\l]ﬂ{ﬂ

| Dl}l"ﬂHH‘I{‘(‘RH{‘| f?mememcmprnmmeﬂmﬂ |Hmpmm1'1eﬂme|

Puc. 9. Knaccudukarms KOMIO3UIIMOHHBIX MATEPUAIOB 110 BUTy MATPHUIIbI
Crexno HanOojee MMPOKO HCHOJIBb3YETCSd B KaueCTBE MATPUYHOrO Marepualia

P CO3JAHMM JMCIIEPCHO-yNpouHEeHHbIX KM Ha ero ocHoBe — cumanios. 3a
pYOSXOM HMCHEPCHO-YIIPOUHEHHOE CTEKIO IMONYyYWIO HAa3BaHUE NUPOKEPAM.
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KomOuHupys coctaB U 10J1I€BOE COOTHOUIEHUE CTEKISIHHONW MaTPHILIbI M IUCIEPCHBIX
yacTul HanoyHuTens noiny4aroT KM ¢ cambIMu pa3HbIMHM, B TOM YHCIIE PE3KO
IPOTUBOIIOJIOKHBIMU, CBOMCTBAMH.

Kepampuka wumeer CcaMOCTOSATENIbHOE IPUMEHEHHME B KAyeCTBE  BBI-
cokoTemrneparypHoro marepuana. CylIeCTBEHHBId HENOCTATOK  KEPAMHKH
3aKJIFOYAETCSl B HU3KOM CONPOTHBIICHUM MEXaHWYECKHMM M TEIUIOBBIM YyJIapaM.
['maBHast 1esb BBEIEHUS HANOJHUTENS B KEPaMUYECKYIO MaTpUIly COCTOWUT B
NOBBIIIEHUH TEPMOIIPOYHOCTU U YAAPHOM BSA3KOCTH IMOJTY4aeMOr0 KOMIIO3MTA.
[looromy JuiA apMHUpOBaHUS KEPAMUKHA HCIOJB3YIOT IPEUMYILECTBEHHO
BOJIOKHUCTBII HAITOJTHUTEIIb.

4.2.1. Memannuueckas mampuya

Coznanne KM Ha MeTaIMUYECKOM MaTpHIE MPECHENyeT Ledb YCTPAHUTh TaKUeE
OCHOBHBbIE  HEJIOCTaTKM  METAJUIOB, MpPENSATCTByIoUmME UX  A(hGEeKTUBHOMY
NPUMEHEHHIO B KQUECTBE KOHCTPYKLMOHHOIO MaTepHania, Kak OoJblas IIOTHOCTb,
HU3Kas paboyasi Temreparypa KCILTyaTallui U HU3Kas BSI3KOCTb pa3pyIICHHUS.

B kauectse Marpuiisi KM Hanbonee mmpokoe NpruMeHEHUE TOTyYrIN JIETKUE U
YKAPONPOYHbIE METATBI U CIUIaBbl. JIerkue MeTaibl U CIUIaBbl MO3BOJISIOT MOMyYaTh
MaKCUMaJIbHOE 3HauyeHue ynenbHou npouHocth KM Ha uXx ocHoBe, OCOOCHHO B
COYETAHUM C HU3KOIUIOTHBIMU BOJIOKHAMH. OJTO OOECHEUYMBAECT MAaKCHMAaJIbHOE
YMEHBIIICHHE MAaTepPHATIOEMKOCTH JIeTajleld MallliH, 4YTO0 MpHOOpeTaeT 0co0yIo
BaKHOCTb IPUMEHUTEIBHO K TPAHCIIOPTHBIM CPEACTBAM.

WX nerkux METawioB amomuHull TIOMyYr HanOosee MIMPOKOe MPUMEHEHHE, YTO
00YCIIOBJIEHO HapsITy C IEHHBIM KOMIUIEKCOM CBOWCTB €ro OOJIBIIMMYU TPUPOTHBIMU
pecypcamMu U COOTBETCTBEHHO OONBIIMM 00beMOM Mpom3BoiacTBa. K mocronHcTBaM
AIIOMMHMSL OTHOCATCS HM3KAs IUIOTHOCTH (2,7 T/CM’) M BBICOKAs KOPPO3HOHHAS
CTOMKOCTb IPY HOPMAJIbHBIX M MOBBIIIEHHBIX TeMneparypax. Huskas temneparypa
IUIABJIEHUSI M BBICOKAsl TUIACTUYHOCTH OOJIErYaroT TEXHOJOTMYECKUE IMPOLIECCHI €ro
nepepabotku. Hemoctarkom —amOMUHHSL  SBJSIETCSl €M0  HU3Kas IPOYHOCTh
(0,~60 MIla). ITosTOMy mpH KCHONIB30BaHUM B KadecTBe MaTpuilbl KM amoMuHmMiz
NPUMEHSIOT PEUMYIIIECTBEHHO B BUJIE CIJIABOB C APYTUMHU 3JIEMEHTAMH.

Jedopmupyembie CIiIaBbl ATFOMUHUS, JISTUPOBAHHBIE MATHUEM U MapraHiieM, He
HO/IBEPraloTCs TEPMUYECKOM 00paboTKe. ITO MO3BOJSIET COKPAaTUTh BpeMs
BBICOKOTEMIIEPATYPHOIO ~ KOHTakTa CIUIaBa C HAIOJHUTEIEM B  IPOLECCE
mroroieHuss KM, T.e. yMeHbUIMTh HUX XUMHUYECKOe U JUPPy3HOHHOE
B3auMozieiicTBre. HeocTtarkoM 3TOM Ipynibl CIUIABOB SIBISETCS UX OTHOCHTEIBHO
HU3Kasi MpovyHOoCcTh (o, He Oonee 200 Mlla). [lropamoMuHMii, OCHOBHBIMHU
JICTUPYIOIIMMU 3JIEMEHTAMU KOTOPOT'O SIBJISTIOTCS MEb U MAarHui, IMOJIBEpraercs
TepMuueckoil oopadotke. [locie 3akanku W crapeHHs MPOYHOCTb JAHOPATFOMUHMUS
nocturaet o, = 450 Ml1a.

B kauectBe JIMTEMHBIX CIUIABOB IIHMPOKO NPUMEHSIOTCS CIUIABBI AIIOMHUHUS C
KpeMHHEeM — cwiyMdHbl. [lo MexaHW4ecKMM CBOMCTBAM OHHM  YCTYMAOT
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neopmMupyemMbIM  CIUlaBaM, KpOME TOro, TPYJHO MPENOTBPATUMOE XHMHUUYECKOE
B3aMMOJICIICTBUE ATIOMUHMS C HAMOJIHUTENEM TIPU JIMThE TNPUBOAUT K
pa3ynpoOYHEHHIO APMUPYIOIIETO BOJIOKHA.

PabGouas temmeparypa amroMuHHEBBIX CcIutaBoB He mnpesbimaer 300 °C,
OJTHAKO apMHUPOBAaHUE WX YIJIEPOJHBIMHU BOJIOKHAMU IIO3BOJISIET IIPUMEHSThH
nonyyaembiii KM nipu remniepatypax 10 450 °C.

JIna  cozmanus  xaponpounblx KM mpeacraBisier MHTEPEC  CIEUCHHBIN
amomuHueBbld  mopouok (CAIT), kotopbeiii cam siBisgercss KM, ynpoYHEHHBIM
JUCTIEPCHBIMA YacTUI[AMU JMOKCUJA AIIOMHMHHUS, Ha QTIOMUHUEBON MaTpule U
00JaaeT BBICOKOH KApOMPOUYHOCTRIO MpH T TeNbHOM Harpese a0 500 °C.

MuHuManbHas cpeid METAUIOB M CIUIAaBOB KOHCTPYKIIMOHHOTO Ha3HAYEHUS
IUIOTHOCTb ~ Cnia6oé machus (0komo 1,8 T/cM’)  SBISIeTCS  CYIIECTBEHHBIM
JIOCTOMHCTBOM JJIsl UX WCIOJB30BaHUS B KauecTBE Marpuiibl Npu cozmanuu KM ¢
BBICOKOWM YAENbHOM MpoyHOCThiO. CliemyeT, OHAaKO, OTMETHUTh, YTO pPalbOThI IO
apMUpPOBAHMIO MarHusi W €ro CIUIaBOB  COMPSDKEHbl CO  3HAYMTEIbHBIMU
TEXHOJIOTUYECKUMH TPYAHOCTSIMUA BCJIC/ICTBUE HX IUIOXOM JeOpPMUPYEMOCTH U
HAJIMYMS PHIXJION OKCUJIHOM MJIEHKHM Ha MArHUEBBIX MIOBEPXHOCTSX.

Tumanosvie cniasbl O0NIANAIOT MAKCUMAIBHOM YJICTBHOM IMPOYHOCTHIO  TI0
CPaBHEHHIO CO CIUIaBaMU Ha OCHOBE JIPyrux MeTayuioB. [lomyummm pasButue paboThi
10 apMUPOBAHHUIO TUTAHA U €r0 CIUIABOB BOJIOKHAMH TYTOIUIABKUX COEIWHEHUU.
OnHako I[IMPOKOMY  HCIIOJb30BAHUIO TUTAHOBOM  MATpPHUIBl  MPEMSTCTBYIOT
TEXHOJIOTMYECKHUE TPYAHOCTH BBEJICHUS HAMIOJIHUTEIS B MATPUILY.

JKaponpouHsle CIuiaBbl UCTIONB3YIOT JUI U3TOTOBJICHUS] OTBETCTBEHHBIX JETAJICH,
paboTaroNX MO Harpy3Koi mpyr pabourx temmeparypax Boiie 700 °C. HanGombiee
pa3BUTHE TIOMYYMIM KAPOIPOUHbIE CnIasbl Ha OcHoge Hukensd. llyTeM cCroxKHOro
JIETUPOBAHUSI HUKEJIEBBIX >KapOMPOYHBIX CIUIABOB YJACTCS MOBBICUTH UX paboune
temneparypbl 10 1100 °C. ApMupoBaHue MX YIJIEPOIHBIM BOJIOKHOM I103BOJISIET
MOBBICUTB YKapOIPOYHOCTh MaTtepuana eie Ha 150200 °C.

[11acTHYHOCTh KApOMPOUYHBIX CIUIABOB BIIOJIHE JOCTAaTOYHA Ui Mepeaadu
Harpy3kyd Ha apMHPYIOUIY}0 MaTpully BOJIOKHA, HO HEJOCTATOYHA JJISI IIPOBEACHUS
MPOLIECCOB COBMECTHOM IIacTHyeckoi aedopmaruu ¢ BojgokHoM. [Toatomy KM Ha
X OCHOBE W3TOTOBJSIIOT TMPEUMYIIECTBEHHO KHUIKO(PA3HBIMA METOJaMH, T.C.
MPOILIECCAMU JIUThS, IPOITUTKH U JIP.

Hapsiy ¢ nerkumu u skaporpOYHbIMU METAIUIAaMU U CIIaBaMu [yt co3gannst KM
UCHOJIb3YIOT METAJUIBI U JPYTOr0 Ha3HAYCHUSI.

4.2.2. I[lonumepHnas mampuya

Tepmonnacmul  (TEPMOIUIACTUYHBIE TOJMMEPBI) B  KAuyeCTBE KOHCT-
PYKUMOHHBIX ~ MAaTe€pUajoB HMMEIOT OrPAHMYEHHOE MpPUMEHEHUE HU3-3a
OTHOCUTEJIBHO HHU3KUX XapaKTePUCTUK MPOYHOCTH U Mpelena TEeKy4yecTH.
ViayunieHue KOHCTPYKUHMOHHBIX CBOMCTB TEpPMOIUIACTOB NYTEM BBEACHMUS
ApMUPYIOLIUX HAMOJIHUTENIECH TaK)Ke HE MOTYYUIIO OOJIBIIOTO Pa3BUTHSL.
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[[InpokOMy UCIIOIB30BAHUIO TEPMOIUIACTOB B KadecTBe Marpuubl KM
NPENATCTBYIOT  TEXHOJOTMYECKHME  TPYAHOCTHM  BCIEACTBUE  IUIOXOU
CMa4YMBAEMOCTH MMM TOBEPXHOCTH OOJIbIIMHCTBA HamnojHuteneil. Kpome Toro,
BSI3KOCTh TEPMOIUIACTOB PE3KO BO3pACTaeT IPU BBEICHUM 3E€PHUCTOrO WIIH
JUCKPETHOTO BOJIOKHHCTOTO HAIIOJHUTENSA, YTO 3aTPyAHSET pPaBHOMEPHOE
pacupeneneHue HanoiaHutens B wmarpune KM u mpuBoguT K €ro
[IEPEU3MENBYCHUIO.

N3 TepmomnactoB B kaduectBe Marpuilpl KM Hammm npumeHeHue
nonuamMuabl  (0oJee W3BECTHBI TMOJ HAa3BAaHUEM KalpoH M HEWIOH) U
dTOpOoprannyecKue MOIUMEPHI.

[lomuamuasl  ymapompounbl W 00Jafal0T  BHOPOMOTIIOIIAIOIIUMU
CBOMCTBAMU.

[Tomnamuapl XUMHYECKM CTOMKM B IIEJIOYHOM Cpele, YCTOWYMBBI K
BO3JIeMCTBHUIO OeH3MHA M cnupTa. [lommaMuasl uMeEr0T HU3KUI KO3(QUIIMEHT
TpeHUs W  [o3ToMy  ciayxar Marpuued KM mpemMyniecTBeHHO
aHTU(PUKIUOHHOTO HA3HAYCHUSI.

N3 dropoprannueckux mnonumepoB B kadectBe KM HauOosiee HIMPOKO
UCIOJIB3YIOT MOJU(PTOPITUIICH, O0slee U3BECTHBIM MOJI Ha3BaHUEM (TOPOILIACT
U TeJIOH.

dToporiact, Kak W KampoH, ciykuT marpunied KM antudpukimonsoro
Ha3HaueHus, 00JagaeT CTaOWMIbHO HU3KUM 3HA4YeHHEM KOd(PQHUIMEeHTa TPEeHUS
npu temneparypax a0 250 °C, B ToM yucie U B rI1yOOKOM BaKyyMe.

@TOpPOIIACT BBIIYCKAOT B BUJAE MOPOLIKA C YaCTUI[AMU BOJOKHHUCTOU
CTPYKTYPBI, a TAK)KE B BUJE TKAHOTO MaTepuaia B COUETAHUU CO CTEKJISHHBIMH,
METAUIMYECKUMU W JAPYTMMH ITOJIMMEPHBIMU BOJIOKHAaMHU, KOTOpBIE 3aTEM
nepepadaThIBalOT B J€TANM aHTUPPUKIUOHHOTO HA3HAYEHUSI.

KoMmno3uironnsle mMaTepuanbsl ¢ MaTpuled U3 (Toporiacta MUCHOJb3YIOT
JUISl M3TOTOBJICHUSI JIeTaleil Y3JI0B TpeHus, padoTaromux 0e3 cMa3bIBaHUS.
Opnako mo MexaHumdyeckuMm cBoiictBaM KM Ha ocHoBe (proporiacta naxe c
JY4YIIMMH HAOJHUTENSIMU ycTynatoT KM Ha apyrux noivMMepHbIX MaTpULIax.

Peaxmonnacmul 10 BA3KOCTH OTJIIMYAIOTCA OT TEPMOILIACTOB, y MEPBBIX OHA
Ha HECKOJIbKO MOPSAIKOB HHUXKE, YTO OOYCJIOBMJIO HMX HPEUMYIIECTBEHHOE
UCTOJIb30BaHuEe B TexHojoruu nonydenuss KM. HaumbGonee pacmpoctpaHeHbI
MaTpuULbl U3 PeHOAPOPMaNIbIAECTHUAHBIX U ATTOKCUIHBIX TTOJTUMEPOB.

Denonpopmanvoecuonvie noaumepvt st GopmupoBaHus Matpuilkl KM
UCIOJIB3YIOT B JKUJKOM M TBEPIOM BHJIE, a TAKKE NPUMEHSIOT OaKeIUTOBBIE
JaK¥ B BUJE pacTBopa OakenuTa B 3TUIOBOM CIHPTE.

JUiss  ycTtpaHeHuss nOpucyluX — (QeHoqdopManbAETUIHbIM  [OJUMEpam
HEJOCTAaTKOB  (XpYHKOCTh, HENOCTaTOYHAs XMMHUYECKas CTOMKOCTh B
OKHUCJIMTENIbHBIX CpellaXx) MpPU HKCIOJNb30BaHWU B KadecTBe MmaTpuibl KM ux
4acTO COBMEUIAIOT C MOJMMEPAMH JAPYTUX KIACCOB.

Opranu3oBaHO MPOMBIIUIEHHOE MPOU3BOACTBO OOJBIIOTO acCCOPTUMEHTA
IIpecc-Macc, KOTOPbIE SBISIOTCS TOTOBBIM MOy (HaOpUKaTOM AJi U3TOTOBJICHHUS
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KM. Ilpecc-maccel BBIMYCKAalOT B BHUAE CBIIYYEH CMECH, COCTOSIIEH U3
OCHOBHBIX KOMNOHEeHTOB KM: mnomuMepa W pa3HbBIX HAINOJHUTENIEH CO
CHenualbHBIMU TEXHOJIOTMUYECKUMU U (YHKIMOHATBHBIMU JI0OABKAMH.

Onoxcuomnvie noaumepvl Hauboliee I[MUPOKO MPUMEHSIOT B KadyecTBe
MaTpulbl TPU HM3rOTOBIEHUM HOBBIX KM KOHCTpYKIMOHHOrO Ha3HAa4Y€HHS.
CreneHb HAMOIHEHUs SMOKCUAHBIX CMOJ HamoJHUTENeM jaocturaer 85%, 4To
MO3BOJISIET B MAaKCHUMaJIbHOW CTETNEHW pEanM30BaTh BBICOKHE (DU3UKO-
MEXaHUYECKUE CBOMCTBA BOJIOKHHUCTOIO HamoJIHUTENS B cBoictBax KM Ha
AIOKCUHOW MAaTpPUILE.

N3 sneMeHTOOpraHryecKux MoJMMEpOB HamboJiee MUPOKOE MPUMEHEHHUE B
kadectBe Marpunbl KM nonyunnm xpemnutiopeanuueckue noaumepwl, KOTOPBIE
Ha3bIBAIOT TAKKE MOJIMOPraHOCUIOKCAHBI.

B Texnonormu KM nosmMopraHoCHJIOKCaHbl NPUMEHSIOT B BHUJIE JIAKOB —
pacTBOpa KpEMHUMOPTaHUYECKOW CMOJIbI B OPTAHUYECKUX PACTBOPUTENSX.

KpeMuuitoprannueckre cMOJIbI XOpPOIIO CMEIIMBAIOTCS C OOJBIIMHCTBOM
OpraHUYECKUX IOJIMMEPOB, YTO YIIPOIIAET TEXHOJOTMI0 HMX IMPUMEHEHUS H
MO3BOJIAET YMEHBIIUTh OTPHUIATEIBHOE BIIMSIHUE MX HEAOCTATKOB B KayeCTBE
matpuubl  KM. Honss ~ opraHu4eckux  cMoid,  J0OaBlIs€MbIX B
MOJINOPTaHOCUIIOKCAaHbI, 00BIYHO cocTaBisieT okono 10%. B kadyectBe m006aBOK
HapOoJiee YacTO HCIONB3YIOT DIOKCHIHBIC, (QeHOI(POpPMAIBIACTUIHBIE H
oA (PUPHBIE TOTUMEPHI.

[Tonmopranocunokcansl  001aAalOT  AHTHAATE3MOHHBIMU  CBOMCTBAMH.
BenenctBue cna®oit anre3nn Ha MOBEPXHOCTH Pa3zelia MOJMOPraHOCUIOKCAHOB
C HAINOJIHUTEJIEM OCTalTCAd HECIUIOIIHOCTH W MOPbI, YTO YMEHBIIAECT
MEXaHUYECKYI0 IMTPOYHOCTh KM ¢ KpeMHUIOPTraHUYECKOM MAaTPULIEH.

PacknunuBaromuii 3¢dexT Biaru, MPOHMUKAIOLIEH B MOPbI, TPUBOAUT K
JambHENIIEMY CHHM>KEHUIO MPOYHOCTHU Marepuania, XOTs
MOJIMOPTaHOCUJIOKCAHOBAsI MaTpULla B OTBEPKJICHHOM COCTOSIHMM BJaroCTOMKa.
JloO0aBkaMu  OpPraHUYeCKHX TIOJMMEPOB, KOTOPBIE TOBBIIIAIOT — AJIE€3UI0
MOJIMOPTaHOCUJIOKCAHOB K HAIIOJHUTEN0, YAAETCS MOBBICUTh IMPOYHOCTh H
YMEHBIIUTH BIUSHUE BIAKHONU atMocdepsl Ha mpouyHocTh KM.

