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HeMeTANINYeCKNX MaTepuaiax

Bonpoc 1. HecoBepieHCTBa KPUCTAINIMYECKOT0 CTPOCHUSA

MeTtaibl U CIJIaBbl, MOJYyYEHHBIE B OOBIYHBIX YCIIOBUSIX, COCTOSIT M3 OOJBIIOTO KOJIMYECTBA
KPUCTAJUIOB, TO €CTh, MUMEIOT MOJUKPUCTALINYECKOE CTPOCHHE. DTHU KPUCTAUIBI HA3bIBAIOTCS
3¢pHamu. OHM HMMEIOT HEMPaBWIBHYIO (GOpMY W Pa3IUYHO OPHEHTHPOBAHBI B IPOCTPAHCTBE.
Kaxmoe 3epHO HMEET CBOIO OpPUEHTHUPOBKY KPUCTALIMYECKOW PEMIETKH, OTJIMYHYIO OT
OPHEHTHPOBKH COCEIHUX 3EpPEH, BCJIECACTBHE YETr0 CBOWCTBA pEAThHBIX METALIOB (Kak
KPUCTAJUTMYECKUX TEJ) YCPEIHSIOTCS, U SIBJICHUS aHU30TPOITMH HE HAOIIOJaeTCsl.

B kpuctaimumyeckoi pemiéTke peanbHBIX METALIOB HWMEIOTCS pa3inyHble  J1e()eKTh
(HECOBEPIIIEHCTBA, HAPYIICHUS CTPOTOTO PACIIOJIIOKEHUS aTOMOB), KOTOpPBIE HapyIIAlOT CBS3HU
MEX/Ty aTOMaMH M OKa3bIBAIOT BIUSIHUE HA CBOMCTBA METAJLJIOB.

Ilo reomerpuyeckMM  NPHU3HAKAM  Pa3jMyalOT  CJleIyllIde  CTPYKTYPHbIe
HecoBepuIeHCTBA (He()eKThbl) KPUCTALIHYECKOr0 CTPOEHMS:

1) moueunvie — Maible BO BCEX TPEX U3MEPEHUSX;

2) nunelinble — MaJible B IBYX U3MEPEHUSAX M CKOJIb YTOIHO MPOTHKEHHBIE
B TPETHEM;

3) nosepxnocmHvle — Majble B OJJHOM H3MEPEHUHU.

ToueuHnble AeeKThI

Toueunsie nedexTsl ABIAIOTCA OJHUMHU M3 HauboJiee pacnpOCTPaHEHHBIX HECOBEPIIECHCTB
KPUCTAJJIMYECKOTO CcTpoeHus MerawioB. K ToueuHbIM jgedekTam OTHOCATCA: BaKaHCHH,
MEXY3€eJIbHbIE (JIMCIOLUPOBAHHBIE) aTOMBI, HaJUYUE B y3J1aX KPUCTALIMNYECKON PElIETKH aTOMOB
npumecen (puc. 1).

Bakancuss — 3TO OTCyTCTBHE aTOMOB B Y3JaX KPUCTAUIMYECKOW PEUIETKH, «IBIPKU»
(He3aHsATHIE aTOMaMU MECTa B sfUeKaX KpUCTAUIMUECKOU pemérkn) (puc. 1a).

OO0pa3yroTcsi BaKaHCHH IIPU MEPEX0JIe aTOMOB C IOBEPXHOCTH B OKPYKAIOLIYIO CpEely WIH U3
y3J10B PEHIETKM Ha MOBEPXHOCTh (FpaHULbI 3EPEH, MYCTOTh, TPELIMHBI U T. [.), B pe3yJbTaTe
MJIACTUYECKON Aedopmanuu, mpu OoMOapaupOBKE Tejda aTOMaMH WM YacTHUIAMHU BBICOKHMX
sHepruil (oOiyueHue B LMKIOTPOHE WJIM HEHTPOHHOE 00JydyeHue B sJiepHOM peakTope). Ymucio
BAaKaHCHUI YBEJIMYMBAETCA C MOBBIIICHUEM TEMIIEPATYPhI, IpU 00pabOTKe JaBiieHuEM, OOITyYEeHUU U
Apyrux Bujax BozneicTBusi. CKOIUIEHHE MHOTHX BaKaHCUI MOKET IPUBECTU K 00pa30BaHUIO 10D U
IyCTOT.
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Puc. 1. Toueunslie neeKTol.

Amomvl  npumeceri (NIpUMECHBIE aTOMBbI) BCErja NPUCYTCTBYIOT B MeTale, TaK Kak
MPAKTUYECKH HEBO3MOJKHO BBITUIABUTh XUMHUYECKH YUCTHIN MeTaul. OHHM pacrojararoTcs B y3aax
PEMIETKU WM MEXAOY3IUIX U MOTYT UMETh pa3Mepbl OOJIbIIIEe WM MEHBIIE Pa3MEepPOB OCHOBHBIX
aTomoB (puc. 16, 1s).

Jucnoyuposannvlii (mescyzenvhviti) amom — 3TO aTOM, BBILIEAIIUN U3 y37a PEHIETKH U
3aHSABIIUNA MECTO B Mexaoys3iue (puc. 16). MexysenbHble AePEeKThl 00pa3yroTCs B pE3yJIbTaTe
repexo/ia aTomMa U3 ys3jia B MeXy3JIe KpUCTAIUIMYECKON PEIIETKY.

Toueunbie nedeKTHl BBHI3BIBAIOT BHYTPEHHHE HANPSDKCHUS W HE3HAUYHMTEIIbHBIC HCKAKCHHS
KPUCTAJUTMYECKON PEMIETKH, YTO TMPUBOJIUT K HM3MEHEHHUIO (DU3HKO-MEXaHWYECKUX CBOWCTB Teja
(TpPOYHOCTH, SIECKTPOTTPOBOTHOCTH, MATHUTHBIX CBOMCTB | T. 1.).

JIuneiinbie 1edeKThI

OCHOBHBIMH JTUHEHHBIMHA I[G(i)eKTaMI/I SIBIIAXOTCS AUCJIOKaIUH.

Hucnoxayuu — 310 nuHEWHbIE Ne(EeKTbl KPUCTAJUIMYECKOTO CTPOEHUS, MPEACTaBISIOLINE
co00il JTMHUM, BJIOJIb U BOJM3M KOTOPBHIX HApPYIIEHO XapaKTepHOE JUIs KpUCTalla MpPaBUIbHOE
PacCIoIOKEHNE aTOMHBIX IUIOCKOCTeH (puc. 2). g AWCIOKAMil XapaKTEPHO HAIUMYHE JTHIITHHX
ATOMOB, HAXOAAIIUXCA B MECKI0Y3IUAX.

PasnuyaroT 1Ba BUAa qUCIOKAUN — Kpaegvle U 8unmoguvle (CM. puc. 2).

Kpaesas oucnoxayus npencrapisieT co00il MECTHOE HCKAKEHUE KPUCTAUIMYECKON PeIéTKH,
JIMHUIO, BJIOJIb KOTOPOM BHYTPHU KpHCTasula 0OpbIBAeTCs Kpail «IMIIHEW» MOIYyIIocKocT (puc. 2,).
HenounHas niockocTh Ha3bIBaeTCs 9KCmpaniockocmyio (puc. 20).
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Puc. 2. lucnokanuu: a- KpaeBas; Puc. 3. Mexanusm o6pa3oBaHusi BHHTOBOM
0- SKCTPAIIIOCKOCTb. JIACIOKALINH.

Bunmosas oucnokayusi oOpasyercss NHpuU NOMOIIM YacTMYHOTO CJIBUra KpUCTaIa IO
mockoctd  Bokpyr Jmuauu EF (puc. 3) Ha moBepxHOCTH KpHCTaiia 00pa3yeTcsi CTyIeHbKa,
npoxojsamias OT TOYKM £ 10 Kpasg kpuctauia. Takoil 4YacTHMYHBIA CABUT HapyllaeT
MapaJUIEIbHOCTh AaTOMHBIX CIIOEB, KPUCTAUI IPEBPAlIACTCA B OJHY aTOMHYK IUIOCKOCTb,
3aKpYYEHHYIO [0 BMHTY B BHJIE€ IIOJIOTO T'€JIMKOWJA BOKPYr JUHMU EF, KOTOpas IMpeicTaBiseT
IPAHUILY, OTACISIONIYIO YacTh INIOCKOCTH CKOJIBKEHUS, I/I€ CABHUI YK€ ITPOU3OLIEIN, OT YacTH, e
C/IBUT HE HAUMHAJCS.

Jucnokanuu 00pa3yroTCsi TP TEPMUUYECKOW W XHMHUKO-TEPMUYECKOHW 00padoTKax, B
IpoLecce KPUCTAIIM3ALMY, IJIaCTUYECKON nedopMalvd M JAPYrUX BHUAAX BO3AEUCTBUS Ha
CTPYKTYPY METAJIJIOB U CILIABOB.



BOl'lpOC 2. Bausinue HECOBEPIIECHCTB KPUCTAJNIUYECCKOI0 CTPOCHUA Ha MEXAHUIECCKHUEC
CBOMCTBa MaTepuaioB

JlMcIoKalMOHHAsT CTPYKTYpa MarepHalia XapaKTepU3yeTcsl niomuocmuio oucioxkayuu. OHa
SBJIICTCS XapaKTCPUCTUKOH, HETMOCPEACTBEHHO BIHSIONICH Ha CONPOTHUBICHUE MaTepuaia
MJIACTUYECKOH JedhopMaIiui.

IImoTHOCTE AUCIIOKaIu B 3HAYUTEILHOU MEpPE OMpCACIIICT TAKME MEXAHUYCCKHC CBOﬁCTBa,
KaK IJIaCTUYHOCTb U IPOYHOCTh MaTc€purajia.

JII/ICJ'[OKaIII/H/I BJIMAIOT HE TOJIBKO Ha IMPOYHOCTH U IJIACTUYHOCTHL, HO U HA APYIruc CBOMCTBa
kpuctayioB. C yBeIMYCHUEM INIOTHOCTH JTUCIIOKAIIMK BO3pacTaeT BHYTPEHHEE TpeHHUe (BSI3KOCTH),
M3MCHSIFOTCSI ONTUYECKHE CBOWCTBA, MOBBINMIACTCS JIEKTPOCONPOTUBRIICHUE MeTauia. Jluciaokamum
VBEJIMYUBAIOT CPEIHIOK CKOPOCTh TUPPY3UH B KPHUCTAIUIC, YCKOPSIOT CTapeHHuEe € JIPYTHe
MIPOLIECCHI, YMEHBIIAIOT XUMUYECKYIO CTOMKOCTh, I0ATOMY B pe3yJbTaTe 00pabOTKH MOBEPXHOCTH
KpucTajjia CliecquaJIbHbIMH BCIICCTBAMH B MCCTAaX BbIXO/a nncnoxaunﬁ 06p33yIOTC$[ SAMKHU.

Jucnokanuu oOpa3yroTcs nmpu 00pa3oBaHUU KPUCTAUIOB W3 paciljlaBa MM Ta3000pa3HOM
¢a3bl, npu cpacTaHUU OJOKOB C MaJIBIMU YIJIaMU Pa30pUEHTHPOBKH.

Tema Ne2 ®u3uko-MmexaHUYeCKHEe CBOMCTBA MATEPHAJIOB M METObI UX
onpejesieHUsI

Bonpoc 1. ®u3nyeckne cBoiicTBa MaTepHaIoB
IL1oTHOCTH

ITnomnocms (p = m/V, r/cM®) sBiseTcs OMHON M3 BaKHEHIIMX XapaKTepMCTMK METajlIOB H
CIUIAaBOB, YHCIICHHO PaBHAsi OTHOUICHHIO MacChl OJHOPOTHOTO Tela K ero o0bémy. Ilo mioTHOCTH
METaJUTBI IJIAT Ha CIICTYIOIIHE TPYIIIbL:

— nérkue (IIOTHOCTBIO He Gonee 5 r/cm®) — Mg, Be, Al, Tiu ap.;

— Tspkénble (MIoTHOCTHIO oT 5 0 10 r/em®) — Fe, Ni, Cu, Zn, Sn u ap. (310 Haubonee oOmHUpHAs
rpyma);

— oueHb TspKenble (II0THOCTBIo 6onee 10 r/em®) — Mo, W, Au, Pb u np.

Camplii nerkuii meramn — mutuii Li (p = 0,53 r/cm®), camblii Tsokénbii — ocmuii Os
(p = 22,6 r/cM?).

BaxHOCTP IJIOTHOCTH Kak (U3WYECKOH XapaKTepUCTHKH MaTepuayia oO0yCIOBIIEHA
WCTIOJIb30BAHMEM YCTAaHOBOK B TaKUX OTpACisIX MPOMBIIUICHHOCTH, KaK CyIOCTpPOEHHE,
TPAHCMOPTHOE MAIIMHOCTPOSHHE W OCOOCHHO aBHAIMOHHAS U PAKETHO-KOCMHYECKast TeXHHUKA. J[iist
TakuX OOBEMOB OJHHM WX PEIIAIONINX YCIOBHHA NMPUMEHEHHs SBISIETCS MHHUMH3ALUS MacChl
TEXHUYECKOT0 00BEKTA.

Temneparypa miaBjeHust

Temnepamypa nnagnenusi Tun, °C XapakTepu3yeT MEPexo]l MeTaia U3 TBEPAOTO COCTOSIHHS B
KUJKOE.

Temneparypa miasiieHus 1o WM paBHas €l TeMilepaTypa 3aTBEPAECBaHUS — XapaKTEPHBIN
IIPU3HAK KOHKPETHOTO BEIECTBA.

@dusnueckas CyIIHOCTh IIpoliecca IUIABIEHUS COCTOMT B cienyromem. [Ipu mnaBineHnn
Hapylmaercs MOPANOK B PACIOJOKEHHM aTOMOB, CYIIECTBYIOIIMI B TBEPIOM COCTOSHHHM, —
IIPOUCXOJUT Pa3PyLICHUE NPOCTPAHCTBEHHOM KPUCTAUIMYECKOW peméTku. B Kpucramimyeckom
TeJe aTOMbl COBEpIIAIOT KoJieOaTeabHbIE JBHXKEHHS OKOJIO CBOMX IOJIOKEHUH paBHOBecus. C
MOBBILIEHUEM TEMIIEpaTypbl aMIUIUTy/la UX KojeOaHui Bo3pacTaeT (IPOUCXOAMUT MOBBIIIEHUE
BHYTpEHHEl JHEpPruM Teja) M JOCTUraeT HEKOTOPOM KPUTHYECKOH BEIMYMHBI, IOCIE YEro
KpUCTAJUIMYECKass peléTka paspymaerca. B cBow ouepenp Ui paspyllIeHHs KPUCTAILIMYECKOU
peméTku TpedyeTcsl JOMOJHMUTENbHAs TEIUIOBask SHEPrus, MO3TOMY B IPOLECCE IUIaBJICHUS
TeMIeparypa HE TMOBBIIAETCA 1O TeX IOp, MOKa HEe NPOHU30WIET pas3pylleHHus BCel
KPUCTAJUIMYECKOM PEIIETKH Tella, HECMOTPsI Ha TO, YTO TEIUIO IIPOJIOJIKAET NOCTYATh.
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Temneparypa miaBiieHus Ius, MOJOOHO TeMIEpaType KUIIEHUs, 3aBUCHUT OT JaBieHus. [lis
BEILIECTB, Y KOTOPBIX YBEIUYUBAETCS OOBEM MpU IUIABJICHHUH, IMOBBIIICHUE JABJICHUS CHU)KAET
TeMIleparypy miaBiaeHus Ty, 1 HA00OPOT.

B 3aBucuMocTH 0T TeMnepaTyphl IIABJIEHHUS METAJLJIbI NOAPA3AeISII0TCS HA cJlelyloume
rpynmnbl:

— JIErKOIJIaBKKe (Temneparypa miasieHus He npessimaer 600°C) — Zn, Sn, Pb u ap.;

— cpeaneruiaBkue (ot 600 go 1600°C). K HUM OTHOCHUTCS MOYTH MOJIOBUHA METAJJIOB, B TOM YHCJIC
Mg, Al, Fe, Ni, Cu, Au;

— tyromutaBkue (6osiee 1600°C) — W, Mo, Ti, Cr u ap.

CampIM JierkoruiaBkuM metaiuiom siBisiercss prytb Hg (7ux = —39°C). Lesuit Cs u rammmit Ga
maaBarcsi B pykax. CaMbIM TYromiaBKuM MeTauioMm sBisieTcs: Bosibppam W (7T = 3390°C),
[I03TOMY OH NMPUMEHSETCS JJIs1 U3TOTOBICHUS HUTEBUAHBIX CIIMpaied 3JIEKTPOJIaMIl.

YieapHas TeMJI0EMKOCTH

Tennoémkocms — cHOCOOHOCTh MaTepuaia IMPH HArPEeBaHWW IOTJIOMIATH ONpPEACTIEHHOE
KOJIMYECTBO TEILIa, a TPH OCTHIBAHUHU €T0 OTIaBaTh.

Yoenvnas mennoémxocmo Cp, ([owc/xeK) wnu ([orc/kmons-K) — 3TO KOTMYECTBO SHEPTUU
(TerIoThI), HEOOXOIMMOE JUTS OBBIIICHUS TEMIICPATYPhl SAMHHIIBI MAcCHI TeJla Ha OJMH I'Palyc

-2
m At
rJie m — Macca MaTepuaa, Kr;
At — pa3HOCTPH TEMIIEpATyp MaTepuaia JI0 U mociie HarpeBanus, K;
O — KOJIMYECTBO TEIUIOTHI, IIEpEAaHHOE 00pasIry.

VYaenpHas TEII0EMKOCTh Cp, YMEHBIIACTCS C YBEIUICHHEM TOPSIKOBOIO HOMEpa DJIEMEHTA B
tabnuue Menneneesa.

YaenpHBIC TEIUIOEMKOCTH pPa3HBIX METAUIOB Pa3IUYHBl W, KaK TPaBHIO, 3HAYUTEIHHO
MEHBIIE, YeM Yy JPYTUX BEHISCTB, OJlarojmaps XOpoIled TeIIoNnpoBOAHOCTH. Hampumep, y
amromunns Al Cp, = 880 [oc/ke'K; y kenesa Fe Cp, =460 [c/ke K; y w™menu Cu
Cp =385 [Iwc/ke'K; csunna Pb C, = 130 Jorc/ke K.

VY aenpHas TEIIOEMKOCTh Cp, CJIa00 pacTéT ¢ MOBBIMICHUEM TEMIIEPATyPhl H CHIILHO MCHSICTCS
npu (pa3oBBIX MpEeBpaIICHHUIX. VI3BECTHO TaKXKe, YTO MPHU BBICOKUX TEMIIEpaTypax TEIUIOEMKOCTh
METAJUIOB M JPYrHMX KPHUCTALUIMYSCKUX T TOYTH HE HM3MEHSAETCS W ONU3Ka K TOCTOSTHHOMY
3HaueHuio. C TIOHIKEHUEM TEeMIIepaTyphl TEINIOEMKOCTh HAdWHAET OBICTPO Majath. BoOimsm
a0COJIFOTHOTO HYJIS TEIUIOEMKOCTh BCEX TEJ CTPEMUTCS K Hyito. [Ipy KpHOTEeHHBIX TeMIiepaTypax
JaKe Majioe KOJIMYECTBO TEIUIOTHI CYIIECTBEHHO H3MEHSIOT TEMIIepaTypy MaTepuraa.

TeHJIOHPOBOJIHOCTL H TEMIIEPATYPOIIPOBOAHOCTD

Tennonposoonocms A, (kBm/m-°C) (wmm [owc/m-c'K) XapakrepusyeTr CKOPOCTb Iepeaadn
TEIJIOBOM SHEPTUU OT OJJHOW YacTH TeJla K APYroi (MOJIEKYISIPHBIN MEPEHOC TEIIOTHI B CIIOIIHOM
cpene, OOYCIOBIICHHBI HaJIMYUEeM TpaJdeHTa TeMIepaTypbl). [Ipy 3TOM TeIonpoBOJAHOCTH HE
COIIPOBOJKIAETCS TIEpEMEIIIEHIEM COCTaBIISIFOIMX Teslo yacThil. Kak paHee ObIJIO CKa3aHO, XOPOIIast
TEIUIONPOBOJHOCTh METAIJIOB 0OYCJIOBIIEHA BBICOKOH MOIBIKHOCTHIO CBOOOJHBIX 3JIEKTPOHOB U
KOJIeOaTeNbHBIM JIBIKCHHEM HOHOB. TeruionpoBOIHOCTH A SBIISICTCSI MEPOH  OBICTPOTHI
BBIPaBHUBAHUS TEMIIEPATYP Pa3IMYHBIX TOYEK Teja, I MEPOH KOJMUYECTBA MEPEHOCHMOTO Teria
OpH  33JaHHOW  PAa3HOCTH TEMIIEpaTyp B  pasIUYHBIX TodYkax Tema. Yem  Oouible
TEIUIOTIPOBOJHOCTH A, TEM CKOpEE TeJI0 MPHOIMKACTCS K COCTOSHHUIO TEIUIOBOTO paBHOBecHs. Uem
BBIIIIE TETUIOMPOBOTHOCTH A, TEM paBHOMEpHEE pacipeesieHie TEMIIEpaTyphI 10 00bEMY Tema.

Kosppuyuenm mennonposoonocmu A XapakTepusyeT KOJWYECTBO TEIIa, MPOXOJSIIEro
yepe3 MaTepuan TOJIIMHOM 1 M, Yepes miuomans nosepxnoctu 1 M% 3a Bpems 1 c, mpu pasHocTH
TeMIIepaTyp Ha IPOTUBOIOJIOKHBIX MOBEpXHOCTIX 1 K

4o 9t ’
oS At

7



rae O — Temio, mepelaHHoe OT 000TrpeBaeMoi MOBEPXHOCTH K 00Jiee XOJIOAHOM;
0 — ToJIMHA o0pa3iia (U3eus), MM;
S — momaas 060rpeBaeMoii MOBEPXHOCTH, M2,
At — pa3HOCTb TEMIEpaTyp MPOTUBONOJIOKHBIX MOBepXHOCTEHN 00pasua, °C (K);
7T — BpeMs, C.

YucnoBsie 3HAUCHUS KOIPPHUITMCHTA TETUIONPOBOJHOCTH 3aBUCSAT OT BHJIA MaTepHala.

N3BecTeH psn MeTayuioB 1Mo Mepe yBenudeHwus TerionpoBoanoctu: Pb, Fe, Sn, Zn, Mg, Al,
Au, Cu, Ag.

TemnepamyponpogooHocms — CHOCOOHOCTh 00pa3na wmarepuana (U3Ienus) H3MEHATH
TEMIIepaTypy TMpH HarpeBaHWW (OXJaXIECHWH). TeMIepaTyporpoOBOJTHOCTh XapaKTePU3YeTCs
K03 QHUIIEHTOM TEMIIEPATYPOIIPOBOHOCTH a (M2/¢).

Koadduiment  temmepaTyporpoBOJHOCTH  XapaKTePU3YeT  CKOPOCTh  W3MCHCHHUS
TeMIIepaTypbl MaTepuaia U MOXKET OBITh ONIPEeACIEH 110 hopMyIie:

A
a=———:;

Cop
rjae A — K03 QUIMEHT TEIIONPOBOAHOCTH MaTepHraa;
Cp — yzenbpHas TEIIOEMKOCTh MaTepUala;
p — YIEJIbHBIN BEC MaTepuaa.

DJIeKTPONPOBOTHOCTD

Onekmponposoonocms y XapaKTepu3yeT ClIOCOOHOCTh MaTepHalia MPOBOJUTH AJIEKTPUUECKUMA
TOK. M3BeCTHO, 4YTO MeETaJUIbl XOpOWIO IPOBOAAT  JJIEKTPUYECKUM  TOK.  Xopoumias
91eKMPONPOBOOHOCMb METAJUIOB OOBSACHSAETCS HAJIUYMEM B HUX CBOOOJHBIX JJIEKTPOHOB,
oOmamaromux OOJIBIION TOJBM)KHOCTBIO, KOTOPBIE TOJ BIHMSHUEM Jake HEeOOJBIION pa3HOCTH
MOTEHINAJIOB CIIOCOOHBI MEPEMEIIATHCS OT OTPUIATEIBHOTO MOJIIOCA K TIOJI0KHUTEITEHOMY.

Ha 5>1exTpomnpoBOJHOCTh METaNIOB OKa3bIBaeT BIHsSHHE Temreparypa. C TOBBIIIEHHEM
TeMIepaTypbl YCUIMBAIOTCS KOJIeOaH!sI HOHOB M aTOMOB METAJJIOB, YTO 3aTPYAHSCT MEepEeMEIIeHNE
DIIEKTPOHOB IO  MPOBOJHUKY (MeTayuly) W TEeM CaMblM HOPHUBOAWT K  CHIIKCHHUIO
AIIEKTPOINPOBOIHOCTH. [Ipr HU3KHX TemmepaTypax KoseOaTelnbHOE BHKCHHE HWOHOB W aTOMOB
KPUCTAUTHIECKON PEmIETKH MPOBOJHUKA, HA00OPOT, CHIIBHO YMEHBIIACTCS U 3JIEKTPOIPOBOIHOCTD
pe3ko Bo3pacTaeT. Yike BOmu3m abcomorHoro Hys (—273,15°K) compoTuBieHne MeTamioB
MPAKTUYECKH OTCYTCTBYET.

JlydmuM mpoOBOTHUKOM 3JIEKTPUYECKOTO TOKA SBJIAECTCS cepedpo (Ag), 3a KOTOPBIM CIEAYIOT
Mmenb (Cu), 30m0to (Au), amomunuit (Al), xenezo (Fe). Hapsay ¢ MeaqHbIMU M3roTaBIMBAIOTCS U
ATIOMHUHHEBBIC JIEKTPUIECKUE TTpoBoAa (kabemn).

TenioBoe pacuiMpeHue MaTepuajioB

TenoBoe pacuupeHue TBEPABIX MaTepHAIOB  XapakTepusyercsa KoddduureHtamu
JMHEWHOTO U 00BEMHOTO TEIUIOBOTO PACIIMPECHHUSL.

Koappuyuenm  mennosozo  numeiinozo  pacuupenus o, 2pad’  —  BelMuuHa,
XapakTepu3ylolas N3MEHEHHE pa3MepoB oOpa3na auuHoi 1 M npu HarpeBanuu Ha 1°C. OH MoxeT
OBITH OTIpeeiEH 10 hopMyIie

.Y,
I, At ’
rae Al — pa3HOCTh JUIMH 00pa3iia MaTepualia 10 U Mocje HarpeBa, M;

lo — HavanpHas AyIMHA 00pasIa, M;

At — pa3zHocTh Temreparyp, K.

Kosppuyuenm 06vémnoco mennosoeo pacuiupenus f — OTHOCUTEIBHOE U3MEHEHHE 00bEMa
oOpa3la MaTtepuana npu U3MeHeHUH ero temmneparypsl Ha 1 K

B = AV
V,At




rae AV — pazHocTh 006EMOB 06pa3Iia 0 U TI0CIe HArpeBa, M-;

At — pa3HocTb Temnepatyp, K;

Vo — HavanbHbI 00BEM 00pasiia, M°.

[IpuunHO#l pacmmpeHuss TBEPABIX TEN MPU HATPEBAHUM SIBJISIETCS BO3PACTAHUE AMILIUTYbI
TEIUIOBBIX KOJIEOAHUN aTOMOB KPUCTAJUIMUECKON PEIIETKU OKOJIO MOJIOKEHUN PaBHOBECHS.

Tepmuueckoe pacmipeHue  sBisieTcs OJAHMM U3 Haumbosjee  BaXXHBIX  CBOMCTB
KOHCTPYKLIMOHHBIX MAaTE€pHaJIOB, IpPUMEHSEMBIX B KpuOreHHOW TexHuke. I[lokazarensamu
TEPMHUUECKOI0 PACIIUPEHUs MAaTEPUaJIOB ABJSAIOTCA TeMIEpaTypHble KOAPOUIUEHTH 00BEMHOIO 1
JIMHEWHOTO PaCIIMPEHHUS.

3HaHue KOAPPUIIMEHTOB TEIJIOBOIO PACHIUPEHUS KOHCTPYKLIMOHHBIX MAaT€pPHAaIOB MO3BOJISIET
IIpU IPOEKTUPOBAHUM M30€KaTh TUMUYHbIE OMMOKU. Tak, pa3nuuHble 3HaYeHUS KOA(P(UIUEHTOB
TEIJIOBOTO PACIHIMPEHUs] COMPSHKEHHBIX J€Tanel MOTyT MPUBECTH K BO3HUKHOBEHUIO BHYTPEHHUX
HaNpsHKEHUM, B pe3yJIbTaTe YEro MOKET MPOU30MTH pa3pylIeHUE BCEH KOHCTPYKIIUU.

OTtpaxarebHas CIOCOOHOCTH

Ompascamenvras cnocoOHOCMb — 3TO CIOCOOHOCTh METallyla OTPaXaTh CBETOBBIC BOJIHBI
OTIPEICIICHHOW JUTHHBI, KOTOPAasi BOCIIPHHUMAETCS YeJIOBEYCCKUM TI1a30M Kak I[BET. [[BeT MeTauios:
Mg — OGeno-cepsiif, Al — cepoBaro-6enbiii, Fe — romyboBaTo-0enbiif, Au —x&EnTeiid, Ag —
O€JIBIN U T. 1.

XapakTepHblii ~ MeTainyeckuil  Oneck  MeTauioB  OOYyCJOBJIEH  B3aUMOJEHCTBHEM
QJICKTPOMArHUTHBIX CBETOBBIX BOJIH CO CB06OI[HI)IMI/I QJICKTPOHAMH MCTAJIJIOB.

BOHpOC 2. Bausinue TEMIIEPATYPblI HA U3MECHCHUE MEXAaHHYECCKUX CBOMCTB MaTepuajioB

[ToBbIlIEHHBIE TEMIIEPATYpPbl OKa3bIBAIOT CYILIECTBEHHOE BIMSIHHE HA TAKUE MEXaHUYECKHE
XapaKTePUCTUKU KOHCTPYKIMOHHBIX MaTE€pUalioB, KaK IOJ3Y4ecThb U JUIUTEIbHAas MPOYHOCTb.
Ilonzyuecmvio Ha3bIBAIOT MEUIEHHOE HENPEPHIBHOE BO3pAaCTaHUE IUIACTUYECKOW (OCTAaTOYHOM)
negopManuu IMoJj BO3JIEHCTBUEM IOCTOSHHBIX HArpy3oK. /[numenvHou npouHOCmblo Ha3bIBACTCS
3aBUCHUMOCTb DPAa3pyLIAIOUIUX HANpsDKEHUH (BPEMEHHOI'O COINPOTUBIIEHUS) OT JJIUTEIIBHOCTU
sKkcruryaTanuu. CBoMCTBa MOJI3Yy4ECTH U JJIUTENBHON MPOYHOCTH MPOSBIIAIOTCS Y YIIEPOIAUCTHIX
cranedt npu T >300°C, nns nerupoBaHHbIX cTanied npu T>350°C. g allOMMHHMEBBIX CIUIABOB IIpU
T>100°C. HekoTopble MaTepualibl MPOSIBISIOT 3TU CBOMCTBA U ITPU OOBIYHBIX TEMIIEpATypax.

Mepoii oneHKH MOJI3ydecTH MaTepuaia SIBISETCS npeden noazydecmu — HaINpsHKEHHe, Mpu
KOTOpOM IUIacTUYecKas JedopManus 3a OINpeAeTeHHBbIH MPOMEXKYTOK BPEMEHHM JIOCTHIaeT
3aJlaHHOM BeJIMYMHBL. B HEKOTOPBIX Cllydasix COMPOTHUBIICHUE MOJI3YYECTH OLIEHUBAETCS BETMUMHOMN
CKOpocTH JedopMaldyd MO NPOIIECTBUM 3aJaHHOro BpeMmeHd. llpu oOo3HaueHuu mnpenena
MOJI3YYEeCTH YKa3bIBaeTCsl BEIUMUMHA JedopMaluy, BpeMs U TeMiieparypa ucneltanuil. Hampumep,
st xapornpounoro cruiaBa XH77THOP npu temmeparype 700°C 3a Bpems 100 dwacoB u
nebopmaruu  momdydectu  0,2%  mpemen  momsydectu  coctaBiusier 400 Mlla:

By 2n00(700) = 400 M 1T

[IpouHocTs MaTepuana IpU MOBBIIICHHBIX TEMIEpaTypax OLEHHBACTCS npeoesiom OnumenbHou
npouYHOCMY — HANPSDKEHHEM, TIPH KOTOPOM MaTepHall pa3pymaeTcsl He paHee 3aJaHHOTO BPEMEHHU.
[Ipu oOo3HaueHWM TIpenena JUIMTEIBHONW TPOYHOCTH  YKAa3bIBACTCS  IMPOJOJLKHTEIBHOCTD
HarpykeHusi u Temneparypa ucnbiTanus. Tak, st cimaBa XH77THOP npu temneparype 700°C u

& o (700) =330 MITa.

BpeMenu 1000 gacoB npenen AIuTenbHON MPOYHOCTH COCTABISAET

Bonpoc 3. Hepaspymarouue MeTOAbl HCCJIEI0BAHUA MEXAaHUYECKUX CBOMCTB METAJLJIOB M
CILIABOB.

Onpezle.ﬂelme TBép)IOCTI/I MaTepuajaoB

Teéépoocmb — 3TO MEXaHWYECKOE CBOHCTBO MaTepHaia, IOKa3bIBAIOIIEE €ro CIOCOOHOCTH
CONPOTUBIIATHCA NPOHUKHOBEHHUIO B HEro Apyroro, 6ojee TBEpaoro marepuana (rena). bonee
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TBEPIOE TENO SBISETCS CTaHIAPTHBIM M Has3blBaercs undenmopom. uaeHtop He nepopmupyercs
IIPU UCTIBITAHUH.

TBEpaOCTH MaTeprana OTpaXkaeT ero MPOYHOCTh U IUIACTHYHOCTh. VcnbiTanue Ha TBEPAOCTH
CUMTAETCSI CaMbIM JOCTYIHBIM H pacHpOCTPAaHEHHBIM BHJIOM MEXaHUYECKUX MCIBITAHUM.
HauGonpiiee npuMeHeHuEe MOMYyYMWIM CTAaTUYECKHME METOJbl HUCHBITAaHUS Ha TBEPAOCTh IIpH
BJIaBJIMBAaHUU HUHAEHTOpa: Meroa bpunemns, meron Bukkepca u wmeron Poksemna. Cxemsl
WCIIBITAaHUS MAaTEpUaIOB Ha TBEPIOCTH IO TaHHBIM METOJAM IPEICTABIECHbI Ha pucC. 1.

[IInpokoe pacpocTpaHEHUE 3TU METOABI UCIIBITAHUN MOJIYYHJIA B CHUILy TOTO, YTO JUIS 3TOTO
HE TpeOyIOTCs CHeIuaibHble 00pa3lbl. DTO HEpa3pyIIAIINE METOIbl KOHTPOJIA, OCHOBHBIC
METO/Ibl OLIEHKM KauecTBa IPOBENEHHOM TepMHYEeCKOW 00pabOTKM HU3AeNHi, KOHTAaKTHOM
MIPOYHOCTU M HM3HOCOCTOMKOCTH MOBEpXHOCTEH neranedt mamuH. O TBEPAOCTU CyIaT JIMOO IO
IMaMeTpy OTIedaTKa OT BJAaBJIMBaHUA Imapuka (meton bpunemns, puc. la), mubo no riydune
BJIaBJIMBaHUsl B MaTepuall ajaMa3Horo koHyca (meron Poksemna, puc. 16), uiam mo auaroHaiu
oTmeyaTKa aaMa3Hou nupamuiel (Metoa Bukkepca, puc. 16). KonnuectBenHoi oneHkoil TBEpaocTu
SIBJISIETCS] YUCJIO TBEPIOCTH, PABHOE OTHOIIEHUIO NMpHUKIIaapiBaeMoi Harpy3ku P (H, xI') k mmomanu
OBEPXHOCTH OTIeuaTka F (Mm?).

]

7z

Z o .
a} /

Puc. 1. Cxemsb1 onpenenennst TBEPAOCTH:
a — 1o bpunemnto; 6 — mo Poxenny; 6 — o Bukkepcy
Bo Bcex cnmyuasx HUCHBITaHUS TMPOWCXOAMUT IUTACTHYECKOE IehOpPMUPOBAHHE MaTepHala.
CoOTBETCTBEHHO, YeM OOJIbIIE COTPOTUBIICHNE MaTepualia IIaCTUYECKON AeGopMalum, TEM BBIIIE
€ro TBEPAOCTb.
OnpenesieHne TBEPIAOCTH MaTepHaIoB Mo MeToay bpunenis

HcneiTanue marepualioB Ha TBEPAOCTH MPOBOAAT Ha TBepaomepe bpunemns. Teépmocthb
MaTepuaia omnpeaeNsercs MyTéM BIABIMBaHUS B MaTepuall o0paslia CTaJbHOTO 3aKaJIEHHOTO WM
TBEPIOCIIABHOTO IIAPUKA, CIY)KAIIIETO B Ka4eCTBE UHJIEHTOpa — OoJiee TBEp0oro Tena (puc. la).

Teépnocts 1o Bpunenmo HB (B H/Mm?> unu B x['/MM?) ompejensercs Kak OTHOIIEHHE
MIPUJIOKEHHOM Harpy3ku P K riomaau cpepuiyeckoil MoOBEpXHOCTH oTieyarka F mapuka:

p=L - 2P , [H/mm']

2 2
F aDx(D—D* —d*)
rae d — nuamerp cepudeckoro oTrnevaTka, U3MEpPEHHbIN MOCJe CHATHUS Harpy3kud, MMm; D —
JIMaMeTp I1apuka (MHAEHTOpa), MM.
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Puc. 2. Cxema ucnbITaHuii MaTepuagoB Ha Puc. 3. Cxema omnpenenenust TBEpIOCTU O

TBEPAOCTH 1O MeTONy bpuHesns: Metoay PokBesia rpu BIaBIMBAHUU B

1 — unpenTop; 2 — oOpasel] U3 UCHBITYEMOTO  UCIBITYeMbI 00pasell ajMa3Horo KoHyca: Ao
MaTtepuaia; 3 — OMOPHBIN CTOJIMK Mpecca — yriy6iieHne KOHyca oJ JeHCTBUEM
bpunenns. npenBapuTesbHOM Harpy3ku Po = 100 H; 4

— yriy0iieHne KOHyca oJ JeHCTBUEM
oOuieit Harpy3ku P = Py + P;

h — riryOuHA 0CTaTOYHOTO BIABIMBAHUS
WHJICHTOPA MOCJI€ CHATUA Harpy3ku P; N —
CUJIa PEaKIUU ONOPBI OT AEUCTBUS
MIPUKIIAbIBAEMON HArpys3ku P; 1 —
UHIEHTOP (KOHYC); 2 — UCHBITYeMbII
obpaserr.

Uewm TBEpKE MaTepuall, TeM BhIie uncio TBépaoctu HB (Hardness Brinelle).

Huamerp mapuka D MoOXeT ObITh pa3IU4HbIM, B 3aBUCUMOCTU OT TOJILIMHBI UCHBITYEMOIO
oOpaszua. Jlns onpeneneHus: TBEPAOCTH METAIMYECKUX MaTEpUaJIOB PEKOMEHAYETCS] MPUMEHSTh
CTaJIbHBIE INAPUKH CIENYIOIUX auaMmeTpoB — 2,5; 5 u 10 MM U1 WcnbITaHHsS HA TBEPIAOCTH
00pa3LoB TOJIIIMHON COOTBETCTBEHHO A0 3; 6 u Oosee 6 mm. [l IapUKOB pa3HOro JuaMerpa
BBIOMPAIOT ONpEAeNEHHYI0 Harpy3Ky BJaBiIMBaHUs P 1 BpeMsl BBIIEPKKH 7 IIOJ1 TON Harpy3Kou.

Onpezle.ﬂelme TBép)IOCTPI MaTE€pHuaJloB 110 METOAY PoxBenna

[Ipu ompenenenun uuciaa TBEpHOCTH MO MeTony PokBemsa B MOBEPXHOCTh MarepHalla
UCOBITYeMOro  o0Opa3lla BAABJIMBAIOT HAKOHEYHUK (MHAEHTOpP) TMOJ  JEHCTBHEM  JBYX
MOCJIEIOBATENIbHO ~ TMpHUJIaraéMblXx Harpy3ok — mnpenasaputensHoit 100 H w  ocHOBHO#M
(npenBapurenbHas + ocHoBHass = oOmas 600, 1000 mau 1500 H). CormacHo stomy mertony, 3a
YCIIOBHYIO MepYy TBEPJOCTU IPUHUMAETCS TITyOMHA OTIleyarka.

B xauecTBe HaKOHEYHHUKOB JUIsl TBEP/ABIX MAaTEpUAIOB MIPUMEHSIOT aIMa3HbIi KOHYC C yIJIOM
npu BepunHe 120°% mist msarkux marepuanoB (1o HB 230) — cranbHOW 3aKajeHHbIN IIApUK

mmamerpom 1/16" (521,588 mm). TTocaen0BaTenbHOCTD HCIBITAHMIT P PA3HBIX MHACHTOPAX OXHA
U Ta Xe.

Harpyxenue ocymectBisercs B JBa dTana. CHayaja NpPUKIAAbIBAETCS IpeBapUTENbHas
Harpy3ka Po =100 H (10 xrc) ansi TJIOTHOTO CONPHUKOCHOBEHWS HAKOHEUHHUKA C HCIBITYEMBIM
obpaszuom. Ilox neiictBueM 3Toil Harpysku (Po) MHIAEHTOP BIABIMBAETCS Ha IIyOMHY /o (puc. 3).
3areM MNpUKIIAAbIBA€TCS OCHOBHAas Harpys3ka Pi, U B T€UE€HUE HEKOTOPOrO BpPEMEHHU JAEUCTBYET
obmas (oxkoHUarenpHas) pabovas Harpyska P = Po+ Pi. Ilog neiictBuem oOmielr Harpy3ku P
MHJICHTOP BIaBJIMBaeTCs Ha Tiyouny /1 (puc. 3). Ilocne cHATUS OCHOBHOM Harpy3ku P; OCTaBIsIIOT
peABapUTENIbHYI0 Harpy3ky Po. Ilpm sToM mox neiictBuem yrpyrod aedopmarid HUHIACHTOP
MMOJTHUMAETCSI BBEPX J0 YPOBHS /1, HO HE JOCTHraeT ypoBHs /o. Paznocts riyoun (h — ho) 3aBUCUT
OT TBEPAOCTH MaTepHualia; 4eM TBEPKE MaTepHall, TEM MEHBIIIE 3Ta Pa3HOCTb.

3HaueHue TBEPAOCTU OMNPEACISAIOT M0 INIyOMHE OCTATOYHOIO BJABJIMBAHMSI HAaKOHEYHHKA /1
non Harpyskoit P (puc. 3). ['myOunHy oTmeyaTka HW3MEpSIOT HWHANKATOPOM YacOBOTO THIIA,
yCTaHOBJIEHHOTO Ha mpubope ¢ nerou aenenus 0,002 mm.
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UYucno tBEpnocty, onpenenénnoe MmeroaoM Poksernna, o6o3Havaercst cumBosiom HR. OnmHako
B 3aBUCUMOCTHU OT (POpMbI UH/IEHTOPA, 3HAYECHUI HArpy30K BJABIMBAaHUS U IPUPOAbI UCIBITYEMOIO
Marepuana CUMBOJTy nobOasisieTcss OykBa A, unu C, wim B, 00o3Hayaromas COOTBETCTBYIOIIYIO
IIKal1y U3MCPCHUA.

OnpenesieHne TBEPIOCTH MATEPHAJIOB 10 MeToAy Bukkepca

Kak u B cinydyae nsmepenust tBEpaoctu no bpuHennto TBEPAOCTh 37€Ch TaKXKe OIpenesieTcs
10 BEJIMYMHE OTIIEYaTKa.

B kadectBe wuHIEHTOpa INIpU HCHOBITAHMM B MaTepuall BJABIMBAETCA  ajlMasHas
YyeTbIpexrpaHHas nupamuja ¢ yriaom npu Bepuune 136°. Ilpu stom npumensitor Harpysku P ot 50
1o 1200 H (5...120 krc). Ilocne casaTHs HArpy3Ky Ha 00pasIiie OCTAETCs OTIEYaTOK OT BHEAPEHHON
nupamuibl (puc. 1,4). I[locne cHSITHUS HAarpy3Ku BIABIMBaHUS U3MEPSETCS AMAroHajib OTIEYaTKa d|
(puc. 4).

Teépnocts mo Bukkepcy HV mpeacraBisier coboi HaArpy3Ky, IPUXOISIIYIOCS Ha €IUHUILY
MIOBEPXHOCTU OTIE€YaTKa, U ONPEAEeTCsl KaK OTHOIIEHUE MPUJIOKEHHOW HAarpy3ku P K IJIOaau
MTOBEPXHOCTH MUPAMUIATBHOTO OTIeyaTka F:

. a
2Psin —
P P
HV =—=— 2 18544
F d, d,
rae P — Harpyska (coctaBusieT 5...120 kr ¢); di — nauaroHanp oTnedyaTka (M3MeEpsieTcsl Mpu

MTOMOIIM MUKPOCKOIIA, YCTAHOBJIEHHOTO Ha mpubope); o = 136° — yroJ npu BepIIMHE MUPAMU/IBL.

UYucno tBéproctu no Bukkepcy obo3znauaercst HV ¢ yka3aHueMm Harpy3ku P U BpeMeHHU
BBIIEPKKH [OJ HAarpyskoil. PasmepHOCTh umcaa TBEpHOCTM (Krc/Mm>) He  CTaBUTCH.
[IpoAOmKUTENBHOCTD BBIIEP)KKM MHIECHTOPA O] HArpy3KoW NMpuHUMAroT mia crainerd 10 — 15¢, a
g uBeTHbIXx MetamuioB — 30 c. Hampumep, 450 HVio1s 03Ha4aer, 4To 4UCIO TBEPAOCTU IO
Bukkepcy 450 nmonydseno mpu P =10 krc (98,1 H), npunoxxeHHol K anMma3HOM mnUpaMuje B
TedyeHue 15 c.

Puc. 4. Cxema ucneiTanuii Ha TBEPAOCTH 10 Bukkepcy.

Tema Ne3. OcHOBBI TEOPUH CILUIABOB
Bonpoc 1. KoMmnoHeHTBI M (a3bl KeJ1e30yI1ePOAUCTIX CIIJIABOB

KomnonenTamu ene30yriepoaucTeiXx cruiaBoB sBisitores kenes3o (Fe), yrmepox (C) u
uemeHTut (FesC).

Keneso (Fe) —wmerann cepebpucro-cBeTioro 1msera. lMeeT BBICOKYIO TeMIIEpaTypy
riasnenus — 1539°C + 5°C.

B TBEpHIOM COCTOSIHMHM JKelle30 MOKET HaXOIUThcs B IBYX Momudukanmsx. [lomumopdabie
npeBpaieHuss npoucxonar npu temneparypax 911°C u 1392°C. Ilpu temnepatype nmxke 911°C
cymectByeT a-xene3o (Fe,), obmanaromee 00BEMHO-IICHTPUPOBAHHON KyOuueckoil pemérkoi. B
uHtepBasie temmeparyp 911+1392°C  ycroituuBbeiM  siBisieTcst  y-xkeneso (Fe,), obGnagaromiee
IpaHELEHTPUPOBAHHON KyOuueckoi pemérkoil. Bpime 1392°C  xene3o umeer 00bEMHO-
LEHTPUPOBAHHYIO KYOMUECKYI0 pelI€TKy U Ha3bIBaeTcs 0-xeine3o (Fes) miu BeicokoTeMnepaTypHoe
o-xene3o (Fe,).
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[Ipu Temneparype Huxke 768°C xene30 GpeppoMarHuTHO, a BhILIE — MapaMarHUTHO. Touka
Kropu xeneza — TeMmeparypa M3MEHEHHS] MAarHUTHBIX CBOMCTB jkKele3a, cooTBeTcTByeT 768°C m
o0o3Havaercs A».

XKene3o TexHMuecKOW UMCTOTHI 0OaanaeT HeBbICOKOW TBEpAOCThIO (80HB) M MPOYHOCTHIO
(npenen mnpouHoctu gz — 250 MIla, mnpemen Ttekyuectd or — 120 MIla) u BbeICOKMMHU
XapaKTepUCTUKaMHU IUIACTUYHOCTH (OTHOCUTENbHOE yiuHeHHue 0 = 50%, a OTHOCHUTEIbHOE
cyxxenue y = 80%). CBolicTBa MOTYT HM3MEHSTHCS B HEKOTOPHIX MpeNeiax B 3aBUCUMOCTH OT
BEJIMYUHBI 3€pHA.

XKemneso (Fe) xapakTepu3yercsi BRICOKUM MOMAYJIEM YIIPYrOCTH E, KOTOPBIM XapaKTePU3yIOTCs
M CIUIaBBl Ha €ro OCHOBE, Ojaromaps deMy OO0ecreurnBaeTCsl BBICOKAas KECTKOCTh M MPOYHOCTH
JEeTAJIed U3 ITUX CILJIABOB.

XKenezo co MHOTMMH 3JIeMEHTaMH 00pa3yeT pacTBOPHI: C METaIIaMH — TBEPABIE PAaCTBOPHI
3ameneHus, ¢ yraepoaoM (C), asorom (N) u Bogopoaom (H) — TBEpasie pacTBOpPBI BHEAPEHUS.

Yenepoo (C) otHocutcs k Hemetamiam. OH 001a1aeT siBJieHUEM noiaumopdusma. B
3aBHCHUMOCTH OT yCJIOBHUH oOpa3oBanus yriepo (C) MoxeT CylecTBOBaTh B opme rpaduta ¢
reKCaroHaJIbHOM CIIOMCTOM KPUCTALTUYECKOH pemeTkoi (Temmneparypa miasienus — 3500°C,
IJIOTHOCTh — p = 2,25 r/cm’) 1 B hopMe anmmasa co CI0KHON KyOUdecKoil peméTkoit
(temnieparypa miasienus — 5000°C). ['padur siBasieTcss MATKHUM MaTEpHAIIOM U 00J1a/1aeT HU3KOH
MPOYHOCTHI0. OIHAKO C YBETMYEHUEM TEMIIEPaTyphl IPOYHOCTh rpaduTa aHOMAIBHO PacTET: IPU
20°C gz = 20 MIla, a npu 2500°C g = 40 MIla. IIpu 2500°C rpadut npoyHee Bcex TYTOIIaBKUX
METaJUIOB.

B cmnaBax c¢ kemesoMm yriiepoa oOpasyeT nuO0 TBEpABIE PACTBOPHI BHEIPEHUs, JHUOO
xumudeckoe coeauHeHne — 1meMmeHTHT (FesC). Taxxe yraepon (C) MOXET HaXOIUTHCS B
CBOOOJHOM COCTOSIHUM B BUJE rpadura (B cepbIX 4yTryHax).

B cucreme «xeneso (Fe) — yrnepon (C)» cymecTtByroT cienyroniue ¢aspl: Kuakas ¢asa,
¢bepput (D), aycrenur (A4), uementut (L), rpadur (C).

Kuokaa ¢aza. B xuaxom cocrosinuu xenes3o (Fe) xopomo pactBopser yraepox (C) B
JFOOBIX TPOTIOPLIHSIX ¢ 0OPAa30BAHUEM OTHOPOTHOM KUJIKOU (Pa3bl.

Deppum (@) — tBEPABIN pacTBOp BHenpeHus yraepoa (C) B a-xenese (Fe,).

@eppuT HMeEET MEPEeMEHHYIO IPEIeNTbHYI0 PacTBOPHMOCTH YIIIEpoa: MUHUMAIBHYIO —
0,006% npu xomHaTHOM Temieparype (Touka (), makcuMaibHylo — 0,02% npu Temmnepartype
727°C (Touka P). Yrnepon (C) pacnonaraercs B AeeKkTax KpucTauimueckoi pemeérku xenesa (Fe).

[Tpu tremneparype Boimie 1392°C cymecTByeT BRICOKOTEMIIEPATYPHBINA (GEPPUT C TIPEACTIbHON
pactBopumocTsio yraepona (C) B o-xenese (Fes) — 0,1% npu temneparype 1499°C (touka H).

CpoiictBa Qeppura Oau3ku k coiictBaM kenesa (Fe). On msarox (tBépmocts — 130 HB,
npeaen npoyHoctd — oz = 300 MIla) u mmactuyen (oTHocuTenbHOE yumMHEHHE — 0 = 30%),
o0JasaeT MarHUTHBIMH CBOMCTBaMU /10 TemrnepaTypsl 768°C.

Aycmenum (A) — tBEPaBIN pacTBOp BHeapeHus yriepona (C) B y-xenese (Fe,).

B aycrenute yrnepon (C) 3aHMMaeT MECTO B LIEHTPE I'pPaHELUEHTPHUPOBAHHOM KyOHUecKOM
STYEUKH. AYCTEHUT UMEET MEPEMEHHYIO MPEACIIbHYI0 PaCTBOPUMOCTH yriepoa (C): MUHUMAaIbHYIO
— 0,8% mpu Temmnepatype 727°C (Touka §S), makcumanbHyo — 2,14% npu temmnepatype 1147°C
(Touka E).

Aycrenutr umeer TBEprocth 200...250HB, miactudeH (OTHOCHTEIbHOE YAJIMHEHUE €ro
coctasisieT 0 = 40...50%), obnagaeT napaMarHUTHBIMH CBOMCTBaMH.