JIpyriM TEXHOJIOTUYECKUM HEAOCTATKOM KPEMHUHOPTraHUYECKUX CMOJI
SBIIICTCS BBICOKAs TeMmIeparypa uX oOTBepxkiaeHus. Jliga OoybIIMHCTBA
MOJIMOPTaHOCUJIOKCAHOB OHa cocTtaBisieT okono 200 °C, 4ro yCIIOXKHSET
TEXHOJIOTHIO TIOJIyUYCHUSI MaTEPUAIIOB HA UX OCHOBE. BBEJIeHNE KaTanu3aToOpoB U
MOMU(PUITUPOBAHNE  KPEMHUHOPTaHUYECKUX  MMOJUMEPOB  OPTaHUYECKUMHU
CMOJIaMH TIO3BOJIIET YMEHBIIUTh TEMIIEPATYPY M COKpPaTUTh BpeMsl HX
oTBepxkaeHusA. [[oMOopraHoCHIIOKCaHbl HEKOTOPBIX MApOK OTBEPKIAOTCA MPU
HOPMAaJIbHOU TEMIIEPATYPE.

OCHOBHBIM  JOCTOMHCTBOM  KPEMHUHUOPraHUYECKUX MOJIUMEpPOB ISl
UCIIONB30BaHUsl B  KadecTtBe Mmarpuipl KM  sABisieTcss uX  BBICOKas
TEPMOOKHCIIUTENbHAS CTOMKOCTh. Eciii OOJBIIMHCTBO OpPraHUYECKUX IIO-
JUMEPOB B pe3yJIbTaTe€ BBIAEPKKM Ha Bo3ayxe mnpu temmeparype 250 °C B
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TedeHue 1 cyt Bblropator Oosiee yem Ha 90%, TO TOTEps MAacChl
KPEMHUHOPraHUYECKUX MOJMMEPOB B TEX K€ YCIOBUsIX cocTaBisieT meHee 10%.
[ToaTOMYy NOJMOPraHOCUIIOKCAHBI HALUIM IIPEUMYLIECTBEHHOE IPHUMEHEHHUE B
TEXHOJIOTUU TeIIoCcTONKNX KM.

TermocToMKOCTh KPEMHUNOPTraHUYECKUX TOJMMEPOB PE3KO BO3pacTaeT IpH
BBEJICHUH B HUX JUCIEPCHBIX HAMOJIHUTEJEH, B YaCTHOCTH, TOPOIIKOOOPA3HBIX
MeTaioB. Hanpumep, KpeMHUHOPraHUYECKUE JIAKU, TUCIIEPCHO-YIIPOYHEHHBIE
QIIOMUHUEBOM IIyAPOM, MOTYT IIPOJOJDKUTEIIBHOE BpeMs BbIIEPKUBATH
temriepatypy 300 °C n kpaTkoBpeMeHHOE Bo3aencTBre Temneparyp 1o 550 °C.

Paciiupenne oOnacteit npumeHeHuss KM ¢ kpemMHuiopraHudeckoit
MaTpULEd OrPaHUYMBAETCS OTHOCUTENBHO HU3KOM MEXaHUYECKOW MPOYHOCTHIO
CMOJI, YTO 3aTPYAHSET MOJTYyUYEHUE BEICOKOITPOUYHBIX MAaTEPUATIOB.

Kpome TOro, KpeMHHUOPraHMYECKHME CMOJBI IOABEPKEHBI JEHCTBUIO
apOMaTUYECKUX YIJIEBOJOPOJOB, TAKUX Kak OEH301, TOJYyOJ W Jp., a TaKKe
XJIOPUPOBAHHBIX PACTBOPUTENEH, KAK, HAIIPUMED, YETHIPEXXIOPUCTBIN yTIEPOL.
OTOT HEJOCTAaTOK YCTPaHSAIOT BBEIECHUEM J100aBOK HEOOJBIIMX KOJWYECTB
NOJUA(PUPHBIX CMOJI WIIM OPTraHUYECKUX MOJIUMEPOB.

Heo0xoaumMo OTMETUTh TaKXke TOKCUYHOCTh UCXOAHOIO ChIPbsi U KOHEYHOI'O
KPEMHUHOPTraHUYECKOTO MPOAYKTA, YTO SABJISAETCA CYLECTBEHHBIM HEJOCTATKOM,
YCIOKHSIOIINAM TEXHOJIOTHIO IIOJIyYEHHUS U nepepadboTKu
[0JINOpPraHoCWIIOKCaHoB.  Ciieqyer NOAYEepKHYTb, YTO B  OTBEPKIECHHOM
COCTOSSHUM KPEMHUHOPraHUYECKHUE CMOJbl HETOKCHUYHBI. JTO MMEET OOJIbLIOE
3Ha4YeHue 11 npuMeHeHnss KM ¢ KpeMHUHOPTraHM4eCKOM MATPULIEH.

B xauectBe mMarpuusl KM HCHONB3yIOT HEKOTOpPBIE BUIBI MCKYCCTBEHHBIX
HEOPraHW4YeCKUX IOoauMepoB. B TexHosoruu yrinepoacoxepxkammux KM B
KayecTBE MaTpHULbl HAPSALY C MCKYCCTBEHHBIM TI'pa(QUTOM MPUMEHSIOT TaKXKe
KapOua KpeMHHUS.

Kap6uo kpemnus. OCHOBHBIM HEJIOCTATKOM KapOuaa KPEMHMUsI SBIISETCS €ro
xpynkocTb. IToaTromy marpuiy u3 kapOuaa KpeMHHUs ISl KOHCTPYKIIMOHHOTO
IIPUMEHEHUS aPMUPYIOT IPEUMYILIIECTBEHHO BOJIOKHAMHU.

B texnonmorun nomydenuss KM mnpumensitorcss Ba crnoco0a HacChIILEHUS
BOJIOKHUCTOTO Kapkaca kapouaom kpemuus. Haubosnee pacmpocTpaneH crocob
HACBIICHUS BOJIOKHHMCTOIO Kapkaca yIVIEpOJHOM MaTpULEH C MOCIEAYIOIIHAM
CWIMIIMPOBAaHUEM TMoOJdydeHHoro mnonydadpukara. [lo apyromy crocoOy
BOJIOKHUCTBIA KapKac HACBHIAIOT MHPOJIUTUYECKUM KapOUIOM KpeMHUs,
KOTOpBI 00pa3yercs B MOpax Kapkaca IYyTeM BOCCTAHOBJICHHS TaJOr€HUIOB
KPEMHHS BOJOPOJIOM.

Venepoonasa mampuya. B texnonornu nonydenus KM yrinepognas matpuiia
oOpazyeTcsi B pe3yJIbTaTe TEPMUUYECKOTO PA3I0KEHUS KAK TEPMOIUIACTUUYHBIX U
TEPMOPEAKTUBHBIX, TaK U T'a3000pa3HbIX yriieBoaopoaoB. IIpu ucnonap3oBaHuM
TEPMOIUIACTUYHBIX WJIM TEPMOPEAKTUBHBIX  YIVIEBOJOPOJOB  YIVIEPOAHYIO
MaTpuLy GOpMUPYIOT TBEP/bIE MPOAYKThI IMPOJIN3A YTIEBOI0POAOB, UMEIOLIUE
ol1iee HazBaHME KOKcogbul ocmamok. B mpouecce muposnnsza razoo0pasHbIX
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YTJIE€BOAOPOIOB BBIACISACTCA HUPOIUMUYECKULl Yelepoo, WIH HUpoyenepoo,
KOTOPBIM  CIIY’)KUT  MAaTPHULIEH, CBSI3bIBAIOIIEHM  JUCKPETHBIE  DJIEMEHTHI
HAIIOJIHUTENS B €IUHBIA MOHOJIUT.

B kaudecTtBe ChIpbs U1 MOJYyYEHHUs YIIIEPOAHOM MATPHULBI B TEXHOJIOTHUU
usrotoBiienuss KM Hambosiee 4acTo HCHOJB3YIOT TEPMOIUIACTHYHYIO CMECh
YIJIEBOJIOPOJIOB MCKYCCTBEHHOI'O IPOUCXOXKIACHUS — KAMEHHOY20bHbllL NEK.
HaxonmsT mnpuMeHeHHe Takke TepMOpeakTuBHbIE ¢eHonpopMaIbIeTuIHbIe
ITOJIUMEPBL.

KaMeHHOYTOIbHBIN NEK SBISETCS TBEPABIM NPOAYKTOM NMEPETOHKU CMOJIBI,
BBIJICIAIOIICHCS B NPOLECCE KOKCOBaHWS KaMEHHBIX yrieu. B Teepaom
COCTOSIHUM TpU HOPMaJIbHOW TeMmmepaType IeK CTeKI000pa3eH, a mpu
TEMIIEpaTypax BBIIMIE TEMIIEPATYPhl IUIABJICHHUS MNPUOOPETAET BA3ZKOTEKYUHE
cBorictBa. @opmoBaHue 3arotoBok KM mpoBomsT mpu Temieparypax BbIIIE
TeMIeparypbl pasMsrdyeHusi Tneka. l[lodmydeHHble 3aroTOBKM IOJBEPrarOT
TEPMHUYECKOH 00paboTKe, B Ipolecce KOTOPOW MPOUCXOIUT ACCTPYKIIMS
YIJIEBOAOPOJIOB, CBS3BIBAIOIIUX HAINOJHUTENb. Y JAJICHUE JIETYYUX MPUBOIAUT K
bopMHpPOBaHUIO IIOPUCTOCTH MaTpHUILIBI u3 KOKCOBOI'O ocTaTKa
KAMEHHOYTOJbHOTO mneka. s jgocTukeHus BbICOKOW npoyHoctn KM
HE0OX0MMMO 00€CIeunTh BBICOKYI0 MPOYHOCTh KOKCOBOTO OCTAaTKa M €ro
XOPOLLYO aJre3UI0 C HAITOJIHUTEIIEM.

[Ipounocte KM mnponopuuoHaibHa BBIXOAY KOKCOBOTO OCTaTKa, Tak Kak
HaJIMYAE TOp YMEHBIIAET JKUBOE CEUYCHHE CBA3YIOIIMX MOCTHUKOB MEXKIY
JMCKPETHBIMM 3JIEMEHTAMHU HAINOJHUTEIS. BBIXOIOM KOKCOBOrO OCTAaTKa M €ro
aAre3nei K HaIOJIHUTEII0 MOYKHO YIIPABJIATD.

[Tuponutuyeckuii yriepos oOpasyeTrcss Ha HarpeTbiX IMOBEPXHOCTAX B
poLecce TEPMHUYECKOrO pPas3iokKeHUsi TIa3000pa3HbIX YrieBoaopoAos. s
dbopmupoBaHus npoyriepoaHoi Marpuubl KM co3pmaroT  ycioBus s
Pa310KEHUs YIJIEBOJOPOJOB HA IIOBEPXHOCTU HAIIOJHUTENS, CKOMIIOHOBAHHOTO
B BHUJIE MOPUCTOro Kapkaca, co3gaBaeMoro KM. KoHCTpYKTHBHYIO KECTKOCTb
KapKacy M3 HAaIMOJHUTENS OObIYHO MPHUIAIOT C MOMOIIBI0 KOKCOBOI'O OCTaTKa
KaMEHHOYT'OJIbHOTO II€Ka WJIM CHUHTETUYECKUX CMOJ, KOTOPBIE HCIIOJIB3YIOT IS
NPOMUTHIBAHUS TOPHUCTOro Kapkaca. llomyuenHsiii momydaOpuKkar IMOIBEpraroT
TepMHYECKON 00paboTKe.

Cpemu  yriiepogHbIX  MaTepUalioB  MUPOJMTHYECKUAN — yriepox — obOramaer
MUHAMAJILHBIM 3HAUYEHUEM PEAKIIMOHHOW CIOCOOHOCTH K OKHCIIMTEITHHBIM CPEIIaM.
[Tpu comocTaBUMBIX TOMIMHAX (PU3MKO-MEXAHUYECKHE CBOMCTBA MUPOIUTUIECKOTO
YIJIEPO/Ia CONOCTABUMBI CO CBOMCTBAMH BBICOKOIPOYHBIX YIJIEPOIHBIX BOJIOKOH.

CBoiiCTBa MUPOJIIMTUYECKOTO yIiiepoia OOECIEUMBAOT €ro  CYyLECTBEHHOE
MPEUMYILIECTBO TIEPE/] KOKCOBBIM OCTAaTKOM YTJIEBOAOPOIOB MPU MCHOJIb30BAHWU B
kadyecTBe MaTpullbl KM. B yacTHOCTH, Ipu HACKIIIIEHUN UCKYCCTBEHHOTO rpadura 110
OJTMHAKOBOM IUIOTHOCTH OOpa3libl, HACHIIIEHHbIE MUPOIUTUYECKUM YTIIEPOJIOM,
obnaziarot B 1,5 paza Oosbliel MpOYHOCTBIO, YeM 00pasIiibl, YIIIOTHEHHbIE KOKCOBBIM
OCTAaTKOM KaMEHHOYTOJILHOTO Tieka. OIHaKko Npu BeIOOpe yriiepoHoi Matpuibl KM
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CJIEAYET YYWTBIBATH OCHOBHOM TEXHOJIOIMYECKMHM HENOCTATOK IHUPOYIVIEPOIHOU
MaTpULBI.

OcO0OEHHOCTh ~ MUPOJIUTUYECKUX  TPOLIECCOB  3AKIIOYACTCs B TOM, 4YTO
IIUPOJIMTUYECKUM YITIEPOZ, HACBIAET IIOPUCTYI0 OCHOBY IIyTEM IIOCTEIIEHHOI'O
OC&K/ICHUSA HA JOCTYIHBIX ra3dy NOBEpXHOCTAX. [IosTroMy HexkoTOpas 4acTh MHOp U
IIyCTOT, MEPBOHAYAILHO AOCTYIHBIX Ta3y, IO MEPE YBEIUYEHUS TOJIIWHBI CIOA
[IUPOJIMTUYECKOIO  YIVIEPOAA MOXKET 3aKy[OpPUBATLCA IIOJHOCTBIO, IIpPEKpalas
IIOCTYIUICHUE Ta3a, T.€. OCTAIOTCSA 30HBI HEMOJHOCTBIO 3aIIOJIHEHHBIE MATPULIEH.
OTUM IUPOYIJIEPOIHAS MATPHULA CYIIECTBEHHO OTIMYACTCS OT MMIIPErHATOB, BBO-
JUMBIX B YTJIEPOIHBIN KAPKAC B )KAIKOM BUJIE, TAKMX KaK ITOJIMMEPBI, METAJLIBI U JIP.

4.3. HanmosiHUTEIM KOMIIO3UIIMOHHBIX MATEPHUAJIOB

[Ipu BBeieHNM HATIOJTHUTENISI B MATPUILY M HAIIOJHEHUU UM MATpPULbl 00pa3yercs
KM. Hanonmuurens obecriedrBaeT OCHOBHbIE KOHCTPYKTHUBHBIE U (DYHKIIMOHATLHBIE
cporictBa KM. IlosToMy OCHOBHBIM TpeOOBaHMEM IPU BBIOOPE HAMOIHUTEIIS
SBJISIETCSI COOTBETCTBUE €TO CBOMCTB 1I€JIeBOMY HazHaueHno KM.

Hanonnumenamu s npowsBoactsa KM MOryT CIIyKuTh TPAKTUYECKHA BCE
NPUPOJIHBIE U CO3JAHHBIE B IPOLECCE JESTENBHOCTH YEJIOBEKa MaTepHaibl IOCIE
NpUIaHusl UM ompeaereHHbIX Gopm u pasmepoB. B kadectBe Hamommautenern KM
HanOoJiee MIMPOKOE MPUMEHEHHE TOIyYMJIM MOPOIIKOOOpa3sHble M BOJIOKHHUCTBIC
Marepuasbl ECTECTBEHHOIO U UCKYCCTBEHHOIO IpoUcXoxkIeHus (puc. 10).

HanoHITe s KOMITOZHITHOHHOT O MaTepHaAIA

|
| IopoumkoodpaHBLI | | BoJIOKHHCTHIH ‘
' [
[ | [ |
EcTecTReHHBII| |[MckvecThennpni| |FEcTecTBeHHBI| |[HckyccTReHHBI|
Met MeTALIEI MNeTALIbI

|_[Texn. yrepoa] —BommacToHmT| — CTer10|
CIUTHRAThI - ITo mMepEI
—{Hedemuen| L Nukpocepsl Hurepn/mb1e
| apr

Puc. 10. Kimaccuduxariyst KoMImo3unuoHHBIX MaTepHaIOB
10 BUJly HAITOJIHUTEIS

4.3.1. 3epnucmoiii HanoaHUMeENbL KOMRNOZUYUOHHBIX MAMEPUANO8

Cpemm ecmecmeennbix nanonHumeneti OTMETUM MeJl, KAOJIMH, TaJIbK U JIp.

Men CaC0; npencraBisgeT co00i MATKUN MUHEpasl O€noro 1BeTa, TBEpAOCThIO 3
o mkane Mooca. [laHHbld MUHEpan — OCaJ04YHAs TOpHAs MOPOJA, MPEACTABIIAET
cO0Ol OYeHb pacIpOCTPAHEHHOE IMPUPOAHOE BEIIECTBO. Mell AelieB, 3amnachl €ro
NPaKTHYECKU HEOTPAaHUMYEHHBI, OH HETOKCHYEH, Oe3Bpe/ieH, He MMEeeT 3amaxa, 3TO
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TOHKO3EPHUCTas pa3HOBUIHOCTh M3BecTHsKA. [Ipu HarpeBe mo 800 °C men pasmnara-
eTCsl, BBIIETISIS YTJIEKUCIIBIN ra3 U 00pa3ys U3BECTb.

Men ucnonbs3yercs Uil HaroJIHEHUs] NOJIUMEpoB. BBeneHne mena cokpaiiaer
pacxon mMojauMepoB M ymeHblnaer ycaaky KM B mporecce ero gopmMoBaHusd U
OTBEpKJIeHUS. Men nMeeT MUHUMAJIbHBIA YCHITMBAIOIINKN 3(PEKT M0 CPaBHEHUIO C
JIpyruMyA HanonHuTesiMd. [lo mokaszarenmo mpenoMiieHHsl cBeTa Mell OJIM30K K
OONMpIIMHCTBY mOMMMepoB. [lodToMy mpu BBelmeHMM MeJa MOXHO TIONy4aTh
OINTHYECKU OJTHOPOJTHBIE IIACTMACCHI MPAKTUYECKHU JIF0O0T0 11BeTa. JIJisi momydeHus
[lacTMacc O€Joro LBeTa K Melly JOOaBJSIFOT JUOKCH] TUTaHa, @ YEPHBIA LIBET
MOJTYy4aloT IMyTeM J00aBKM TEXHMYECKOro yriepona. Haubonee mmpoko men
UCTIONIB3YeTCS  JUIsl  HamoJHEHWs  (heHOI(pOopMaTbACTHIHBIX, ATMOKCHUAHBIX U
NOJUA(UPHBIX TTOJTUMEPOB.

Kaonun vmveer xumideckyro dopmyiy Al,05-SiO>2H,0, ero yactuiibl umerot opmy
TeKCarOHAIbHBIX IACTUHOK. OH HAaXOUT HIMPOKOE NMPUMEHEHUE KaK HAIOJHUTEIh
MOJIMMEPOB, TJIABHBIM 00pa3oM, MoaMAGHUPHBIX. BBeneHue KaojvHA MOBBIIIAET
(bU3UKO-MEXaHUYECKUE XApPAKTEPUCTUKA U MOMAYJb YIPYrOCTH HAMOJHEHHBIX WM
nonmamepoB. HemoctaTrkoM KaojMHa SIBJSIETCSl €ro IUioxXask AUCIEPrUpyeMOCTh B
MOJIMMEpax, €ro BBEICHUE PE3KO MOBBIIIACT BA3KOCTh MOJIMMEPA.

Tanex — BemiectBO ¢ xumuueckor ¢opmynoin 3MgO-4SiOH,0, mpencrasmnsier
co00i1 Oerblii TIOPOIIOK € TUIACTUHYATHIMUA YaCTUIIAMHU, TBEPIOCTh KOTOPBIX 1 1O
mkaige Mooca (camasi Bbicokas TBepaocth 10 y ammaza). Ilmacturuaras gopma
YaCTHI] TOBBIMIACT yCHIMBAIOIMMN 3(DdeKT Tambka Kak HarmomHUTeNs. [IpuMeHstor
TaJIbK TIPEUMYIIIECTBEHHO TSI HATIOJTHEHUS TIOJIUITPOIAIICHA U TTOJIMBUHUIIXJIOPU/IA.