U B deppute 1 B ayCTEHUTE MOTYT PAaCTBOPSTHCS MHOTHE JIETHPYIOIIUE IEMEHTHI, 00pa3ys
TBEPIBIC PACTBOPHI 3aMEIICHUS U PE3KO M3MEHsIsi UX CcBoiicTBa. Kpome ToTro, IerupoBaHre MOXKET
3HAYUTEIHHO H3MEHSTh TEMIIEPATypPHBIE TPAHUIIBI CYIIIECTBOBAHUS (a3.

Ilemenmum (I]) — xumuueckoe coenunenue xenesa(Fe) c yrameponom (C) (xapbun
xenes3a (FesC)), conepxaree 6,67% yraeponaa (C).

Lementut (FesC) He wucnbIThIBaeT MNOAUMOPGHBIX MpEeBpallleHuid Npu  U3MEHEHHH
temreparypbl. Kpucramnuueckass pemérka nementuta (FesC) coctouT u3 psaa OKTa’apoB, OCH
KOTOPBIX HAKJIOHEHBI IPYT K JPYTY.
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Temneparypa mnasnenus nementura (FesC) Touno He ycTaHOBIIeHa (IO pa3HbIM JIaHHBIM OHA
coctaBisier 1250°C wmm  1600°C). ITlpm wHm3kux Ttemneparypax uemeHTHT (FesC) cmabo
(deppomaruuTeH. MarHuTHbIE CBOMCTBA OH TepsET Npu TemrepaType okoio 217°C.

Hementut (Fe3C) numeer BbicOKyt0 TBEpIOCTH (6osiee 800 HB, nerko maparmaer CTEKI0), HO
OUYEHb HU3KYIO0, MPAKTUYECKH HYJEBYIO, IJIACTUYHOCTb. TaKkue CBOMCTBA SIBJISIOTCS CIEACTBHEM
CJIOKHOTO CTpOeHUs Kpuctaumrmaeckoil pemérku nementuta (FesC). C xuMuueckuMu 3JeMeHTaMu
uemeHTHT (Fe3C) crmocoben 06pa3oBbIiBaTh TBEPIBIE PacTBOPHI 3aMenieHus. Atombl yrieponaa (C)
MOTYT 3aMemiaThcsi aroMamMu HemeTawioB: a3otoM (N), kucmopogom (O); atomsr xenesa (Fe) —
MeTtamamu: MaprasueM (Mn), xpomom (Cr), Bonbppamom (W) u ap. Takoil TBEpbIil pacTBOp Ha
6a3e pemérku nementuta (FesC) mosyunsn Ha3BaHUE 1e2UpOBAHHbIU YeMeHmUm.

Hementut (FesC) — coenmuHeHne HEYCTOWYMBOE W TIPM HArpeBe pacmagaeTrcs ¢
obpaszoBanuem cBobogHoro yriepoaa (C) B Buume rpadura. DTOT MPOLECC HMEET BaKHOE
MIPaKTUYECKOE 3HAUYEHHUE NPU CTPYKTYPOOOPa30BaHUN YYT'YHOB.

B xene3oyriaepoaucTeix cruiaBax BblAEAIOT Tpu Buja nementura (FesC) B 3aBucumocTtu ot
TeMIlepaTrypbl 00pa3oBaHMs: ILIEMEHTHUT INEpPBUYHBIN (1]1), EMEHTUT BTOPUYHBIN (L{11), LEMEHTHUT
TpeTruHbIi (Lfi).

Jeoeoypum (JI) — MexaHUUECKasl 3BTEKTHUECKas CMECh (IBTEKTHKA) KPUCTAJUIOB ayCTEHUTA A
u uementura [/ B unTepBane temmnepatyp 727 — 1147°C, u nepnuta I1 (cM. u uementura ] npu
temmneparypax Hmwke 727°C, conepxkamas 4,3% yraepona (C).

Bonpoc 2. [Ipouecchl Npu CTPYKTYPOOOPA30BAHNH KeJ1€30YTI€POAUCTHIX CIIJIABOB.
CTpYKTYPBI Kej1e30yI1epPOANCTHIX CIIJIABOB

[IpeBpanienue aycreHMTa B NEPIUTHBIE CTPYKTYpPhl IIPOMCXOAUT IIPU  MEJICHHOM
OXJaXJIEHUH, cBsizaHo ¢ auddysueir  yraepona (C), compoBOXKIAETCS  MOIUMOPGHBIM
npespaienuem Fe, — Fe,, Boiaenenuem yriaeposaa (C) u3 aycreHurta, 00pa3oBaHUEM XUMUYECKOTO
coemuaeHus — nemeHTuTa (FesC) u ero pacnpenenenueM no o0bEMy Matepuaia. Y CIOBHO JaHHOE
MpeBpaIleHNue MOKHO 3aIMCcaTh CIEIYIONIIM 00pa3oM:

Fe,(C) — Fe,(C) + FesC.

Ilepaium oGpa3zyercst mpyu NePeoXIaKICHUH ayCTeHHuTa 10 Temmneparypel 7= 727...650°C mpu
CKOpoCTH OXJaXIeHUS Voxn = 30...50°C/c. Ero obpazoBaHue BO3MOXHO TPH MaJIBIX CTETICHSIX
nepeoxyaxaenus AT Hwxke nuHun PSK muarpammel «Fe-FesCy» B obGnactu Temmepatyp 727 —
650°C. Crpykrypa xapakrtepusyercss TBEpHOcThi0 Tmopsiaka 180...250HB wu cTemneHsto
JCTIEPCHOCTH MIACTHHOK HeMeHTuTa — Ao = (0,5...0,7)-10° M.

Copbum o0pasyercs npu MepeoxIaXICHUU aycTeHuTa 10 temneparypsl 7 = 650...600°C npu
cKopocTH OXJaxaeHusi Vox: = 50...60°C/c. CtpykTypa XapakTepu3yeTrcsi TBEPAOCTHIO MOPsIKa
250...350HB, cTeneHsio AUCIEPCHOCTH MIACTHHOK HeMeHTuTa — Ao = (0,1...0,5)-10% M, BBICOKHM
MIPEJICIIOM YIIPYTOCTH, JOCTATOYHOW BS3KOCTHIO M MPOYHOCTHIO. CTaaM CO CTPYKTYypo#l copOmTa
MMEIOT HauOOJBIIYIO TUIacTUYHOCTh. CTpyKTypa Ha3BaHa B uecTh yuéHoro [. CopOwu.

Tpoocmum obOpa3zyercs TpH MEPEOXIKICHUN aycTeHuTa a0 Temmepatypsl 1 = 600...550°C
pu  CKOPOCTH OXTAXACHUS Voxn = 60...100°C/c. TBEPAOCTH CTPYKTYPHI COCTABIISIET MOPSAKA
350...450HB, creneHb NUCIEPCHOCTH MIACTHHOK HeMeHTHTa — A¢~ 110" M. Crpykrypa
XapaKTepU3yeTCs BBICOKHM IPENEJIOM YIPYrOCTH, MAaJOW BS3KOCTBIO M  IIACTUYHOCTHIO.
CrpykTypa Ha3BaHa B uecTh yuéHoro Tpycra.

Mapmencum — TEpechIIEHHbII MeTacTaOWIbHBIM  TBEPHABIM pacTBOpP BHEIPEHUS
yriepoaa (C) B a-xenese (Fe,). Xapakrepusyercs: HCKaXXEHHOW KPUCTAUIMYECKON PEIIETKOMN, YTO
BBI3BaHO M30BITOYHBIM KOJIMYECTBOM BHEAPEHHBIX aTOMOB YIiepona, OOJBIIOW IUIOTHOCTHIO
auciokauui, u BbIcOKOM TBEpHocThio (HRC60 — 65). OOpasyercss MapTE€HCUT IpPU CKOPOCTH
oxnaxaenus 150 — 200°C/c. CkopocTh pocTa KPUCTAIIIOB MAPTECHCUTA OYEHBb BEJIUKA U JOCTUTAET
1000 M/c. MapreHcuT umeeT HauOOJNbIIMI YyIENbHBIE OO0OBEM IO CPAaBHEHUIO C JPYTUMHU
CTPYKTYPHBIMH COCTABJISTFOIIUMH CTajie, 0COOGHHO C ayCTEHHUTOM, M OOJIaJaeT MarHUTHBIMH
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cBoiictBamMu. OH SBJSIETCS OCHOBHOHM CTPYKTYpHON COCTaBIISIIOIIEH 3aKal€HHBIX cTajled u
ompeznenser ux cBoicTBa. CTpyKTypa MapTEHCHUTa Ha3BaHAa B YECTh HEMELKOro Y4E€HOIo-
Metamutypra A. Maprenca (1850 — 1914 rr.).

Tema Ned JKene3oyriiepoaucToie CIIaBbI
Bomnpoc 1. JlerupoBaHHbIe CTAJIH, HX KJIACCHPUKALMSA, MAPKUPOBKA H 00J1aCTh IPUMEHEHUS

JlerupoBaHHble CTalu KIaCCUPUUMPYIOTCS MO CTPYKTYpe B PABHOBECHOM COCTOSIHMM, IIO
CTPYKType IOCIIE€ OXJIXICHHUS Ha BO3JyXe, IO KOJMYECTBY JIETHMPYIOIIUX JJIEMEHTOB M IO
Ha3HAYCHHUIO.

ITo paBHOBecHO# CTPYKTYpe JIerHpOBaHHbIE CTAJM Pa3esiloT Ha:
1) nosBTEKTOUIHBIE (COAEPKAT N30BITOYHOE KOJIMUECTBO (peppuTa B CTPYKTYpE);
2) 3BTEKTOUAHbBIE (MMEIOT MEPIIUTHYIO CTPYKTYPY);
3) 3asBTEKTOUAHBIE (C N30BITOYHBIMU KapOUaMu B CTPYKTYpE);
4) neneOypuTHbIe CTaU (B CTPYKTYpE MPUCYTCTBYIOT IEPBUYHBIE KapOUIbl, BEIACTUBIINECS U3
KUJIKOU (Hassl).
ITo cTpykType nmocJie oxJiazkaeHUus1 Ha BO3AyXe (HOpMa/IU3aluu) pa3jinyaloT cjelyoue
JIerHpOBaHHbIE CTAJIN:
1) nepauTHble CcTanu (XapakTEpU3YIOTCS HEBBICOKOM YCTOWYMBOCTBIO —MEPEOXJIAKIEHHOIO
ayCTEHUTA);
2) MapTEHCUTHBIE CTAIU (XapaKTEepU3yIOTCS BHICOKON YCTOMYMBOCTHIO AYCTEHUTA);
3) aycTeHUTHBIE CTAJIN (COXPaHAIOT ayCTEHUTHYIO CTPYKTYPY [P KOMHATHON TeMIIepaType).
I1o xoMYecTBY JIETHPYIOLIUX 3JIEMEHTOB Pa3IUYAOT CTAJIM:
1) HE3KOJErupOBaHHbIE (COaepKaT 10 2,5% JETUPYIOMHKX FIEMEHTOB);
2) cpennenerupoBanubie (comepxar 2,5 — 10% merupyronmx 3JeMeHTOB);
3) BICOKOJIErMpOBaHHbIE (comepkat 6osee 10% Jerupyrommx 31eMEeHTOB).
I1o Ha3HAYeHMIO PA3JIMYAIOT TPU IPYNIIbI JIETHPOBAHHBIX CTAJICH:
1) KOHCTPYKIIMOHHBIE (MAIIMHOCTPOUTEIbHBIE U CTPOUTEIIBHBIE);
2) MHCTPYMEHTAJIbHBIE (IITAMIIOBBIE, JUISI PEXKYILIETO U U3MEPUTEIILHOTO HHCTPYMEHTA);
3)cranu ¢ 0COObIMM (DU3MUECKHUMHU U XUMHUYECKHMMH CBOMCTBAMHU (KOPPO3MOHHOCTOWKHE,
KAPOIPOUHbIE, JIEKTPOTEXHUYECKNE, MArHUTHBIE U JP.).

MapkupoBKa JIerHpOBaHHBIX CTaJIeil

B namelt ctpane npussTa OykBeHHO-LU(]pOBasi cucTeMa MapKUPOBKHU JIETUPOBAHHBIX CTaJleH.
Kaxxnas mapka cranu cofepKuT onpeen€éHHoe coueTanue OykB U uudp.

B MapkupoBke JerupoBaHHBIX CTaJledl NPUHATHL Cleayrolue OyKBEHHbIe OO0O3HAUEHHUS
JIETUPYIOIIUX 3JIEMEHTOB!

A — azor (N); T — turan (T1); C — kpemuuii (S1); © — Bananuii (V); X — xpom (Cr); K
— xo6ainbt (Co); I — menn (Cu); I[1— docdop (P); B — Bomsdpam (W); H — nuxens (Ni); O
— amomunuii (Al); E — cenen (Se); 1| —uupkonwii (Zr); M — wmomubaen (Mo); ' —
mapranen (Mn); P — 6op (B), b — nuo6uii (Nb). Otu OykBbl B coueTaHuu ¢ nudpamu o0pasyoT
MapKy CTaJId U JAl0T €€ XapaKTePUCTUKY.

Jlis MapoK KOHCTPYKLIIMOHHBIX JIETMPOBAHHBIX CTajlell IepBble JABe LU(QPBI MMOKa3bIBAIOT
CoJiep’KaHue yriieposa B COThIX JOJIAX npoueHTa. HavanbHyto nudpy ynyckaroT, eciii coJepKaHue
yriepoaa C okono 1% u 6onee. Ecinu comeprxkanue nerupyromero anemMenTa oosbiie 1%, To moce
OYyKBBI, yKa3bIBaIOLIEHl XMMHUYECKUN HJIEMEHT, YKa3blBaeTCsl €ro CpejHee 3HayeHHe B LENbIX
npoueHTax. Eciau conepikaHue JEeTHpYIOIIero 3JIEeMEHTa MeHblle Win okoio 1%, To mocie
COOTBETCTBYIOIICH OYKBBI IM(dpa HE cTaBUTCA. bykBa A B KOHIIE MapKHPOBKM 0003HAYaeT, YTO
JaHHAsl CTaJlb BBICOKOKAUECTBEHHAs, COJEp)Kallasi MEHbLIE BpeAHbIX Ipumeceid (ceppl S u
docthopa P). Hanpumep, 12X2H4A — »sT0 nerupoBaHHasi CTajib, BBICOKOKAUYECTBEHHAS, C
coaepxanueMm 0,12% C, 2% Cr, 4%Ni; crans ['13 — nerupoBannas cranb ¢ coaepxkanuem 1% C u
6onee, 13% Mn. [lns rpynn cnenuaibHbIX cTajeil, 0003HaYeHHbIX B Hayalle MapKUPOBKU OJIHOM
oyksoii P, I11, E, O npunsTHIEC NpaBUia MapKUPOBKU HE NOAXOAIT. O HUX OyJEeT paccKkazaHO HIKE.
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PacnpenesieHue JJerupyommx 3J1eMeHTOB U UX BJHMsIHNE HA CBOMCTBA cTaslei

JlerupoBanuble cranmu, Onarojapsi HaJWM4MIO JIETUPYIOIIMX  DJIEMEHTOB, 00JadaroT
LEHHEHIIMMH CBOMCTBAMHU, KOTOPBIX HET Y YIVIEPOAUCTBHIX CTalel, U HE UMEIOT UX HEIOCTATKOB.
[IpuMmeHeHre JErMpoOBaHHOM CTalM SKOHOMUT MaTepuall, MOBBIIIAET JOJTOBEYHOCTh W3JEIH,
CHIDKAET Maccy, yBEJIMYMBAET MPOU3BOJUTENBHOCTh. B MpOrpeccuBHON TEXHUKE JIETUPOBAHHBIE
CTaJId UMEIOT pelIaroliee 3HaueHue.

Jlerupyromiyue 31€MEHTHl OKa3bIBAIOT CIEAYIOIIEEe PAa3HOCTOPOHHEE BIUSHHE HAa CBOWCTBA
CTaJIu.

Xpom (Cr) — conepxurcs B cransx B kommuectBe 0,8...1,2% wu sBAseTcss OCHOBHBIM
JETUPYIOIIUM 3JIEMEHTOM. XpOM TMOBBIIIAET MPOKAIUBAEMOCTb, CIHOCOOCTBYET IOJIYyUYEHHUIO
BBICOKOW M PaBHOMEPHOW TBEPAOCTH CTaJH, MOBBIMIAET TBEPJOCTh U KOPPO3ZHOHHYIO CTOMKOCTD.
[Topor xy1agHOIOMKOCTH XpOMUCTBIX cTaneit — 0...—100°C;

Huxkeas (Ni) — npuaa€t BRICOKYIO TPOYHOCTH, TNIACTUYHOCTh U KOPPO3HOHHYIO CTOUKOCTH
cTaiisiM. BBeneHue B XpOMHCTbIE CTajld HUKENS 3HAUYUTEIbHO MOBBIIAET IPOYHOCTh H
MIPOKAJIMBAEMOCTb, CHHMXKAET IMOPOT XJIAJHOJIOMKOCTH, HO IPHU 3TOM IMOBBIIIAET CKIOHHOCTH K
OTITYCKHOM XPYIKOCTH (3TOT HEJAOCTATOK KOMIIEHCUPYETCSl BBEJIEHUEM B CTaslb MoJsinbaeHa (Mo)).
XPpOMOHUKENEBBIE CTANIM, 00JIaJal0T HAUITYYIIUM KOMIUIEKCOM CBOMCTB. OJJHAKO HUKENb SBIISIETCA
NeQUIUTHBIM METaUIOM, U MPUMEHEHUE TaKuX cTajell orpaHuyeHo. 3HAUYUTEIbHOE KOJIMYECTBO
HUKEJS B CTaJIAX MOXKHO 3aMeHUTh Melpio (Cu), OJHAKO 3TO HE MPUBOJAUT K CHUKEHHUIO HX
YAApHOU BSI3KOCTH;

Boasdpam (W) — yBennuuBaeT TBEPIOCTb U KPACHOCTOMKOCTD (TEPMOCTONKOCTH);

Banaamii (V) — DoOBBIIIAET IIOTHOCTB, IPOYHOCTH, COMPOTUBIICHUE YIAPHBIM HAarpy3skam U
MEXaHUYECKOMY H3HOCY. BaHanguii, BBENEHHBIM B COCTaB XPOMHCTBIX CTajl€dl B KOJUYECTBE
0,1...0,3% cnocoOCTBYeT U3MENbUEHUIO 3€pHA, TOBBIIIAET IPOYHOCTH U YIAPHYIO BSI3KOCTH;

Kob6anbT (Co) — noBbILIAET )KapONPOYHOCTh U MATHUTHYIO IPOHUIIAEMOCTD;

Monaubaen (Mo) — yBEIMUYMBAET KPACHOCTOMKOCTb, MEXAaHWYECKYIO IPOYHOCT,
CONPOTHBIIEHUE OKUCJICHHUIO NPH BBICOKUX TemmepaTrypax; BBenenue monubaeHa B HEOOJbLIMX
kosmuectBax (0,15...0,46%) B XpoMHUCTBIE CTalu YBEIWYUBAECT WX MPOKAIUBACMOCTb, CHUKAET
nopor xnagHosioMkocTH 10 —20...—120°C. MonubaeH crnocoOCTBYeT YBEIMYEHHIO CTaTUYECKOM,
JMHAMHYECKONW M YCTaJOCTHOW NPOYHOCTH CTalel, YCTPAaHSET UX CKIOHHOCTb K BHYTPEHHEMY
okucieHuo. Kpome Toro, OH CHU>KaeT CKIIOHHOCTh K OTIYCKHOW XPYINKOCTH CTajel, coJepKaliux
Hukenb (Ni).

Marumii (Mg) — npu conepkanuu cBbiie 1% yBeauuuBaeT TBEPIOCTh, U3HOCOCTOMKOCTD,
COINPOTHBIIEHUE YAAPHBIM Harpy3Kam;

Mapranen (Mn) — yBeIMYMBAET MPOKAIMBAEMOCTh CTalld, OJHAKO COAEHCTBYET POCTY
3€pHa, U MOBBIIIACT MOPOT XJagHooMKocTH 10 +40...—60°C;
Turtan (Ti) — BBOmuTCS B cramb B HeOompmmx kommuectBax (~0,1%), cmocobcTByeT

ITOBBIIIECHUIO ITIPOYHOCTH M KOPPO3NOHHOM CTOMKOCTH; B XPOMOMAPIraHUEBbIEC CTAIX BBOJAMUTCS IS
M3MENbYCHUS 3€pHA;

AmomuHuii (Al) — MoBBIIIAET OKATMHOCTONKOCTD;

Bop (B) — BBOmUTCA B CTalib B HEOOJBITUX KOJUYECTBAX, YBEJIMUYMUBACT MPOKAIUBACMOCTD
CTaJIH, TIOBBIIIAET OpOT XyagHoIoMKocTH +20...—60°C;

Huo6uii Nb — moBhIIIaeT KUCIOTOCTONKOCTD;

Menp (Cu) — ymeHbIIaeT KOPPO3HIo;

Kpemunii (Si) — noBbllIaeT yaapHyio BS3KOCTb CTaJeld U TeMIEepaTypHbIN 3arac BA3KOCTH.
[Ipyn nermpoBaHMM XpOMOMApPraHLEBBIX CTAJNECH KPEMHHUEM IIOIY4aroT, CTAIM — XPOMAaHCHIIb
(20XT'C, 30XI'CA) (cM. HmKE). DTH CcTamu O0JIAMAIOT XOPOIIMM COYETAaHHUEM MPOYHOCTH U
BSI3KOCTH, XOPOILIO CBAPUBAIOTCA, IITAMITYIOTCSI K 00padaThIBalOTCS PE3aHUEM.
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Obaactb NPUMEHECHHUS HEKOTOPLIX JICr'HPOBAHHBIX crajeii

OO6sacTh TIpUMEHEHUS KOHCTPYKIIMOHHOW JIETUPOBAaHHOM CTaJiM O4YEHb Beiuka. Hawmbonbimee
pacnpocTpaHeHue NOTYYHIIN CIEYIOIINE CTaIH.

Xpomucmuvle cmanu, oOnajnaroue Xxopoueid TBEPAOCTbIO, MPOYHOCTHIO, CPABHUTEIBHO
Henoporue. K Hum otHocsarcs cramm mapok 15X, 20X, 30X, 45X, 6opcoxepxamme 40XP, c
nupkonuem 40X11.

Mapeanyesvie  cmanu, wanpumep 15, 201, 40T, 4512, otauyaromuecs
M3HOCOYCTOMYMBOCTHI0. OCOOEHHO M3HOCOYCTONYMBA CTaIb Mapku ['13, KOTOpYIO MPUMEHSIOT IS
I'YCEHUI[ TPAKTOPOB, KEJIE3HOJOPOKHBIX CTPEIIOK.

Kpemnucmoie u  xpomoxkpemuucmoie cmanu (33XC,  55XC), oOnamaromme BBICOKOU
TBEPAOCTHIO U YIIPYTOCTHIO; MPUMEHSIOTCS JJIs IPY>KHH, PECCOP.
Xpomosanaouesvie cmaiu (45X, 40X®DA) o0cob0 mpouHBIC, IUIOTHBIE, XOPOIIO

MIPOTUBOCTOSIIME UCTUPAHUIO, IIPUMEHSIEMBIE JUIsl aBTOMOOUIIBbHBIX JI€TalIel, OCeil, BaJoB.
Xpomomonuboenosvie cmanu (20XMA, 30XMA) odyeHb IPOUYHBIE, XOPOLIO CBAPUBAIOIIKECS,
HITaMITyIOLIMECS, UCIIOIb3YEMBbIE JUIsSl OCEH, POTOPOB.

Xpomomapeanyesokpemnucmole cmaiu — xpomancwin (25XI'CA, 30XI'CA), kortopsie
3aMEHSIFOT XPOMOMOJIMO/IEHOBYIO CTallb U 3HAUUTENIBHO JCILIeBe e€.
Xpomonuxeneevie cmanu (12X2H4A, 20XH3A), oueHb MpOYHbIE U IUIACTUYHBIE;

MIPUMEHSIIOTCS /711 U3TOTOBJICHUS KOJICHYAThIX BAJIOB, IOPIIHEH, fAeTaneil TypOuH.
Jlecuposannvie uncmpymenmanvuvle cmanu (cranp 9XC, crans XBI') npumensercs s
M3TOTOBJICHUS PEKYILEro, U3MEPUTEIBHOIO U YAApHO-IITAMIOBOIO MHCTpyMeHTa. OHU TBEpKE U
MIPOYHEE YIIEPOJUCTON CTANIM, XOPOIIO MPOTUBOCTOST YAAPHBIM HArPy3KaM.

W3 nernpoBaHHBIX MHCTPYMEHTAIBHBIX CTAJIEd U3rOTaBJIMBAIOT:

1) pexxymuii ¥ U3MEpUTEIbHBIA HHCTPYMEHT — (pe3bl, CBEpPIA, METUUKHU, Pa3BEPTKH, JieKalia
(ocHOBHOE TTpUMEHEHHUe Tt 3Toro Hanw ctau Mapok 9XC, XI'C, 9X5SBO, 85X6HDT);

2) wTaMnbl ropsyeil IMTaMIOBKH, Hpecc-popMbl, (GOpPMBbI A JUThS MOJ AABJICHUEM
(oCHOBHOE TTPUMEHEHHUE TS 3TOTO HanuM ctaym Mapok 7X3, SXHM, 55XT'CJI14X8B2);

3) mraMibl XOJOJHOM IITaMIIOBKHU (OCHOBHOE NMPUMEHEHHE JJIS 3TOT0 HAILIX CTald Mapok
X6H®D, X12BM, X120, 7X12BM).

Bomnpoc 2. Cnoco0bl mosty4eHusi YyryHOB Pa3JIMYHbIX TUIIOB M MX MapkupoBka. Ilpouece
rpapuTuszanun. PaKkropsl, cnocodCcTByOIIME rPapuTH3ANNU

Yyeynamu HazwpiBatoTCs cruiaBel kenesa (Fe) ¢ yrmepogom (C), ¢ conepkanuem yriaeposa (C)
ot 2,14% no 6,67% (macc.).

[Io cpaBHEHMIO CO CTaJSIMM YYTyHbl 00JIaAalOT NMOHM)KEHHOM TeMIlepaTypoi IJIaBJICHUS U
XOPOLIMMHU JINTEWHBIMH CBOWCTBaMHU. 3a CY€T 3TOr0 U3 YYIr'yHOB MOXKHO J€JIaTh OTJIMBKH
3HAYUTENILHO 0oJiee CI0KHOM (OPMBI, YeM U3 CTAJICH.