Hegenun u  nonesou  wmnam  sBiastoTcs  O€3BOAHBIMU  IIEIOYHBIMU
AIFOMOCHJIMKaTaMH OJM3KOro coctaBa. Kycku mojieBoro mmara packajlbIBatOTCs IO
IUIOCKOCTSIM CIIAHOCTH, PACIIONIOKEHHBIM IO yriioM 90° oHa K Ipyroi, mo3TomMy
oOpasyrommecss 4acTullbl UMeroT (opMy OJIOKOB M TMPSIMOYTOJBHBIX OCKOJIKOB.
[Tnockoctn cnaiiHOoCTH HedenMHa PACHONIOKEHbl MapalieIbHO OHA  JIPYTOH,
MOATOMY TIPY U3MENILYEHUH €r0 YaCTHIIbl COCTOST M3 IUIACTMHOK HENpPaBUJIbHOM
dopmbl. [loneBoit mmar u HedenrH 6e3BpeTHbI sl 3I0POBbS AaXKe MPU MO IaHuN
UX MbUIEBBIX YaCTHI] IPU JbIXaHUU BHYTPb.

Hedennn w moneBoil mmar XOpOIIO CMAuuBAIOTCS M JUCHEPTUPYIOTCS B
OOJIBIIMHCTBE TOJIMMEPOB, 0OECTeUrBasi HU3KYIO BSI3KOCTh M BBICOKYIO TEKY4YeCTh
NPY BBICOKMX CTEMEHSIX 3anoiHeHus. HanomHeHHbIe uMH TTOJIMMEPHI TTPO3PavHbl UITH
NOJTYNpPO3payHbl,  OOJIaAAal0T  TOBBIIIEHHOM  XUMHYECKOM  CTOMKOCTBIO U
W3HOCOCTOMKOCThIO. HedenmmHoM ©  TMONEBBIM  IIMIATOM  4Yalle  YCHJIMBAIOT
TIOJTMBUHIJIXJIOPHT ¥ IO (PUPHBIE CMOJTBI.

Keapy B BHE MopolIKa MOMYyYarOT IMyTeM HM3MENIbUYEHHs KBApLIEBOIO MecKa 0
3epeH auamerpoM He Ooniee 150 mxm. Ha nomro kBapua npuxomurcs okosio 10%
o0Iero o0beMa MCIHOJIB3YEMBIX TOPOIIKOBBIX HAMOMHUTENEH i  TOJMMEPOB.
Beenenne KkBapiieBOro mopoIlka YMEHBIIAeT YCaiKy IOJIMMEPOB M TEM CaMbIM
NOBBIIIAET CcTa0WIIBHOCTH pasMepoB m3zemmii u3 KM. KgapleBblit HarmosHHUTENTh
MOBBIIIAET (PUBMKO-MEXAHMYECKHE CBOMCTBA HAMOJHEHHBIX UM TMOJMMEPOB U
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MOATOMY UCTIONIb3yeTcs B TexHOJ0ru KM KOHCTPYKIIMOHHOTO HA3HAYCHUSI.

B uyuncrne HanmomnuTenen uckyccmeennoeo TIPOUCXOXKICHUS MOPOIIKOOOpa3Hble
METaJUIbl, TEXHUYECKUU YTIIEPOJ, a’pOCHIl, MUKPOCPEPhl, TEXHUUECKHE alIMasbl,
Kyoudeckuii HuTpuz o6opa.

Topowixoobpasmvie Memauibl APOKO HUCTIONB3YIOT B KAueCTBE HAIOJIHUTEII,
OCOOCHHO CIielyeT OTMETUTh HAMHOTO OOJbIliee, YeM B MPOMBIIUIEHHOCTH
acTMacc, TOTpeOleHre  TMOpPOIIKOOOPa3HBIX ~ METALIOB B MOPOIIKOBOM
MeTaLUTyprui. TOJIBKO B HEKOTOPBIX CIy4asx MOPOIIKH METAJUIOB BBITYCKAKOTCS
CHELMAIILHO JIJIS1 UCIOIb30BaHMSI B KAYECTBE HATIOJIHUTEIISI TOJIUMEPOB.

[oporku *xemne3a NpOU3BOAAT PACIBUICHUEM PACIUIABICHHBIX CTAIM WM YyTyHA
BOJISIHOM CTpyeH IMOJ BBICOKMM JABJICHHEM. BBICOKOKaYECTBEHHBIE MOPOLIKU
NOJIy4YaroT MPH 3JIEKTPOJIU3E€ PAaCTBOPOB COJIEH XKele3a, a TAKXKE MPH Pa3IoKEHUU
KapOOHMJIa JKee3a.

JIJise Toy4deHusi TIOPOIIKOB MEIW, HUKENS U KOOaIbTa HCHOJIB3YIOT METOJbI
BO3/IYIITHOTO PACMBUICHUS PACILIaBOB, 3JIEKTPOJIN3a COOTBETCTBYIOILIMX COJICH MITM MX
BOCCTAHOBJICHHSI BOJIOPOZIOM IIPU BBICOKHUX TEMIIEpaTypax U JaBlieHUW. PacriiaBbl
CBUHIIA M IIMHKA JIETKO PaCIbUISIIOTCS C OO0pa3oBaHUEM OUYEHb MEJKHX YaCTHII.
[Topormiku 1upkoHuUsi, raHUs ¥ TUTaHA MOYYAlOT U3 THIPUIOB COOTBETCTBYIOLIMX
MeTauioB. [Ipy Mpon3BoOACTBE NOPOIIKOB aTFOMUHHS U €0 CILIABOB KPYITHbIE KYCKU
OOBIYHO CHAuYasia APOOST B MOJIOTKOBBIX JPOOMJIKAX, a 3aTeM H3MEIbYaloT B
IIaPOBBIX WJIM BUOPAITMOHHBIX METbHUIIAX.

Menkue TOpOIIKM ¢ dYacThiamu cdepudeckord (GOpMbI TONYYarOT ITyTEM
pacIbUICHUs PaCIJIaBOB CHIILHBIM BO3YIIHBIM MOTOKOM. [10 rpanynomeTpuyeckomy
COCTaBy pa3MyaroT nopourku kpynHoi (ot 0,2 mm u menee), cpeaneit (ot 0,1 MM u
Menee) U Menkoil (ot 0,05 MM u menee) ¢pakumii. HackiiHas macca mopoILKOB
HaxonuTes B peaenax 1,3-3,0 /e’

Texnuueckuti y2nepod — 3T0 TEXHUYECKOE Ha3BaHHe caxu. Caxa Mpe/CcTaBisieT
co00# MOpPOIIKOOOPa3HbIA MPOIYKT YEPHOTO LIBETA, MOIYYaeMbI MPU HETOTHOM
CrOpaHWU WM TEPMUYECKOM DPA3JIOKEHUH YIIIEBOAOPOJOB. [lpumeneHue caxu B
KAueCTBE YEPHOI0 KpacsIIero BEIECTBa M3BECTHO C MIyOOKoW JpeBHOCTH. Caxy
UCTIONB30BAIM JIJISl U3TOTOBJICHUS] YEPHOM TYIIM, KOTOPOM HAMMCaHbl CTApUHHbBIE
KUTACKUE MaHYCKPUITHI, OTHOCAIIMECA K 4 ThICAYEIETHIO 10 H.3. B JIpeBHEM
Erunrte nanupycbl HCIOIHSUIM YEPHBIMU YEPHWIAMH, U3TOTOBJIEHHBIMUA Ha OCHOBE
CaxHu.

TexHudeckuit yraepos; COCTOMT W3 dYacTHil ChEepruuecKor (GOpMBI, AuaMeTp
KoTOpbix MeHee S50 HM. Yactuipl oOpa3yloT Oojiee WIM MEHEE pPa3BETBICHHbBIC
rierouky. CBOMCTBA TEXHWYECKOTO YIJIEPO/a ONPENENSIOTCS, TJIAaBHBIM 00pa3oM,
JIBYMsI XapaKTEPUCTUKAMU: YCIbHON MOBEPXHOCTHIO, KOTOPAsi 3aBUCUT OT pa3mepa
JUCTIEPCHBIX YaCTHIl, W CTENEHbIO CTPYKTYPUPOBAHHOCTHU JMCIEPCHBIX YaCTHII
yriiepoa B uenouky. O0a 3THX napameTpa 3aBUCAT OT TEXHOJIOTMYECKHUX MapaMeTPOB
npoliecca MupoJn3a.

Cebiie 90% TEXHUYECKOTrO YIVIEpOJA B HACTOSILIEE BPEMS IMOMYYAIOT MEYHBIM
crocoOoM: He(Th BIPHICKMBAIOT B PEAKTOP C TOPAYMMHU TPOIYKTAMU CrOPAHUS
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TOIUIMB, TJI€ OHAa TEPMHYECKU paziaraercsi ¢ oOpa3oBaHMEM JUCIIEPCHBIX YACTHIL
TEXHUYECKOrO yrieposna. bBoblyl0 4acTh MOJMYYEHHOrO TMPOAYKTAa IOJBEPraroT
IPaHyJIMPOBAHUIO ISl YOOCTBAa TPAHCIIOPTUPOBAHUS, XPAHEHUSI U HCIIOIb30BAHUS
TEXHUUYECKOTO yriepoa. KpoMe meyHoro B MEHbIIMX MacIiTadax UCHOb3YIOT TaKKe
Jpyrue CrocoObl TOMYYEHHs] CaXKU: KaHAJIbHBIM, TEPMUYECKHUI, JIaMIIOBbIH,
alleTUJICHOBBIM.

Okomo 95%  TexHuueckoro yriepoja pacxXodyeTcs Ha HYXKIbl pe-
3MHOTEXHUUYECKOH MMPOMBIIIIEHHOCTH U TOJILKO MeHee 5% TEXHUYECKOIro YIiiepona
UCIIOJIb3YETCSl B KAUECTBE HAIOJHUTENS OJMMEPOB, IIPU 3TOM OOECIIEUMBAETCS HX
sKOHOMHUS. Kpome TOro, TEXHU4ECKUI yIiiepos NOBBILIAET YCTOMYMBOCTD ITOJMMEPOB
K BO3JICWCTBHUIO TEIUIOTHI U Y D-M3IMydeHus, yaydlaeT ux nepepadbaTsiBaeMOCTh, a
TaKKe TO3BOJIIET M3MEHATh  AJIEKTPUYECKYI0 MPOBOAUMOCTh  MOJIMMEPOB.
TexHuyeckui yriiepoJ1 4acTo UCHOJIB3YETCs ISl OKPACKU MOJIMMEPOB, MPUIABAs UM
HEMpO3pavyHOCTh PU OYEHb MAJIbIX KOHLIEHTPALUsX/

Aspocun  TIpeACTaBIsieT COOOM  JMCIIEPCHBIE YacTHIhl JMOKCHIA ~KPEMHHUS
cdepuueckoir ¢opmbl auamerpoM 10 10 HM, WHOr/A@ 3TOT Marepuai Ha3bIBAIOT
«Oenoit caxeir». llomyyaroT a’pocusi THUAPOIM30M XJIOPHJA KPEMHHUSI B TOKE
KHCJIOPOTHO-BOJIOPOHOTO TIaMeHH. A3POCHIT HE TOKCHYEH, Oe3Bpe/ieH, Naxe Npu
OOJBILIMX KOHLIEHTPAIMAX HE BBI3bIBAECT CUIIHKO3.

Abpocnil NIPUMEHSIIOT Ul HAlOJIHEHHWS PE3MH U nosmmepoB. OH Xopouio
aucneprupyercs B OOJBUIMHCTBE — IOJIMMEPOB,  OJHAKO  CHIDKAET  UX
KUIKOTEKYUECTb.

Muxkpocghepol BISIFOTCS CHEPUUECKUMU CTEKJITHHBIMU YacTHLIAMU TMAMETPOM JI0
700 wmxm. Ilomydator MuKpocdepbl IyTeM paclbUICHHsI paciuiaBa CTEKIa.
[TpenmyiniectBa MUKpocep B KAueCTBE HAMOJIHUTEINS ONPEACISIIOTCS UX (POPMOK.
Cdepuueckast popma vacTuil 00ecrieunBacT MUHUMATIBHYIO BS3KOCTh MOJIMMEPOB B
npotecce nomydenuss KM. Kpome Ttoro, cdepuueckas Qopma dYacTHll CTeKIia
o0ecrieunBaeT uX HU3KYI0 aOpa3uBHOCTb, YTO 3HAUYUTEIHLHO O0JIEryaeT MpoIecChl me-
pepabotku KM u3 mukpocdep.

Beenenne Mukpocdep B MHONMMMEpPHI  TOBBIIAET  (PU3MKO-MEXaHUYECKUE
XapPAKTEPUCTUKHU U TBEPIAOCTh MOMy4eHHbIX KM, yBeInunBaeT ux U3HOCOCTOMKOCTD,
BOJIOCTOMKOCTb, KOPPO3UOHHYIO CTOMKOCTB, BSI3KOCTh Pa3pyLUICHHUs U YMEHBIIAET UX
roptouectb. Kpome Toro, BBeneHHE MHUKpOC(Ep CHIXAET yCaJKy M KOopoOseHHe
w3genwii. Hawmyummii  ycrnmmBatonmid 3QQeKT JOCTUTAeTCs TPU ONTUMATLHOM
COYETAaHUHU MUKpPOC(hEp C BOJIOKHUCTHIM HAITOJHUTEIIEM.

Oxomo 80% mpoM3BOAMMBIX MHKpoOchep HCHONMB3yeTCs sl  TMOTy4deHUs
CBETOOTPAXKAIOLIUX MaTEPUaJIOB.

Hapsigy co crionHeIMy NPUMEHEHHE HAILUIM MOJIbIe CTEKIISIHHBbIE MUKPOC(hEpHI,
OCHOBHBIM  IPEUMYILECTBOM KOTOPBIX  SBJSIETCS HU3Kas IUIOTHOCTb, HE
npesbimaromas 0,7 r/cv’. Hanbonee MMPOKO HCHIOIB3YIOTCS MOJIBIE CTEKIISHHBIC
MHKpOCHEPBI CO CPETHHM JUAMETPOM 75 MKM H ruiotHocTsIo 0,3 r/em’. Bombiyio
YacTh MOJBIX MHKpochep MPUMEHSIOT B KaueCTBE HAIOJIHUTENS MONMI(PUPHBIX U
AMOKCHUTHBIX 3IMBOYHBIX KoMIayHI0B. Ceprueckas popma CTEKIISTHHON 000I0UKH
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HOJIBIX MUKpOc(hep MO3BOJISET €il BBIIEPKUBATH THPOCTATHYECKOE JIaBJIeHUE Oosee
1000 MIla. BBenenune mosibix CTEKISIHHBIX MUKpOc(Eep B COCTaB CTEKJIOIJIACTUKOB
YBEJIMYMBACT HX >KECTKOCTh M YIAPHYIO BS3KOCTb. OCOOEHHO 3(PPEKTUBHBIM
SIBJISIETCSL  MCIIOJIb30BaHUE TIOJBIX MHKpoc(hep B IMPOM3BOACTBE HCKYCCTBEHHOM
JPEBECUHBI, HEOTIIMYMMON OT HATyPAJIbHOM.

[lonble crexsiHHBIE MUKPOC(hEPHI TIOTYYAOT B PE3yJIbTaTe MPOITyCKaHUsI MEIKUX
CTEKJITHHBIX YacTHII, COAEpXKaluX Mopodop, Yepe3 BBICOKOTEMIIEPATYPHYIO 30HY
peakTopa. HYacTuiipl py 3TOM IIABATCS WM Pa3MATYaroTCs, a mopodop pasiaraercs
1 (hOpMHUPYET MOJOCTh BHYTPU YACTHULIBI.

Hcnonb3yss aHANOrMYHBIA  TEXHOJIOTMYECKUMM NPUHLMIL, IIOJyYarOT —II0JIBIE
OpPraHUYECKHUE U YIIIEPOAHbIE MUKPOCHEPHIL.

WHtepecHpM  HampaBlIeHUEM  YTHIM3ALUMHU JIBIMOBBIX BBIOPOCOB  SIBIAETCS
yJIaBIMBaHUE W3 HHUX TOJbIX U CIUIOMIHBIX KEPAMUYECKUX MHKpochep.
OIHOBpPEMEHHO C 3allMTON OKpYXaroLeld Cpelbl OT 3arpsi3HEHUNA JaHHbBIM Crocoo
o0ecreunBaeT MOMyYEHHUE BAKHOTO TEXHMYECKOrO MPOAYKTa MPH KpalHe HU3KHUX
HDKOHOMHUYECKHUX 3aTparax.

OCHOBHBIM HarpaBJIEHUEM HCMOJIL30BAHUS MOJIBIX MUKpOC(hEp pa3HOi MPUPOIbI
SBIISIETCS BBEJACHUE HUX B OIOKCUAHBIE, MNOMMAI(UPHBIE U TOJUYPETaHOBbIC
KOMIIO3ULIMM C TOJYYEHUEM TaK Ha3bIBAEMbBIX cunmaxmuyeckux ned. lpu paBHOI
IUIOTHOCTH ~ CHUHTaKTUYECKHUE II€Hbl 3HAUUTEIBHO IPOYHEE IIEHOIUIACTOB,
NOJTY4aEMBbIX ITyTEM BCIIEHUBAHUS KUIKUX TIOJIUMEPOB.

[IpupomHble U MCKYCCTBEHHBIE BEIIECTBA, OOJIAAAIOIINE BBICOKOW TBEPIOCTHIO,
UCIIONIB3YIOT B KAyeCTBE HANOJHUTENS a0pa3uMBHBIX MarepuaioB. AOpa3vBHBIE
Marepuanbl TMperHa3HadeHbl s NUTMQOBAHMS W TOJUPOBAHHSA CAMBIX Pa3HBIX
MarepuasioB. OJTH OIEpalMd  OCYILECTBISIIOTCS  a0pa3uBHBIM — MOPOIIKOM B
CBOOOJTHOM COCTOSIHUM, NTACTaMH, B COCTaB KOTOPBIX KpOME aOpa3HBHOIO MOPOLIKA
BXOJIAT BS3KME CMAasblBAIOIIME BEIIECTBA, M aOpa3UBHBIM  HMHCTPYMEHTOM.
AOpa3uBHBIN UHCTPYMEHT BbINoHEH u3 KM, M3roToBiIeHHOTO B BUIIE KPYroB, Opyc-
k0B M mKypku. B Takom KM 3epHa coemuiHeHbl aOpa3WBHBIM HATOJIHUTEIEM
METAUIMYECKOM, TIOJMMEPHOM WM KepaMUYecKor Matpuilel. HawuOosbiee
NPUMEHEHHE B META/UI000pabOTKe MOMyUYMIId KapOu Oopa, KOpyH, KapOopyHI U
CBEpXTBEp/IbIC MaTepHajbl — alMa3 M KyOudeckuid HUTpua Oopa. Mx abpasuBHyrO
CIIOCOOHOCTh OLIEHMBAIOT MO Macce COUUTM(OBAHHOIO 3TAJIOHHOTO Marepuana, B
Ka4yeCTBE KOTOPOIrO UCIIOJIBb3YIOT HEOPIraHMUECKOE CTEKIIO, IPY OMHAKOBOM Pacxojie
aOpazuBa.

AOpasuBocToiikue m3nmenusi W3 KapOuma Oopa TONYYarOT IyTeM  BBI-
COKOTEMIEPaTYpHOrO MPECCOBAHUS TOJA BBICOKHM JaBlieHHEM ((WIbEphI, COILIa
NIECKOCTPYHMHBIX amIapaToB, AeTaiel OypoBbIX MHCTPYMEHTOB U Ap.).

[lyrem crnexkaHusi OpOIIKa KOPYHZAA MOMYYatOT TaK Ha3bIBAEMbBIA MUKPOAUM B
(dbopMe pe3loBbIX TUIACTUH, (PUIbEP U APYTUMX T'OTOBBIX K MCIOIBb30BAHUIO M3IEIIHMA.
Kpacnocroiikocts Mukponura 1200 °C. [To n3HOCOCTOMKOCTH PEXYIIMA UHCTPYMEHT
U3 MHKpOJIMTa B 2 pa3a MPEBOCXOIUT TBEPIAOCIUIABHBIA HHCTPYMEHT, a
M3HOCOCTOMKOCTh MHKPOJIMTOBBIX (WIIbEp B JECATKM pa3 BbIIIE CTOMKOCTH
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METAJUTMYECKUX (PUIIhED.