BbImmaBiasifoT 4yryHbl B JIOMEHHBIX II€4aX WM BarpaHkax. B IJMTeHHOM dYyryHe OOBIYHO
coaepxutcs He Oosee 4,0% yriepona (C). Kpome yriepoaa 00s3aTebHO MPUCYTCTBYIOT PUMECH
S, P, Mn, Si, npuuém B 3HAYUTEIBHO OOJIBIIEM KOJIAYECTBE, YE€M B YIJIEPOAUCTOM cTanu. B
OTJIMYME OT CTajell 4YyryHbl 3aKaHYMBAIOT KPUCTAIM3ALMI0 OOpa30BaHMEM 3BTEKTUKU
(leneOypuTa), ONMpenesstonel UX TEXHOJOTMYECKHUE CBOMCTBA (XOPOLIYIO KUIKOTEKY4YeCTb), U
00Ja/1at0T HU3KOM CIOCOOHOCTHIO K IIacTUYecKoi aedopmaru. B 0ObIYHBIX YCIOBUSIX YYT'YHBI HE
MO/JIAI0TCS KOBKE.

Benvimu uyeynamu Ha3bIBaIOTCS YyryHbl, KpUcTawinayoomuecs no auarpamme «Fe-FesCy, B
KOTOPBIX BECh YriepoJ (uiau OOJblIasi €ro 4YacTh) HAXOAUTCS B XMMHUYECKU CBA3aHHOM C YKEJIE30M
cocrosiHun B Bujae uemeHtura (FesC). VX momydaroT mpu BBICOKOM CKOPOCTH OXJIQXJIEHUS U
HaJIM4uu Kapouaooopasyromux anemMenToB — Mn, Cr, S, W. B cTpykType OenbIX UyryHOB UMEETCS
BBICOKOYTJIEpoauCcTast 3BTeKTHKA — Jedebypum (C =4,3%) — MexaHUuecKas 3BTEKTHUECKas
CMECh ayCTEHUTa W IMEpPBUYHOrO LieMeHTuTa (L[;) B mHTepBasne temmeparyp 1147°C — 727°C, un
MEXaHWYeCKas IBTEKTHUECKasi CMECh MEPJINTa U [EMEHTUTa pu Temneparypax Hmke 727°C. CBoé
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Ha3BaHWE Oenble YYT'YHBI IMOJIYYWJI 10 BHIY HW3JIOMa, KOTOPBI MMEEeT MaTOBO-OENbIi IBET H
oOmamaer MeTalIMUecKuM OsieckoM. benpie YyryHbl W3-3a TPHUCYTCTBUS B HHX OOJIBIIOTO
konmyecTBa 1iementuta FesC obnamaror Beicokoi TBEpaocThio (HB 450 — 550) m xpynkocTsio,
MPAKTUYECKH HE MOJAI0TCS 00paboTKe PeXXYyIIMM MHCTPYMEHTOM. B 3aBHCHMOCTH OT conepiKaHUs
yraepona C  Genble YyryHbBl TI0 pPaBHOBECHOW CTPYKType paslelssioT Ha JOIBTEKTHYECKHE,
ABTEKTHUYECKUI U 3a9BTEKTUYCCKHUE.

bernbie ayryHbl HCTIONB3YIOTCS B OCHOBHOM KakK nepedeiibHbie — B KauecTBe moJrydadpukara
IUTSL TIPOM3BOJICTBA CTAJIM M CEPOT0 KOBKOTO UYT'YHA.

Cepvimu yyeynamu HA3BIBAIOTCS YYTYHBI, KPUCTAJUIM3YIOMIMECS N0 quarpamme «keneso (Fe)
— rpadur (C)», B KoTOphIX OOsbmas 4yacth yriaepona (C) HaAXOOUTCA B CTPYKTYPHO-CBOOOIHOM
cocrosiHuM — B BuJe BKiItoueHui rpadura (C). I'padut (C) aBisercs HeMeTauIMuecKod ¢a3oii,
03TOMY TpaUTHBIE BKIIOYEHHS] PE3KO MOHMKAIOT MPOYHOCTh (OCOOEHHO NpU PACTSIKEHUH) U
IUTACTUYHOCTh YYT'YHOB, TaK KaK HApPYyNIAOT CIUIONIHOCTh METaJUTMYECKOi OCHOBHL. CTereHb
MOHIDKCHNST MEXaHHYECKMX CBOWCTB OOYCIIaBIMBACTCS KOJMYECTBOM M (POpPMOI BKIIOYCHHI
rpaduTa, a Tak)Ke X pa3MepaMy U PpaBHOMEPHOCTBIO PaCIpeIeIICHHSL.

I pagpumuzayueri Ha3bIBae€TCS NpPOLECC BbIAENEHUS TpaduTa MNpU KPUCTAUIM3ALMU WU
oxnaxaeHnu criaBoB jxenesa (Fe) ¢ yrmepomom (C). I'padur MoxeT 00pa3oBBIBATHCA Kak W3
KUAKOW (a3pl MpH 3aTBEpACBaHUM 4YyryHa, Tak W u3 TBEpAoH ¢a3pl. OOpazoBaHue rpadura
MPOUCXOIUT coriacHo auarpamme «okeneso (Fe) — rpadut (C)».

Tak xak rpadur conepxkutr 100% yraepoxaa (C), a uementut (Fe;C) — 6,67%, 1o )xuakas
¢daza um aycreHut mo cocraBy Oonee Omm3kum k memeHTHTY (FesC), wem k rpadury (C).
CnenoBarenbHO, 0Opa3oBaHUE U3 KUJIKON (a3bl HEMEHTUTA U ayCTEHUTA JI0JKHO IIPOTEKaTh JIETYe,
yeM rpaguta. [loaromy 6enbie yyryHbl 00pa3yroTcsi Ipu OBICTPOM OXJIAXKICHUU.

C npyroit croponbl, mpu HarpeBe 1eMeHTUT (Fe;C) pasmaraercs Ha xeneso (Fe) u
yriepoa (C). CienoBarensHo, rpaduT sBIseTCS 0osiee cTaOUIbHOM (a3oi, YeM [IEMEHTHT.

Bo3mo:kHBI 1Ba MyTH 00pa30BaHus rpauTa B YyryHe:

1) HemocpencrBennoe oOpasoBanue rpaduta w3 xuakod (asel. Takoe oOpasoBanue
BO3MOXHO INpU HaJIWYUM B JKUJIKOM (a3e LEeHTPOB KpHUCTauIM3aluu rpadura (LIEHTPOB
rpaduTH3alKK) U IpU OYEHb MEIJICHHOM OXJIAXKJICHUH pacIuiaBa.

2) Ilpu paznoxxenuu panee obpazosasuierocs nementura (FesC).

Bnusiare CKOpOCTH OXJIaXACHUS Ha Tporecc TpadUTH3amUKd OOYCIOBIEHO TEeM, YTO
rpaduTHzanus yyryHa spisercs AMPpQPy3MOHHBIM MTPOLIECCOM U MPOTEKAET MEJIEHHO.

Boabmasi QjuTeIbHOCTH mpomecca rpaguTu3anuu 00yC/JI0BJIeHA HE00XOAMMOCTHIO
NMPOTEKAHHUS CJAeTYIOIIUX CTATUIA:

1) oOpa3zoBaHusi LEHTPOB rpapuTH3aLUU B KUIKOM (ase minu ayctenure; 2) nuddy3un atomMoB
yriepoaa (C) k neHTpam rpaduTuszaniu; 3) pocta BBIIACICHHH rpaduTa.

CTpykTypa 4yryHOB 3aBUCHT OT CTENEHH I'padUTH3aIMH, T. €. OT TOTO, CKOJBKO YIiepoja
HAXOJIUTCS B CBSI3AHHOM M CBOOOJIHOM COCTOSIHUH.

Tema NeS OcHOBBI TEXHOJIOTUHM TEPMUYECKOH ¥ XUMHMKO-TEPMHUYECKO
00paldoTKHU MaTepHaJIOB

Bonpoc 1. CtpykTypHO-(ha3oBbie NpeBpalieHusi B CTAJIN B pe3yJibTaTe TEPMUYECKOM
00padoTKku

Jlrobo#t Bua TepMudecKo o0OpabOTKHM COCTOMT U3 KOMOMHAIIMM YETHIPEX OCHOBHBIX
CTPYKTYpHO-(a30BbIX IPEBPAIIEHU, B OCHOBE KOTOPBIX JIEKAT CTPEMJICHUSI CUCTEMbl K MUHUMYMY
CBOOOJHOM PHEPIHH.

K 3Tum npeBpaimeHusiM 0THOCATCS:

1) [IpeBpaienue npu HarpeBe mepiauTa B aycTeHUT ([ — A), mpoucxojsilee NpuU Harpese
BbIIIIE KPUTUUYECKOH TemnepaTypsl 41 (Boiie auHuU PSK), mpu KOTOPO MUHUMaIbHOUW CBOOOIHOM
sHeprueil oobagaer aycTeHuT A

Feu(C) + FesC — Fe)(C).
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2) [IpeBpailienue nNpu MeUIEHHOM OXJIQXAEHUU ayCTeHUTa B nepiut (4 — I1), npoucxondiiee
IpU OXJAXICHUM HMIXKe Temneparypsl 41 (Hwke muHuM PSK), npu KOTOpOM MHHMMAalbHOU
CBOOOJHOM AHEprueit obnagaeT nepiauT:

Fe,(C) — Feq(C) + FesC.

3) [IpeBpaienue npu ObICTPOM OXJIAXKACHUU ayCTEHUTa B MapTeHCUT (4 — M), npoucxoadiiee

1py ObICTPOM OXJIXKJIEHUU HUKE TEMIEpaTypbl HECTAOMIIBHOTO PABHOBECUS
Fe,(C) — Fe (C)'".

4) IIpeBpailieHue MapTeHCUTA B NEPIAUTHBIE CTPYKTYpbl (M — 1), mpoucxoasiiee npu J00bIX

TeMIeparypax, T. K. CBOOOIHAsI SHEPTH MAapPTEHCHUTA OO0JIbIIE, YeM CBOOOIHASI SHEPTHSI IePIUTa
Feu(C)' — Feq(C) + FesC.

IIpeBpanienue nepauTa B ayCTeHUT

CormnacHo JIEBOM HWKHEH YacTH JMArpamMMBbl KeJIe30YTJIEPOJAUCTHIX CIJIABOB NPH HArpeBe
CTAIM TIPEBpPAIIEHUE TMEpJUTa B AayCTEHUT MPOUCXOIUT Tpu Temmeparype A1 (U PSK,
temmneparypa 727°C). IlpeBpaiienue nepiaura B ayCTEHUT B TOUHOM COOTBETCTBUU C JHArpaMMOu
cocrosinus «Fe-Fe;Cy» npoucxoaut iauib Ipu 04eHb MeUIeHHOM Harpese. [IpeBpaiiienue 0CHOBaHO
Ha muddy3um yraepona (C), compoBoxaaeTcs: mouMopdHBIM npeBpaiienuem xenesa Fe, — Fe,, a
TaK K€ paCTBOPEHHEM 1IEMEHTHUTA B AyCTCHUTE.

[Ipu HarpeBe MOABTEKTOUIHOMN CTainu (MCXOIHAS CTPYKTypa (EeppHT + MEPIUT) U MEPEXO0e
4yepe3 KPUTUUYECKYI0 TOUKY A1 TEPIUT MpeBpaliaeTcsi B ayCTEHUT, T. €. 00pa3yercs CTpyKTypa
deppur + aycrenur. llpu ganpHEHIIEM TOBBIIEHUHW TEMIIEPaTyphl (QEeppuUT MOCTENEHHO
MpeBpamacTcss B ayCTEHUT, W MO JOCTIKEHHWU TEMIIEpaTyphbl, COOTBETCTBYIOIIECH KPUTHYECKOM
Touke A3 (iuaust GS), CTPYKTypa CTaIu COCTOUT U3 OJJTHOPOJHOTO ayCTEHHUTA.

Ha ckopocTs mpeBpamieHusi mepyimrta B ayCTEHUT BJIUSIOT MHOTHE (DaKTOpBI: TemIiepaTypa
HarpeBa, CKOPOCTb HarpeBa, AUCIEPCHOCTh MCXOAHOM CTPYKTYpHI, TUIACTUHYATAs WM 3€pPHUCTAs
(dhopma IeMeHTHTa, XUMHUYECKUI COCTaB CTAJIH.

TemmepaTypa HarpeBa ompenessieT BpeMs NPEBPAIICHUs, TaK KaK C YBEIUYCHHEM CTEIICHHU
IeperpeBa yMEHbIIAETCsl pa3Mep KPUTHUYECKOIO 3apo/bllia ayCTEHUTA, YBEIUYUBAIOTCS CKOPOCTh
BO3HUKHOBEHHSI 3aPOJIBIIICH U CKOPOCTh UX POCTA.

MexaHu3M npeBpaleHus nepianuTa B ayCTEHUT MPeACTaBiIeH Ha puc. 1.

ﬁmﬂr U Ageresmr
Dxnaadene

Puc.1. Mexanusm npeBpamenus nepiauta B Puc. 2. Cxema u3MEHEHHMs 3€pHa IepiuTa

B

ayCTCHMT. 3aBUCHMOCTH OT TEMIIEPATYpPHbl HArpeBa ayCTEHUTHOIO

3epHad

PocT 3epHa aycTeHuTa Npu Harpese

[Ipu HarpeBe cTamu BHINIE TEMIEPATypsl A1 3€pHA ayCTEHHWTA MOJIYYAIOTCS MEIKHMH
(HayampHOE 3epHO ayCTeHUTa). B mporiecce TOTOIHUTENBHOTO HArPeBa WITH JUTUTEIBHON BBIIEPIKKA
IIpU JaHHON TeMIlepaTrype NMPOUCXOAUT POCT 3epHa aycTeHHTa (puc. 2). Cxema M3MEHEHHUs 3epHa
MepNTa B 3aBUCHMOCTH OT TEMIIEpaTyphl HarpeBa ayCTEeHHTHOTO 3e€pHA MpEJCTaBJIeHA Ha puC. 2.
Poct BenmuuHBI 3épeH ayCTEHHUTA MPOMCXOTUT TEM B OOJIBIICH CTETICHH, YeM BBIIIE TeMIepaTypa
HarpeBa. JIBWKyIIell CHIOW pocTa SBISETCS Pa3HOCTh CBOOOJHBIX JHEPTrUH MEITKO3EPHUCTOU
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(OOnbIIas cBOOOHAS PHEPrusi) U KPYMHO3EPHUCTOM (MEHbIIas CBOOOJHAs SHEPTHUsi) CTPYKTYpPbI
aycTeHUTA.

Hauanvnasa éenuyuna 3epna — BeNMUMHA 3€pHA, OINpeaesseMas pa3MepoM 3€pHa B MOMEHT
OKOHYAHUS NEePIUTO-ayCTEHUTHOTO MIPEBPALLICHUSL.

[Ipu HarpeBe 10 TOCTATOYHO BBICOKOM TEMIIEpAaTypbl HACIEACTBEHHO MEJIKO3EPHHUCTAsl CTaJlb
MOXKET UMETh Jaxke 6osiee KpPyIHOE 3€pHO ayCTEHUTA, YeM HACJIEACTBEHHO KPYITHO3EPHUCTAsI CTallb.
[TosTOMY BBEICHO MOHATHE JEHCTBUTEIBLHON BEIUYUHBI 3€pHA.

Heticmeumenvnas eenuuuna 3epHa — pa3Mep 3€pHA NpPU KOMHATHBIX TeMIepaTypax,
MOJIyYEHHBIM Mocie TOM WM MHOW TepMmHuueckoil oOpaboTtku. OHa TeM OoJjblie, 4eM OoJiblie
HUCXOJHOE 3€pHO AayCTeHHWTa, T.€. 3aBUCUT OT TEMIIepaTypbl IIOCIEIHEr0 HarpeBa H
MIPOJIOJKUTENHOCTH BBIACPIKKHU IIPU ATON TeMIepaType.

HenpaBuibHblil peskxuM HarpeBa (HarpeB cTajlel 3HAUYUTENbHO Bbllle JIMHUU GSE nuarpammsl
«Fe-Fe;C») moxer mpuBectu nUOO K nepecpesy, b0 K nepescozy ctanmu. CireacTBUEM ITOTO
SIBJISIETCSl 0Opa30BaHKUE KPYITHOTO JEHCTBUTEILHOTO 3€pHa.

Ilepecpes momyvaercs, KOrJa HarpeB JOIBTEKTOMJIHOM CTajdd 3HAYUTEIBHO BBIIIE
temieparypbl A3 (muauu GSE nuarpammel «Fe — Fe;Cy») npuBoAUT K MHTEHCUBHOMY POCTY 3€pHa
aycteHUTa. Takas CTpyKTypa Ha3bIBa€TCs 6uOManwimemmosa cmpykmypa (10 UMEHU Y4EHOTO
A. BuamaniurerTeHa cM. puc.30) U XapaKTepu3yeTcsl HOHWKEHHbIMU MEXaHUYECKUMU CBOMCTBaMH.
[leperpeB MOXHO HCHIpPaBUTh IOBTOPHBIM HArpeBOM [0 ONTUMAJbHBIX TEMIEparyp ¢
MOCJIEYIOIUM MEJIEHHBIM OXJIQXKICHUEM.

Puc. 3. MukpoctpykTypa yriepoaucTtoil crtaiu 35 B 3aBUCHMOCTH OT TEMIIEpaTypbl Harpea
(x100): a — 6e3 meperpeBa; 6 — MEPETPEB; 8 — MEPEKOTIO

Ilepeoicoz vmeer MecTo, KOrja TeMmIeparypa HarpeBa HpuHOIMKaeTcs K TemIepaType
IUTABJICHUS. M METAJUl B T€UEHHE JJIUTEIbHOTO BPEMEHM HAaXOJWJICS IPHU BBICOKOW TemrmepaType B
OKUCIUTENbHOU aTMocdepe neuu. [Ipu 3Tom HabM0gaeTCs OKUCIEHHWE M YaCTUYHOE OIIaBJICHUE
IpaHuLl 3€peH, YTO Pe3KO CHUYKAET MIPOYHOCTh cTaiu. M3510M Tako# cTanu KaMHEBUAHBIN (puc. 36).
[lepexxor — HeucnpaBUMbIH Opak, yCTPAHUTh KOTOPBII MOXKHO TOJIBKO IEPEIIaBKOM CTaju.

Bonpoc 2. Iuppy3sunonnas meraanuzanus kak Bug XTO, eé Buabl, pe;kuMbl 1 Ha3HAYEeHUe

Jugpysuonnas memaniuzayus — XUMUKO-TEPMHUYECKass 00pabOTKa, B OCHOBE KOTOPOM
MOJIOKEH Tmponecc Au((GY3HOHHOTO HACBHIIICHHUS MOBEPXHOCTHBIX CIIOEB CTaJIbHBIX W3ICITUI
paznuuHbiMU  MeTayulamu:  amomuHueMm (Al),  xpomowm (Cr), uwmHkoM (Zn),  6Gopom (B),
MosmbaenoM (Mo) u 1p., a Takke KpemHueM (Si).

[TpoBomurcs muddy3noHHas MeTauH3als Ul 3alIUThl  H3ACTUH OT KOPPO3HH U
MOBBIIICHUS UX KAPOCTOMKOCTH, H3HOCOCTOMKOCTH U TBEPHOCTU. OCYIIECTBIISCTCS OHA B TBEP/IBIX,
KHUJKAX U Ta3000pa3HbBIX cpeax.

Hubdysnonnyro  mMetaumzanus  MOIpa3feisieTcss  Ha:  meépoyio  Ou@@dy3uoHHYO
Memaniu3ayuro, yazoeyr Ou@G@y3uoHHYI0 Memaiiuzayuo U AHCUOKYIO  OUDDY3UOHHYIO
Memaniuzayuro.

Cpemn wmeronoB mudPy3MOHHOW MeETATM3AMK HAWOOJbIIEe MPUMEHEHHE TOTYYUITH
QIATHPOBAHKWE, XPOMHUPOBaHWE, CHJIMIHUPOBaHWE, OopupoBaHue W aAp. I[lpwm HaCHIIICHUN
MMOBEPXHOCTHHIX cIIOEB Aetanerd xpomoM (Cr) mporecc nuddy3noHHON METAUTM3alUd HA3BIBAIOT
xpomuposanuem, amromunueM (Al) — amumuposanuem, xpemuuem (Si) — curuyuposanuem,
6opom (B) — bopuposanuem. PaccMOTpuM Kax bl U3 3TUX MPOIIECCOB.
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Anumupoganue — TIOBEPXHOCTHOE HACHIIIEHHE HU3KOYIJIEPOAUCTON cTaimu amoMuHueM (Al)
JUIs  TOBBIIIEHUST €€ KOPPO3HMOHHOM CTOMKOCTU. AJIMTUPOBAHHBIE JETAld  COXPAHSIOT
xapoctoiikocTh 10 Temreparypbl 900°C. [lpu anutupoBanuu amomunuii (Al) aupdynnupyer B
cTainb U oOpasyer TBEPAbIM pacTBOp ¢ keje3oM (Fe). [loBbimeHne KOPpPO3MOHHOW CTOWKOCTH
MpoucXoauT  Omaromapss  oOpa3oBaHHIO  IUIOTHOW  TUIEHKM  okucu  amoMuuus (ALO3),
MIpEeIOXPaHsIoNIe MeTalll OT OKUCIEHHUS. B 3aBHCHUMOCTH OT cpeibl, B KOTOPOl IPOU3BOIUTCS
MPOIIECC, PA3IMYAOT AIUTHPOBAHWE B TBEPIOHM, >KUAKOWM M Tra3000pa3HOM cpene, a Takke
AJIEKTPOJIUTUYECKOE ATTUTUPOBAHHUE.

Xpomuposanue — TPpOLECC MOBEPXHOCTHOI'O HACBIIIEHUS IOBEPXHOCTHOIO CJIOSI CTalu
xpoMoM (Cr) ¢ 1enpl0 TOBBIIMICHUS TBEPIOCTH, W3HOCOCTOMKOCTH M TPHUIAAHHUS €M BBICOKHX
KHCIIOTOYITIOPHBIX, AHTHUKOPPO3MOHHBIX M JKApOCTOMKUX CBOMCTB. Ilpm XxpomupoBanHumn
oOecrieunBaeTcsl BbICOKAsi CTOMKOCTh MPOTUB razoBoil koppos3uu a0 800°C, a Takxke CTOWKOCTb
IPOTUB KOPpO3UM B BOJAE, MOPCKOH BOAE U KUCIOTaXx. XPOMHPOBAHHUIO IOJBEPraroT

HU3KOYTJIEPOIUCThIE | JerupoBanHbie ctamm mpu 950 — 1150°C B Tewenme 10 — 1549 B
3aBUCHUMOCTH OT TpeOyeMOH TOJILKHBI YIPOYHEHHOTO CJIOSI.
Cunuyuposanue — TPOLECC TOBEPXHOCTHOTO HACBIIEHUS CTalu KpeMHHEM (Si),

o0OecrieunBarONINil MOBBILIEHNE €€ KUCIOTOYIOPHOCTH (B COJISIHOW, CEpHOM M a30THOW KHCIIOTAaX),
KApPOCTOMKOCTH  (OKAaJIMHOCTOMKOCTH) U yBEIMYEHHE  YCTOMYMBOCTM IPOTHUB  H3HOCA.
CUIMIMPOBAHUIO TIOJABEPraloT JACTANW, MPUMEHSIEMbIE B XHMHUYECKOM, OyMa)KHO-IICJUTIOIO3HOM,
He(TAHON M JAPYruUX OTpacisix MNPOMBIIUIEHHOCTH (BaJMKH HAcOCOB, TPyOONpPOBOABI, JETalIH
TEITIO0OOMEHHHMKOB, KJIAaaHbl, apMaTrypa U T. 1.). TonmuHa cios nocie cwimnupoBanus — 0,3 —
1,0 M.

CunuiupoBaHue OOBIYHO TNPOBOJAT IMPU HArpeBe B Ta30BOH cpele, B peroprax, Mpu
pasznokenun mapoB xiopuna kpemuus (SiCls). HarpeB ocymectBisiercs mo temmeparyp 950 —
1050°C c BeIAEpKKOW B TeueHue 2 — 5 yacoB. B pe3ynbrare CUIMIIMPOBAHUS TMOJTYYaeTCs CIOM
tommuHou 0,6 — 1,4 mm ¢ TBEpHocThio HV200 — 300. XKapoctoitkocTs aeranu g0 800 — 850°C.

bopuposanue — nponiecc HaCHIIIEHUS IOBEPXHOCTHBIX CIOEB CTANBHBIX U3enuii 6opom (B),
Onmarojgapst 4emy OOECHEeUMBAIOTCS BbICOKas TBEPAOCTh, HM3HOCOCTOHMKOCTb U KOPPO3HMOHHAsS
CTOMKOCTh MaTepuaya JeTald B pa3luyHbIX cpenax. HauOouibliee pacnpocTpaHEeHHE MOJTYYHIIO
AIEKTPOJIM3HOE JKHUJIKOE U Ta30Boe OopupoBanue, ocymectsisieMoe nmpu 850 — 950°C B Teuenue 6 —
8 u.

BopupoBaHHble c€0M XapaKTEpU3YIOTCS MCKIIOUUTEIBHO BbICOKOW TBEpAocThio (1800 —
2000 HV) 1 BbICOKMM CONPOTUBJIEHHEM M3HOCY U3-3a 0O0pazoBaHus 6opuaoB xene3a (FeB, FeBo),
OJIHAKO 3TH CJIOU OUYEHb XPYIKHE.

BopupoBanHas cranp oTiauyaercss OojblIed TEMIOCTOMKOCThI0 A0 Temmeparypsl 900°C u
xKapoctohkocThio 70 Ttemmeparypbl 800°C. Hemoctatkom OopupoBaHUs SBISIETCS TO, UTO
OOpPUPOBAaHHBIE CIIOM OTJIUYAIOTCSI MOBBIIIEHHOW XPYNKOCThIO. BOpupoBaHUIO MOXHO IOJBEpraTh
J00BIE CTAJIH.

Bomnpoc 3. [ToBepxHOCTHAs 3aKAJIKa, JIa3epHasi TEPMUYECKAs U XUMHKO-TepMHUYecKast
o0padoTka

IToBepxHOCTHAA 3aKaJIKA

[ToBepxHOCTHAsT 3aKajKka — 9TO MPOILECC TEPMUUYECKOU O0OpabOTKH, KOTOPBIM COCTOUT B
Harp€BC IMOBCPXHOCTHOI'O CJIOA CTAaJIbHOr0 HU3ACIHA A0 TEMIICPATYpPbl BbBIIIC JIMHUA AC3 JIIsL
HOBBTGKTOI/IILHOﬁ CTaJIn 1 10 TEMIICPATYPhI BbIIIC ITUHUN AC] JIIsL 3a3BTeKTOI/II[HOI7I.