AOpa3uBHBIA MHCTPYMEHT C HAIOJIHUTEIEM W3 KapOOpyHIla MPUMEHSIOT IJIst
00pa0OTKN YyTyHa, IIBETHBIX METAJIOB U HEMETAUIMYECKHX MAaTEpPUAIOB, a TAKKe
00pabOTKM caMHUX HMHCTPYMEHTOB M3 TBEPIbIX CIUIABOB M KEPAMHUKHU, IPABKH
nUTM(OBATIBLHBIX KPYTOB.

Anmaz — Marepua, IMEIOIINKA HAUOOJBIITYIO TBEPIOCTh CPEAN BCEX MPUPOIHBIX
BEIIECTB, NUIM(]yeTcss TOIBKO  COOCTBEHHBIM  TOpOImKOM.  Pa3zpaborano
HCKYCCTBEHHOE MOJIy4eHHEe anma3oB u3 rpaduta npu temreparype 2000 °C u
nasnenun 5300 Mlla. OOpa3zyromuecss MenKue KPUCTAJUIbl MPUMEHSIOT s
U3rOTOBJIEHUS peXylmux UHCTpyMeHTOB. Oxono 80% mpou3BOAMMBIX
TEXHUYECKUX ajMa30B MCHOJIb3yeTcs B  KadecTBe HamojnHutens KM
WHCTPYMEHTAJILHOTO Ha3HaueHus. [lo KpymHOCTH 3epHa ajMas3Hble MOPOILIKH
JIEJST Ha TPU TPYIIIIHL:

* NUTM(IOPOLLIKH C pa3MepoM 3epHa Bbille S0 MKM (KOHTPOJIb pa3Mepa 3epeH
OCYIIECTBJISIETCS METOJIOM CUTOBOTO PacceBa);

* MUKpPOTIOPOIIIKKM C pa3mepoM 3epeH MeHee 50 MKM (pasmep 3epeH
KOHTPOJUPYIOT C MOMOIIbIO ONTHYECKOTO MUKPOCKOTIA);

* CyOMUKPOIIOPOIIKA C pa3MepoM 3epeH MeHee | MKM (JUisi KOHTpPOJIs
pasmepa 3epeH UCIOJb3YIOT ANEKTPOHHBIN MUKPOCKOM).

[nudnoponku HWCHOAB3YIOT [Jisi  WU3TOTOBJICHUS WHCTPYMEHTA Ha
OpraHUYECKOM, KEPAMUICCKON MITM METATMYECKON CBSI3KE JIJIST 0CO00 TSIKEIBIX
yCIIOBHI OOpaOOTKH: PEe3KH W O0OpabOTKM Keyne300eToHa, OypeHHs TOPHBIX
MOPO/I, @ TAKXKE MPAaBKU a0Pa3UBHBIX KPYTOB U TBEPAOCILUIABHOTO HHCTPYMEHTA.

MUKpONOpPOIIKA ~ HMCHOJIB3YIOT  JJii  M3TFOTOBJICHUSI ~ MHCTPYMEHTA,
nuIMOBAJIbHBIX MACT U CyCleH3ul. THCTpyMEHT peKkoMeHIyI0T 1Jis 00paboTKU
CTEKJIa U APYTUX XPYNKUX MaTepuaioB. [lopomiku uCnoas3yroT npu 00padoTke
aJIMa3oB, KOPYH/a, CTICIIUAIBLHON KEPaMUKHU U JIPYTUX TPYIHOOOpadaThIBAEMbIX
1 0c000 TBEP/BIX MAaTEPHAJIOB.

CyOMUKpOTIOPOIIKH HCHONB3YIOT ISl MOJYyYEeHUS MaKCUMaJbHOTO Kiacca
YUCTOTHI O00pabOTKH TMOBEPXHOCTH TMOJYNPOBOJAHUKOBBIX MATE€pUATIOB H
CHenUaIbHBIX 3epKall ISl JTA3epPHON TEXHUKHU.

Kybuueckuti numpuo 6opa SBISIETCS KpHUCTAUIOTpaQUUeCKUM aHaJIoroM
yIJIEPOIA, DJIEKTPOHHBIE CBOMCTBA XMMHUUYECKOW CBA3M aTOMOB B—N BO MHOrom
CXO0XH CO CBs3bI0 Mexay atomamu yriaepoga C—C. CoiicTBa HUTpuaa 0opa
TETPAIAPUUECKON SUYCUKONW KPUCTAJUIMYECKON PEIIETKH CXOXKH CO CBOWCTBAMH
anvaza. KyOudeckuii HUTpu Oopa TakKe MMEET BBICOKYIO TBEPIOCTH, JIMIIb
HEMHOTMM ycTynass aiMasy. OJHako, B OTJIMYME OT ajaMasa, OH aOCOIIOTHO
WHEPTEH K OKUCIUTEIbHBIM CpeliaM KaK MPU HOPMaJIbHBIX, TaK U TOBBIIICHHBIX
temrneparypax. Kyoudueckuit HUTpua 0opa COXpaHseT BBICOKYIO TBEPJAOCTh IIPHU
NOBBILIEHHBIX TEMIIEPATYpax, €ro KpacHOCTOMKOCTh coctasiser 1500 °C.
OTMmeueHHBbIE OTJIMYMS Jal0T KyOMYecKoMy HUTpuay Oopa ompeereHHbIe
PEUMYIIECTBA MIPU UCIOJIb30BAaHUH B KaueCTBE a0Opa3uBHOIO MaTepuaa.

KyOuueckuii HuTpug Oopa MOIMy4alOT HCKYCCTBEHHO I10 TEXHOJIOTHUH,
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AHAJIOTUYHOM TMPOU3BOACTBY CHUHTETHYECKMX anMa3oB. llox Bo3mencTBuemM
BBICOKMX TEMIIEPATYp U JABJIICHUN T'€KCArOHAJIIbHAA KPUCTAJUIMYECKas peIieTKa
HUTpUAa Oopa mpeBpamiaeTcs B KyOMUYECKYI0 KPUCTANIMYECKYIO PEIIETKY C
TeTparoHaibHOM stueiikoil. Kyouueckuit HuTpua 0opa, Kak v anmas, nojry4aercs
B BUJIE OTAEIBHBIX 3epeH. [10mydeHHbIN TOPOIIOK UCITOIB3YIOT B IPOU3BOICTBE
KM B cocraBe num@oBaJIbHBIX H OTPE3HBIX KPYrOB Ha OPraHUYECKOM,
KEpPaMHU4YECKOU WM METAJUIMYECKOMN CBS3KE.

4.3.2. Boroknucmelii Hanoanumerns KOMNO3UYUOHHBIX Manepuanoe

Ecmecmesennvie nanonnumenu. Hanbonpiee npuMeHenue B TexHonoruu KM
HaxXoJAT JIB€ PA3HOBUIAHOCTH BOJIOKHHCTBIX HAIlOJHUTENIEH €CTECTBEHHOIO
IPOUCXO0XKIEHUS — acOECT U BOJUIACTOHUT.

Acbecm — Ha3BaHWE TPYIIbl CUIMKATHBIX MHUHEPAJIOB, O0JaJaroIIHuX
BOJIOKHUCTBIM CTPOCHHEM.

Bonokna acbecta cOCTOAT M3 MHOXKECTBA IUIOTHO YIAKOBAHHBIX IOJBIX
MUKpOUOPWIIT C HApyXHbIM JuamerpoMm 110 40 HM M JHaMETPOM IOJOCTH
OKOJIO 5 HM.

[IpouHocTh acOecTOBBIX BOJIOKOH JAOCTATOYHO Bbicokas. [Ipenen mpouHocTH
IIPU PACTSKEHUU JyqIux copToB acOecta mpesbimaeT 3000 MIla, uto B 5 pas
BbIILIE TIPOYHOCTH HauboJiee paclpoOCTPAHEHHON B MAIIMHOCTPOEHUU cTanu 45.
Opnako u3rud, CKpy4rMBaHue W JpyTrue BUIBI AedopMaliuu B mpoiecce J00b4au
U TIOCJIeYIOIIeH epepaboTKu acOecTa CyIeCTBEHHO CHIDKAIOT €0 IPOYHOCTb.

[IpouHocTHBIE CBOWCTBa acOECTOBBIX BOJIOKOH coxpanstorcs no 400 °C,
3aTeM HauyMHAKT cHUXkKaTbea U npu 600 °C BOJIOKHA TEPSAIOT CBOX MPOYHOCTH U
Jerko pactuparorcs B mopouok. [Ipu narpese 1o 1450 °C acbecT minaBuTcs.

AcOecT Heroprou, UHEPTEH K BO3JCUCTBUIO ILIEIOYEH, HO HE CTOEK B Cpefe
kucnoT. Ha Hero He AEMCTBYIOT COJIHEYHAs pajguanusi, KUCIOPOJ, 030H, OH He
PacTBOPHUM B BOJIE.

BBenenue acbOecta B wmarpuily moBbliaer npoyHocth KM, a Takxke
PEIOTBPALLAET TPEIIMHOOOPA30BaHUE KaK B MIPOIECCE U3TOTOBICHUS, TaK U MPH
IKCIUTyaTalluu Marepuaia. AcOeCcTOBBbIM HAMOJHUTENb BBOAAT B MaTpHILy U3
[IEMEHTAa, KayuyKa, OuTymMa, MaclIOCMOJIIHBIX CMECEH U JIp.

Bonnacmonum (xumudeckas Qopmyna CaSiO;) — npupoaHslii MUHEpa,
COCTOUT M3 KPUCTAIJIOB UTOJbYATON (OpMbI, UMErOIMX Oenbiii 1BeT. [[oObrya
ero opraHu3oBaHa B NMPOMBIIUIEHHOM Maciutabe. Ha nomo BojutacToHHTa Kak
OPUPOAHOTO  HAaMoJHUTENs npuxoaurcs g0 15% obmero pacxona
HAIOJIHUTENIEH, UCIIOJIb3YEMbIX B IPOMBIIIJIEHHOCTH IJIaCTMACC.

HckycctBeHHble HanmogHUTenW. ChIpbeM ISl TOJMYYEHHUS BOJIOKHUCTBIX
HAIOJIHUTENIEH MOTYT CIY>KUThb pa3Hble HCXOAHbIE BellecTBa. HaumbOombiiee
npuMeHeHue B TexHojorun KM mnonyuumnu MeTajuiMuecKue, CTEKJISHHBIE,
NOJINMEPHBIE, YIIEPOJHbIE, KOPYHIOBbIE, KAPOOPYHIOBbIE U OOpHBIE BOJOKHA.
VYcpenHeHHbIE  XapaKTEPUCTUKU  MX  (U3MKO-MEXaHUYECKHX  CBOWCTB
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Ipe/icTaBieHbl B Ta0I. 2.

Tabmua 2
XapakTeprcTUKa BOJIOKHUCTOTO HATIOJHUTENSI KOMITO3UIIMOHHBIX MaTepHAJIOB
Marepian Hpamerp 6, ITla | E TTla p, T/onr’
HAITOJIHATEIIS BOJIOKHA, MKM

Cranb 150 35 200 7.9
Crexio 10 4,0 85 2,5
Kenmap 15 4,5 150 1,4
Yrnepon:
BBICOKOIPOYHBII 7 5,5 300 1,8
BBICOKOMO/TYJIbHBIN 7 3,0 650 2,0
KapOopyHn 120 3,0 430 3,2
bop 100 35 400 2,6
HureBunnnie
KPUCTAILIBL:
KOpyH/1a — 30 1000 3.8
KapOOpyH/Ia — 40 800 3,2

Buvicoxonpounas memannuueckas npogonoka SBISETCS OJHUM M3 CaMbIX
JOCTYIHBIX BHUJOB BOJIOKOH. B KadecTBe HANOJHUTENS OHA HCIIOJIb3YyETCH,
IJaBHBIM 00pa3oM, B COYETAHMH C METAIMYECKOM U KepaMHUYECKOi
MaTpULaMHu.

JUIs1 apMUpOBaHUU METAJUIOB PEKOMEHAYETCS NPOBOJIOKA U3 HEPIKABEIOLICH
cranu. K ee JOCTOMHCTBaM OTHOCHUTCS MEHEE MHTEHCUBHOE, IO CPABHEHHUIO C
YIJIEPOJUCTBIMU CTAIIIMH, B3aUMOJIEUCTBUE C METAUIMYECKON marpuuei. [Ipu
UCIOJIb30BaHUU HauboJsiee MUPOKO yHoTpeOasieMol aJtOMUHUEBOM MaTpUIlbl B
nporecce  uirotoBienuss KM Bo3MokHO — oOpa3oBaHHE  XPYIKOTO
unTepmeramuaa FeAl;, koTopsiii o0pa3yeTcs IperMyIIeCTBEHHO B Pe3yJbTaTe
B3aMMOJCHCTBUS amoMUHUsA ¢ (epputHOil $a30il M CYIIECTBEHHO MEHEe
AKTUBHO C AyCTEHUTHOU U MAaPTEHCUTHOM CTPYKTYPaMHU.

[losToMy 111  W3TOTOBJICHHS HANOJHUTENS METAUIMYECKUX MAaTpUIL
UCIIOJIB3YIOT TaK’K€ XPOMOHMKEIIEBBIE CIUIaBbl ayCTEHUTHOIO U MAapTEHCUTHOTO
KjaccoB. [IpoyHOCTP MapTEHCHUTHOW NPOBOJIOKM B 1,5 pasa Beiue, udem
aycTeHUTHOM. OJHaKo BCJIEACTBUE OTCYTCTBHUS (Da30BbIX IpEBpAILEHUN MpU
HarpeBaHUM ayCTEHUTHAs MPOBOJIOKA CIIOCOOHA BOCIPUHUMATh HAarpy3KH INpU
IOBBIIICHHBIX TEMIIEpATypax.

[IpoBOIOKY € BBICOKUMHU (PU3UKO-MEXAaHUUECKHUMH MOKA3aTEISIMU TOTY4YaroT
TaKXKe U3 HUKEJIEBbIX, (PEPPOHUKEIEBBIX U KOOATHTOBBIX CILIABOB.

IIpo4HOCTH MPOBOJIOKKA M3 HEPKABEIOWIECH CTAIM HAXOAMUTCS B CPEIHEM Ha
ypoBHe 2500 MIla. JlerupoBanue cranu KOOQJIBTOM MO3BOJSIET CYIIECTBEHHO
IIOBBICUTH €€ NPOYHOCTh. Hampumep, NpPOYHOCTH NPOBOJIOKM U3 CTalH,
nerupoBaHHou 2 % koOanbTa, okoso 4000 Mlla, a npu BBeneHuu B cranb 4 %
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KoOanbTa ee npoyHocTh gocturaer 5000 Mlla.

TutaHoBass NPOBOJOKA HMEET BBICOKYIO YAEIbHYIO IPOYHOCThb, OT-
HOCUTEJIbHYI HWHEPTHOCTb, COXPAaHSAET IIPOYHOCTHBIE XapPAKTEPUCTUKH [0
temneparyp 400 °C. ITpo4HOCTh TPOBOJIOK M3 TUTAHOBBIX CIUIABOB HAXOJUTCS
Ha ypoBHe 1700 MIIa. [llupokoMy HCMOJB30BAaHUIO TUTAHOBOW IPOBOJOKHU B
KayecTBe ympouHswomero HanoigHutens KM mpenstcTByer TexHHUYecKas
CJIIOKHOCTb M BBICOKAasl TPYAOEMKOCTh MX IPOM3BOJICTBA, a TAKKE TPYIHOCTH
o0ecrniedyeHus: MPOYHOCTH aiIr€3MOHHOI0 KOHTAKTa C METANINYECKOM MaTPUILIEH.

TexHonornyeckue TPYOHOCTH  XapakTEpHbl W s  IPOU3BOJACTBA
OepusuieBoi MpoBoJIOKUA. OHAKO, HECMOTPS HA 3TH TPYIHOCTH, a TAKXKE Ha
TOKCUYHOCTHh OEpHILIHS, MPOBOJOKA M3 HETO NMPHUBJIEKAET OOJIbIIOC BHUMaHWE
BCJICZICTBUE BBICOKMX 3HAYEHUU YJIEIBbHON MPOYHOCTH M MOAYJSL YNPYTOCTH.
[TpouHocTh OepusLIHEeBOM MPOBOIOKK HaxoauTcs Ha ypoBHe 1400 MIla, yto mpu
IUIOTHOCTH Gepmitst 1,8 T/cM’ COOTBETCTBYET yAEeIbHON MPOYHOCTH 10 80 KM.
VY nenbHast )KeCTKOCTh OEpUILTMEBON MTPOBOJIOKU AOCTUTAET 16 ThIC. KM.

MonuOneHoBass u Bosb(ppamMoBasi MPOBOJOKK TMPUBIEKAIOT BHHUMAHHE
BCJICJICTBHE BBICOKMX IpEZENa MPOYHOCTH U MOJYJS YIPYTOCTA IPHU BBICOKUX
Temiiepatypax. MonubaeHoBasi MPOBOJIOKA MMEET Mpened MPOYHOCTH OKOJIO
2500 MIla. TIlpoBomoka w3 BoJb(ppaMOBOrOo CIUIaBa UMeEET Haubosee
CTaOWJIBbHYIO TPOYHOCTh B IIMPOKOM TemIepaTypHoM wuHTepBaie. Ilpenen
MIPOYHOCTH BOJIb(PpaMoOBOI IPOBOIOKH HaxoauTcs Ha ypoBHe 5000 MITa.

Cmexnannvie 6010KHA W3TOTOBISIOT W3 PACIUIABIEHHOIO CTEKJIa METOJI0M
BBITSATMBAHUS WM pa3fyBa CTEKJISHHON CTPYyH, KOTOpbIE€ B 3aBUCHMOCTH OT
cnocoba (opMHpoBaHHS HA3BIBAIOT COOTBETCTBEHHO HEMPEPHIBHBIMU HWJIH
HITaneJIbHBIMU BOJIOKHAMM.

JUist oJy4eHUs! HenpepblgHO20 60JIOKHA PACIUIAB CTEKJIAa MPOIYyCKAIOT Yepes
orBepctus (pusibeprl) quamerpoM okoso 1 MMm. Beixondmas u3z Quibepbl HUThH
HaMaThIBaeTCsl Ha OBICTPO Bpaujarouuiics 6apadan. B mpoiiecce HAMOTKH HUTH
BBITATUBAETCS. B BOJIOKHO AuaMeTpoM okojio 10 MxM. OTaenbHbIE BOJIOKHA
COEAUHSIOTCS B OJIHY IpSAJb, B KOTOPOH MOXET coaepkarbcs 10 100 BOIOKOH.
UtoObl BOJIOKHA HE CIUNAIACH OJHO C JPYTUM M JJs 3alUThl HUX OT
paspylieHus IpU TPEHUU OJHOIO O Jpyroe, JETalu IepepadaThIBaOIIEro
000py/1I0BaHUsl U MOBEPXHOCTh BOJIOKOH B MPOILIECCE MX BHITSATUBAHUS U3 HUTH
MOKPBIBAIOT 3aMaCIBATEIIEM.

3amaciuBaTellb YMEHBLIAET AJAre3UI0 MEXJy BOJOKHOM U IOJHUMEPOM,
yXyAllas ~ CBOWCTBA  CTEKJIOIUIACTHKOB.  [loaToMy B TEXHOJOTHIO
KOMITO3ULIMOHHOTO MaTepuaia BBOASAT ONEPALUI0 TEPMOXUMUYECKOTO YAAICHUS
3aMaciiiBaTeNii U HAaHECEHUsS Ha HUX INOBEPXHOCTh annpemad, 4alle BCEro Ha
KPEMHUUOPraHUYeCKOM  OCHOBE. AIMPET pe3KO TMOBBIIIAET  aJre3uro
CTEKJISIHHOTO BOJIOKHA CO CBSI3YIOLIUM MOJIUMEPOM.

LlImanenvHovle 8010KHA TIOTYYAIOT IIyTEM pa3AyBaHUs CTPYyHM pacIuiaBa CTEKJIa
BO3JIyXOM WJIM [1apOM Ha KOPOTKHE BOJIOKHA AuaMeTpoM 10 20 MxM. [IpoyHOCTH
LITaNeNbHBIX BOJIOKOH B 2—3 pa3a MEHbLIE MPOYHOCTH HENMPEPBIBHBIX BOJIOKOH
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BCJIEAICTBUE OTCYTCTBHUSA Y IITANEIbHBIX BOJOKOH OPUEHTAIMOHHOTO 3(pdeKTa.