HOBCpXHOCTHaSI 3aKajika IpeJHa3dHauCHa IAJid IMOBBIIICHUA TBép)IOCTI/I, M3HOCOCTOMKOCTH M
rpeJiena BBIHOCIMBOCTH IOBEPXHOCTHOrO cjiosi oOpabaTbiBaeMbIX u3nenuid. B pesynpraTe Takoi
3aKaJIKU CepJUeBUHA OCTa€Tcsl BA3KOM, Onaromaps yemy WH3Jelue BOCIPUHUMAET YAAapHbIE
Harpy3KH.
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[ToBepxHOCTHas 3aKajiKa OCYIIECTBIIAETCS OYEHb ObICTPO M MOSTOMY Ha MOBEPXHOCTHU JeTallu
He oOpa3yeTcsi OKHCICHHOTO cj0s (OKaJMHBI). Tak Kak MPU 9TOM HArpeBaeTCs M OXJIAXIAeTCs
MTOBEPXHOCTHBIH CIIOM feTanu, KopoOieHue AeTald He3HAYUTEIIbHOE.

HarpeB noj mOBEpXHOCTHYIO 3aKaJKy MPOM3BOJT CIEAYIOIIMMH crocobamu: 1) Tokamu
BbicOKOW yacToThl (TBY); 2) B pacruiaBieHHbIX MeTaslaX WM COJIAX; 3) IUIaMEHEM T'a30BbIX WM
KHCJIOPO/I-allETUIICHOBBIX TOPENOK; 4) JIa3epHBIM U3JIyICHHEM.

Haubonpiiee pacrnpocTpaHeHHE MOJTYYMSI METOJ MOBEPXHOCTHOW 3aKajKyd IpU Harpese
TOKaMu Bbicokoi yactoTsl (TBY).

[Ipn marpeBe TBY wucnosbp3yercs siBI€HWE WHAYKIMH W TOBEPXHOCTHOTO pacHpeleieHUs
MHIYIUPOBAHHOTO TOKAa B JeTalu. Tak, eciii B NEPEMEHHOE 3JIEKTPOMArHUTHOE I10JIe IOMECTUTD
3aMKHYTBHIM MPOBOJHHUK 3JIEKTPUYECKOTO TOKa, TO B IIPOBOJHUKE BO3HUKAIOT IIE€PEMEHHBIE
(BuxpeBble) TOKH. XapaKTEpHBIM SIBJISIETCS PACIIpe/ieiieHHe TOKa M0 CEYEHMIO MpoBOoJHMKA. Ecnu
MOCTOSIHHBIM TOK MpH MPOXOKJICHUH M0 IPOBOJHUKY paclpeaessieTcsi paBHOMEPHO IO €ro
CEUEHHUI0, TO pacHpelelieHne IEePEMEHHOI0 TOKa I10 CEYEHHUIO IPOBOJHUKA HEPABHOMEPHOE.
[110THOCTh MPOTEKAIOIIET0 MEPEMEHHOTO0 TOKAa 3HAUUTENbHO OOJIbIIE Yy MOBEPXHOCTHU, YEM BO
BHYTPEHHHUX CJIOSIX MPOBOJHUKA. Takoe HepaBHOMEpPHOE pacHpe/elieHue MEePEeMEHHOTO TOKa B
MIPOBOJIHUKE HA3bIBACTCA HOBEPXHOCMHBIM dhpexmom. BcenenctBue moBepxXxHOCTHOTO 3ddexTa
MIPOBOJIHUK HarpeBaeTcsl Ha ONPEeIEHHYIO IITyOuHY OT MOBEPXHOCTH.

Paznuuaror cieayromue cnoco0bl 3aKajaKM ¢ HHAYKIHMOHHBIM HATPEeBOM:

1) o1HOBpPEMEHHBIN HAarpeB M OXJIAXKIEHHE BCEH MOBEPXHOCTH; 3TOT METOJ PUMEHSIETCS st
W31, UMEIOIUX HEOOJIBIIYIO YIIPOUHSAEMYIO TOBEPXHOCTh (MHCTPYMEHTHI, BAJIMKH, HAJIbLIbI);

2) HeNpepbIBHO-NIOCIEAOBATEIbHBIA HATPEB W OXJIAXKICHHE; ITOT METOJ NPUMEHSIOT s
3aKaJIKU JUTMHHBIX BAJIOB, OCEH U T. 1.;

3) nocnenoBaTeabHbIE HAarpeB M OXJAXACHHUE OTIENbHbIX YYacTKOB; JAHHBIM MeTOoJ
HCIOJIb3YIOT IMPH 3aKajKe IIeeK KOJEHYaThIX BajoB (IOCIEA0BAaTEIbHBIA HArPEB M 3aKajlaKa OJHOU
HIeHKHU 3a APYroil), KyJllauyKoB paclpeAeuTeIbHbIX BaJOB U T. 1.

IIpenmyuiecTBaMu NOBEPXHOCTHOM 3akajaku TBY sBasworces:

1) perynupyemast rmyOrHa 3aKaja€HHOTO CIIOS;

2) BbICOKAsl MPOU3BOAUTEIBLHOCTD U BO3MOKHOCTh aBTOMAaTHU3ALINH;

3) oTcyTCTBHE HAa NOBEPXHOCTHU JIETAIH 00€3yrIepoKUBaHMs U OKATMHOOOpa30BaHMUs;

4) MUHUMAaIbHOE KOPOOJIEHUE IETaNH;

5) Mo CpaBHEHUIO ¢ OOBIYHOM 3aKajJKOW CTajb, 3aKajnéHHas npu HarpeBe TBY, umeer cnenyromniue
MpEeuMYyIecTBa: 00Jiee METKO3EpHUCTAsI CTPYKTypa; Oojiee BhICOKas TBEPAOCTH, Oo0Jiee BBICOKAs
M3HOCOCTOMKOCTh; 0o0Jiee BbICOKasi IPOYHOCTH IPU OTHOCUTEIHLHO MEHBUIEM MMOHMKEHUH BSI3KOCTH;
0oJ1ee BHICOKUH IPEIeNl BHIHOCIUBOCTHU (IIPEeIT YyCTaJIOCTHON MPOYHOCTH).

K Heocrarkam nopepxHocrHoi 3akanku TBY caeayer orHecTu:

1) BbICOKasi CTOUMOCTb TE€XHOJIOTMYECKOTO 000pYAOBaHMsl, B YaCTHOCTU MHJIYKTOPA, SBJISIOLIETOCs
MHIUBUIYAIbHBIM U1 KaXKJIOU JeTasu;

2) Manasi mpuMeHUMOCTh 3akainku TBY K yclioBUSM €IMHUYHOTO IMPOU3BOJICTBA, YTO BBI3BAHO
MEPBBIM HEJJOCTATKOM.

JlazepHasi TepMmuyeckasi 00padboTka

Jlazepuas mepmuueckas obpabomrxa (JITO) Takxke NpUMEHSETCS I MOBEPXHOCTHOTO
ynpouHeHus netanei. JlazepHas TeXHOJIOTHs OOECIeYMBAET MOBBIIMICHUE MPOU3BOIUTEIHBHOCTH
TpyJa, TOYHOCTU U KayecTBa 0OpabOTKH, MPEACTABIIAET MPAKTHUECKU O€30TXOAHYI TEXHOJOTHIO,
YIOBJIETBOPSIOLLYIO TPEOOBAHUSIM T10 SKOJOTHUECKON 3alIUTE OKPYXKAIOLIeH cpebl.

Jlazeppt — ontuueckue KkBaHTOBble reHepaTopel (OKI'), mno3Bossiomue mnoay4yarhb
AJIEKTPOMArHUTHbIE HW3Iy4EHHs] YPE3BbIYalHO BBICOKOW KOHIIEHTpAlUH SHEpruu. JljimHa BOJH,
reHepupyembix OKI', HaxoauTcs B CBETOBOM JHana3oHe OT ylbTpaduoJIeTOBOM 00JaCTH CHEKTpa
no uHppakpacHou (o=0,1 — 70 mxm). JlazepHoe Hu3IIydye€HHE PACTIPOCTPAHICTCS OYCHBH Y3KHM
IIY4KOM M XapaKTEpU3yeTCsl BBICOKOW KOHLEHTpanued sHepruu. VcTouyHMKamMu reHepupyemoi
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SHEPruM CIIy’KaT TBEp/bIE Tea (pyOrHbI, alFOMUHUEBBIE I'PaHUTHI, UTTPUH, cTékia) u rassl (He, Ar,
Ne, CO»).

[IpuMenenne na3zepoB sl TEPMUIECKON 00pabOTKM OCHOBAHO Ha MPeoOpa30BaHUU CBETOBOM
SHEPrud B TEIUIOBYI0. B OCHOBY pabOTBl J1a3epOB IIOJOKEHO YCWJIEHHE 3JIEKTPOMAarHUTHBIX
KojeOaHuil CY€T MHAYLMPOBAHHOTO U3JIy4YeHHs aTOMOB. Bblcokas KOHIEHTpalus SHEpPruud B
ceetoBoM 1noToke OKI' mo3Bosisier Harperp MOBEPXHOCTh [0 TEMIIEPATYpHOIO Juarna3oHa
TEpMOOOPaOdOTKH 3a OYEHb KOPOTKOE BPEMSI.

I'mybuna ympounénnoro cnoss mpu HarpeBe Ha COz-mazepe (mpu MomHOCTH S KBT)
kogseonercs ot 0,3 no 1,0 Mm, a Ha ummynbcHoM Jazepe — 0,1 — 0,15 mm.

Mexanusm JITO 3aknrodaercs B (a30BOM NpEBpallleHUU MaTepralla Mocjae ero CKOPOCTHOIO
HarpeBa JIo TeMIIepaTyp BhIIIE TeMIepatyp (pa3oBOl MepeKpUcTalIn3aluy (BIUIOTh O TEMIIEpaTyp
IUIABJICHUS) C TIOCJENYIOIIUM OBICTPBIM OXJIaXKI€HHEM 00paO0TaHHOM 30HbBI MYTEM OTBOJA TEILIIOTHI
3a cué€T TeIIONPOBOIHOCTH MaTepuaina uzzaenus. CKopocTh OXJIaXIeHUs IPU TEMIIEpaType HarpeBa
HUKE TeMmIepaTypsl IuiaBieHusi coctasisier (5°C/c, mpu KpUCTaIM3AaLUUA U3 KHUAKOTO CIIOS —
106°C/c (uto B 10° pa3 Gomblne CKOPOCTH OOBIYHOMN 3aKAIKH).

JITO mno3BossieT MOBBICUTH TBEPAOCTh UM H3HOCOCTOMKOCTH YIPOUHSEMBIX MaTepuajoB, a
TaK)Ke MpeJiesl KOHTAaKTHOW BBIHOCIMBOCTU Gy U IMPEJe BHIHOCIUBOCTH P U3ruode oy. TBEPAOCTD
3aBUCUT OT KOHUEHTpPALUU YIJepoja U JIETUPYIOUIUX 3JIEMEHTOB B CTalM (IpU HOCTOSHHOM
pexume oOpaboTku). Merogom JITO Xopomio ymnpouHSIOT CpeqHe- M BbICOKOJETHPOBAHHBIE
YIIEPOAUCTbIE M HHCTPYMEHTaJdbHble cTanu. CTalid C HHU3KUM COJAEpXKaHUEM yriepoia u
BBICOKOIIPOYHBIE HU3KOJIETUPOBAHHBIC CTAIH JIA3EPHON TEPMUUYECKONW 0O0pabOTKON yNPOUHSIOTCS
wioxo. JITO npakThuuecku He BIUSET HA MPeieN IPOYHOCTHU g U MPEAEI TEKYUECTH oy CTaJleH.

Ha ceromusmnHuii neHbp JsasepHas o0paboTka CUMTAeTCs MEPCHEKTUBHBIM METOJOM
MTOBEPXHOCTHOTO YINPOYHEHUS HU3JENUNA CIOXKHOW (popMmbl, paboTaloluX B YCIOBUAX H3HOCA U
YCTAJIOCTHOTO HarpyXeHusl.

JlazepHasi XUMMKO-TepMHUYeCcKasi 00padoTka

Hacplmienue nerupyrommmu 3JeMeHTaMu IIPH JIa3epHON XMMHMKO-TEpMUYECKON 00paboTke
(JIXTO) mpoucxomut mytém auddy3un u MacconepeHoca B TBEPIOM (asze, U3 TIa3Mbl, U KUIKON
(a3bl, IPU 3TOM BO3MOKHO KOHBEKTHBHOE M YHCTO MEXaHUYECKOE MEpPEMEIEHUE pacIljiaBa B 30HE
BO3JICHCTBUS J1a3€pHOTO UMITYJIbCA.

[Tpu JIXTO Ha moBepXHOCTb H3JENus pa3IU4HbIMH CHOCO0aMU IMpEABAPUTEIHHO HAHOCAT
jgerupyomue asieMeHThl. Haumbombiiee pacnpocTpaHeHue cpead  crnocoOOB  HAaHECEHHS
JIETUPYIOIIUX 3JEMEHTOB MOJYYMIIU: 1) HakaTka @QOJBIM U3 JIETUPYIOLIETO MaTepuaia;
2) SNEKTPOIUTHYECKOE WM XUMHUYECKOE OCaKIEHWEe;  3) HambUIeHHE,  4) 3JIEKTPOUCKPOBOE
JIETUPOBaHMUE; S5) HaHECEHHE MOPOITKOB Wi 00Ma30K. JIXTO 0ObIYHO OCYIIECTBIISIETCS B PEKUME
pacruiaBiaeHusl.

CBoiicTBa 30HBI JIETUPOBAaHUS 3aBUCAT OT KOHLUEHTPALMU JIETHUPYIOLUIUX 3JIEMEHTOB U
nostyueHust (pa3 pasIMyHOM CTENEeHU CTaOMJIBHOCTU M JUCHEPCHOCTH, 00pa3yIOIIMXCs B IpoLEcce
oxnaxaeHus. CTpoeHHE M COCTaB 30HbI TEPMHUUYECKOTO BIIUSHHUS OIPEACISIOTCS PEXKUMOM
Ja3epHOro OOJIydyeHHUs: IUIOTHOCTHIO MOIIHOCTH H3JIy4€HHUs, BPEMEHEM €ro JEHCTBUS, YHCIOM
HMITYJIbCOB, @ TAK)K€ KOHIEHTpaIUeH JIETHPYIOIUX KOMIOHEHTOB B 0OMa3Ke.

B Hacrosimiee Bpems TMOJY4YEHbl IIOJIOKUTENbHBIE pPE3YyJNbTaThl IO  LEMEHTAllUH,
a30TUPOBAHUIO, OOpUpOBaHUIO W TU(DPY3MOHHOW METAIIM3AIMKM JKeJe3a U CTald, a TakKKe
METaJIJIOB, HE MMEIOIIUX moauMopdHbIX npespamenuii (Al Ni, Cu u ap.).

IIpu wnemeHTanuu xene3a oOpasyercss JBYXCIOWHas 30HA, cocTosAmias H3 Oenoro
caboTpaBAIIErocs cliosi ¢ paBHOMEpHOU TBEPAOCThIO H V1400 u pacmosioxKEHHOTO 32 HUM CJIOSI C
MHUKpOTBEpOCTEIO [11000.

Huddy3nonHas MeTalmau3auus SKele3a BO3MOXKHA MpU  JIETMPOBAaHUHM  pa3IMYHBIMU
MeTtamiamMu. OIHaKoO MOBBILIEHUE TBEPAOCTU JOCTUTAETCA TOJIBKO MPH pacTBOpeHUH BaHaaus (V),
Huo6us (Nb), turana (T1) u Bonsppama (W).
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BrIicOKkass HM3HOCOCTOMKOCTP M KAaBUTAIMOHHAS CTOWKOCTH IOJYYEHBl IPHU JIA3€PHOM
a30TUpoBaHuU U3 00Ma3ok Ha ctanu 38X2MIOA u 15XMO.

ITocne nasepHoro OopupoBaHMs 30HA TEPMHUUYECKOIO BO3JCHCTBHA HMMEET TBEPIOCTh B
3aBUCUMOCTU OT pexxkuma oOpadotku HV1100 — 2100. [Ipu TakomM yNpOUHEHUHU JOCTUrAETCS
BBICOKO€ COMPOTHUBIICHWE H3HAIIMBAHUIO NPU PA3JIMYHBIX CXEMaxX MPHIOKEHHUS HArpy3ku Hu
pa3aMyYHbIX yCIOBHSX TpeHus. Jlerupoanue Oopom (B) cHmxaer ko3hduUUEHT TpeHUs
MaTepuaa, MOBBIIIAET €r0 U3HOCOCTOUKOCTb.

Tema Ne6 L{BeTHbIe MeTaJIbI M X cIIaBbl. HeMeTa/uinyeckue MmaTepuaJibl
Bonpoc 1. KoMno3nunoHHbIe MaTepHAJIbI

Komnosuyuonnvimu mamepuanamu Ha3bIBalOT MAaTEPUANbI, COCTOSIINE U3 ABYX KOMIIOHEHTOB
n Oosnee, 0ObEAUHEHHBIX PA3IMYHBIMU CIOCOOAMU B MOHOJMT U COXPAHSIOIMIMMU HpPHU 3TOM
UHIUBUIYyaIbHbIE OCOOEHHOCTH.

KoMmmno3uimonnsle Martepuanbl 00JIaJalOT KOMILJIEKCOM CBOMCTB, OTJIMYAKOLIUXCA OT
TPaJMLIMOHHBIX KOHCTPYKIIMOHHBIX MaTepHalioB, YTO M MPEAONpPENeIni0 HUX YCIEUIHOEe
MIPUMEHEHHE I COBEPUICHCTBOBAHMSI COBPEMEHHBIX M pa3pabOTKU NPUHLMIINAIBHO HOBBIX
KOHCTPYKLUH.

J1s1 KOMIIO3UIIHOHHBIX MATEPHAJIOB XapaKTePHA CJIeyI0IIas COBOKYITHOCTh IPU3HAKOB:

1) cocras, popma u pacnpeneneHre KOMIIOHEHTOB MaTepHala ONpeieeHbl 3apaHee;

2) Marepualibl COCTOST M3 JABYX KOMIIOHEHTOB U 0oJjiee pa3IMYHOIO0 XUMHUYECKOTO COCTaBa,
pa3ienéHHBIX B MaTepHalIe TPAHULIEH;

3) cBoiicTBa MaTepuasa ONPEAESIOTCS KaXKIbIM M3 €ro KOMIIOHEHTOB, COJIEp)KaHHE KOTOPBIX B
MaTepuaje J10CTaTOYHO OOJIbILIOE;

4) marepuai o0najaeT CBOMCTBAMH, OTIMYHBIMHU OT CBOMCTB KOMIIOHEHTOB, B3SIThIX B OT/IEIbHOCTH;
5) MaTepuai 0JHOpPOJIeH B MakpoMacuiTabe u HEOJHOPOIEH B MUKpoMacLITade;

6) MaTepual HE BCTPEUAETCS B IPUPOJIC, a CO3/IaH YEITOBEKOM.

KOMIIOHEHTBl KOMMO3MIIMOHHOTO MaTepuaja pa3iudHbl 10 TeOMETPUYECKOMY IPU3HAKY.
KoMmoneHT, KOTOpbIii 00NagaeT HENpepbIBHOCTHIO MO BCEMY OOBEMY, SBISIETCS Mampuuyei.
KoMIoHeHT ke NpepbIBHBIM, pa3[eIeHHbI B 00bEME KOMIIO3UIIMOHHOTO MaTepuaia, CUUTAeTCs
apmupyiowium WA yOPOYHSOWMM. [IpuMepoM KOMIIO3MIIMOHHOTO MaTepuana  SBISIETCS
KeNe300eToH.

B xadectBe MaTpull B KOMIO3UIMOHHBIX MaTepHajiaXx MOTYT ObITh UCIOJIB30BaHbl METAUIBI U
UX CILJIaBbl, a TAaKXK€ MOJIMMEPHl OPraHMYECKUEe U HEOPraHUYEeCKue, KepaMUUuecKue, yrilepoiHble U
npyrue marepuanbl. CBOWCTBa MAaTpHUIbl ONPEIENSIIOT TEXHOJIOTMYECKHE MapaMeTpbl Ipolecca
MOJIyYEHUS KOMIIO3MIIMM M €€ DOKCIUTyaTallMOHHbIE XapaKTEPUCTUKHU: IJIOTHOCTb, YJICJIbHYIO
IIPOYHOCTh, PabOUyI0 TEMIEPATYPY, CONPOTUBICHUE YCTAIOCTHOMY Pa3pyLUEHUIO U BO3JEHCTBUIO
arpeCcCUBHBIX CPEI.

ApMupyIOIIMEe WU YIPOUYHSIOUME KOMIOHEHThl PAaBHOMEPHO pAacIpeieieHbl B MAaTpHIIE.
OHu, Kak IpaBHJIo, 00J1aAal0T BBICOKOM NMPOYHOCTHIO, TBEPIAOCTHIO U MOJYJIEM YIOPYIOCTH U IO
TUM T[IOKa3aTesiM 3HAuUTEIbHO HPEBOCXOIAT MaTpuily. boriee IMPOKUM MOHSATHEM, YeM
apMUPYIOIIUNA WIM YOPOYHSIOUIMN KOMIIOHEHT, SIBJISIETCS TEPMUH «HAIOJHUTENb», MOCKOJbKY
HaIOJIHUTENb B MATpPULE TNOMUMO H3MEHEHHUS MPOYHOCTH OKa3blBa€T BIUSHUE M Ha Jpyrue
XapaKTEPUCTUKU KOMIIO3HUIIMH.

KJIaCCI/I(l)I/IKaIII/Iﬂ KOMIIO3UIIMOHHBIX MaTE€pHUaJI0B

KoMmmno3unmonnsle  maTepuanbl  KJIACCUQUUUPYIOT IO  T€OMETPUM  HAIOJHUTEIS,
PACIIOJIOKEHHUIO €T0 B MAaTPHULE U PUPOJI€ KOMIIOHEHTOB.
Kiaacenpurkanusa KOMIO3MIMOHHBIX MATEPHAJIOB 110 T€OMETPUM HATIOJIHUTEJIS:
1) ¢ HyIb-MEpPHBIMH HAMOJIHUTEISIMH, pa3MePbl KOTOPBIX B TPEX U3MEPEHUSIX UMEIOT OJIUH U TOT K€
MOPAOK;
2) ¢ OAHOMEPHBIMH HAMOJIHUTEISAMH, OJUH U3 Pa3MEpPOB KOTOPHIX 3HAUUTEIHHO MPEBOCXOIUT J1BA
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APYTHX;

3) ¢ ABYXMEpPHBIMH HAMOJIHUTEISIMH, pa3Mepbl KOTOPBIX 3HAUUTEIHHO IPEBOCXOIAT TPETUH.
Kaaccndukanuss KOMno3uMoOHHBIX MAaTEPHAJIOB 10 CXeMe PACIOJI0KeHUsI HATIOJTHUTeJIeil:

1) ¢ 0THOOCHBIM (JIMHEWHBIM) PaCIOJIOKEHUEM HAIIOJIHUTEINS B BUJE BOJIOKOH, HUTEH, HUTEBUIHBIX
KPUCTAJIJIOB B MaTpuUlle MapajlielbHO APYT APYIY;

2) ¢ IBYXOCHBIM (IUIOCKOCTHBIM) PAacHoJIOXKEHHUEM apMHPYIOLIEro HAIOJIHUTENS B BUJIE BOJIOKOH,
MaTOB U3 HUTEBUIHBIX KPUCTAJLUIOB, (OJIBIU B MaTpULE B NapaslieIbHbIX IJIOCKOCTSX;

3) ¢ TpéxocHbIM (0OOBEMHBIM) PpACIIOIOKEHUEM AapPMHPYIOMIETO HAIMOJHUTENS W OTCYTCTBHEM
MIPEUMYILIECTBEHHOI'O HAIIPABJICHUS B €r0 paclpeieIeHUH.

Kaaccndukanuss KOMno3uMmoOHHBIX MATEPHAJIOB 110 NPUPOJAE KOMIIOHEHTOB:

1) KOMIIO3UIIMOHHBIE MaTEpUAIIbI, COAEpIKAILMEe KOMIOHEHT U3 METAJJIOB UJIU CIJIABOB;

2) KOMIIO3MIIMOHHBbIE MaTepHallbl, COJEpXallhe KOMIIOHEHT W3 HEOPraHMYeCKUX COETUHEHMM
OKCHUJIOB, KapOUJI0B, HUTPUIOB U JP.;

3) KOMIIO3UIIMOHHBIE MaTepHallbl, COJEP)KALUE KOMIIOHEHT M3 HEMETAJUIMYECKUX 3JIEMEHTOB,
yriepojaa, 6opa u ap.;

4)  KOMIO3MIIMOHHBIE  MaTepuabl, coJiepKaliie  KOMIOHEHT M3  OpraHM4ecKHX
COeIMHEHUH (AMOKCUAHbIE, MONU3(UpHBIE, (PEHOJIbHBIE U APYTUE CMOJIBI).

CBoiicTBa KOMIIO3UIIMOHHBIX MaTEpHUAJIOB 3aBUCAT HE TOJBKO OT (PU3UKO-XUMHUYECKUX
CBOMCTB KOMIIOHEHTOB, HO W IMPOYHOCTU CBA3M MEXAy HUMU. OOBIYHO KOMIIOHEHTBI [UIS
KOMITO3UIIMOHHOTO MaTepHalia BHIOMPAIOT CO CBOMCTBaMHU, CYILIECTBEHHO OTJIMYAIOIUMUCS JIPYT OT
Apyra.

Monynp ynpyroctd KOMIIO3MIIMOHHBIX MaTepHajoB MOXET H3MEHSThCS B TpeOyeMoM
HalpaBJICHUH B 3aBUCHUMOCTH OT CXEeMbl apMupoBaHusA. Bbicokas Hané&xHocTh B paloTte
KOHCTPYKUUH W3 KOMIO3UIIMOHHBIX MaTepUajoB CBsi3aHAa ¢ OCOOCHHOCTSIMH PacCIpOCTPAHEHUS B
HUX TpelMH. B 0ObIYHBIX CIUTaBax TpeLIMHA pa3BUBAaeTCs OBICTPO U CKOPOCTh pOCTa €€ B MEepUOJ
paboThl KOHCTPYKLUHU JAETald BO3pacTaeT. B KOMIO3MIMOHHBIX MarepHuajax TpeluHa OOBIYHO
BO3HMKAeT W pa3BUBACTCSI B MAaTpUIIE U BCTpEYaeT MNPENATCTBUS Ha TIpaHULE MaTpula —
YOPOUHUTEh. APMUPYIOIIMH JIEMEHT TOPMO3HT €€ paclpoCTpaHEeHue, 3a/IepKHUBasi Ha HEKOTOpoe
BpeMms €€ pOcCT.

Bomnpoc 2. [ln1actMaccbl, X 0011as1 XapaKTepUCTHKA, KJIaccu(pukanms, 1 Ha3HAYEHH e

Cpenu HOBBIX KOHCTPYKIIMOHHBIX MaTEPHAJIOB, HEOOXOUMBIX ISl YCKOPEHUST TEXHHYECKOTO
mporpecca BO BCEX OTPACISIX HAPOTHOTO XO3AHCTBA, 0CO00E MECTO MPHHAIISKHUT IUIaCTMAaccaM H
CUHTeTHYECKUM cMosiaM. CerofHs TPOW3BOJCTBO Pa3IMYHON TEXHUKH M MAIlMH HEBO3MOHO
MPEJICTaBUTh 0€3 HCITOJIB30BaHMSI TTacTMacc W pe3uH. OHM SBISIOTCS HE TOJIBKO 3aMEHHUTCIISIMH
NCQUIIMTHBIX [BETHBIX METAJUIOB, HO W CaMOCTOSITCIbHBIMH MAIIHHOCTPOUTEIIEHBIMU
MaTepHaIaMHu.

Cunmemuyeckumu noaumepamu HA3BIBAIOT HEMETAJUIMYECKHE MaTepHaibl (IIACTHYECKUE
MacChl, PE3WHBI, XUMHUYECKHE BOJIOKHA, TUIEHKH, JIAKW, KJICH, TEPMETHKH W Jp.), OCHOBOM
IIPOU3BOJICTBA KOTOPBIX SIBJSICTCS CHHTE3 BEICOKOMOJICKYIISIPHBIX OPraHUYEeCKHUX MPOIYKTOB Ha 0ase
MTOJIMMEPHBIX COCAMHCHHIM.

[TonmmMepHBIe BBICOKOMOJICKYJISPHBIC COCIUHEHHSI COCTOSAT M3 COTEH M THICSY AaTOMOB.
['MranTckre MOJIEKYIBI 3TUX COCTUHEHUN HA3BIBAIOT MAKPOMOIEKYIAMU.

B 3aBucuMocTH OT (HhOpPMBI MaKpOMOJICKYJI TOJMMEPHBIE COCITUHEHHS TOJPA3CIAIOTCS Ha
JIUHeliHble, pazeemeiéHuble U cemyamoie (npocmpancmeentvle) (puc. ).
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2]
Puc.1. CtpoeHHE BEICOKOMOJICKY/ISIPHBIX COSIMHCHUN: @ — JTMHEWHBIX; O — Pa3BETBIEHHBIX; 6 —
CeTYaTHIX.

Y aunelinvix noaumepos MaKPOMOJICKYJbI TIPEICTABISIOT COOOW COTHU WM THICAYH
JJIEMEHTAPHBIX 3BCHBEB MOHOMEPOB, COCIUHCHHBIX BHYTPUMOJICKYJIIPHBIMH CBSI3SIMH B
O0eckoHeunwle 1enu (puc. la). Y passemenénnvix noaumepos 1end 00Opa3ylOT OTBETBJICHHUS,
COCTOSIIIME TaK K€ U3 DIIEMEHTapHbIX 3BE€HbEB MOHOMEpoB (puc. 16). Y cemuamuvix
(npocmpancmeennvix) nonumepos Uenu 00pa3yroT IPOCTPAHCTBEHHYIO CETKY (puc. 16).

JluHeliHbIe M pa3BETBICHHBIC TIOJMMEPHI OTHOCSTCS K MEpMONIACMUYHbIM, a CeTIaThle — K
MepMopeakmusHulM  noaumepam. TepMoIIacTbl B OTIMYME OT PEAKTOIUIACTOB CIIOCOOHBI
MHOTOKPAaTHO TIOJIBEPTaThCs IIACTUYECKOH JiehopMaIiy.

Bce cuHTeTHYECKHE MOJMMeEPHI N0 THILY CHHTE3a JeJIsST Ha:
1) monuMepu3aMOHHbIE (M COMOJIMMEPU3ALMOHHBIE);
2) NOTUKOH/ICHCAITMOHHBIE BBICOKOMOJICKYJISIPHBIE COSTMHEHHMS.
lonumepusayuonnvle noaumepvl — ITO TMOJUMEPHI, KOTOpble OOpa30BaHbl IpHU
B3aMMO/ICHCTBMM MOHOMEPOB 0€3 HM3MEHEHHUs MEepBOHAYAIBHOTO cocTaBa. K HHUM OTHOCSTCS
MOJIUATUIICH, TIOJMIIPOITUIICH, TTOJMCTHPOJI, TOJUBHHIIIXIOPHI, TIOJTUTETPA(TOPITHIICH.
Ionuxonoencayuonusie noaumepsvl — 3TO NOJUMEPHI, KOTOPbIE 00Pa3yIOTCS U3 HECKOJIbKUX
MOHOMEpPOB B pe3ylibTaTe NpPOTeKaHWs Tpolecca (peakuuu) moaukoHaeHcanuu. [Iporece
COTNIPOBOXIACTCS BbIACICHUEM MOO0OYHBIX MpoAykToB (Boabl (H2O), yrmekucnoro raza (CO»),
ammuaka (NH3)). B pesynbrare coctaB mojiuMepa He OTBEYACT COCTaBY MEPBOHAYAIBHBIX BEIIECTB
(MOHOMEDPOB).

OcHoBHbIE CBe/leHHs 0 IJIacTMaccax

[InacTuyeckne Macchl (IUIACTMACCHI) 3aHUMAIOT 0CO00€ MECTO CpeAr CHUHTETUYECKHUX
MOJIMMEPHBIX MarepuaiioB. lllmpokoe mpuMeHeHHE IIacTMacc OOYCIOBICHO HAIMYHEM Y HHUX
LIEHHBIX CBOMCTB.

IMnacTMaccebl MMPOKO NPUMEHSIOTCS B MAIIMHOCTPOEHHHU 0J1aroapsi BbICOKHM
MOKa3aTeJsIM CJIeyIONMX IEeHHbIX CBOICTB:

1) xopowas yoenvnas npounocms;

2) ¢ppukyuonnwvie ceoticmsa (HEKOTOPHIC IIIACTMACCHI 00JIaAAI0T BBICOKUM KOY(PPHUIIUEHTOM TPEHUS
1 MaJIbIM U3HOCOM);

3) ammugpuryuonHvie ceolicmeéa (HEKOTOPBHIE BHJBI IJIACTMACC, HAPUMEP TEKCTOJIHUT, KalpOH
YCIIELIHO 3aMEHSIOT OpPOH3Y B MOALIMITHUKOBBIX y3JIaX MAIlUH);

4) onmuueckue ceotlicmea (HEKOTOpbIE HEHAIOJIHEHHBIC IUTACTHYECKHUE MAacChl (OpraHMYEcKoe
CTEKJIO, TIOJHMCTUPOJI M JIp.) TPO3pAavyHbl U OECHBETHBI, CIMOCOOHBI TPOITYCKAaTh JIydH CBETa B
IIMPOKOM JIMaria30He BOJH, B TOM 4YHCIE U YJIbTPApHOJETOBYIO YacTh CIIEKTPa 3HAYUTEIHEHO
MIPEBOCXO/IS B ’TOM OTHOIICHUH CHUJIMKATHBIE CTEKIIA);

4) xopowias 31eKmpouU30NAYUOHHOCNY;

5) xopowias menno38yKouzoNAYUOHHOCMY;

6) svicokas xumuyeckas cmouxkocmy (IUTACTMACCHl HETIOIBEPKEHBl KOPPO3UH, & MHOTHE U3 HUX U
arpecCUBHBIM CpeiaM);

7) manas nnomnocme (Hampumep: mioTHOCTS neHomiacTa coctasiseT 0,015 — 0,8 r/em’);

8) mexnonoeuunocmv (TPyNOEMKOCTh W3TOTOBIICHHS CAMBIX CIIOKHBIX JETaleld M3 IIacTMacC
HUYTOKHA 110 CPAaBHEHHIO C TPYAOEMKOCTHIO H3TOTOBJICHUS JIeTAJICH U3 IPYTUX MaTepHalioB);
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9) oewesusna coipos.

OIHOBpEMEHHO ¢ YKAa3aHHBIMH JIOCTOMHCTBAMH IJIACTHYECKHE MACChl 00J1a1a10T
CJIeIyIOIUMU HEA0CTATKAMM:
1) oepanuuennas  mennocmoiikocms ~ (OCHOBHBIE — BHJIBI  IUIACTHYECKHMX  Macc  MOTYT
YIOBJIETBOPUTENBHO PabOTaTh JIMILIL B CPAaBHUTEIBHO HEOOJBIIOM HHTEpBaje Temmeparyp (ot -60
1o +200°C);
2) HuzKkas menionposooHocmsb (TEIJIONMPOBOJAHOCTh ItacTHdeckux macc B 500 — 600 pa3 Hmke
TEIUIONPOBOJHOCTH METalIa, YTO CO3Ma€T TPYIHOCTH NPU HMX NMPHUMEHEHHWH B y3JlaX M JCTAJAX
MaIIIKH, T/I€ HeTOXOAUM OBICTPBIA OTBOJ OOJIBIINX KOJUYECTB TEIUIA);
3) nuskas meepdocms (6 — 60 kI'/cm? o Bpunenmo);
4) noazyuecms (3T0 CBOMCTBO OCOOCHHO SIPKO BBIPAKEHO Y TEpMOILIACTOB (puc.3);
5) manas scecmkocms (MOIYIb YIPYTOCTH CaMBIX JKECTKHX IUIACTMACC - CTEKJIOTUIACTHKOB Ha
OJIVH — JIBa TIOPsKA HIDKE, YeM Y METaJIOB);
6) cmapenue (NMIACTMACCHI TEPSAIOT CBOM CBOMCTBA MOJ JCUCTBHEM CIEIYIOMINX (DaKTOpPOB:
TEMITePaTyphl, BIAKHOCTH, CBETA, BOJIBI, JJTUTEIBHOTO PEOBIBAHUS B aTMOC(EPHBIX YCIOBHSIX.
7) HesvicOKas 63KOCMb.

KoMnoHeHTHI mjiactmMace

OOBIYHO TITACTMACCHI TPEJACTABIISIIOT COOOW CJIOKHBIE KOMIIO3HIIMU, COCTOSIINAE |3
HECKOJIBKUX BeIEeCTB. TpeOyeMble 3KCIUTyaTallHOHHBIC CBOMCTBA IJIACTMACC TMOJy4JaroT Oiaromaps
HOH60py OTACJIIBHBIX KOMIIOHCHTOB U UX OHpejleJ'IeHHI)IM COUYCTAHUAM.

B GonpIIMHCTBE CITydaeB IJIACTMACCHI COCTOST M3 CMOJIBbI, HAIOJHHTENS, TIacTH(UKATOPA,
KpaCI/ITCJ'ISI 158 )IpyTI/IX )IO63BOK, ynqua}onmx TCXHOJIOTHUYCCKHUEC U 3KCHJ'IyaTaIII/IOHHBIC CBOfICTBa
[JIACTHKA.

Casi3ymwliiee BelecTBoO

OCHOBHBIM ~ KOMIIOHEHTOM  BCEX  IUIaCTMacc  SBISIETCA  c@A3yloujee  BEIIECTBO
(BBICOKOMOJIEKYJISIPHOE OPraHUYECKOE COEIMHEHUE), KOTOPOE NMPUAAET MIIACTMACCaM IIACTUYHOCTh
U CrIocoOHOCTh (POPMOBATHCS, a 3aTEM 3aTBEPAEBaTh, COXPaHss MOJydeHHYIo Gopmy. Hekoropsie
IJJACTMACChl COCTOSIT TOJIBKO M3 CBSI3YIOILETO BellecTBa (Hampumep, MOJIUMETHIMETaKpuiaT —
Oprerexno). B kadecTBe CBA3YIOIIEro BELIECTBA B IUIACTMACCaX MPHUMEHSIOT INIABHBIM 00pa3oM
CUHTETUYECKHE CMOJIBL.

JIisi MOBBIIEHUST MEXAHWYECKOM IPOYHOCTH, TEIIOCTOMKOCTH, JJIEKTPOU3OJALMOHHBIX M
JPYTUX CBOMCTB B COCTaB OOJIBIIMHCTBA IJIACTMACC BBOJST JIpYrOi BeCbMa BaXKHbI KOMIIOHEHT —
HanoJinumensb, KOTOPBIM TIOCIE IPONUTKH CBSA3YIOIIMM BEIIECTBOM  CIIPECCOBBIBACTCS B
OHOPOAHYIO Maccy. Kpome CBA3yrOIIMX BEHIECTB HAIOJHUTENEH B COCTAB IUIACTMACC BBOJAT
1acTU(PUKATOPBL, TUTMEHTHI U Jpyrue J00aBKHU.

CuHHTeTHYECKHE CMOJIbl UCIOJB3YIOT B KaUECTBE CBS3YIOIIETO BEIlecTBa B mjacTtMaccax. Mx
[IOJIy4arOT W3 BEIIECTB C HHU3KMM MOJIEKYJIISIPHBIM BECOM, a TAKXE W3 INPUPOJIHBIX WIH paHee
IIOJYYEHHBIX BEIIECTB C BBICOKOMOJIEKYJSIPHBIM BecOM. llosydeHne BBICOKOMOJIEKYISIPHBIX
CUHTETHMYECKUX CMOJ  MOXET OBbITh OCYIIECTBICHO METOJaMU  MOJMMEpU3aluu WU
ITOJIMKOHACHCALNH.

Hanoanumenu — 5TO OpPraHM4eCKME M HEOPraHWYECKHE BEIIECTBA B BHJIE IOPOILIKOB,
BOJIOKOH, JIUCTOB.

HamoJyiHuTe 1M BBOAAT B IJIACTMACCHI € LeJbIO: YIIydlIeHUs] (DU3MKO-MEXaHUYECKUX CBOICTB,
IUDJIEKTPUUECKUX CBOMCTB, (PPUKLUMOHHBIX M AHTU(PPUKLUMOHHBIX CBOWCTB, IOBBIIICHUS
TEIUIOCTOMKOCTH, YMEHBIIECHHsI TEIUIOCTOMKOCTH, YMEHBIIECHUS YCAJIKH, CHUKEHUS CTOMMOCTH
IJ1acTMAcC.

HanosHuTe M JeJIATCA HA: OPraHUYECKUE U HEOPraHUYECKHE.

Opeanuveckue Hanoinumenu - 3TO MaTepHUalbl Ha OCHOBE LEJUI0N03bl. OHM CHUXKAIOT
XPYIKOCTb CMOJI M COXPAHSIOT MaJblid yJI€IbHBIN BEC, OJTHAKO YBEIMYMBAKOT TMTPOCKOMMYHOCTD U
YMEHBIIAIOT TEPMOCTOMKOCTB IIJIACTMACC.
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Heopeanuyeckue nanonnumenu - 3TO MarepHaibl, KOTOpbIE YBEIMYMBAIOT XPYIKOCTb
IJIaCTMACC, HO TMOBBIIIAIOT TEIMJIOCTOMKOCTh U YIIYYIIAIOT 3JE€KTPOU30JIALUOHHbIE cBoiicTBa. [Ipu
¢bopMOBaHMU Yy IUIaCTMAcC C HEOPraHMYEeCKUMHU (MUHEpPaJIbHBIMU) HAMOJIHUTEISAMHU Yycaaka
3HAYUTENILHO MEHbIIIE, YEM Y IIJIaCTMACC C OPraHMYECKUMU HAIOJIHUTEISAMU.

B 3aBucumMocTu ot TpeOyeMoil CTPYKTYpbl B IJIACTMACCHI MOTYT OBITh BBEJICHBI HAIIOJIHUTEIN
CJIEYIOIUX BUJIOB:

1) nopowikooopazusie (B BUje MOPOITKOOOPAa3HONM KPOIIKM) APEBECHAS MYKa, IEJITI003a, CITI0a,
KBapLeBas MyKa, caxka, rpadut, Taibk, T102 1 HEKOTOpBIE IpyTHE.

2) 6010KHucmule (B BHAE PA3JIMYHBIX BOJIOKOH) XJIONMKOBBIE OYECH, acOECTOBOE BOJIOKHO,
CTEKJISIHHOE BOJIOKHO, KPOME TOT0, MOTYT MCIIOJIb30BaThCS OTXOJbl TKaHEW, Oymaru, KapToHa,
JPEBECHOTO IIMOHA M Jp. BOJIOKHUCTBIE HAMOJHUTEIN MOBBIIIAIOT MEXaHMYECKUE CBOMCTBA
IJIaCTMAcC, OJIHAKO BCJIEACTBME MEHbBIIEH TEKy4yecTH 3aTPYAHSIOT Mpouecchl (OopMOBaHUA H
BO3MOYHOCTb U3TOTOBJICHUSI U3/I€IHH CI0KHOW KOH(UTYpaluy;

3) cnoucmoie (B BuJE ULEIbHOJIMCTOBBIX MaTepuasoB) OyMmary, TKaHHM (XJomyaToOyMa)KHbIE,
CTEKJISIHHbIE, acOecTOBbl€) U JApeBecHbli MMOH. lVcrosib30BaHUE CIIOUCTBIX  (JIMCTOBBIX)
HaIOJIHUTENEH JJaeT BO3MOXKHOCTH MOJIy4aTh IJIACTMACChl C HanboJjiee BHICOKUMHU MEXaHUYECKUMHU
CBOMCTBAMM W  psAJOM  CHELMANbHBIX  [apaMeTpoB. TakuWe  IJJacTMacChl  Ha3bIBaIOT
KOHCTPYKLIMOHHBIMHU.

B HekoTOphIX ciydasX HM3rOTOBJISIOT IJIaCTMAacChl 0Oe3 HAMOJHUTENEH, MpEeCTaBIIAIONINE
co00il wmnM mnpo3pauHble (TUIIa OPraHUYeCKOro CTEeKIa) WM OT/AEIbHbIE HENPO3payHbIe
KOMITO3UILIUH.

IInacmugukamopst — 3TO  BEIECTBA, KOTOPbIE€ YMEHBIIAIOT  MEXKMOJIEKYJIIPHOE
B3aUMOJICICTBUE M XOpOIIO COBMEHIaloTCsl ¢ mnosiuMepamu. [lmactudukatopsl BBOASTCS B
wiactMacebl B kosnnuectBe 10-20% s MOBBILIEHUS 3JIACTUYHOCTH, YMEHBUIEHUS XPYIKOCTH
roToBOro  u3genus  (YJIydlIaloT  MOPO30CTOMKOCTb) M MPEAOTBpALLEHUS  MpUIUINAHHE
npeccMarepuaia K cTeHKaMm npecc-¢opMbl. B kauecTBe miaacTuuKaTopoB MPUMEHSIOT pa3ivyuHbIe
OpraHMYECKHEe BEILECTBA: CTEapUH, KaCTOPOBOE Macilo, OJEHMHOBYIO KHCIOTY, ITUOYTHI(TaIaThl,
TpUKpe3uwipocdatsl u JIp.

Cneyuanvnvie 006a6Kku — 3TO CMa304YHBIC MaTEPHAIIbI, KPACUTEIH, TOOABKU JJII YMEHbBIIICHUS
CTaTUYECKUX 3apsiioB U TOPIOYECTH, Ui 3allUThl OT IUIECEHU, YCKOPUTEIM M 3aMeIIuTeNn
oTBepxAcHUs U Ap. CrenuanbHble J00aBKU CIy>KaT JUIsl H3MEHEHUS WU YCUJICHHUSI Kakoro-inbo
CBONCTBA.

Cmabunuzamopbl — 53TO BEIECTBA, MPEAOTBPALLAIOLINE pA3JIOKEHUE IOJTMMEPHBIX
MaTepuaJoB BO BpeMsi HUX MepepadOTKM M HKCIUTyaTallMM I0J BO3ACUCTBUEM aTMOC(EpHBIX
YCIIOBUM, TIOBBIIIEHHBIX TEMIIEPATYP U IPYrUX (HakTOpOB.

B kauecTBe CTaOMIM3AaTOPOB HCIOJIB3YIOT apOMaTHYECKHE aMHHBI, (EHOJIbI, CEPHUCTHIE
COEJIMHEHUS, Ta30BYIO CaXKYy.

Kpacurean

B xomno3uimu miactMacc i NpUAaHus ONpeIeIeHHON OKPAaCKU BBOJST COOTBETCTBYIOLINE

KpacsIiKe BEeIeCTBa — NUSMEHMbI.

Buabl kpacureeii:

1) MuHepanbHble (MymHs, Oxpa, yMOpa, JUTONOH, KPOH W JAp.); 2) OpraHuyeckue (HUTPO3HH,
pOJaMuH).

Jlis  ycKOopeHusi OTBEp)KJIEHUS TEpPMOPEAKTHBHBIX IIJJaCTMAacC B HX COCTaB Iepen
(dhopmMoBaHuEM BBOJAT Kamaiuzamopwl (MIEPEKUCH, KUCIOTHI WIIH COJIH ).

[Ipu mpou3BOACTBE IIACTMACC C HOPUCTHIM WJIM SIMEUCTHIM CTPOCHHEM B MX COCTAaB BBOJAT
CHelHalIbHbIE BEILIECTBA — NOPOoOpazosameru.

Knaccnpukanus niaacrmace

Kinacenpukanusa miaacrMace 10 NPOUCXOKICHHIO: OpPraHUYECKOTO IPOMCXOXKJIEHHS U
HCOPraHMYCCKOro IMpOUCXOKIACHH.
HaunbGonbiuiee INIPUMCHCHUC B MAIIWMHOCTPOCHUHU IIOJYYHIIM IIJIACTMACChl OPraHU4Y€CKOro
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MIPOUCXOKICHHUS.
Kaaccndukanus niacrmace B 3aBUCHMOCTH OT IVIACTHYECKOi JedopManuy Npu Harpese:
1) TepmomiacTU4HbIE (TEPMOILIACTHI) MJIACTMACCHI;
2) TepMOpeaKTHBHbIE (PEAKTOILIACTHI) MJIACTMACCHI.

Kaaccndukanus miacrmace no JudjieKTpUYeCKUM CBOMCTBAM:
1) HemnoJisApHBIE; 2) MOJIIPHBIE.

Kaaccupukanus minactmace mno (Gu3NMKO-MeXaHMYeCKHMM CBOMCTBaAM TMpPH  OOBIYHOM
TeMieparype:

1) srcécmrue, sBastonyecs: TBEPAbIMU YIIPYIUMHU BELIECTBAMH C BBICOKUM MOJYJIEM YIPYTrOCTH U
MaJibIM YAJMHEHUEM IIPU pa3pbiBe, COXpaHsIoUe (GopMy IPU BHEIIHUX HANPSHKEHUSAX B YCIOBUSX
OOBIYHBIX WJIM MOBBILLIEHHBIX TEMIEPATYD;

2) nonyyucécmkue, SBIFIOIIMECS TBEPABIMU YIOPYTUMHU BELIECTBAMH CO CPEIHUM MOAYJIEM
YOPYTrOCTH, BBICOKUM OTHOCUTENBHBIM U OCTATOUYHBIM YJIMHEHUEM IIPU Pa3pbIBE;

3) mazkue, SBISIOMIMECS MSITKUMH U 3JaCTUYHBIMU BELIECTBAMM C HU3KUM MOJYJIEM YIPYIOCTH,
BBICOKMM OTHOCHUTEJIbHBIM YJUIMHEHUEM U MaJIbIM OCTaTOUYHBIM YAJIMHEHHUEM;

4) mazkue U Inacmuunple, SBISIIOMIMECS MSITKUMHU M 3JacCTUYHBIMU BELIECTBAMHU, C HHU3KHUM
MOJYJIEM YIPYTOCTH, MOJJAIOIINECs 3HAUUTEIbHBIM 00paTUMBbIM JleopMalUsiM MIPU PaCTHKEHUU
— IJIACTUKATHI (JINCTBL, JICHTHI).

Kaaccndukanus nmiacrmace no Ha3Ha4eHHIO:

1) koHCTpYKIIMOHHBIE; 2) GPUKIUOHHBIE; 3) aHTU(PUKIMOHHbIE; 4) CIelUaIbHbIE; 5) XUMHYECKU
CTOMKHE; 6) 3JEKTPOU3OJISILMOHHBIE;  7) po3pauHble; &) TEIJIO- U 3BYKOM3OJIALIMOHHBIE;
9) ymiotHuTenbHbIE (MpokKIaaouHbie); 10) nekopaTUBHEIE.

Kiuacenpukanus miacrmace 1o BUAy HAIOJHUTEJISA:

1) ¢ mopomKkoOOpa3HbIM HAMOJHUTENEM; 2) C BOJOKHUCTBIM HAIOJHHUTENIEM; 3) C CIOUCTHIM
HaroJHUTENEeM; 4) 6€3 HAIOJHUTEIIS.

Bonpoc 3. Pe3unbl, ux 00111as1 XapaKTepUCTHKA, KJIACCH(PUKAIUSA U HAZHAYEHH e

CoBpemMeHHasl TEXHUKAa HE MOKET CyLIECTBOBaTh 0€3 PE3MHOTEXHUYECKUX H3aenuil. Pe3nna
UCIOJIb3YEeTCSl Ui MPOM3BOJCTBA aBTOMOOWJIBHBIX IIHMH, H30JSLIUU IPOBOJOB, BOJO0JIA3HBIX
KOCTIOMOB, 0aJUIOHOB a3pOCTaTOB, IUIAHIOB, HAJyBHBIX JIOJIOK, IPOTUBOTa30B U MHOTOT'0 JIPYIOro.

Pe3unvr — 5TO 1U1acTMacchl € PENKOCETYATOM CTPYKTYpOH, B KOTOPBIX CBSA3YIOIIHM
BBICTYIIAET MOJUMED, HAXOSIIUNCS B BBICOKOILIIACTUYECKOM COCTOSIHUH.

Pe3una B oTiimume OT APYruxX MaTepuajioB 00/1aJaeT PSA0M LEHHbIX CBOMCTB:

BBICOKAsl 3J1aCTUYHOCTD; BBICOKOE COIIPOTUBJIEHUE UCTUPAHUIO; BBICOKOE COTPOTHBIIEHUE Pa3phIBY;
ra3o- 4 BOJOHENPOHHUIIAEMOCTh; XMMHUYECKas CTOMKOCTh; XOpOILIUE IUAJIEKTPUUECKHE CBOMCTBA,
HEeOOJIBIION yAENbHBIN BEC.

B pesunax cesasyromum siBisitorcsa kKayuyku HatypanbHble (HK) mnu cunrernueckue (CK).
Kayuykam, npezacrapisitoiiuM coOOM JIMHEHHbIE MOJUMEPHI, MPUCYIIA BbICOKAs IUIACTUYHOCTD,
oOycnoBieHHass OCOOEHHOCTSIMM CTPOEHHSA HX MoJieKyd. JIuHelHble M ciabopa3BeTBIEHHbIE
MOJIEKYJIbl KaydyKOB HMEIOT 3HMI3aroo0Opa3Hyl0 WM CIOHPAIEBUAHYIO KOHQUIYpalUuo U
OTIMYaroTCsl OONBIION THOKOCThIO. UMCTBIM Kaydyk MOJ3ET NMpU KOMHATHOW Temmeparype u
OCOOEHHO TpU TOBBIIIEHHON, XOpOILIO pPacTBOPSIETCS B OPraHUYECKUX pacTBOpuUTesX. Takoi
Kay4yK HE MOKET UCIIOJIb30BaThCS B TOTOBBIX U3/ETHIX.