Jns ucnonszoBanuss KM mpu MOBBIIEHHBIX TeMIEpaTrypax NPUMEHSIOT
KBaplEBOE BOJOKHO. Ero Moiay4daroT myTeEM BBITSKKU KBApPLEBBIX

CTEp>KHEH, HArpeTbix JO0 IUIACTUYECKOTrO COCTOSIHUA. MaKCUMallbHOE
3HAQYEHUE MPOYHOCTH KBAPLIEBBIX BOJIOKOH auameTpoMm 0,8 MKM JOCTHUTaeT
10000 MITIa. IIpo4yHOCTh KBapuUEBBIX BOJIOKOH COXPAHSIET BBICOKOE 3HAUEHUE
IIPU MOBBIIIEHHBIX TEMIIEPATypax.

Kpome wcnons3oBanns B KkadectBe HanonHutens KM crexisiHHbIE
(onTMYeCcKH MpO3pavyHble) BOJIOKHA HAXOJAT HE MEHEE IIMPOKOE MPUMEHEHHE
JUISL U3TOTOBJIEHUS CBETOBOJNOB. (8emo6o0bl — 3TO KIYThl U3 BOJOKOH
muamerpoM  150-1000 MKm, cepameBMHAa KOTOPBIX MMEET IOBBIILICHHBIN
NOKa3arejb MPEJIOMJIEHUSI CBETa IO CpaBHEHUIO ¢ obOojoukol. Jlyu cBera,
MHOTOKpPaTHO OTpa)kasch OT OOOJOYKH, UAET BIOJb BOJOKHA, HE BBIXOJS B
OKpYy>Karolliee mpocTpaHcTBO. M300pakeHne OCBEIIEHHOTO O0BEKTa MepeaaeTcs
[0 HW30THYTOMY IPOM3BOJIbHBIM OOpa3oM CBETOBOJIY B BHJIE MO3auUKU W3
OTHeNbHBIX Touek. Kaxmas Touka U300paxKeHUsi COOTBETCTBYET OJIHOMY
CTEKJIOBOJIOKHY. B cBeToBoJe nuamMeTrpoM 5 MM IOMEIIAETCS HECKOJIBKO
JECATKOB ThICSIY OTACJIBHBIX BOJIOKOH, YTO TapaHTUPYET BBICOKOE KadyeCTBO
nepenaBaeMoro n300paxeHus: 00beKTa.

Opeanuyeckue 6010KHA WMEIOT TMPOMBIIUIEHHYI0 OCHOBY JUISL  KpYII-
HOTOHHa)XHOTO Tpou3BojcTBa. Cpeau HUX HamOoJjee MEepCHeKTUBHBI BOJIOKHA
Ha OCHOBE apOMaTHYECKOIo Mojvuamuaa (MaTepuan M3BECTEH IOJ HAa3BaHHUEM
Kesnap).

Bonokna 3 apoMaTtndeckoro moiauamuga o0Jagar0T BHICOKON XUMHUYECKOM
CTOMKOCTBIO, HE B3aUMOJICUCTBYIOT C OPraHUYECKHMMH pPACTBOPUTEISIMHU, a
TaK)K€ C MOTOPHBIM TOIUIMBOM M cMma3kamMu. OHU HE IUIaBITCS M HE
noaseprarorcst Aectpykuuu a0 400 °C u COXpaHSAIOT AJIATEIBHYIO MPOYHOCTH
npu temmneparypax g0 200 °C. To, 4To OHHM HEropr4YHM, HUMeeT OO0JbIIOoe
npakTuyeckoe 3HaueHue. OCHOBHBIE CBOWMCTBA KeBpasa MpeCTaBiICHbI B Ta0M. 2

K HepocTaTkam BOJOKOH M3 apOMaTUYECKOrO MOJIUAMUJA CIEIYET OTHECTH
UX HEYCTOMYMBOCTh K BO3JCHCTBHUIO IIEIOYEH U K KUMSYEHUIO B Boae. OHH
TaKXKe MOJBEP>KEHBI CTAPEHUIO MO/ ICHCTBUEM YIbTPa(UOIETOBOTO U3IIyUEHHUS.

Venepoounvie 6onokwa TIONydYalOT TyTeM TEpMUYECKOH 00pabOTKH ToO-
JUMEPHBIX BOJOKOH W3 BHCKO3bl WA MOJUAKPWIHUTPUIIA, TOCIEIHUE
cokpamieHHO HasbBaloT [IAH-Bomokna. TekcTunbHO#l mepepaboTke yr-
JIEPOJIHBIX BOJIOKOH TMPENATCTBYET UX HU3KAas IUIACTUYHOCTh M XPYIKOCTD,
MO3TOMY TEKCTWIbHas (opMa YIJIEPOAHBIX BOJOKHHCTBIX MaTEpHAaJoB
3aKJIaJIbIBAETCS HA CTAAUKU UCXOAHBIX OJMMEPHBIX BOJIOKOH.

Bucko3Hble BOJIOKHa TniepepabaThiBalOT B YIJIEPOAHBbIE BOJIOKHA IIpe-
MMYIIIECTBEHHO B BUJE TKaHBIX CTPYKTYp, a [ITAH-BoJ0OKHA HCTIONB3YIOT B BUAE
TEKCTUJIBHBIX HUTEH. YTJIEpOAHBIE BOJOKHUCTBIE MATEPHUAJIbl BBIYCKAlOT B
BUJIE HENPEPBIBHBIX HUTEH, KIYTOB, BOWIOKA, JIEHT, TKAaHEH pa3HOro
aCCOPTHUMEHTA, TPUKOTAKHBIX U3/I€JIMIA TEXHUYECKOTO Ha3HAYEHUS U T. 1.
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[Ipu BBIOOpE CHIPHS ISl TPOU3BOJICTBA YIIEPOJIHOTO BOJIOKHA HEOOXOIUMO
YUYUTBIBATh, UTO JIJII BUCKO3HOT'O BOJIOKHA ChIpbeBasi 0aza Oosiee pa3BUTa, YeM
st [TAH-BonokoH, Ho [TAH-BosiokHA MEIOT GoJiee BHICOKHI BBIXOJ YIJIEpoa
B mponecce kapOonuzanuu. B mpouecce tepmopectpykuuu I[TAH-Bomokon
BBIICNIACTCS  3HAYUTENIBHOE KOJMUYECTBO snoBuUTOro coeaunenuss HCN,
YTHIM3AIUS. KOTOPOTO 3HAYMUTEIHHO YCIOXKHSET ammaparypHoe odopmieHue
TEXHOJIOTHYECKOTO TIpoIiecca TEPMUICCKON 00pabOTKH.

JIyist momy4yeHust yriaepoHbIX BOJIOKOH HCIIOJIB3YIOT Takke HETSHOM TeK,
JUTHUH # (EHOJBHBIE CMOJBI, KOTOPBIE O0O€cleYnBaloT Oojiee HHU3KYIO
OpPOYHOCTh W  YNPYrocTb, HO HMMEIOT 3HAYUTENBHO 00Jie€  HHUBKYIO
ce0eCTOMMOCTb.

TexHOJIOrMYeCcKUii MPOoLeCC MOJyYEHHUs YTIJIIEPOIHBIX BOJOKOH OCHOBAH Ha
TEPMUUYECKOM PA3JIOKEHUM HCXOAHBIX OPraHUYECKUX BOJIOKOH B CTpPOro
KOHTPOJIMPYEMBIX YCIOBUSAX. B mpoliecce kapOOHU3aIMK MPOUCXOAUT yIaJICHUE
JeTYy4YuX BEIIeCTB M3 MCXOAHOIO OPraHWYecKOoro TMOJIMMEpa, KOTOpoe
COMPOBOXK/IAECTCS YMEHBIIIEHUEM JTUaMeTpa BOJIOKHA.

Tepmuueckass mnepepabOTKa OpPraHMYECKUMX BOJIOKOH B YIJIEPOJHBIC
OCYIIECTBIISIETCSL B JIBE€ CTauu: KapOoHU3alusi npu TemrepaTrypax oxoso 1000
°C u rpaduranms npu temneparypax okoisio 2500 °C. BonokHa, moABEprHYThIC
TOJIBKO nepBou cTaguu TEPMUYECKOM 00paboTKH, Ha3bIBAIOT
KapOOHU306aHHbIMYU BOJOKHAMHU, a BOJIOKHA, WpOIIEAIMe 00e CcTagud —
epagdumupo8arHHuIMU.

[Ipo4yHOCTH YII€pOJHBIX BOJOKOH MPONOPLUHUOHAIbBHA MPOYHOCTH MCXOIHBIX
OpraHUYeCKUX BOJIOKOH, MPUYEM IO MPOYHOCTH KaK KapOOHH30BAHHOE, TaK U
rpadUTUPOBAHHOE BOJIOKHO MPEBOCXOIUT UCXOIHOE.

VYriepoHbie BOJOKHA BBIMYCKAIOT B BUE KI'yTa, COCTOSIIETO U3 JIECITKOB
THICS'Y OTJEIbHBIX BOJIOKOH — @QuUlameHmo8 — JTUaMETPOM OKOJIO 7 MKM.
®duitaMeHT, B CBOIO OYEpEe/ib, COCTOUT U3 HECKOJIBKUX ThICAY MUKpOGUOpmLI 1
(puc. 11, a), B3aMMOOPUEHTHUPOBAHHOE PACMOJOKEHHE KOTOPHIX YACTUYHO
SBIIAETCS CJENKOM HAJAMOJIEKYJISIPHOW CTPYKTYpPhl HCXOJHOIO TOJIMMEpa H
YaCTMYHO T[PUBHECEHO BBITSDKKOM  HCXOJHOTO BOJIOKHA B  Ipoliecce
TepMU4ecKoil 00padoTku. CTerneHb OpUEHTAIIMH aHU30TPOITHOTO YTIIEPOIHOTO
BOJIOKHA pETYJHPYIOT MYTEM HCKYCCTBEHHOTO BBITATUBAHUSA BOJIOKHA B
npoiecce TepMUYEeCKON AecTpyKuuu. C yBEIMYEHUEM CTEIEHU BBITSTHUBAHUS
BO3PACTAIOT MPOYHOCTh U KECTKOCTh BOJIOKHA.

OcCHOBHBIE CBOMCTBA yTJIEPOIHBIX BOJIOKOH MPEACTABIICHBI B TA0. 2.

bopubie 6onoxna TOMYyYarOT MyTEM XHUMHYECKOTO OCaXIACHUS Oopa wu3
razoBoil (a3pl Ha BoJb(paMoBYIO mpoBoJioky 2 (puc. 11, 6). B kauectse
MOJIOKKH UCTIONB3YIOT BOJILGPAMOBYIO MPOBOJIOKY TUAMETPOM OKOJI0 10 MKM.
Jluamerp OOpHBIX BOJIOKOH 3 3aBUCUT OT MPOJOKUTEILHOCTH U
TEXHOJIOTUYECKUX TMapaMeTpoB Ipoiiecca. Haumbonee pacmpocTpaHEHHBIM
nuameTp OOpHBIX BOJIOKOH 0Kosio 100 mkMm. Jlydiue oOpasibpl 60pHOTO BOJIOKHA
MMEIOT CBOMCTBA, yKa3aHHbIE B Ta0. 2.
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Puc. 11. Cxema ctpoeHnus yriepoHoro (a) u 6opHoro (0) BOJIOKOH:
1 — MukpopuOpuILIbI; 2 — BoIb(paMoBas MPOBOJIOKA; 3 — OOpHbIE BOJIOKHA

XapakTepHOl OCOOEHHOCTBIO OOPHBIX BOJIOKOH SIBJISIETCS MX BBICOKAs
TBepAocTh. [lo TBepmocTtu OOp 3aHMMAeT BTOPOE MECTO IOCie Yriepoja B
MoAM(UKAMM ~ anMaza cpeau  dneMeHToB  [lepumonuyeckoi  CHCTEMBI.
MukpoTBep10cTh OOpHBIX BOJIOKOH cocTanisieT 35000 MITa.

Crnemyer OTMETUTHh Pa3HUILy TEMIIEPATypHBIX KOA(D(UIIMEHTOB JHHEHHOTO
pacmpenust Boibhpama U OoOpa, UYTO BBI3BIBAET OOJBIINE BHYTPECHHUE
HampsDKeHUs (BEIMYMHA HMX B HEKOTOPBIX CIIy4asX MPEBBIIMIACT Tpe/e
MPOYHOCTH OOPHOTO TOKPBITHS, YTO MPUBOIUT K OOPA30BAHUIO PaJAHATBHBIX
TPEUIUH).

Humesuonvie kpucmannvl NIPeACTABISIOT cOO0M KPUCTANIMYECKOE BEIIECTBO
HUTEBUIHON (OpMBI ¢ OOJNBIIMM OTHOUICHWEM JJIMHBI K TOTNEPEUYHOMY
CEYEeHMI0, KOTOpoe cocTasisieT Oonee 20 mpu nuamerpe 10 5 MkM. M3-3a Gpopmel
UX YacTO Ha3bIBAlOT ycamu. IIpy COOTBETCTBYIOIIMX YCIOBUIX KPUCTAILTU3ALMH
11000€ KPUCTALITUYECKOE BEUIECTBO MOXKET OBITh MOJYUYEHO B BU/I€ HUTEBUIAHBIX
KpucTtamioB. B HacTosiiiee BpeMs ynanock nonyyuts 0osiee 100 BeriecTB B BUe
HUTEBUIHBIX KPUCTAILIOB, CPEJIM HUX METAJIbI, OKCUJIbI, KapOU/Ibl, TAIOT€HU/IBI,
HUTPUJIBI, TPAdUT U OPTaHUYECKUE COCTUHCHUS.

HureBunHbie KpUCTAIITBI IPUBIEKAIOT O0MbIIOE BHUMaHKue. IHTepec K HUM
BbI3BAH MX YHHUKAJIbHBIMH CBOMCTBAMHU: HUTEBUJIHBIC KPHUCTAILIBI 00JIaal0T
KpaiiHe BHICOKUMU 3HAUYEHUSMH MPOYHOCTHU U )KECTKOCTH (CM. Ta0I1.2).

Metoapl MOTy4YeHUs] HUTEBUIHBIX KPUCTAUIOB BEChbMa Pa3HOOOpPa3HbI, OHU
MOTYT OBITH BBIPAIIECHBI M3 Ta30BOH (Da3bl, U3 pacIUIaBOB U PACTBOPOB IyTEM
XUMHUYECKOTO Pa3JIOKEHUS] WM 3JIEKTPOJIM3a MOCIEAHNX, a TAKKE U3 TBEPIOH
¢dazbl.

HurteBumHbIE KPUCTALIBI BBITYCKAIOT B BHUAC BaThl U OyMard Ha OCHOBE
HUTEBUIHBIX KpUCTA/UIOB (YCOB) KOopyHAa U kapoopyHaa. Oxono 90% oOiero
BBIITyCKa HUTEBUIHBIX KPUCTAJUIOB IPUXOIUTCS Ha J0JI0 KapOopyHa.

OCHOBHBIMHM MPUYUHAMHU, TOPMO3ZSIIIUMH BBITYCK HAUTEBHJIHBIX KPHUCTAJIJIOB,
SBIIAIOTCS  OONBIION  pa3dpoc HMX  XapaKTEpPUCTHUK W HEAOCTATOYHAS
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BOCHPOU3BOJIMMOCTh  PE3yJIbTATOB, YTO 3aTPYJHSIET MPUMEHEHUE OTOr0
MPOAYKTA B TEXHOJOTUU Npou3BoAcTBa KM 1pu M3roTOBIEHUH OTBETCTBEHHBIX
JeTayied HOBOW TEXHWKW. B CBOIO odepens, Malblii 00beM MPOU3BOJCTBA
00yCIIOBIIMBAET BBICOKYIO CTOMMOCTh HUTEBU/IHBIX KPHUCTAJLIOB.

JIns HUTEBUIHBIX KPUCTAIJIOB XapaKTepHa OOpaTHO MPOIOPIIMOHATbHAS
3aBUCHUMOCTh MPOYHOCTH OT JUAMETPA, YTO OOBSICHSAETCS YMEHBIIEHUEM 4YKCIia
ne(EeKTOB ¢ yMEHBIICHHEM pa3Mmepa Kpucraia. HawbOombliee BIusSHHE Ha
MPOYHOCTh OKa3bIBalOT JedeKThl OOKOBOW IOBEPXHOCTH Kpuctamia. Mx
YCTPAHEHUE MyTEM XMMHUYECKOTO MOJMPOBAHUS MOBBIIAET MPEIES TPOYHOCTH
IpU  CYIIECTBEHHOM YMEHBIIEHMH pa3dpoca JaHHBIX MapajyICIbHBIX
OIPEICIICHH M.

HecmoTpss Ha OTMEUEHHBIE HENOCTaTKH, HUTEBUJIHBIE KPUCTAIIIbI
paccMaTpuBarOTCAd B KauecTBe Haubojee MNEPCHEKTUBHOTO BBICOKOMPOYHOTO
HAITOJTHUTENS U ipon3BoacTBa KM Oymymero.

I[Ipy COOTBETCTBYIOIIMX YCHJIMSAX OTMEYECHHBIE HEIOCTATKH TEXHOJOTUHU
HUTEBUIHBIX KPHUCTAJUIOB BIIOJIHE MOTYT OBITh TmpeogosieHpl. OO0 3ToM
CBUJETEIBCTBYET MPAKTUYECKHUI ONBIT YCIEIIHOTO UCIIOJIb30BAHUSA HUTEBUHBIX
KPUCTAUIOB B CHCTEME TEIUIO3alUThl KOCMUYECKHX anmapartoB «lllaTttm» u
«bypan».

4.4. TexHOJIOTHHM U3TOTOBJICHHS U3eJUil U3 KOMIO3HIIMOHHBIX
MaTepHAJIOB

B mnacrosmee BpeMs KOMIO3HUIIMOHHBIE MaTepuajbl MOJYYarOT IIUPOKOE
pacmpocTpaHeHHe BO BcexX cdepax yenoBedeckon >ku3HH. OHH OKa3bIBaIOTCS
HE3aMEHUMBbI B MEAMIIMHE, CIIOPTE, aBUALMU U aBTOMOOMJIECTPOCHHUH, a TaK XKe
IIPU U3rOTOBJIEHUHU TOBAPOB HAPOIHOIO MOTPEOICHUS.

IIpu pa3paboTKe TEXHOJOTMYECKOIO Mpouecca noxydeHus uzaenuid uz KM
IPUXOJUTCS B KOMIUJIEKCE pellaTh MHOTHE BOMNPOCHI: BHIOOP apMUPYIOIUX H
MAaTPUYHBIX MATEPUAJIOB, UX XUMHUYECKOE B3aWMOJCHCTBUE, CMAauyMBaHMUE,
CroCOObl OpUEHTALMU apPMUPYIOMIMX BOJOKOH, CHOCOOBI OKOHYATEIbHOTO
00bEIMHEHNUS] BOJIOKOH U MaTPHUILIbl B €IMHOE 1I€JI0€, BHIOOP ONTHUMAJIbHBIX TEX-
HOJIOTMYECKUX  PEXUMOB U 1ap. He cymecrtByer  yHUBEpPCAIBHOIO
TEXHOJIOTUYECKOT0 Mpoliecca, TPUTrOAHOTO sl MOJTYUYEHUs JTH00ro U3Aeus U3
KM. HeynauHo BeIOpaHHbIE TEXHOJOTUUECKUN METOJ U PEKUMbI U3TOTOBJICHUS
KM npuBogsT K TOMY, 4YTO HPOTHO3UpYeMble (U3UKO-MEXaHUYECKUE U
DKCIUTyaTallMOHHBIE ITIOKA3aTENHN HA NIPAKTUKE HE PEATU3YIOTCS.

4.4.1. Texnonoeus noJjiy4eHus Uz0enUll U3 MEMAIIUYECKUX KOMNO3UUUOHHbLX
mamepuaios

TexHOJIOrM4ecKOMy MPOIIeCCy MOJIYyUYECHHS] KOMIIO3UIIMOHHBIX MAaTepUasioB
NPEAIIECTBYIOT BCIIOMOTaTelbHBIC ONEepalyy: OYMCTKA, MOWKa M CyIIKa
BOJIOKOH, O0OBEAMHEHNUE UX B KI'YThl WJIM KapKachl, MOJYYEHUE IJIEMEHTAPHBIX
COEIMHEHUI MAaTPULIa—BOJIOKHO, COOpPKA YEPEIYIOLIUXCS CIOEB AJIEMEHTOB U JIp.
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Kopotkue apmupyrouige 3J€MeHTbl BBOAST B MaTpUYHbIE MaTepHalibl B
Pa30pUEHTUPOBAHHOM COCTOSIHUM WM TNPEABAPUTENBHO OPHUEHTUPYS HUX B
ONPEIECIICHHOM HalpaBJICHUU.