J1J1s IOBBIIIEHUSI YIPYTHX U APYTUX (PU3HKO-MEXaHHUUYECKUX CBOMCTB B Kayuyke (GOpMUPYIOT
PEAKOCETYATYI0 MOJIEKYJSIPHYIO CTPYKTYpY. OTO OCYLIECTBIISIIOT BYJIKaHU3allMe — IyTéM
BBEJACHUS B KaydyKH XHMHYECKHX BEIIECTB — BYJIKAHW3aTOPOB (KaK TMpaBWio, cepy S),
0o0pa3yloIux MNONepeyHble XUMHYECKHE CBS3M MEXKIy 3BEHbSIMHM MAaKpOMOJIEKYNl Kaydyka. B
3aBUCHUMOCTU OT YHCJIa BO3HMKIIMX IPU BYJIKaHU3aLWU MOMEPEYHBIX CBSI3€H MOJy4alOT PE3UHBI
Pa3IMYHON TBEPIOCTH.
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Kuacenpuxkanus pe3un

Knaccudukanus pe3uH no TBepaocTu:
nopucteie (ryouatsie); msarkue (< 5%S); ocobo anactuunble; cpeanei TBEpaoctu (10 — 15%S);
TBEpAbBIE; BBICOKOM TBEpAOCTH; )KecTkre (DO0HUTHI (= 30%S)).

Knaccudurkanusi pe3uH 1o Ha3HAYECHUIO:

1)  yHuBepcalbHbIE;

2) crmeuuanbHbIE: a) MAcIO- ¥ TOIUIMBOCTOMKHE; 0) XUMUYECKH CTOMKHE; B) CBETOCTOMKUE;

I) MOpO30- M TEIUIOCTOMKHE; J) Ta30HENPOHUIIAEMbIE; €) IHUAIEKTPUYECKHE; K) CTOMKHE K
paauanuu.

KJIaCCI/I(l)I/IKaIII/Iﬂ PE€3UH IO TEXHOJOI'MA U3IrOTOBJICHUA:
KIICCHBIC, (bOpMOBaHHBIG; M TaMIIOBaAaHHBIC, JIUTHIC.
KJIaCCI/I(l)I/IKaIII/Iﬂ PE3UH IO TUITY U KOHCTPYKIMHA U3JeJIHi:

LIMHHBIE; KAMEPHBIE; PYKaBHBIE; IPOTEKTOPHBIE; TPAHCIIOPTHBIC; AMOPTU3ALIMOHHBIE U JIP.

Bansinue yciaoBuii IKCIIyaTallii HA CBOCTBA Pe3UH

Harpes, kak npaBuio, CHU)KaeT MPOYHOCTHbIE CBOMCTBA pe3uH. TepMuueckas cTaOUIbHOCTh
PE3UH ONpENEINIeTCs MPOYHOCThIO XMMHUYECKUX CBSI3ed B MakpOMOJIEKYJIaX M HX CTPYKTYpPOH.
HaubGonee UWHTEHCHMBHO, MPOYHOCTh YMEHBIIAETCS Yy PE3UHbI HA OCHOBE XJIOPOIpEHa.
Opranunyeckue pe3unsl nocie Harpesa (150°C) B Teuenue 1 — 10 9 TepsitoT IPOYHOCTD.

OpHOBpeMEHHOE JeMCTBHE Ha pE3UHbl TeMIlepaTypbl, 030HA, KHCJ0POJa, HArpy3KH,
yabTpaduoaeToBbIX Jydeil MHTEHCUQUIMPYET pa3BUTHUE IIPOIECCOB cTapeHus. Pe3nHbl Ha
ocHoBe CKT crnocoOHbI JuyinTeabHOE BpeMs paboTaTh Mpu 3Toil Temnepatype. Jletanu U3 pe3uH Ha
ocHoBe CK® u CKT — ymioTHUTENM MOJBWKHBIX M HEMOJBM)KHBIX COEIUHEHHH, MPOKIaIKHU,
KOJITIAYKH U T. Tl. — CTIIOCOOHBI paboTaTh JUTMTEIBHOE BpeMs Ipu TemiiepaTypax 1o 250 — 300°C.

[Ipy HU3KMX OTpULIATENIbHBIX TEMIIEpATypaxX PE3WHbI MPAKTUUYECKH MOJHOCTHIO YTPAYUBAIOT
BBICOKO?JIaCTUUECKUE CBOWCTBA M NEPEXOJAT B CTEKIO00pa3HOE COCTOSHUE. YPOBEHb MOTEPU
CBOMCTB 00JIbLIIE MPOSIBISIETCS B YCIOBUSAX CABUTA, YEM CHKATHUS WM PACTSKEHUS.

[Ton nelicTBMEM HOHU3UPYIOLIETO U3JIYYEHUS PE3UHBI CTAPEIOT.
CTOHKOCTh pe3uH K pagualu 3aBUCUT OT: IIPUPOJbI KayuyKa; Cpe/bl; COCTaBa Pe3UH (HaIUUUs
AHTUPAJIOB).

Haubonpiias ckopocTh cTapeHus MoJ JEHCTBUEM paJuallid OTMEYEHa y PE3UH Ha OCHOBE
CKH, CKb, Hauputa u nposBJI€Tcs B MOBBIILIEHUN UX TBEPIOCTU U YMEHBIIECHUU BsI3KOCTU. bonee
HU3Kasg CKOPOCTh cTtapeHus Habmromaercs y pesuH Ha ocHoBe HK, CKU-3. Ckopocth cTapeHms
CaMbIM CYIIIECTBEHHBIM 00pa30M 3aBHCHUT OT MOIIHOCTH J03bl 00ay4YeHus. B spepHOl TexHuke yis
M3TOTOBJICHUS YIUIOTHUTENIbHBIX JieTaliell yalie npuMeHstoT pe3udsl Ha ocHoBe CKU n HK.

Tema Ne7 [loBenenne MarepuajioB B 0co0bIX ycaoBusix. Kopposus
MeTa/VINYeCKHX MaTePHAJIOB M €€ BU/bl. 3aIlMTa METAJIOB U CIVIABOB OT
KOPPO3UH

Bomnpoc 1. [loBenenue MmaTepuajioB B 0COObIX YCJI0BHUSIX.
PaGora MaTepuajioB B yCJOBHSIX HU3KUX TeMIIepaTyp

Bo3zelicTBHI0O HU3KUX TEMIIEpaTyp IOJBEPraloTCs OYCHb MHOTHE MaTepUAIbl M W3JICIHS,
HampuMep TPYOBl JUIS Ta30- U HEPTEHPOIYKTOB, MOCTBHI, JKEJE3HBIC JIOPOTH, aBTOMOOWIIH,
JIeTaTeNbHBIC aliapaThl U T. . B CeBEepHBIX palloHAX OXJIKICHUE MAaTCPHUATIOB MOXKET JIOCTHTaTh —
60°C, kopmyca caMOJIETOB M KOCMHYECKHX allllapaToB MOTYT OXJIaXIAThCS JIO TEeMIIepaTyphbl
xuakoro kuciopona (—183°C). Jleranu u OTACNbHBIC Y3/IbI XOJOAMIBHOW U KPUOTCHHOW TEXHHKH,
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KOTOpbIE HCHOJIB3YIOTCS JJIsl TOJYYEHMs, XpaHEHUS, TPAHCIOPTHUPOBKU CKWKEHHBIX TIa30B,
OXJIQXKIAFOTCS 0 TeMIEPaTyphl KUAKOTO Tenus (—269°C).

IIpu HU3KHMX TemmepaTypax y MeTa/llIoB HaldumoaawTcs: 1) moreps IUIACTUYHOCTH;
2) noTeps BA3KOCTH; 3) MOBBILICHHAS! CKIIOHHOCTb K XPYIKOMY Pa3pyILEHHUIO.

OcHoBHOE TpeOoBaHUE K MaTepHaiaM, pabOTaOLIMM B YCIOBUSAX HU3KUX TEMIIEpaTyp, — 3TO
OTCYTCTBHE XJIaJHOJIOMKOCTH.

Jns  Hané&xHOM paboThl Marepualia HEOOXOOUMO, 4TOObI TeMIepaTypHbIH MOpor
XJIAJTHOJIOMKOCTH ObL HUXe pabodeil Temmneparypbl. Ha CKIOHHOCTH K XpYNKOMY pa3pylLEHUIO,
KaK U IpU HOPMAIbHBIX TEMIEpaTypax, BJIMSIIOT KOHLIEHTPATOPbl HANPSIKEHUH M MaclITaOHbIH
(dbakTop neTanei.

Marepuansl ¢ I'lIK pemérkoi, a Takke TUTaH U ero cruiaBbl, oOnanaromue ['TIY pemérkoit,
HE MUMEIOT SIBHO BBIPAKEHHOT'O MOPOTra XJaIHOJIOMKOCTH, M yJapHas BA3KOCTb Y HUX YMEHbIIAETCS
IJIaBHO.

Kpome xkputepueB xJaJoCTOMKOCTM OCHOBaHMEM JUIsl BbIOOpa MaTepuana CiIyxKaT
MIPOYHOCTHBIE XapaKTEPUCTUKU (002 U 0s), PU3HUUECKUE U TEXHOJIOTUYECKUE CBOMCTBA.

W3 ¢usnueckux CBONCTB MaTepUajOB IPU HU3KUX TeMIlepaTypax HHTEpPEC IMPeICTaBISIOT
TEIUIONPOBOJHOCTh M TEIIOEMKOCTh. CKOpPOCTh 3aXONakKMBaHWS MaTepuaia 3aBUCUT OT
TEIUI0EMKOCTU M TEIUIONPOBOJHOCTH METAJUIA, a MPU HU3KUX TeMIlepaTrypax, OMM3KUX K JKUIKOMY
azoty (—196°C) >t xapakTepucTuku ymeHbInatTces 6omee ueMm B 10 pa3. CKOpoCTh 3aX0JIaKUBAHUS
Marepuaga OpU  TEPMOLMKIMPOBAHUU  MO-pa3HOMY  3aBHUCUT  OT  TEIUIOEMKOCTH  H
TEIUIONPOBOJHOCTU. YeMm MeHbllle TEemIOEMKOCTh U OOJIbIlI€ TEIUIONPOBOAHOCTh, TEM Jierye
3aX0JIaXKUBAETCS] KPHOT'€HHOE 000py10BaHUE U ObICTPEE BHIXOIUT HA 3a/IaHHBIN PEKUM.

Haubonee pacnpocTpaHEHHBIMH CpeAaMM B KPUOI€HHOM TEXHHUKE SBIIAIOTCA KHUCIOPOJ U
BOJIOPO/I, IOATOMY HEOOXOAMMO YUUTHIBaTh COBMECTUMOCThH C HUMHU HCIOJIB3YEMbIX MAaTEPHAJIOB.

OcHOBHbIE MaTepuaibl, KOTOPbIE HCIOJIB3YIOTCS MPU KPUOTEHHBIX TEMIlepaTypax, — 3TO
yraepoauctoie cranu ¢ OLIK pemérkamu, amomunuii u ero cmiassl (AMn, AMr, AMrS u np.),
tutan u ero ciassl (BT1, BTS, OT4 u np.).

Hepskaperomue ctaiy NepexogHOr0 MU MapTEHCUTHOTO KIJIACCOB HE OXPYMUYHUBAIOTCS 10 —
196°C. HeprkaBeroliue cTanyu ayCTEHUTHOTO Kilacca IUIACTUYHBI U BA3KH 110 TemmnepaTyp —253°C.

Pabara marepuaJioB B yCJOBUSIX PAAHALMOHHOI0 00 Iy4YeHHs

Pagnanuonnoe oOnydyeHHe MarepHajioB B YCJIOBHSIX KOCMOCA CBSI3aHO C OTIPOMHBIM
paZvallMOHHBIM IOJEM BOKPYT 3eMiu. OJTO M KOPIYCKYyJspHass paaudanuss — DJIEKTPOHbI U
IIPOTOHBI, MIONABIIKE B MArHUTHOE T0JI€ 3€MJIM, KOCMUYECKUE JIyYd — YaCTHUI[bl BHICOKMX SHEPTuil,
MPUXOASIINE U3 Pa3INYHBIX oOsiacTeil BeeneHHoH, U coJlHeUHble KOCMUYECKUE JTYUH.

B HacTosiiee BpeMs MOXHO CKa3aTb, YTO BO3JCHCTBUE 3JIEKTPOHHOTO U IMPOTOHHOIO
U3JTy4YeHUN Ha METaJUIbl UCCIEA0BAaHO ellé HeJI0CTaTOUHO.

PannannonHoe Bo3zeiicTBre cuiibHee ckaspiBaeTcss Ha Metamwiax ¢ 'K pemérkoit, yem Ha
Metamutsl ¢ OLK u I'TTY pemérkamu.

N3 Bcex yacTu HauOoJsIbllee BJIUSIHME HA CBOMCTBA KOHCTPYKIMOHHBIX MaTepHAJIOB
OKa3bIBAIOT HEHTPOHBbI, CIOCOOHbIE M3-32 OTCYTCTBHUS 3aps/ia NPOHUKATH JAJeKO B IJIy0b
KPHCTAVINYECKOH PpeméTKH MeTa/lla M BbI3bIBATH B Hell cielyloliHe CyliecTBeHHbIe
U3MEHEeHUs:

1) obpazoBanue «map dpeHkens» BCASACTBHE YIPYroro CTOJIKHOBEHMS YacCTHI] C siipaMU aTOMOB
MeTaa;

2) HapyIIeHHE JECKTPOHHON CTPYKTYpHI (MOHH3AIMOHHBIE YPEKTHI) B pe3yabTaTe CTOJIKHOBEHUS
YacTHUILl C OpOUTAIbHBIMU 3JIEKTPOHAMU;

3) MecTHO€ MOBBILICHUE TEMIEPATYPhl (TEPMUUECKUN MHUK), CBA3aHHOE C YIPYTUMHU KOJIeOaHUSIMU
PEIETKY HA TyTH IPOXOXKICHUSI YACTHLI,

4) o6pazoBaHuE aTOMOB HOBBIX 3JIEMEHTOB B IIpOIIECCE SIIEPHOrO paclaja, a TakkKe IpH 3axBaTe
SJIPOM YaCTHILL;

31



5) paguanMoHHasi Apo3usl B pe3ylbTaTe OTPHIBA aTOMOB C MOBEPXHOCTH O] BIUSHHEM YIapOB
BBICOKOCKOPOCTHBIX INBIJICBUAHBIX YaCTHI] OKp}’)KaIOHICﬁ Cpc€abl.

CoymapeHuss dYacTHII C aTOMaMH B Y3JaX KPUCTAJUIMYECKOH PEIMETKH CMEN[aloT M
BO30Y)KIIAIOT JPYrHe aToMbl. BeieacTBre yIpyroro CoylapeHus 4acTUIbI ¢ aTOMaMH OHa TepsieT
9YacTh CBOCH KHHETHYECKOM OHEPTHH, 3aBUCSIIYI0 OT MEeNoro psaga (akTopoB 3TOTO
B3auMoJIelcTBUsA. Ecnu mpu 3TOM coynapeHHH aToM MPUOOPETaeT JONOJHUTENIbHYIO 3HEPTUI0 U
OHAa CTaHOBUTCS OOJbIIE SHEPrHH, HEOOXOJAWMOW ISl €ro CMEIeHHs, TO aToM H3 Yy3Ja
KPUCTAUTHIECKON PEHIETKH MTEPEMEIIaeTCsl B MEXIOY3/IHe. 3a CYET TaKOTO NIEPEMENICHHS aTOMa U3
y3J1a penIETKH B MEXKI0Y3JIMe U HAJIM4Msl BaKaHCHH 00pasyercs «mapa OpeHKems».

Bosnukaronue nedekTsl CTPOCHHUsSI TPUBOAIT K HM3MEHEHHUIO CIEAYIONIUX CTPYKTYPHO
YYBCTBUTCIIbHBIX CBOMVCTB CIIJTABOB: CHMIKAIOTCS IJIAaCTUYHOCTB, BA3KOCTD, IMOBBIIIACTCA YACIBHOC
AIIEKTPOCOTIPOTUBIICHNE U MPOYHOCTH, a TJIABHBIM 00Pa30M COIMPOTHBIICHUE MAaJO IUIACTHYECKOU
nedopmaruu (0o2).

Haubonee omacHoe sBiieHHe, HaOMOJaeMO€ NpPU PagUAllMOHHOM OOJIY4eHMH, — 3TO
OXpyIuMBaHHe MaTepuasioB. /laHHOE sBIeHHE HanOoJiee CHIIBHO MposBisieTcs y MetawioB ¢ OLIK
PEIETKOM; Tak, HaIpUMep, KPUTHUYECKAs TeMIIepaTypa XpYIMKOCTH MOJIMOIeHa TIOCIe HEHTPOHHOTO
o6mydenust nossimaercs ot —30 mo +70°C .

BenencrBue paamaniioHHOTO OOJMYYEHHS Y METAUIOB M CIUTABOB TMOHWKAIOTCS BS3KOCTH,
IIaCTUYHOCTB, COIIPOTUBJIICHHUEC OTPEIBY, 4 IPOYHOCTE U SJICKTPOCOIMPOTHUBJICHUC ITOBBIIIAKOTCA, T. €.
BO3PACTAET BEPOSATHOCTD XPYNKUX PA3PYLICHUN.

KapocToiikocTh 1 MeTO/Ibl, €€ MOBbILIEHUS

Kapocmotikocms — crnocoOHOCTb METAJIIOB M CIUIABOB COINPOTUBIATHCA OKHUCICHUIO U
ra3oBOM KOppO3UHU IPH BBICOKUX TeMmIleparypax. KapoCcTOMKOCTh 3aBUCUT OT MHOTUX BHELIHUX U
BHYTpEHHUX (akTopoB. B OCHOBHOM 3a >KapOCTOMKOCTH OTBEYAIOT IMOBEPXHOCTh MeTallla U
gucToTa (KauecTBo) €€ 00padoTku. [lommpoBaHHbIe TOBEPXHOCTH OKUCIISIOTCS MEIJICHHEE, TaK KaK
OKCHUJBl paclpesiesieHbl paBHOMEPHO U 0ojiee MPOYHO CLEIUIEHbl C IOBEPXHOCTHIO MeTallia.
dopmupyromasicsi Ha MOBEPXHOCTU OKCHUJHAS IJIEHKA JOCTATOYHO XOPOLIO 3aIIMIAET METaJlI OT
OKHCJICHUS B TOM CJIy4yae, €CJIi OHa IUIOTHAsI U He IIPOIYCKAET HOHBI KHCIOPOa, XOPOLIO CLEIJIeHa
C MOJJOXKOM W HE OTCIIauBaeTCs INpPU MEXaHWYeCKUX HcmbITaHusX. K Meramnam, KOTOpble
oOpa3yroT Takue IUIEHKH, OTHOcATCs XpoM (Cr) u amomunuii (Al). OkcujaHbple MJIEHKU TUIIA
mmnuHenu CroO3 1 ALO3 XOpoIIo 3anuimarT OT OKUCICHUS MPU BRICOKUX TemmepaTrypax. Eciu Ha
MIOBEPXHOCTU OOpa3yercsi pbIXJIbIM OKcHJ, Kak y MarHus (Mg), TO OH HE CTOEK U He 3allUIIAcT
METaJU1 OT JAIBHEHUIIETO OKUCIICHHUS.

[ToBbIlIEHHE KAPOCTOMKOCTH CIUIABOB JIOCTUTAETCS JIerMpoBaHUEM 3iieMeHTamu (xpoM (Cr),
amomunuii (Al), kpemuuit (Si), 6epuinuii (Be)), oOpa3yromuMy Ha OBEPXHOCTH HEMIPOHULIAEMBIE
JUIs WMOHOB OCHOBHOIO MeETajlla M KHCJIOpOJa OKCHAHbIE IIEHKU. Takxke Uil 3TUX Lenel
HCIOJIb3YIOTCSl 3aIIUTHBIE MOKPBITUS, COCTaB KOTOPBIX BBIOMpAETCS € Y4ETOM YCIOBUN pabOTHI
U3JIeNHsl U COCTaBa arpeccuBHOM cpenbl. CTpyKTypa >KapOCTOMKOro Marepuajia JOJDKHA ObITh
OJIHOPOJAHOM M 0JJHO(a3HOM (YHCThIEe METAJIbI MU TBEP/bIE PACTBOPBHI).

Tepmuueckas o0paboTka MEHSIET CTPOEHUE CIUIABOB M, CJIEOBATEIbHO, UX KOPPO3UOHHYIO
CTOMKOCTh. OTXKUI' UM HOpPMajdu3alus NPUBOAAT K (OPMUPOBAHMIO OJHO(A3HON CTPYKTYpHl U
CIOCOOCTBYIOT YBEJIMYEHHIO )KapOCTOMKOCTH MaTepHara.

[Inactuueckas nedopmanus yxXyalmiaeT *KapoCTOMKOCTb, TaK KaK MPUBOAUT K TOSBIICHHUIO
rpaJueHTa HaIpsDKEHUN B CTPYKType MeTasuia. BennuuHa 3epHa Juisl )KapoCTOMKOTo Marepualia He
CYIIECTBEHHA, I0ATOMY 3Ta XapaKTEPUCTUKA SBIISETCS CTPYKTYPHO HEUYBCTBUTEIHHOM.

XapaKkTepUCTUKU CIIJIaBOB, CTOMKUX K KOPPO3UU IPH MOBBIIIEHHBIX TEMIIEpaTypax, MOTLYT
OBbITh JJaHbl JIUIIb K KOHKPETHBIM arpecCHBHBIM CpelaM W BBIOOp MaTepuaia peuiaercs ¢ y4éTom
ycIIOBUN pabOTHI JAHHOTO U3/EINA.
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Kaponpo4HocTh M MeTOAbI €€ MOBbILIEHUs. SIB/IeHHEe M0JI3y4eCTH

Kaponpounocms — crnocoOHOCTh MaTepuana JUIMTEIbHOE BpEMsl CONPOTUBISATHCS
Ne(pOPMUPOBAHUIO U PA3PYLUICHUIO MPU BO3ACUCTBUM MEXaHWYECKHMX HArpy30K M IOBBIIIEHHBIX
TEeMIIeparyp.

XKapornpoyHocTh BaxkHa NpU BbIOOpE MaTepuasia, Korja padouue TemrepaTypbl H3JeNni
npesbimator 0,3 temnepaTypbl IUIaBiI€HUS Tyy. MHOTrME JeTanu COBPEMEHHBIX MMAPOCHUIIOBBIX
YCTAaHOBOK, METAJUTyprU4ecKUX Iedel, ABUrareiaeidl BHYTPEHHEro CropaHus, ra3oBbIX TYpOUH U
JApYrux MalMH Opu paboTe pa3orpeBarOTCs 10 BBICOKUX TEMIEpaTyp M UCHBITHIBAIOT OOJIbIIME
Harpy3ku. YcioBus paboThl jetanedl pasnnyHbl. OCHOBHOE 3HayeHHE NpU BbIOOpe MaTepuaia
uMerotT: 1) temneparypa; 2) AJUTENbHOCTh padOThI 10 Harpy3Koi; 3) 3HaueHHE HaIPSDKEHUS.

[Ipu BeICOKHX TemIepaTypax ycKopsaTcs 1uddy3noHHBIE IPOLIECCHI, U3MEHSIOTCS UCXO0IHAs
MUKpPOCTPYKTYpa U MEXaHH4YecKue cBoiicTBa MarepuasioB. C TMOBBIIIEHUEM TeMIIEpaTypbl
3HAYUTENIBHO BO3pAacTaeT YMCIO BAaKaHCHUM, YBEJIWYMBACTCS MOJABM)KHOCTh TOYEUHBIX ACPEKTOB.
Kpome Toro, muddysust cmocoOCTByeT mepeMenieHUuIo AUCIOKAIUN (JTMHEHHBIN nedeKT) MmyTéM
Meperno3anusi, 4YTo JaéT UM OOJIBLIYI0 «CTENEeHb CBOOOJBI», HO TaK)K€ HAOJIONAIOTCS YaCTHYHAS
QHHUTWIISANUS  JUCIOKAUMM  (JMCIOKAallMM  pPa3HOro0  3HaKa  B3aMMHO  YHHUTOXKAIOTCS),
nepepacnpeesieHie MX, YTO KOPEHHBIM 00pa3oM MEHSIET NEePBOHAYAIbHYIO IUCIOKAMOHHYIO
CTPYKTYpYy MeTajuia.

JlnurenbHOE BpeMsi BO3AECUCTBUSI TEMIIEPATypbl MPUBOJUT K CYIIECTBEHHBIM CTPYKTYPHBIM
W3MEHEHUSM: TEpseTCs TMPOYHOCTh, TMOJY4YEHHAs TpU TepMHUECKol o0paboTke (3akajka,
CTapeHue), a TaKKe MPOUCXOAUT MOTeps YNPOUYHEHHUS, BHI3BAHHOTO IIJIaCTUYECKOU aedopmarnuei,
13-3a TaKUX MPOLECCOB, KAK BO3BPAT U PEKpUCTAIU3ALUS.

Kak yxe Obl1O CKa3aHO, MPH BBICOKHX TEMIIEpaTypax OcCIabeBarOT MEXAaTOMHbBIE CBSI3U Y
METaJJIOB, YMEHbIAIOTCA MOAYJIb  YIOPYroCTH £, BpeMEHHOE CONpOTUBIEHHE (Ipenen
IIPOYHOCTHU) 0 U MIPEJIEN TEKYUYECTH Or.

Uem Hmke TemrmepaTypa IUIaBI€HMs CIUIaBa, TeM HIKEe M pabouas temmeparypa. Ilpu
Harpy>KeHUU Marepuala JUIMTEIbHOE BpeMs B YCJIOBUAX NOBBILICHHBIX TEMIIEpaTyp HaOroAaercs
nporiecc (SIBJICHUE) NoI3yUecmu.

Ecnum npu nocTosiHHON TemIlepaType MOJ JAEWCTBUEM IIOCTOSHHOW HAarpy3ku BbI3BaTh B
MeTajjle HamnpssKeHUE JaXKe HIDKE Ipejeia TEeKYYeCTH or M OCTaBUTh €ro B ATHX YCIOBUSX
JUINTEIbHOE BPEMS, TO METAJLI CO BpeMEeHEM OyIeT 1eopMHUPOBATHCS C OIPEACIIEHHON CKOPOCTHIO.
D70 sIBIEHHE MOJYYUIIO HA3BaHUE no/13yYecmuy VI KpUIa.

OCHOBHBIMU ~ KPUTEPUSMU KAPOIPOUHOCTH METAJUIOB SBISIOTCS npeden  OaumenbHou
npouynocmu W npeoen noasydecmu. Takue TOHATUSA, KaK IOJ3Y4ECTh M KApOIMPOYHOCTh, TECHO
CBSI3aHbI MEXJ1y COOOM M OTIENUTh UX APYT OT JIpyra He MPe/ICTaBISIETCs] BO3MOKHBIM.