B npou3BOACTBEHHBIX YCIOBUSX U3 Pa30pPUEHTHUPOBAHHBIX KPHUCTAJUIOB,
KOPOTKHUX BOJIOKOH ¥ IIPOBOJIOK U3TOTOBJISIOT MOTY(haOdpuKaThl: BOMIOK, MaThI U
T.4. Hcnonb3yloT pasnuuHble  CcHOcOoObl  BOMJIOKOBaHMS:  YKMJIKOCTHBIE,
BO3/lyIlIHbIE, BAKYYMHBIE U IPABUTALMOHHBIE.

JIist monmydeHusi apMHUPYIOIIMX JJIEMEHTOB C TpeOyeMol OpHeHTalue
OPUMEHSIOT TEXHOJIOTHI0 TEKCTWIBHOW mnepepadoTku. KopoTkue BoOJIOKHA
nepepadaTeiBatoT B NpsKy. [Ipsokell Ha3pIBalOT HUTh U3 KOPOTKHX BOJIOKOH,
COEIMHEHHBIX IyTeM KpyueHus. lIpsbka MoxkeT ObITh OJHOPOJHAs (M3 OJHOIrO
BUJIa BOJIOKHA) WJIM CMellaHHas (M3 CMeCH pa3iu4HbIX BOJIOKOH). [Ipsiky
MOYHO HCIIOJIb30BaTh I HEMMOCPEACTBEHHOIO APMHUPOBAHUS KOMIIO3UIIMOHHBIX
MaTepuaJoB WJIM CHIMBAaTh HUTSAMU B TKaHb WM JIeHTbl. CEeTKM W TKaHU
MOJIY4alOT B PE3yJIbTaTe TKALKOW MepepadOTKM HEMPEPHIBHBIX BOJIOKOH H
METAJUIMYECKUX NPOBOJIOK. HanpaBieHue v nopsiioK B3aMMHOTO PaCIOJIOKEHHUS
apMUPYIOLIUX AJIIEMEHTOB OINPEIECISAIOT UX CTPYKTYPY U CBOMCTBA. BO3MOXHBI 1
OpYTrU€ BapUaHTbl COEJUWHEHHS OTHEIbHBIX BOJOKOH W3 IJIACTUYHBIX
MaTepUaioB B €AUHBIA apMUPYIOLIUNA JJIEMEHT.

XKecrtkue BoJIOKHA, HampuMmep U3 BojJbhpama, MOIUOJEHA, HUOOUS U HUX
CIUIABOB, OPUEHTHPYIOT B MaTepHalie MaTpHIbl B BUJE I1aKETOB, JHUCTOB,
pyJioHoB u T.m. Ilakersr (puc. 12, a) mojy4arOT MyTeM MOCIOMHOW YKIIAJIKH
puduenoit ¢ponabru 2 U3 MaTepuaga MaTPHULIbl, APMUPYIOLIUX BOJOKOH 3 U BOJIO-
KOH 4 U3 MaTepuajia MaTpULbl WM JIFodoro apyroro marepuana. HaOpaHHbie
TakuM 00pa3oM MakKeTbl OMNPEIEICHHOM BBICOTBI COEAMHSIOT MOJOCAMHU
Marepuana matpuilbl 1. JIeHTsl (puc. 5, 0) mosyyarOT NMyTeM MMOOYEPEIHOM
YKIIAJKU apMUPYIOLIMX U MATPUYHBIX BOJIOKOH MEXKy ITOJI0CaMH. B oTnenbHbIX
CITy4asix JICHTbI CMaThIBAIOT B PYJIOHBI (pHC. 5, B). UTOOBI 3aKpenuTh BOJIOKHA Ha
MaTpPUYHOM MOJIOCE, HA HUX IUIA3MEHHBIM HAIBUIEHUEM HAHOCAT TOHKHUM CJIOM
Marepurana MaTPHULIbL.

1 2 3 4

0
Puc. 12. cxembl noJly4yeHHUs] apMUPYIOIIUX:
a — MaKkeToB; O — JIEHT; B — PYJIOHOB
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Ha npeanpustusix oObIMHO OpPraHU3yIOT BBINTYCK MONYy()aOpukaToB B BUIE
JUCTOB, TpyO, mpoduieir u 1.1. OCHOBOW NPOM3BOJACTBA MONY(HaOPUKATOB U
U3JEJIUNA U3 KOMIIO3UIIMOHHBIX MaTEpUAJIOB CIIy’KaT TaK Ha3blBA€MbIE MPEIpPErH,
IpeICTaBIISIOMNE cO00 OAHOCIONHBIE JEHTHl C OAHUM PSIOM apMHUPYIOIIUX
BOJIOKOH WJIM TKaHEW, MPONUTAHHBIX WM MOKPBITBIX MATEPUAIIOM MATPHUIIBI C
OHOM MM ¢ 00eux cTopoH. Mcnonp3yloT Takke NPONUTAHHBIE METaNIOM
KTYThl BOJOKOH WJIM MHAWBHUyaJIbHbIE€ BOJIOKHA C HMOKPBITHSIMH MaTepUaoM
MaTpHULIBI.

Bce Texnonornueckue cnocoObl MOMy4YeHHS MPENperos, Noiay(padpukaToB u
U3JENUNA U3 METaNIMYECKUX KOMITO3MIMOHHBIX MAaTEpPHaloOB YCIOBHO MOKHO
pa3fenuTh Ha YEThIpE OCHOBHBIE TPYNIbL: MaporazodasHble, KUAKO(Da3HbIE,
TBEpAOXKHUIKO(Da3HbIE U TBepAO(Da3HbIE.

llapozcasogasznvlie cnocodbl TPUMEHSIOT ISl HAHECEHUS! HA BOJIOKHA JKIYTa,
JICHTHI ¥ TKaHU OaphEPHBIX MU TEXHOJIOTUYECKUX MOKPHITUN. [IpuMeHsaTs 3Tu
CHOCOObI JJI1 IOJIHOTO KOMIIAKTUPOBAaHUS KOMIIO3UIIMOHHBIX MaTepHajIoB
Helles1ecoo0pasHo, TaK KaK OHHU XapaKTEepU3YyIOTCS HU3KOH
IIPOU3BOJUTENBHOCTBIO MPOIIECCA.

JKuokoghasuvie cnocobvl HCTIONB3YIOT Ha BCEX CTaAUSAX IPOU3BOJICTBA
KOMITO3ULIMOHHBIX MaTepHajioB — OT NoiydadpukaToB a0 uzaenuii. K Hum otHO-
CATCS TPOTSKKA BOJIOKOH, KI'yTOB M TKaHEH dYepe3 paciulaB MaTepuaia
MaTpULbl U TUIACTU(ULIMPOBAHUS BOJIOKHA M IMOJIyYEHUS COOTBETCTBYIOILIHX
IPENPEToB; MPOMHUTKA MAaKETOB MPENPEroB MaTEepHaoM MaTPHIIBI HAa CTaauu
nojyuyeHus: moiny(paOpuKaTOB MM TOTOBBIX H3JCIUNA W3 KOMIIO3UIIMOHHBIX
MaTepuasioB; IUIa3MEHHBIE W HEKOTOPhIE JPYrHe BHUABI Ta30TEPMUUYECKOTO
paclbUIEHUs METAJUIOB JUISl MOJYYEHHMS JIEHTOUHBIX IPENPETOB U "KOPKOBBIX"
nonypabpukaToB,  MOJBEpraeMblXx  IMOCIAEAYIOUIEMY  KOMIIAKTHPOBAIHUIO
MeTo1aMHi 00paOOTKU JaBICHUEM.

VYHuBepcanbHbIM U HamOOJIEe OCBOCHHBIM IPOMBIIIIEHHOCTBIO CHOCOOOM
U3rOTOBJIEHUS KOMIIO3ULIMOHHBIX MaTe€pUalioB SIBISIETCS MPOMUTKA. JTOT CIOCOO
UMEET psi MPEeUMYLIECTB Iepel TBEpAOo(pa3HbIMU CIOCOOAMHM H3TOTOBJICHUS:
Oosiee BBICOKYIO IPOU3BOJUTENBHOCTH IPOLECCa; MPAKTUYECKOE OTCYTCTBHUE
CHWJIOBOTO BO3JIEHCTBUS HA KOMIIOHEHTHI, YTO OOECHEYMBAET BO3MO>KHOCTb
[OJIyyaTh KpPYNMHOTraOapUTHbIE HU3/ENIMsA, B TOM YHCIE CJIOXHOTO (PaCOHHOTO
npo¢uias; BO3MOXHOCTb CO3JAaHUS HENPEPBIBHOCTH Ipoliecca IPOMUTKH,
MEXaHU3alMH U aBTOMATHU3AIMH TEXHOJIOTHYECKOT0 IpoIecca.

B 3aBucuMoctu 0T ycnoBuwii OOECHEYeHHsS CMauMBa€MOCTH CHCTEMBbI
apMUPYIOIIMK KapKac-pacIiulaB MaTepuaia MaTPHIBl MPUMEHSIOT JBE CXEMBI
MPOMUTKHU: CAMOINIPOU3BOJIbHYIO IPOMUTKY U MPOIMUTKY MO/ 1aBICHUEM.

CaMOmNpOM3BONIBHYIO ~ TMPOMUTKY  OCYIIECTBISIOT  MyTeM  3aJIUBKHU
pacruiaBieHHOro martepuaia B (OpMY C YJIOKEHHBIM B HEH KapKacoM W3
ApMUPYIOLIUX BOJIOKOH.

Haubonee mnepcrneKTUBHBIM U IMPOU3BOJIUTENIBHBIM SIBJISIETCS  CIIOCOO
HENPEPBHIBHON NPOTSHKKM apMUPYIOLIUX KapKacoB 4Yepe3 paciulaB MaTepuaia
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maTpunibl. [lo 9TOil cxeme pa3pabaThIBaIOTCS TEXHOJOTUYECKUE MPOIIECCHI
HETNPEPBHIBHOTO JINThA MONy(PaObpUKaTOB M3 KOMIIO3MIIMOHHBIX MAaTEepPHAJIOB.
[lpuHnunuanspHBle  TpeuMyllecTBa  JTOro  crmocoba  MPOM3BOACTBA
KOMITO3UITMOHHBIX MaTepHaIOB — B €r0 HEMPEPBHIBHOCTH, MAaJOM BPEMEHHU
KOHTAaKTUPOBAaHUS BOJIOKOH C pacIUlaBOM, MalbIX TpyAo3aTparax H
KaluTaloBiIoOKeHUsAX. [lepCcreKkTUBHOM  cuuTaeTcsi BepTUKAIbHAs CXema
IPONUTKHU, MPU KOTOPOW BOJIOKHA, JIEHTHI, MPEIPETH MPOXOJAT Yepe3 BaHHY C
pacmiiaBoM M Ha BbIXOJE uepe3 ¢uiabepy NOIy4yaroT (OpMy CeueHUus
nonydabpukara (puc. 13). IlostanHoe cyxeHue cedeHusi GUIbEPHI HA BBIXOJE
MO3BOJISIET TMOJy4aTh MONy(haOpUKaThl C BBICOKUM OOBEMHBIM COJEPKaHUEM

apMUPYIOLIUX BOJIOKOH.

e e s

a 0
Puc. 13. Cxema mnipoiiecca HEPEpHIBHOM MPOMUTKHU KUAKUM METAIIOM (a) U
noytyyaemblie rnpoduiu mnoiydadpukaros (0).
] — KOMIIO3UTHBIN Ty4OK; 2 — pa3aeiabHbIE BOJIOKHA; 3 — pacIlIaBICHHBIH
MeTaT; 4 — OrpaHUYHUTENN BOJIOKOH

[IpuHYAUTENBHYIO MPOMUTKY OOBIYHO HCIONB3YIOT MPH HEAOCTATOYHOU
CMa4MBacMOCTH B CHUCTEME MATPHUILA-BOJIOKHO WJIM JJIsI YCKOPEHHMs Ipolecca
IPONUTKA I KOMIIOHEHTOB C  YAOBJIETBOPDUTEIBHOM M  XOpOIIEH
CMa4rBaEMOCTBIO.

Pa3HOBHIHOCTBIO NPONWTKKM TOJA  JABJICHUEM  SABISIETCA  CO3JAaHUE
M30BITOYHOTO JIABJIEHUSI CKAaThIM ra30M Ha 3€pKajio pacIUIaBIEHHOTO MeTajlia.
OddexkTuBHOCTh Mpolecca MNPOMUTKM 3HAYUTENBHO  IOBBIIIACTCS  IIPH
HAJIOXKEHUU yJIbTPA3BYKOBBIX KOJICOAHUIA.

TBepnoxuakodasHbie CIOCOOBI UCIIOJIb3YIOT JUTS HOJIyYEHUS
1oty paOpuKaTOB U U3JEIUNA U3 METOAAMU TOPSUYEro MPecCOBaHUs, BOJOUYCHUS
U TPOKAaTKU IMaKeToB, mpenperoB. HeoOXoauMbIM yCIIOBHEM  SIBISIETCS
HAHECEHUE MATPUYHOIO Marepuala Ha JIEHTBI, MPENPErH M TKAHKM B TAKOM
KOJIMYECTBE, YTOOBI €ro OKaszajoch JIOCTATOYHO B JKUAKOM daze s
PAaBHOMEPHOM IPONMTKM BOJIOKOHHOIO Kapkaca pacruiaBoM. lIpeccoBanme
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OCYIIECTBIISIETCS B MHTEPBAJIEC KPHUCTAJUIM3AIMK CIJIaBa MaTepHalia MaTpHIIbL.
[IpeccoBaHne KOMITO3UITMOHHBIX MAaTEPUAJIOB B YCIOBUAX TBEPI0KHIKOTO
COCTOSTHUSI MAaTPUYHBIX CIUIABOB CIIOCOOCTBYET CHW)KCHHIO JIaBIICHUS U
YMEHBINIAET BEPOSTHOCTh PA3PYIICHHUS BOJIOKOH.

TBepmoda3zubie cmocoObl UCTIONB3YIOT IS KOMITAKTHPOBAHUS W3METHA W3
nonydabpukatoB. OCHOBHBIM KpPUTEPUEM NPUMEHUMOCTH TBEpPIA0(a3HbIX
CIOCOOOB  SABJISIETCSI ~ BO3MOXHOCTh  JeOpPMHPOBAHUA  KOMIIOHEHTOB
KOMITO3UIIMOHHBIX MaTepuasioB. Ho Tipu 3TOM COBMECTHOE IJIACTHYECKOE
nedhOpMUPOBAHUE MATPHUIIBI U BOJIOKOH HE JIOJDKHO MPUBOANTH K Pa3pyIICHUIO
apMaTypsl. ITO 0OCTOATEITHCTBO SIBISIECTCS OCHOBHBIM TMPEMSTCTBHEM ISl OoJiee
IIUPOKOTO HCIIOJIB30BAHUS CIOCOOOB COCIWHEHUS apMaTypbl W MaTPHUILBI
ITACTHYECKUM AedopMupoBaHrueM. Ecim B KadecTBe apMmaTypbl BbIOpaHBI
BOJIOKHAa WJIM TIPOBOJOKHM CO 3HAYUTEIBHBIM 3alacoM IUIACTUYHOCTH, TO
VIUIOTHATh METAJUTMYECKUE KOMITO3UIIMOHHBIX MaTEPHAIOB MOYKHO KOBKOM,
NIPOKATKON, MMITYJIbCHBIM IPECCOBAaHUEM MW JIp. BO3MOXKHBI TakXKe pa3IUYHbIC
croco6b! 1udGy3MOHHON CBapKHU.

K mpomeccam coeauHeHns B TBepAO(A3HOM COCTOSHUU MPEIBSIBISIOT
BBICOKHE TpeOOBaHUSA 1O TMOATOTOBKE KOMIIOHEHTOB: BBICOKAas YHCTOTA
MOBEPXHOCTEN KOHTAKTUPOBAHUS, OTCYTCTBUE OKCHUIHBIX IJICHOK M T.I. JTO
SIBIISICTCS JOTIOTHUTEIBHBIM TPEMATCTBUEM [Is1 00Jiee MHUPOKOTO MPUMEHEHHUS
TBepA0(a3HbIX CHOCOOOB MPH U3TOTOBICHUU H3ICIUNA M3 KOMIIO3UITMOHHBIX
MaTepuaoB.

W3 mnpuBeNeHHBIX TEXHOJOTHMUYECKHX CIIOCOOOB TONYYCHHS W3ICIHA U3
METAJUIMYECKUX  KOMITO3WIIMOHHBIX ~ MaTepHaioOB Hambojiee OCBOCHBI B
MIPOMBITIIUICHHOM MacITabe MpONUTKA, HEMPEPBhIBHOE JUThE, MpokaTtka. Cepb-
€3HBIM TOpPMO30M K mpuMmeHeHHut0o MKM B oTpacisx NpPOMBINIUICHHOCTH C
MacCCOBBIM TIPOU3BOJICTBOM SIBJIIETCSI KX BBICOKAs CTOMMOCTb.

4.4.2. Hzeomoenenue oemanei u3 KOMNOZUYUOHHBIX HOPOUIKOBBIX MAMEPUANO8

IIponecc NPUTOTOBIEHMS CMECH BKIIOYAET IIPEIBAPUTEIBHBIM OTXKHI,
COPTHPOBKY IIOpOLIKA 10 pa3MepaM 4acTul] U cMmeunieHue. lIpenBapurenbHbIil
OT)KUI' TIOPOILIKA CIOCOOCTBYET BOCCTAHOBJIECHUIO OKCHUJOB M CHHMAEeT HaKJIEIl,
BOZHHUKAIOIIMN MPH MEXAaHUYECKOM HW3MEJIBYEHHH HCXOJHOIO Marepuaa.
OTXury mMOABEpraloT OOBIYHO TOPOIIKH, IOJYyYEHHbIE MEXaHUYECKUM
U3MEJIbUYECHUEM, JIEKTPOJIM30M U PA3JIOKEHUEM KapOOHUIIOB. OTKUT MPOBOIAT
npu temneparype, pasHou 0,5-0,6 TemnepaTypbl IUIaBIEHUS B 3aLUTHOM WIH
BOCCTAHOBUTEIBHOI aTMocdepe.

[Topomiku ¢ pazmepamu dactuil 50 MKM u OOJIbIIE PA3AETSAIOT MO TPYIIaM
pacceMBaHHMEM Ha CUTax, a 0ojee MeJKHe MOPOLIKH — BO3AYIIHOM cemnapanuen.
B Mmerammueckue MOpOUIKA BBOAST TEXHOJOTMYECKUE MPHUCAAKU PA3IUYHOTO
Ha3HavyeHus: iactTudukaTopsl (napaduH, cTreapuH, 0JICMHOBYIO KUCIIOTY U JIp.),
o0jeryaromme MpoLecC MPECcCOBaHMUS U IOJYUYEHUS 3aroTOBOK BBICOKOTO
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KauyecTBa; JIETKOIUIABKME Marepualbl, YIy4lIalollMe MpolLecC CIEKaHUs;
pa3UYHBIE JIETYYHME BELIECTBA Ui IIOJIyYCHUs JETajled C 3aJaHHOU
NOpUCTOCThIO.  [lOATrOTOBIIEHHBIE TOPOIIKM  CMEIIMBAIOT B LIAPOBBIX,
O0apabaHHBIX  MEJIBHUIAX M  JPYTUX  CMENIMBAIOIIMX  YCTPOMCTBAX.
ABTOMaTH3aIMS TPOLIECCOB MTPUTOTOBICHUSI CMECU 00ECIIEYUBAET €€ KaueCTBO.
3aroToBKM M3 METAUIMYECKUX MOPOLIKOB (POpMOOOpa3yroT MpeccoBaHUEM
(XOJIOHBIM, TOPSAYUM), H30CTATHYECKUM (HOPMOBAHUEM, IPOKATKOU U JIP.

[Ipu xonoonom npeccosanuu B mpecc-hopmy 2 (puc. 14, a) 3acwimaroT
ONpEJEICHHOE KOJMYECTBO MPUrOTOBJIEHHOIO TOpOIIKAa 3 H IPECCyIoT
nmyaHcoHom 1. B mpomecce mnpeccoBaHHs yBEIMYHMBAECTCS KOHTAKT MEXKIY
YaCTUI[AMHU, YMEHBIIAETCS MOPUCTOCTh, NE€(POPMUPYIOTCS WIH pPa3pyLIAOTC
OTHeNbHble YacTUllbl. [IpOYHOCTH MOJydaemMoil 3aroTOBKM 00O€CIeunBaeTCs
CHWJIAaMM MEXaHWYECKOIO CUEIUICHHMS] YacTHUI MOpPOILIKa, AJIEKTPOCTATUYECKUMHU
CWIaMH TOpUTsDKEHUs W TpeHus. C yBeIMYEHUEM JIaBJIEHUS MPECCOBAHMUS
IPOYHOCTh 3aroTOBKM Bo3pacTaeT. JlaBieHue pacrnpenensieTcss HepaBHOMEPHO
[0 BBICOTE MPECCYeMOM 3aroTOBKM H3-3a BIMSHUS CHJI TPEHHUs MOPOILIKa O
CTEHKHU TIpecc-(pOopMbl, BCIEACTBUE YErO 3ar0OTOBKH MOIYYAIOTCS C Pa3IMYHBIMU
IPOYHOCTHIO M TMOPHUCTOCTHIO MO BBICOTE. B 3aBUCMMOCTH OT rabGapUTHBIX
pa3MEpOB M CIIO)KHOCTH IPECCYEMBIX 3aroTOBOK IPUMEHSIOT OJHO- HWJIU
JBYCTOPOHHEE IPECCOBAHUE.

OAHOCTOPOHHUM NPECCOBAHUEM IOJIYHAIOT 3arOTOBKH IPOCTOW (OPMBI €
OTHOLIEHUEM BBICOTHI K JUAMETPY MEHBbUIE €IMHULBI U 3arOTOBKU THIIA BTYJIOK
C OTHOLIEHUEM HApy»HOT'0 JHMAMETPA K TOJNIIUHE CTEHKH MEHBIIIE TPEX.

JIBycroponHee  mpeccoBanue  (puc. 14, 0) OpUMEHAIOT  ANA
dbopmooOpazoBaHus 3aroTOBOK CJI0KHOU (hopMbl. B 3TOM ciiydae HeoOXoaumoe
JABJICHUE JUIA MOJyYeHUsT PaBHOMEPHOW IUIOTHOCTH cHMXkaercs Ha 30-40 %.
JlaBieHue npeccoBaHUs 3aBUCUT OT 3aIaHHON IJIOTHOCTH, POPMBI MpeccyeMoit
3aroTOBKHM, BHJAa MPECCYEeMOro Mopolka U Apyrux ¢gakropos. Mcnonb3oBaHue
BUOPAIIMOHHOIO MPECCOBAHUSA TO3BOJIIET B JECATKH pa3 yMEHBIIHUTbH
puJiaraeMoe J1aBJieHUE.

I

Y A
a 0

Puc. 14. CxeMbl X0JIOJHOTO IPECCOBAHUS: @ — OTHOCTOPOHHETO; 0 —
JIBYCTOPOHHETO
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B npouecce mpeccoBaHMsi 4acTHIbl TMOPOILIKA IMOABEPrarOTCs yIOPYro u
IIaCTUYECKO nedopmanuu, B pe3yjbTaTe Yero B 3aroTOBKE HAKAIUIMBAIOTCS
3HauUMUTENbHbIE HarpsikeHus. [locne M3BIEUEHMS 3arOTOBKH U3 Tpecc-(QOpMbI
pa3Mepsl €€ YBEJIIMUUBAIOTCS B PE3YJIBTATE YIPYTOro MOCIEAEHCTBHUS.

Pexxumbl mpeccoBaHus, BEIMYMHA YIPYTOro MOCIEICUCTBUS MPUBEIAECHBI B
CIIPAaBOYHOM JIUTEpATYyPE.

IIpu copauem npeccosanuu TEXHOJOTHYECKH COBMEIIAIOTCS MPOLECCHI
¢opMoOOpa3oBaHUs U CIEKaHWSA 3aroTOBKH. TeMmmeparypa ropsdero
npeccoBaHus cocrasiiieT 00byHO 0,6—0,8 TeMrepaTypbl IUIABJICHUS MOPOILIKA
JUIsl OAHOKOMIIOHEHTHOM CHCTEMBI, WJIM HWXE TEMIEpPaTypbl IUIABJICHHUS
MaTpPUYHOI'O0 MaTepuana KOMIO3ULHU, B COCTAaB KOTOPOW BXOJST HECKOJIBKO
KOMITIOHEHTOB. biarogaps HarpeBy mnpoliecc YIUIOTHEHHsI NMPOTEKAET Tropasjio
MHTEHCUBHEE, YEM IPHU OOBIYHOM IPECCOBAHMM. DTO IMO3BOJSET 3HAUYUTEIBHO
YMEHBUIUTh HEOOXOAMMOE JIaBJIEHUE IMpeccoBaHUsA. MeToloM ropsyero mnpec-
COBaHMS MOXKHO TMOJy4aTb MaTEpHalbl, XapaKTEPU3YIOIIHECS BBICOKUMHU
IIPOYHOCTBIO, IUIOTHOCTBIO U OJHOPOJHOCTBIO CTPYKTYpPbl. OTOT METOJ
INPUMEHSIIOT JI TaKUX IUIOXO MPECCYEMBIX M IIJIOXO CIIEKAEMbIX KOMIO3HUIIMMA,
KaK TYroIUIaBKHE€ METAJUIONOJ00HbIE coeAuHeHus: (KapOuibl, OOpHIIbI,
CUJIALTUIBI).

OcCHOBHasl CJIO)KHOCTb TOpSIYEr0 TMPECCOBAHMS 3aKIIIOYaeTCsl B BBIOOpE
maTepuana mnpecc-popMbl, KOTOPbIA JOKEH HUMETh JOCTAaTOYHYIO HPOYHOCTh
IpU TEMIIepaTypax IPECCOBAHMS, HE PEarMpoBaTh C INPECCYEMBIM IOPOIIKOM,
obiTh gemeBbiM. [Ipu Temmnepatypax mnpeccoBanus 500-600 °C B kauecTe
MaTepuajia MPUMEHSIIOT JKapOIPOYHbIE CTajJd HA OCHOBE HHUKENs, IpH
temrneparypax 800-900 °C — tBepable ciuiaBel. B ciydae 0Gojiee BBICOKHX
temiiepatyp npeccopanus (10 2500-2600 °C) enMHCTBEHHBIM MaTE€pUAIOM IS
npecc-gpopM ciayxkuT rpadpur. OgHAKO HU3KAs MPOU3BOAMTENIBHOCTH, Mauas
croiitkocth mpecc-popm (10-12 mpeccoBok), HEOOXOAMMOCTH MPOBEACHUS
Ipolecca B Cpelle 3alIUTHBIX Ta30B OrPAHUMYMBAIOT NPUMEHEHHE TOpPSYErO
IIPECCOBAHMS U OOYCIOBJIMBAIOT €r0 HCIOJIb30BAaHUE TOJBKO B TE€X CiIydasx,
KOrJa Apyrue METObl MOPOIIKOBOM METAJUTYPTrUU HE UMEIOT yCIIeXa.

C uenpr0 NOBBILEHHS IPOU3BOAUTENBHOCTH IIPOLIECCA U YBEIMYEHHUS
CTOMKOCTH TMpecc-popM B HACTosLIee BpeMs MPOBOJAT MCCIEAOBAHUSA U
pa3pabaThIBatOT 00pa3Ibl MPOMBIILIEHHOTO 000pYAOBaHMs, B KOTOPBIX HAarpeB
OCYLIECTBJISIETCS IyTEM IMPOMYCKaHUS 3JIEKTPUUYECKOTr0 TOKa HEMOCPEACTBEHHO
4yepes3 MpeccyeMbli TOPOIIOK.

Hzocmamuueckoe  (6cecmoponnee)  ¢opmosanue  TPUMEHSIOT  JUIS
NOJIYYEHHs] 3arOTOBOK M3 KOMIIO3ULIMA C TMOPOIUKOBBIMU W BOJOKHUCTBIMH
HanoJsHuTensAIMU. OTCYTCTBHE NMOTEPh HA BHEIIHEE TPEHHE W PABHOMEPHOCTD
JABJIEHUS CO BCEX CTOPOH JIAIOT BO3MOXKHOCTh TOJydYaTh HEOOXOAUMYIO
IUIOTHOCTh 3arOTOBOK IMpU JIABJIEHUSX, 3HAYUTEIBHO MEHBUIMX, YEM MpPH
IIPECCOBAHUM B 3aKPBITHIX MIpecc-PpopMmax.
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B Hacrosiee BpeMsi MPUMEHSIIOT TPU OCHOBHBIX BHJa H30CTATHYECKOTO
(dbopMoBaHUsL.

1. 'mapocratudeckoe popMoBaHue, IpU KOTOPOM Ha mopoiiok 3 (puc. 15),
3aKJIIOYEHHBIA B AJIACTUYHYIO O0O0JIOUKY 2, MepeAaeTcsl JaBJIE€HUE C MOMOIIBIO
KUJAKOCTH, HAXosuIeics B cocyne 1 Bbicokoro faBieHus. B kauectse paboueit
KUJKOCTH MCIOJIb3YIOT MACJIO, TJIMLEPHUH, BOAY U T.I.
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Puc. 15. Cxema runpocraTudeckoro popMoBaHus

2. ®opMoBaHUE C TMOMOIIBI TOJCTOCTEHHOW HJIACTUYHON O0O00JIOUKH,
BCTABJICHHONW B  CTalbHyH0  mpecc-popMy, C  IeIbl0  TMOJYYEHUs
KpyIHOTa0apUTHBIX 3aroToBoK Tuma TpyO. OOosouka B JaHHOM Clydae
U30JIUPYET TOPOIIOK OT CTEHOK HWHCTPYMEHTAa U CIYKHUT CpEeIou, KOTopas
nepeaacT JAaBJeHUE Ha Mpeccyemblie u3fenus. B kauectBe matepuana st 000-
JIOYEK UCIOIB3YIOT napadrH, BOCK, PE3UHY.

3. Topsuee dopMoBaHHE, TO3BOJISIONICE TEXHOJIOTHYSCKH COBMECTHTH
nporecchl (opMooOpa3oBaHUs U ClieKaHus. B kauecTBe cpeibl, mepemaroniei
JaBJICHHE, MPUMEHSIOT MHEPTHBIM ra3, paciUIaBICHHbIE METAUl WJIH CTEKJIO.
[IpeccyeMyto 3aroTOBKY MOMEMIAIOT B AIACTUYHYIO METAJUTHYECKYIO O00I0UKY.

Omua w3 Hambosiee NPOUZBOAMUTEIBHBIX W TIEPCIEKTUBHBIX CIIOCOOOB
nepepaboOTKH  MOPOIIKOBBIX MaTEPUATIOB — HPOKAMKA. XapaKTEPHBIMU
OCOOCHHOCTSIMU SIBJIIFOTCSI BBICOKAsI CTETIEHh aBTOMATHU3AIlMUA U HEMPEPHIBHOCTD
npoiiecca npokaTku. [Topomok HempepblBHO MOCTyHaeT u3 OyHKepa B 3a30p
Mexay Bankamu. [Ipu BpalieHuM BajJKOB MPOUCXOASAT OOKATHE W BBITSIKKA
MOpOIIIKa B JIGHTY WJIW TOJOCY OIpeeaeHHON TonmuHbl. [Iponecc mpokaTku
MOXKET OBITh COBMEIIEH CO CIICKAHHMEM U OKOHYaTeJIbHOW 00paboTKOM
MOJIy4yaeMbIX 3aroTOBOK. B 3TOM cilyyae JIeHTa MPOXOJUT dYepe3 Ieub sl
CIICKaHMS, a 3aT€M CHOBA MOJBEPraeTcsl MPOKATKE JJid MOJYYCHHS JIUMCTOB
3aJaHHBIX pa3MepoB. JIGHTHI, HAyIIME Ha TPUTOTOBICHHE (QUILTPOB U
aHTU(PPUKIIMOHHBIX ~ JIeTaJie,  OOJIbIIEM  4YacThl0O  HE  IOABEPraroT
JOTIOJIHUTEJIbHOM MPOKaTKe.

Yucino oOxaTuii, HEOOXOaUMOE JUIsl TOJy4YeHHs] OeCHOpPHCTON JIEHTHI,
3aBUCUT  OT  IUIACTUYHOCTH  KOMMO3ULIMM U  PEKUMOB  IPOKATKH.
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TexHOJIOTHYECKH MOXHO TMOJydYaTh JICHTY U3 Pa3IMYHBIX MaTepuanoB (IOpHUC-
ThIX, (PUKIMOHHBIX, TBEPAOCIUIAaBHBIX u Jp.). IlpuMmensss OyHkepa cC
NEPErOpOKON, M3TOTOBJISIOT JIGHTHI W3 Pa3HbIX MaTEpHANIOB (IIBYCJIOWHBIE).
[TpokaTkoil ony4daroT JieHThl ToamuHou 0,02—3,0 MM 1 mupunoit 1o 300 mMm.
[IpumMeHeHne BaJKOB OMNpPENEICHHON (OPMBI MO3BOJISIET MMOJIY4YaTh MPYTKH
paznTuYHOrO NPOo(duIIs, B TOM YUCIE U IPOBOJIOKY auameTpom oT 0,25 MM 10 He-
CKOJIbKUX MUJUIMMETPOB.

CnocoboM  6vl0asnuanuss WM3TOTOBISIOT TPYTKU, TPYObl U mpoduiu
paznuuHoro cedeHus. CyImHOCTh Mpoliecca MOJIyYeHUs 3ar0TOBOK 3aKJIFOHAETCS
B BBIJABJIMBAHUU TMOPOIIKA Yepe3 KaInOpOBaHHOE OTBEPCTHE mpecc-popmbl. B
HOpOIIOK 100aBIsIOT macTudukaTop maccoit 1o 10—-12 % ot Maccel mopouika,
YIIyYIIAIOMIUN MPOUECC COEIMHEHHS] YaCTULl U YMEHBIIAIOIUN TPEHUE MOPOILKa
0 cTeHkH npecc-(popmel. [Ipoduias U3roTOBIAEMOro U3AEIUs 3aBUCUT OT (POPMBI
KaMOpOBaHHOTO OTBepcTusi mpecc-popMmbl. Ilonpie npoduiaum mNoaydarT C
npUMEHEHUEM paccekarens. B kauectBe 000pydOBaHUSI  HMCHOJB3YIOT
MEXaHUYECKUE U TUIPABINYECKUE MPECCHI.

Cnexanue TPOBOJAT JUIsl TIOBBIIICHUS TMPOYHOCTU MPEABAPUTEIILHO
MOJIYYEHHBIX 3arOTOBOK IPECCOBAHMEM WM MPOKaTKoW. B crnpeccoBaHHbBIX
3aroTOBKax [I0JIs1 KOHTaKTa MEXJy OTIEIbHBIMU YacTHULIAMM OYEHb Majia M
CIIEKaHUE COMPOBOKIAETCS POCTOM KOHTAKTOB MEK]y OTJEIbHBIMU YaCTULIAMHU
NOpOIIKa. DTO SBISETCA CIEACTBUEM MPOTEKAHUS B CIEKAEMOM Telle MpH
HarpeBe CIEeAYIOMMX MPOLIECCOB: BOCCTAHOBJIEHUS NMOBEPXHOCTHBIX OKCHUJOB,
mudy3un, pekpucraumsanuu 1 Ap. [Iporekanue 3TUX MPOIECCOB 3aBUCHUT OT
TEMIIEpATypbl W BPEMEHU CIEKaHUs, CpPElbl, B KOTOPOHl OCYIIECTBISETCS
CIIeKaHue, U ApYrux (akTopoB.

[Ipu crnekaHun HU3MEHSIOTCS JIMHEHHBIE pa3Mepbl 3aroToBKU (0OJIbIIEH
4acThlO HAOJIOAAeTCs YycaJka — YMEHbBIICHUE pa3MepoB) U  (PUBHKO-
MEXaHMYEeCKHUEe CBOMCTBA CIIEUEHHBIX MaTepuaioB. Temmeparypa cCreKaHHs
00byHO  coctaBisger 0,6-0,9 Temmeparyphl IUIaBICHUS TOPOIIKA IS
OJIHOKOMITOHEHTHOM CUCTEMBI, WJIM HUXKE TeMIIepaTypbl IJIaBJICHUS MaTepuaia
MaTpUIbl JJII  KOMIIO3ULMWA, B COCTaB KOTOPBIX BXOJAT HECKOJIBKO
KOMIIOHEHTOB.

Bpewmsi BbIAEpKKM TOCHE TOCTUXKEHHSI TEMIIEPATypbl CIIEKaHUS IO BCEMY
ceueHuto coctaBisier 30-90 muH. VYBenuueHHe BPEMEHM U TEMIIEPATYPHI
CIIEKAaHMSI 10 OTPEICICHHBIX 3HAYEHNUN CITOCOOCTBYET YBEIMYCHHUIO TPOYHOCTH
U IUIOTHOCTHU B pe3yJIbTaTe aKTHUBH3ALMM Mpoliecca 00pa30BaHUsI KOHTAKTHBIX
noBepxHocTell. [IpeBblllieHne YKa3aHHBIX TEXHOJOTHUECKUX MapaMeTPOB MOKET
IPUBECTU K CHUKEHHUIO MPOYHOCTHU B PE3YJIBTATE POCTA 3€PEH KPUCTAIIIU3ALIUU.

[IpoBeneHne crnexkaHusi B YCIOBUSX, KOTJa BXOISIIUNA B KOMITO3HUIIUIO
JIETKOIUIABKMM ~ KOMIIOHEHT 00pa3yeT TMpu CIEKaHUW KUJKYI a3y,
aKTUBU3UPYET YCaAKy U 0OECleuMBaeT MOJYyYEHHE 3aroTOBOK C Majoll WiIn
Jake  HYJEBOM MOPHUCTOCTBIO, C  BBICOKUMH  (DU3HKO-MEXaHUYECKUMHU
cBoiictBamu. C 3TOH ke 11eJIbl0, HAlpUMep, TPUMEHSIOT MPOMUTKY TYTOIUIABKUX
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MaTepualioB cepeOpoM WM MEAbI0 NPH MPOU3BOACTBE 3JIEKTPOKOHTAKTHBIX
JeTaiei.

K armocdepe cnekanus mnpeabsBIsIIOT TpeOOBaHUS OE30KUCIUTEIHHOTO
HarpeBa 3aroToBOK. B OOJIbIIMHCTBE Clly4aeB CIIEKaHUE MPOBOJSAT B
BOCCTaHOBUTEJBHOU aTMocdepe, crnocoOCTBYIONIEH yIaJ€HUIO OKCHIOB, WU B
BakyyMe. /[ criekaHusl UCIIOIB3YIOT 3JIEKTPONEYH COMPOTUBIIEHUS WU M€Y C
VUHIYKIMOHHBIM HarpeBOM.

ITocne cniekaHus 3arOTOBKHU B psAJI€ CIy4aeB NOJABEPraroT JIONOJHUTEIbHOM
00paboTKe B LENSX MOBBIMIECHUS (PU3UKO-MEXAaHUYECKHX CBOMCTB, MOTYUYCHUS
OKOHYATENbHBIX pa3MepoB U (POpMbI, HAHECEHUS NEKOPATUBHBIX MOKPBITUN U
3aIUThI IOBEPXHOCTH JI€TAIHN OT KOPPO3HH.

JUist moBbIIEHHUST (PU3MKO-MEXAaHUYECKUX CBOWMCTB CIIEYEHHBIX 3arOTOBOK
OPUMEHSIOT  CIEAYyIOIIMe BUIAbl OOpaOOTKHU: TOBTOPHBIE MPECCOBAHUE W
CIEKaHMe, NPONUTKY CMa30YHbIMM  Marepuanamu  (aHTU(QPUKLHMOHHBIX
JIeTaeil), TEPMUUECKYI0 MIIM XUMUKO-TEPMHUUECKYI0 00paboTKYy.

[ToBTOpHBIE NMpEeccOBaHUE U CIIEKAHKWE TTO3BOJISIIOT MOJIy4YaTh JIeTainu ¢ Oosee
BBICOKOW IUIOTHOCTBIO. [IpOMEKYyTOUHBIE OTKUI'M, CHUMAasl HaKJIENl B 3€pHax
3aroTOBKH, CIIOCOOCTBYIOT AaJIbHEHIIIEMY UX YIUIOTHEHUIO MPU OTHOCUTEIHHO
HeOonbIIOM JaBieHud. [Ipoliecc MOBTOPHOIO MPECCOBAHHUS OCYIIECTBISIOT B
TeX ke Inpecc-popmax i B mpecc-popMax ¢ MOBBIIIEHHONM TOUYHOCTBIO M3IrO-
TOBJIEHUSI (POPMOOOpPA3YIOIIKX JeTaneld. B mpou3BOJACTBEHHBIX YCIIOBUSAX, KaK
[IPaBUJIO, OTPAHUYUBAIOTCS IBYKPATHBIMU IIPECCOBAHUEM U CIIEKAHUEM.

CrieyeHHble MaTepHaIbl MOKHO TOJIBEpraTh KOBKE, IPOKATKE, IITAMIIOBKE
IIpYU MOBBIIIEHHBIX Temneparypax. OO0paboTka AaBIEHHEM IO3BOJIIET CHU3HTH
NOPUCTOCTh MAaTEPUAJIOB U IOBBICUTH UX IJIACTUYHOCTD.

[IponuTKy 3aroTOBOK OOBIYHO BBIMOJHSIOT MOTPYKEHUEM MX B MACISIHYIO
BaHHy c Temrnepatypoit 70—140°C. nutenbHOCTh NPONUTKH KoJjedierca oT 15
MUH 70 2 4. CTeneHb 3anoJIHEHUs1 op npHu 3ToM coctaBisier 90-95%. bonee
BBICOKOE 3arOJIHEHUE MOp MAaCiIOM JOCTUraeTcsl MpHU MPUMEHEHUU BAKYyYMHOM
MPOMUTKH.

OCHOBHBIMM BUJaMU TEPMHUECKOW OOpaOOTKHU SIBIISIOTCS OTXKUT M 3aKaJKa.
Onepanuio OTXKUra UCIOJB3YIOT IS MOBBILIEHUS TEXHOJOIMYECKUX CBOMCTB
IpU TPOU3BOJACTBE JETaJed W3 TYrOIUIABKUX METaIOB. OTXUI CHHXAET
IIPOYHOCTHBIE XapPAaKTEPUCTUKH M B HECKOJBKO pa3 IOBBIIMIAET IUIACTUYHOCTH
MaTepuana, 4To oOJjeryaer najdbHEeHIIyr0o oOpaOOTKy [aBieHHEM (KOBKY,
OPOTSKKY, MPOKaTKy W T.4.). Hanuuwe mnop B Marepuanax JeiaeT uX
YYBCTBUTEJIBHBIMH K OKHCIEHHUIO MPU HArpeBe M K KOPPO3UHU NPHU MONATAHUU
3aKaJIOYHOM >KMJIKOCTH B IMOPbI MPHU 3aKajke. B kauecTBe oXiakIalolIUX Cpea
HE0OX0AMMO BBIOMpATh KUJIKOCTH, HE MPEJCTABISIOIINE OMACHOCTU C TOYKH
3peHUsl KOPPO3UH B IPOLIECCE XPAHEHUSI U SKCILTyaTalluu 3aKaJICHHbIX JIeTajeH.

B HEKOTOpBIX Ciiyyasx IeTaly U3 JKEJIE3HOTO MOPOIIKa MOJIBEPrat0T HayTJie-
POKMBAHUIO METOAAMH XMUMHKO-TEPMUYECKON 00paOOTKU — HArpeBy B SIIIMKAX
¢ KapOropu3aTOpOM WJIM B ra3oBOMl Hayrieposkuaromieil armocgepe. [Iporecc
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HACBIILIEHUS  YIJIEpOAOM TNPOTEKAET 3HAYUTENBHO OBICTpEE BCIEACTBUE
IIPOHUKAHUS Ta30B BHYTPb MOPUCTOTO TENA.

JUisi  TIOBBIIIEHUS W3HOCOCTOMKOCTHU JIeTalel MNPUMEHSIIOT —OIepaluio
CynbpUAMpOBaHUA;, IS TPHUAAHUS CIEYECHHBIM 3aroTOBKaM HEOOXOIMMBIX
pasmepoB U GOpMbl - KaTHMOPOBKY, MPOTSITUBAHHUE, IITAMIIOBKY UM 0OpabOTKY
pEe3aHHuEM.

4.4.3. Ilonyuenue demaneti u3 KOMNOZUYUOHHBIX NIACMUKOB

C TEeXHOJOTMYECKON TOYKM 3peHusi YyAO0OHO HCIOIb30BaTh OT/EIbHBIC
IIACTMACChl, HAXOASAIIMECS B KUAKOM COCTOSIHUM TPU  HOPMATbHOU
Temriepatype. B mepByro odepear 3TO OTHOCHTCS K MPOW3BOACTBY KpyII-
HOTA0APUTHBIX JeTaJIel U3 KOMITO3UIIMOHHBIX TUIACTUKOB. [11acTUKH COCTOAT U3
CBSI3BYIOIICH CMOJIBI, HAMOJTHUTENSS W B HEKOTOPBIX CIIy4dasx OTBEPAMUTEIS H
YCKOPHTENI OTBEpXKIACHUS. B KkauecTBe CBS3YIOIIETO MPEANOYTUTEIBHEES
WCIIOJIB30BaTh MONMMI(PUPHBIC W IMOKCUIAHBIC CMOJBI. JTH CMOJBI XapaKTepH-
3YIOTCSl BBICOKOHM ajre3weil K HAMOJHUTENI0 U CIIOCOOHOCTBIO OTBEPKIATHCS
Py HOPMAJIbHOM TeMIlepaTrype 3a cueT A00aBlIeHUS K HUM OTBEpAMUTENCH U
ycKopuTenend oTBepxkacHus (mepekucu OeH3oinma, HadTeHaTa, KoOaibTa,
MOJIMATUIICHNIOJIMAMUHA U JIp. ).

Bricokas  MpPOYHOCTP  KOMIO3WIMOHHBIX  IUTACTMKOB  3aBUCHUT  OT
MPUMEHSEMBIX HaIOJIHUTETIEH (CTeKJIOTKaHU u CTEKJIOBOJIOKHA,
XJIOMYaTOOyMakHbIe TKAaHW M BOJIOKHA, METaJUIMYECKas CETKa W IPOBOJIOKA,
BOJIOKHA yIJiepojaa u 00pa, HUTEBHIHBIE KPUCTAJUTBI U T.I1.). THIT HAOTHUTEIS
3aBUCUT OT TpPeOyEeMBIX CBOWCTB CO3/1aBa€MOr0 Marepuana. B OTmenbHBIX
CITy4asiX B COCTaB IUIACTHUKA BBOMST IIACTU(DHKATOPHI M KPACUTEIIH.

Kak ormeuasnoch paHee, B MOCIEAHUE TOAbI IMHPOKOE MPUMEHEHUE HAXOMSIT
yraemiacTukd. OHU  XapaKTepU3YIOTCS HU3KOH TUIOTHOCTBIO, BBICOKHMH
MIPOYHOCTHBIMU XapPaKTEPUCTUKAMU M CIIOCOOHOCTHIO BBIJIEPIKHBATh BBICOKHE
temriepatypsl. s monydenuss ocobo tepmocrtoiikux KM B kadecTtBe CBs-
3YIOIIET0 HMCHOJB3YIOT YIVIEPOACOEPKALUE TEPMOPEAKTUBHbIE (PEHOJBHBIE U
bypdypunoBbie CMOIIbI, MEKH M3 KaMEHHOYTOJIbHOM CMOJBI WM HEPTH.
ApMUPYIOIIMMH MaTepHalaMU SIBJISIFOTCS YTIEPOIHBIE BOJIOKHA, HUTH, )KT'YThI U
tkanu. [locne mpeaBaputenbHOro GopmMooOpa3oBaHUs 3ar0OTOBKA MOJBEPTaCTCS
BBICOKOTEMIIEPATYPHOMN o0paboTke (kapOoHU3AINN). B npoiiecce
KapOOHM3AIUU MPOUCXO/IUT TEPMOJIECTPYKITUS CBSI3YIOLLETO,
COTIPOBOXK/IAIOIIASICS  YIAJICHUEM HCHAPSIONIUXCSI CMOJUCTBIX COCAMHCHHUM,
ra3o00pa3HBIX MPOAYKTOB W OOpa30BaHHEM TBEPJOTO KOKCA C BBICOKHM
coaepkanueM yriepoza. I1o Takoi cxeme momnydaroT yriepoa-yriepoasasie KM.
OTH MaTepualbl SBISIOTCS HanOoJiee TMEePCICKTUBHBIMHU ISl W3TOTOBJICHHSI
U3JIeIUi, pabOTArOIIMX MTPU BRICOKUX TEMITepaTypax.

K ocHOBHBIM cnoco0aM H3rOTOBJIICHUS JeTajleil U3 KOMIIO3HUIIMOHHBIX
IUTACTUKOB OTHOCSITCSI KOHMAKMHASL (DOPMOBKA, ABMOKIABHASL (DOPMOSKA,
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CMupomemoo, 8uxpesoe HanvlleHue, YeHmMpoOe*CHas (POPMOBKA, HAMOMKA U
ap.

Konmaxmuou gopmosxoii W3TOTOBIAIOT KpPYIHOTa0apUTHBIC JCTalu C
HAMOJIHUTEIISIMUA U3 CTEKJIOTKaHe#, cTekiaoMaroB U T.4. [IpuMenstoT ¢hopmbl U3
JepeBa, TUICA M JIETKUX cIiaBoB. dopma J0MKHA TOYHO BOCIPOU3BOJUTH
HapyXHbIA WK BHYTPEHHUN KOHTYD JIE€TAJIHU.

Ilepen  ¢popmoBkoii Ha paboune TOBEPXHOCTH (OPMBI  HAHOCAT
pa3leUTENbHBIA CI0M (MTOJMBUHUIIOBBIA CIUPT, HUTPOJIAKH, MEIITOPAaHOBYIO
IJICHKY U JIp.), ONPEJOTBpAIAOIUi MPUIUIIAHUE CBS3YIOIIET0 K MOBEPXHOCTH
dopmel. [lo pazmenuTeNnbHOMY CIIO0 HAHOCSAT CJIOW CBSI3YIOIIETO, 3aT€M CJIOH
NpeABAPUTEILHO PACKPOCHHOW TKaHHM, KOTOPYIO THIATEIBHO MPUKATHIBAIOT
PE3UHOBBIM POJMKOM K TOBEPXHOCTH (POPMBI. DTUM JOCTUTAIOTCS TUIOTHOE
NpuieraHue TKaHW K MOBEPXHOCTU (OPMBI, yJalleHUE MYy3bIPhKOB BO3JAyXa U
PaBHOMEPHOE MPOINUTHIBAHUE TKAHU CBS3YIOUIMM. 3aT€M CHOBAa HAHOCST CBS-
3yrouiee, TKaHb M T.J. 0 IMOJY4YEHHs 3aJaHHOM TOoNMHbIL. OTBEpPKICHHE
MIPOUCXOJUT MPU HOPMAJIBHOW TemmepaType B TeueHue 5—50 4 B 3aBUCHUMOCTH
OT BHJA CBs3ylOUIEro. Bpems OTBEpXKIECHUS COKpallaloT yBEIUYEHUEM
temneparypsl 10 60—120°C. Ilocne oTBEpk IECHUS TOTOBYIO JIETAJIb U3BJICKAIOT
u3 GOpMBI U B cllydae HEOOXOJUMOCTH TOJBEpPraroT JajibHeuIe o0paboTke
(0Ope3ke KpOMOK, OKpacKe u T.J.).

Oco0eHHOCTH KOHTAKTHOW (POPMOBKH -TIPOCTOTA OCHACTKH M BO3MOXKHOCTD
nojyueHus: jAeraneil moObix pasmMepoB u  (opMm. OgHAKO 3TOT METOA
MaJIONPOU3BOJUTENECH, KAUECTBO MOJIyYaeMbIX JETalell HEAOCTaTOYHO BBICOKOE
13-32 HEPABHOMEPHOU YKIIaJIKU HAMOJHUTEIS U CBs3ytouero. K nemy npenbss-
JSAI0T  ONpelesieHHble TpeOoBaHUS 1O TexHUKe Oe3omacHocTu. Iloatomy
KOHTAKTHYIO (JOPMOBKY IPUMEHSIIOT B ONBITHOM U €IMHUYHOM MPOU3BOJICTBAX.

Aemoknasnyo (opmosKy TPUMEHSIOT IpPHU BBITYCKE JeTajedl OoJIbIIUMU
cepusimu. PopMy € J€Taabl0 HAKPHIBAIOT PE3MHOBBIM YEXJIOM M MOMEUIAIOT B
repMeTUYHBIN pe3epByap (aBTokiaB). C MOMOIIBIO MMapa WK BOJAbI B aBTOKJIaBE
CO3/JIAI0T OIPEJIETICHHOE JaBJICHUE.

Cmupomemooom  W3TOTOBJISIIOT ~ KpymHOrabapuTHbIE — Je€Taaud U3
KOMITO3UIIMOHHBIX TIJIACTHUKOB C 3aMKHYTBHIM TOJBIM MpoduiieM (TIOJIbIE paMbl,
JMCKH, KPOHIITEHHBI U T.1.). Ha TOHKOCTEHHBIN MOJIMBUHWIXJIOPUIHBINA YEXOI,
pa3sMepbl  KOTOPOrO COOTBETCTBYIOT pa3MepaM H3rOTOBIISIEMON  J€Taju,
HaMaTbIBAIOT BOJIOKHO. 3arOTOBKY YKJIAJbIBAIOT B PA30TPETYIO O TEMIIEPATYPHI
100-120°C mpecc-popmy. Ilox maeiicTBHEeM maBJIeHHS BO31IyXa, Pa3orpeTOrO
BHYTPH IIJIAHTa, 3aTOTOBKA PACTSATUBACTCS A0 Pa3MEPOB MOJIOCTH Mpecc-(HOPMBI.
B npoctpaHCTBO MEXIy 4YeXJIOM M Ipecc-pOopMOM 3a CUET CO3/JaHMs BaKyyma
3acachIBAETCA CBS3YIOLIEE.

[IpuBenennpie crnocoObl (OPMOBKM HCHOJB3YIOT B OCHOBHOM  JUIS
W3rOTOBJIEHUS  J€Taled W3  IUJIACTUKOB € JJIMHHOBOJOKHHUCTBIMU
HaroJaHuTeNsAMHU. [Ipyu npruMEHEHNH U3MENbYEHHBIX HAIOJHUTENIEH MPOLIECC U3-
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TOTOBJIEHUSI JeTalie yJaeTcss MexaHu3upoBaTh. HamonHurtens u cBs3yroliee
NOJIal0T MO/J] AABJIEHUEM CHKATOI0 BO3/yXa.

Buxpegvim mnanvlieHuem W3TOTOBIISIIOT KpyHMHOTa0apUTHBIE JETaNd U3
CTEKJIOTJIACTUKOB (Ky30Ba JIETKOBBIX M TPY30BBIX aBTOMOOWIJIEH, Kopryca
JOJI0K, eMKocTh M Jp.). CTEeKIOBOJIOKHO M CMOJIY C OTBEpAUTEIEM W
YCKOpHUTENIEM  OTBEpXKICHUS  HAHOCAT HAa  QopMy  CIEUHUATbHBIM
nyjibBepuzaTopoM. CMoJia CMayuMBaeT CTEKJIOBOJOKHO B BHUXPEBOM IOTOKE,
0o0pa30BaHHOM CXaTbiM BO3AyXOM. CTEKJIOBOJOKHO CO CBSI3yIOIIMM, HaHe-
CeHHBIC Ha (POPMY, BpYUHYIO YIIOTHSIFOT POJTHUKOM.

BbICOKON CTENEHpI0 MEXaHW3alMU OTIMYAETCS HalbUIEHUE C MOMOILIBIO
NEPEABUKHON YCTAHOBKH, B KOTOPOM CMOHTHPOBAHBI PEXKYILEE YCTPOUCTBO JJIS
CTEKJIOBOJIOKHA, BEHTWJIATOP ISl MOJA4YM CKATOrO BO3/yXa, PacHbUIUTENb U
€MKOCTH JJI1 CBS3YIOLIEro, oTBepautenss u yckopurens. CTeKIOBOJIOKHO
pas3pe3aroT Ha OTAenbHbIe KyckH anuHor 10-90 mm. Pacnbuiurens umeer Tpu
CoIlIa: LIEHTPaJIbHOE AJIA MOJa4l CTEKJIOBOJIOKHA U JBA OOKOBBIX (OAHO CITY>KHUT
JUISl IOIAYM CBSI3YIOLIETO U OTBEPIUTENSA, IPYTrO€ - CBA3YIOLIETO U YCKOPUTEIIS
orBepkaeHus1). CMeneHue KOMIIOHEHTOB MTPOUCXOAUT HA TTOBEPXHOCTH (POPMBI
WJIM TIEPE] HEIO B MIOTOKE CHKATOr0 BO3/1yXa.

Llenmpobesicnoti ¢hopmoskoli TONYHaArOT JeTanu OoJbIIUX TabapUTHBIX
pasMepoB, uMeroIue GopMy Tel BpalleHUs], TOJIMMHONA 2—15 MM, n1uaMeTpom
10 1 M # BBICOTOM 710 3 M.

CTEKJIOBOJIOKHO M CBS3YIOIIEE PAaBHOMEPHO MOJAIOT BO BPAILAIOIIYOCS
dbopmy. [Toce popMoBKH B hopMy TOMEIIAIOT PE3NHOBBIN MEMIOK, C TIOMOIIIHIO
KOTOPOT'O CO3JAETCs JABJICHHE HA 3arOTOBKY. B TakoM COCTOSIHUM MPOUCXOAMT
OTBEPKJEHUE KOMITO3UIIMH NPU ONPEEICHHON TeMIIepaType.

Hamomxkoti monydaroT TpyObl W ClOXHbIEe 1O (opMe O0O0O0JOUKH U3
KOMITO3ULIMOHHBIX  IUIACTUKOB. (OCHOBHBIM 3JIEMEHTOM TEXHOJIOTMYECKOM
OCHACTKH SIBJISIETCS METAJINYECKasi ONpPaBKa, HA KOTOPYIO NEPE] HAMOTKOM YK-
JaJbIBAIOT ITUICHKY, oOsiervarouryro cHstue uzzaenus. [Ipm HaMoOTke orpaBka
COBEpUIAET BpallaTEIbHOE M BO3BPATHO-IIOCTYNATEIbHOE ABUKEHUS. BOIOKHO
WIM TKAaHEBYIO JIEHTY CMauMBalOT CBs3yroumM. OT(HOpMOBaHHYIO 3aroTOBKY
MOKPBIBAIOT 3alIUTHON 1e/UI0()aHOBON TUICHKOW M OTHPABISIOT B KaMepy JUIs
OTBEPKACHUS.

OCHOBHOI HEIOCTATOK W3TOTOBJICHHUS KPYyMHOTA0APUTHBIX JAeTalleld U3
MJIACTUKOB — HEBBICOKAs MPOM3BOJUTEIIBHOCTh TPYyJAa, MOBBIIIEHUE KOTOPOM
BO3MOXHO 3a CUYET MEXaHW3alMd U AaBTOMATH3alUU TEXHOJIOIMYECKOTrO
nporecca.

4.4. BOI[pOCbI o TeMe «KOMIIO3I/IIII/IOHH]>IC MaTepHaJIbD).
1. Kakumu cBoicTBamMu 06.]]3,[13,}0’1‘ KOMIIOHCHTBI KOMITO3MITMOHHBIX MaTepI/IaJIOB?

2.Kakoe CTPOCHUC MOT'YT UMCTb KOMITO3UITMOHHBIC MaTCpI/IaJILI?
3.Yto sBIIsIeTCs ManI/Iuef/'I B KOMITIO3HMITMOHHBIX MaTepI/IaJ'IaX?
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4. Kakuie HanoJHUTEIM UCTIONB3YIOT ISl YIPOUYHEHUSI KOMIIO3UIIMOHHBIX
MaTepuangoB?

5.Kaxoe BiMsiHME HA CBOMCTBA KOMITO3UIIMOHHOIO Mareprasia OKa3bIBatoT
BOJIOKHA Oopa?

6. Kaknmu crioco6amu MOKHO TTOTy4aTh KOMIIO3UITMOHHBIE MaTepyalTbl?

7.B kakux 00J1acTsIX MPOMBIIUICHHOCTH MOTYT IIPUMEHSTHCS. KOMITO3UITHOHHBIC
Martepuanbl?

8. Kakue  CylIecTBYIOT  TEXHOJOTMH  M3TOTOBJICHUS  JeTaliel  u3
KOMIIO3UIIUOHHBIX MaTEPUaIOB?
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