Bomnpoc 2. Ctaau u cijiaBbl ¢ 0c00bIMHU (PU3NKO-MeXaHMYeCKHUMH CBOHCTBaMU
Craju 1 cijiaBbl ¢ 0c00bIMHU (pU3NUYECKMMH CBOHCTBAMH

K cramsim ¢ ocoObiMu (pu3MYECKMMHM CBOWCTBAMH OTHOCSTCS: MarHWTHAs, HEMarHUTHAas;
CTajlb, OOJajaromias BBICOKMM  JJIEKTPUUYECKHUM  CONPOTHBIIEHHEM; CTalb C OCOOBIMH
TeT10(OU3NIECKUMU CBOWCTBAMU.

TyFOHJIaBKI/Ie MaTepHuaJibl

Tyeonnaskue mamepuanvi. TyroriaBKkie METaIDIBI M CIIAaBBl HA MX OCHOBE NMPHUMEHSIOT IS
paboTsl ipu Temneparypax 6osee 1000°C.

TerHJ'IaBKI/IMI/I Ha3bIBAIOTCA METaAJJIbl, UMCIOIIUEC TEMIICPATYpPy ILIABJICHUA BBIIIC, YCM Y
)kene3za. Hawmbounbmiee NPUMECHCHUC B TCXHHUKEC HaAXOIAAT TYIOIDIABKUC MCTAUIbI, HWMCIOIIUC
cinenyrome Ttemneparypbl miaBineHus: xpoMm (Cr) — 1900°C, nwmoOwmit (Nb) — 2415°C,
Moo ern (Mo) — 2620°C, tantan (Ta) — 3000°C, Bonsdpam (W) — 3410°C.
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Pacmmpenne mpom3BoACTBa W NMPHMEHEHHE TYTOTUIABKUX METAJUIOB W CIUIABOB CBS3aHO C
pa3BUTHEM aTOMHOW TETNIOIHEPTETUKH U PAKETHO-KOCMUYECKOIH TEXHUKH.

CmiaBsl Ha ocHOBe HHOOUs (Nb) 1 Mmonubena (Mo) umeroT HanboJiee yI0BICTBOPUTEIBHBIE
TEXHOJIOTHYECKHE CBOWCTBA. KpoMe TOro, OHHM OXpYINMUYHBAIOTCS NpPHU CPAaBHUTEIHFHO HU3KHUX
temneparypax (+100) — (—100)°C. Boabdpam (W) mepexoaut B XPYIKOE COCTOSHHUE TMpHU
temneparype 600°C. biaromapss CpaBHUTEIBHO BBICOKOW IUIACTUYHOCTH CIUJIaBBI HUOOHWS U
MOJMO/IeHa UMEIOT O0JIee IMUPOKOE PacIpOCTpaHEHHE.

Bce TyrormmaBkue MeTayuibl HIMEIOT HU3KYIO KApOCTOHKOCTh. J[JIst 3alIUThI UX OT OKUCIICHUS
MPUMEHSIOT pa3iINYHble TOKPBITUS. i1 MOTHOACHOBBIX U BOJBL(PAMOBBIX CIUIABOB IPUMEHSIOT
pasnuaHble TepMO (D ()Y3NOHHBIC CUITHITHIHBIC TOKPBITHS.

B kauyectBe MaTepumaina /s BKJIAIBIIICH COTIEN B PEAKTHBHBIX JBUTATENAX, pabOTAIONINX Ha
TBEPJIOM TOTUTMBE, IPUMEHSIOT Tpadut, nMmeroniuii Temneparypy 1iasierus 3900°C. Temnepatypa
wiaMeHu B Takux jasurarensx pocturaer 3500°C. Hemoctatkom rpaduta sBiseTcs HHU3Kas
SPO3UOHHASI CTOMKOCTB, NMPHUBOJAIIAS K M3HOCY COIUIAa M3-3a TBEPIBIX YAaCTHUI], COJICPKAIINXCS B
OTXOJISIINX Ta3ax.

MarauTHble 1 HEMArHUTHbBIE CTAJH U CILJIABBI

MarHuTHbBIE CTaJIM OIMPOKO MPUMEHSIOTCS B JJIEKTPOHMKE. B 3aBHCHMOCTH OT Ha3zHaYeHUS
pa3MYar0T MarHUTHOTBEP/IBIE U MAarHUTHOMSITKUE CILIaBHI.

Maenumomeépovie cmanu CIyXar, TIaBHBIM 00pa3oM ISl M3TOTOBIICHHUS MOCTOSHHBIX
MarHuToB. OHM JJOJDKHBI UMETh BBICOKHE 3HAUEHUS KOIPIUTUBHON CHIIBI M OCTATOYHOW WHIYKITHSL.

Kospyumuenou cunoii Ha3zpIBaeTCsd HANPSHKEHHOCTh MArHUTHOTO TIOJISI OOpaTHOTO 3HaKa,
KOTOpast IOJDKHA OBITh MPHUIIOKEHA K 00pa3Iy Ui ero pa3MarHUIYMBaHMUS.

Ocmamounotl uHOyKyuell Ha3bIBAIOT MAarHUTHYIO HHIYKIIMIO, OCTAIONIYIOCS B 00pasie 1mocie
€ro HAMarHWYMBAHUS M CHATUS MarHUTHOTO TIOJISI.

Haubonee uzBectHpie Mapku marHuToTBEpABIX craneit: EX2 (1% C, 2% Cr), EX3 (1% C,
3% Cr), EX5K5 (1% C, 5% Cr, 5% Co), EX9K15M (1% C, 9% Cr, 15% Co, 1% Mo). byksa E
XapaKTepU3yeT MarHUTHYIO CTalb (3JEKTPOTeXHUUYEcKyI0). B aToii cramu coxepxarcs xpom (Cr),
ko0ansT (Co), Mmonuben (Mo).

MarHuToTBEPIBIC CTANN TMOJBEPralOT 3aKajKe HAa MAapTEHCHT M MCKYCCTBEHHOMY CTApCHHIO
npu 100°C.

OmHuM U3 JTy4IInX MaTEepPHAIOB ISl MAarHUTOB sIBJIsieTCA criaB anbHUKO (8% Al, 14% Ni,
24% Co, octampHoe Fe). Maruutbl U3 ajJbHUKO M3TOTOBIISIIOT JIMTBEM, TaK KaK OHM IIOXO
00pabaThIBaOTCs pe3aHUEM.

Maenumomsekue cmanu VCTIONAB3YIOTCS UIS pabOTHI B MIEPEMEHHBIX IMOJISAX, T. €. B YCIOBHAX
HETPEPBIBHOTO TlepeMarHuunBanus. [109ToMy OHM IPUMEHSIFOTCS ISl M3TOTOBJICHUST CEPACYHUKOB
TpaHc(hOPMaTOPOB, POTOPOB, CTATOPOB, MATHUTOTIPOBOIOB, AIIEKTPOU3MEPUTEIHHBIX TPHOOPOB.

Hcxons m3 (PyHKIMOHAIBHOTO Ha3HAYEHUS MArHUTHOMSTKHE MaTepHalbl JOJDKHBI UMETh
Mayioe 3HaueHHE KOAPIUTHBHON CHJIBI M BBHICOKYIO MAarHUTHYIO NMPOHUIIAEMOCTh. JTHM CBOHCTBaM
OTBEYAIOT HU3KOYTJIEPOJAUCTHIC CTau ¢ go0aBienueM 1 — 5% kpemuus (Si).

Ob6o3Hauarorcss MarHutomsrkue cramu Oyksor O (D1, 311, 221, D41 wu T1.40.) U
XapaKTEepPU3YIOTCSl BHICOKUM IMPOLEHTOM cojepkanust kpeMHus (Si) (1 — 5%). Kpome MarHUTHBIX
cTajiell IpUMEHSIIOTCSl MarHuTHbIE cruiaBbl Ha «Al — Ni— Co» u «Fe — Al» ocHoBe.

BBICOKYI0 MarHWTHYIO IPOHHUIIAEMOCTh UMEIOT CIICIUAIBHBIC KEIC30HUKEIIEBbIC CIUIaBbI —
MepMajuion C OMPEICICHHBIMU Y3KUMHU Tipeaenamu coaepskanus Hukens (Ni) (oxomno 78,5%).
MarnuTHass TPOHHIIAEMOCTh TepMauioeB mouyTd B 10 pa3 Oombire, 4yeM HHU3KOYTIEPOAUCTOTO
TEXHUYECKOTO JKeJe3a, YTO MO3BOJSIET MCIIONIB30BaTh WX ISl MPUOOPOB, paboTalONIMX B CIA0BIX
nossix (pamuo, tenmedon). s tex ke uened pa3paboTaH 3aMEHUTENh JOPOTHX IMEPMaIOeB —
cruaB anscudep, comepxkamuid 5,4% Al, 9,6% Si, octanbrHoe xenes3o (Fe). Henocrarkom craBa
SIBIISICTCSI €r0 TOBBIIIEHHAS XPYNKOCTb. AJNbcH(ep OOBIYHO HCIONB3YIOT B BHJE IMOPOINKA WU
TOHKOCTEHHBIX ()aCOHHBIX OTIIUBOK.
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Hemaenumnvie cmanu u cnaaswi, nHanpumep SSHOT'9 u H2S, 3aMeHstoT goporue mBETHBIC
MeTtauibl. OHM TIPUMEHSIOTCS B TPUOOpax, TAe MarHUTHBIE MaTepuaibl MOTYT TOBJIHUSATH Ha
TOYHOCTBH ITOKA3aHMH.

CiiaBbl ¢ MAJIBIM TEMIIEPATYPHBIM K03( (pHLMEeHTOM JINHEIHOr0 pacliupeHust

Cmanu u cnaasvl ¢ 0coobIMuU MenioPu3ULecKuMU ceoLUcmeamy OTANYAOTCA 0C000 HUZKUM
ko3¢ punmentom temaosoro pacmupenus. K aum otnocsres crans 18XMT® u crinassl unBap H36
(comepxanue Hukens (Ni) 36%, ocrampHoe — xene3o (Fe)), anuaBap H36X8, xoBap H29K18,
wiatuauT H48 (mocnennuit 3amenser maruHa (Pt)). YkasaHHble cIiaBbl NPUMEHSIIOTCS  JUIS
YacOBBIX NPYXUH, KAMEPTOHOB, (PU3HUUECKUX MPUOOPOB.

Manbiii TemrepaTypHblii KO3(PQUIIMEHT JTUHEWHOTO PACIIMPEHUS HMEIOT CIUIaBbl CHCTEMBI
«Fe — Ni» B wuntepBane KoHueHTpauuih 29 — 45% mnukens (Ni). Haumensinee 3HaueHue
ko3 duienta a umeer uHBap 36H — cmnas, comepsxammii 36% nuxens (Ni) (a=1,5-10° K).
Eme Gonee HuM3KOe 3HaueHHMe Kod(Quiuenta nuHeliHoro pacmupenus (a=1,0-100K") B
temneparypaoMm uHTepBaiie oT —60 mo +100°C mocTuraercs mpu HMCHOJIb30BAaHWUU CyIEpHUHBapa
32HK]l — cnaBa, MOMOJIHUTENIBHO JISTHPOBAHHOTO KoOanbToM M Mmeapto (31,5 — 33% Ni; 3,2 —
4,2% Co; 0,6 — 0,8% Cu).

CniaBbl AJIsl YIIPYTHX 3JIECMCHTOB

JUis W3roTOBIEHUS PA3IUYHBIX YIPYrUX 3JIEMEHTOB B NpuOOpocTpoeHHU (CHIB(OHOB,
NpYXUH, MeMOpaH) NpPUMEHSIOT MaTepuaibl C BBICOKUMU YIPYTMMH CBOMCTBaMH, HE
MEHSIOLMMUCS B LIUPOKOM TemnepaTypHoM auanazoHne (1o 200°C). K Hum otHocsT snuHBap — Fe
— Cr — Ni ciinas, conepxatuuii okosio 40% Ni, 6% Cr ¢ no6askamu Tiu Al. DnaunHBap ynpouHsercs
B pe3ynbTaTe 3akayiku ¥ ctaperus npu 700°C, mpu KOTOPOM BBIICTSIOTCS TUCTIEPCHBIE YaCTHIIBI.

JUis HEMarHUTHBIX YHOPYIHMX 3JIEMEHTOB OTBETCTBEHHOTO HAa3HAYEHHUS CTOMKHUX IPOTUB
KOppO3uH, MIPUMEHSIOT OepuiiueBbie Opon3sl bpb2 mocne 3akanku ¢ 780 — 790°C u crapenus npu
350°C.

Tema Ne§ OcHOBBI TEXHOJIOTMH JTUTEHHOI0 MPOU3BOACTBA M 00padoTKH
MAaTepPHAJIOB 1aBJICHHEM

BOHpOC 1. TexHo0rusi M3roTOBJEHUS OTJIUBOK B MECYAHO-TIMHUCTBIX (l)opMax

JluthéM B mecuaHble (OpPMBI HM3TOTOBISAIOTCA OOJIBIIMHCTBO OTJIMBOK B CEPUHHOM
npou3BojicTBe. CyIIHOCTh €ro 3aK/II0YaeTcsl B 3QJIMBKE pacilylaBa B MecyaHyro (JIMTeiiHyt0) Gpopmy,
MOJIOCTh KOTOPOM MMeEeT KOH(UTyparuioo OTAuBKH. [locie 4yero 3aTBepAeBIIMN M OXJIXKIEHHBIN
MeTaJlJl WIH CIUIaB COXpaHsAeT KOHPUTYpaLUIO STOM MOJIOCTH.

OcHOBHbBIE OIEpaly TEXHOJOTMYECKOTO IpoLecca H3rOTOBJICHUS OTJIMBOK B IECYAHBIX
(dbopmax MOryT ObITh OOBEIUHEHBI B TPU TPYIIIIBL:

I. @®opmoska. Bxmrowaer B ceOs omepamMu M3TOTOBJIICHHS MOJCIBHOTO KOMIUICKTA,
MPUTOTOBJIEHUS (OPMOBOYHBIX U CTEPKHEBBIX CMecCEl, W3rOTOBJICHHE 3JIEMEHTOB (OpPMBI U
cTepxHel 1 cOopKy IuTeitHON PopMBIL;

II. I1naska u sanuska. Bximouaer B cedsi omepanuy MOATOTOBKH U 3arpy3KH IJIaBHJIbHON
M€Y, MJIaBJICHUS, JOBOJAKHU U 3aJIMBKH paciuiaBa B JUTEHYIO Gopmy;

III. Buibusxka u ouucmrka omaugok. OCyIIECTBISETCS IOCIE 3aTBEPACBAHUSI U OXJIAXKACHUS
OTJIUBKH, COCTOUT B BBIOMBKE OTJIMBOK U3 JUTEHHBIX (OPM, OYHCTKE MX OT OCTATKOB (DOPMBI U
CTEpXHEH, a Tak)Ke B yAaJIEHUU JIEMEHTOB JINTHUKOBOU CUCTEMBI.

Jlig cHATUS BHYTPEHHUX HaIPsHDKEHMM, MOJYYeHUS 3aJaHHBIX CTPYKTYpPbl U MEXaHHMYECKHUX
CBOMCTB ME€TaJlJIa OTIMBKH TOJIBEPralOT COOTBETCTBYIOIICH TEPMHUIECKOM 00paboTKe.

Boei6op Buza nuTeitHONH (QopMbI OmpenenseTcss MaTepuagoM, Maccod M TOJIUHOW CTEHOK
OTJIMBKH, & TAKXKE TEXHOJIOTHEHN U3rOTOBJIEHUS (OPMBI.
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Ha3nauenue nureiinoi ¢popMbI COCTOUT B 00eciedeHHN:

1) HeoOx0IMMOM KOHPUTypalKi U pa3MepPOB OTJIMBKHY;

2) 3a/1aHHOM TOYHOCTH U KauecTBa OBEPXHOCTHU OTJIUBKU;

3) onpenenéHHON CKOPOCTH OXJIAXKICHHS 3aJIMTOr0 MeTajlia, CIOCOOCTBYOLIEH (OPMUPOBAHUIO
TpeOyeMoil CTPYKTYphbI CILJIaBa U Ka4ecTBa OTJIMBOK.

DCKU3 OTJIMBKU TOKa3aH Ha (puc. 2a). [ns u3roToBieHUs: mecyaHor (GOpMbI 3TOW OTIUBKH
HE0OX0IMMO UMETh MOJIETIbHBIM KOMIUIEKT U JPYTYIO JIUTEHHYIO OCHACTKY.

Jlumeunas ocmacmka — TPUCHIOCOOJICHUS, NTPUMEHSEMbIE JJIsi W3TOTOBJIEHUS OTIUBOK.
JluTeliHas OCHAcCTKa COCTOMT W3 TEXHOJIOTHYECKHX MPHUCIIOCOOIICHH, HEOOXOTUMBIX IS
nosiyueHuss B ¢opMe KOHTYpPOB OTJIMBKHM, UM BKJIIOYAaeT B ceOd MOJAEIbHBIM U (OPMOBOYHBIH
KOMILJICKTHIL.

MooenbHulil Komniexm BKIOYAET B ¢€0sl BCIO OCHACTKY JUISl MOJYYEHUSI TOJOCTH (POPMBI.

B paccmaTpuBaemoMm ciiyyae MoJeJIbHbII KOMILUIEKT COCTOUT M3:
1) Mozenu; 2) CTEp>KHEBOTO SIIIKMKA; 3) MOJCIICH AJIEMEHTOB JIUTHUKOBOW CUCTEMHI
4) npubbutK; 5) BHIIOpA U Jp.

[Ipy HEOOXOIMMOCTH MOJENbHBIM KOMIUIEKT JOJDKEH BKJIIOYATh TaKKe IIAa0JIOHBI s
KOHTpOJISI pa3MepoB W KoHurypamuu (opmbel. Mmes BCO HEOOXOIUMYIO OCHACTKY, MOJKHO
U3TOTOBUTH JIUTEHHYIO OpMY.
®opMOBOYHBIN KOMILIEKT COCTOUT M3:

OTIOK; TIOJIMOJICIFHOM IUTUTHI; IITHIPEH; 1a0JIOHOB.

Mooens — mnpucnocobieHue, ¢ mnomompbio kotoporo B ¢opme 1 (puc. 160) mosyuaror
OTIIEYaTOK, COOTBETCTBYIOIINNA KOH(UTYpallui OTIIUBKU.

Monenb KonupyeT OTJIMBKY, OTIMYAsACh OT He€ yBeIMYeHHbIMU pa3zMepamu. HeoOxoaumocThb
M3TOTOBJICHUSI MOJENIM YBEJIMYEHHBIX PAa3MEPOB BbI3BaHA YCAJKOW MeTaula OTJIMBKU IIPU €ro
KpUCTAJNIM3allMd M OXJIAXKJEHUHU, a TaKkKe JajbHeilield MexaHndeckoil o0paboTkoil pabouux
MOBEPXHOCTEN OTIIUBKH.

ITo KOHCTPpYKIMHU MO/Ie I MOTYT OBITh:

1) Hepa3beMHBIMH; Pa3bEMHBIMH; C OTbEMHBIMH YACTSIMU U T. II.
MacTep Moaes M U3roTaBJIMBAIOT U3 CJIeAYIOIINX MATEPHAJIOB:
1)u3 nepeBa (€IMHUYHOE U CEPUMHOE TTPOU3BOICTBA);

2) yyryHa, aJllOMHHHUS, IJIacTMacc (MaccoBO€ MPOU3BOJCTBO).

Cmeporcnesvle awuxku (puc. 1le, 16) cmyxaT s HM3TOTOBJIEHHUS CTEP)KHEH 8, KOTOpHIE
yCcTaHaBIuBalOTCI B (GopMy | ¢ Iebl0 CO3/aHUs TOJOCTH WM OTBepcTus B oTiuBke. [lo
KOHCTPYKLIMU CTEpXKHEBBIE SIIUKUA TOJPA3AEIAIOTCS Ha LeJbHble, pa3bEéMHbIe (puc. ls, 1s),
BBITPSIXHBIE U Ap. M3roTOBISIIOT UX U3 TEX K€ MaTepHalioB, 4YTO U MOJEIH.

Puc. 1. JIuteiinas monens (0), CTEpKHEBOU AIIUK (6), OTIUBKA (2) YyT'YHHOU BTYJKH (a).

Haznauenue npyrux ayneMeHTOB JUTEHHON (popmbl cocTouT B cienyromeM. COBOKYIHOCTh
KaHAJIOB W PE3E€pBYapoOB, CO3JaBa€MbIX JUTHUKOBON BOpoHKO# 10, crtosikom 11, 3ymmdom 13,
nutakoyiaoButenem 12 u  murarensimu 14, 15 (puc. 3), Ha3BIBAIOT  JUMHUKOBOU  CUCTEMOI.
JInTHHKOBas cucTema MpeaHa3HAaYeHa I [TOJBOA KUAKOTO METaJlIa U3 JUTEHHOrO 3aJIMBOYHOIO
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KOBIIA, B KOTOPbIA pacIUIaBICHHBI MeTaul MOCTyNaeT U3 IUJIaBWJIBHOTO arperara WiH
pa3gaToyHOro KOBIIIA, B MOJOCTH (OpMBI 1.

Jlumnuxoeas eoponka 10 (puc. 3), mpeaHa3HayeHHas IS MpUeMa paciijiaBa W 3aJep KaHus
MOTIA/IAI0IIEr0 BMECTE C HUM IIIaKa.

Cmosx 11 (puc.3) mpeacraBisieT co00OM BEPTUKAIBHBIA KaHA, Yepe3 KOTOPBIA
pacIuUIaBJIEHHBIN METaJlI OCTYNAET OT JIATHUKOBOM BOPOHKH 10 K ApyruM 3j1eMeHTaM JIMTHUKOBOM
cucteMbl. KonycHocTsb 2...4% crosika o0ecnieunBaeT yno0cTBa rmpu (GOpMOBKE M HATOp pacrliaBa.

3ymngh 13 (puc. 3) mpemoxpaHseT HUXKHIOO TMOIyGopMy OT pa3MmblBa W TOMAJaAHUS
MIPOJIYKTOB pa3MbIBa (TJIaBHBIM 00pa3oM — yacTHl] (OPMOBOYHON CMECH) B HOJIOCTH (POPMBI, a,
CJIEJOBATENIbHO — B OTJIUBKY.

LInaxoynosumens 12 (puc. 3) HEOOXOUM ISl TPEAOTBPAIIECHUS TOMAIAHUS IIIJIaKa U APYTHUX
YacTHUIl B [IOJIOCTh (POPMBI.

Ilumamenu 14, 15 (puc. 3) npenHa3HadeHbl IS TUIABHOM MO/IaYM PACIUIABICHHOTO METalia C
OTnpeIeIEHHON CKOPOCTHIO HETIOCPEACTBEHHO B MOJIOCTH (DOPMBI.

Ilpubvinwio 7 (puc. 3) HA3BIBAIOT TEXHOJOTHYECKHN TPUIIUB, KOTOPBIM, 3aTBEepjieBas B
MOCIIETHIOI OYepesb, MpeAoTBpallaeT oOpa3oBaHUE YCaJ0YHBIX PAKOBUH B TeJle€ OTJIMBKH.
YcanouHast pakoBUHA IPU 3TOM (HOpMHUpYETCst B TPUOBUIH.

Uepes gvinop 5 (puc. 3) BBIXOJUT BO3AYX M JAPYTHE Tasbl, KOTOPbIE 00Pa3yrOTCs B MOJIOCTH
¢dopMbl BO BpeMsi €€ 3aJIUBKM pacIUIaBJICHHBIM MeETauIoM. Bbimop Takke mNpenHa3HAayeH [yis
YMEHBIIECHHUS JWHAMHUYECKOro JaBJIeHHs MeTauia Ha ¢opmy. [a3pl BO3HUKAIOT B MOpax
($hopMOBOUHOII U cTepykHEBOM cMecH 2. Ecnu ux He yaanarh, TO OHU MOTYT MPONTH Yepe3 TpaHully
«hopma — MeTai» U MomnacTh B OTJIMBKY, 00pa3ys Tak Ha3blBaeMbl€ ra30Bble pakoBHHBIL. [loaTomy
JUIS JIy4lIero yAajieHus ra3oB B Hojiypopmax Bepxa W HH3a, a TaKKE B CTEPXKHSAX YCTPAUBaIOT
BEHTUJISIIUOHHBIE KaHaJIbl 6, CIIOCOOCTBYIOLIME BbIXO1Y I'a30B U3 JTUTEHHON (OPMBI.

B nuTHUKOBYIO cHCTEMY MOTYT BXOJIUTh JONOJHHUTENbHbIE MPUObLIM U MUTAIOIINE BHIIOPHL,
yCTpauBaeMble JUIsl YTOJIIEHHBIX OTJIMBOK M3 CTAJIM U BETHBIX CIJIABOB.

YmnotHenue (OpMOBOUHOM CMECHM B BEPXHHUX W HIKHUX MOIypopMax, Kak IPaBHIIO,
BBIINIOJIHAIOT B ONOKax 3, 4, MpeCTaBIIAIOMUX COO0M OTKPBITHIE C IBYX MPOTHUBOMOJIOXKHBIX CTOPOH
MeTtamnyeckue suuku. [locne m3roroBneHus noiypopm Hu3a, Bepxa M CTEpXKHEH MPOU3BOIAT
onepanuy cOOpku GOpPM U UX 3aTHMBKH JKUJIKUM METAILJIOM.

[locne 3anmuBKM MeTajula, €ro 3aTBEpACBAHUS U OXJIAXACHUS 10 TpeOyeMoil TemmepaTypbl
MIPOU3BOJIAT BIOUBKY (hOpM (M3BJIEUEHHE OTIMBKHU U3 (OPMBI).

Briburas u3 ¢opmbl OoTIuBKa mojBepraercs oOpyOke (OTIENeHHIO JUTHUKOBON CHCTEMBI,
npuObLIEH, 3ayCeHIIEB U T. JI.) U OYMCTKE, 3aTeM, eciii HeoOxoaumo — TepmooOpadoTke. Ilepen
clayeil B MEXaHMYECKUH 1eX BCE OTIMBKU MPOXOASIT HEOOXOAMMBIH KOHTpOJb. IIpu 3ToM yacThb
OTJIMBOK MOKET OBITh OTIPaBJIEHA HA yCTpaHEHUE /1e(eKTOB (3aBapKy, IPOMUTKY ClEelHaIbHbIMU
coctaBaMH U Jip.). OCHOBHBIMHM NPUYMHAMH Opaka OTJIMBOK SIBJISIFOTCSI TPEIIMHBI, YCaJOYHBIE U

Ta30BbIC paKOBI/IHBI.
1
]

Puc. 2. Dcku3 nutoii 3arotoBku (@),
Mozenu (6) U CTEPKHEBOTO SILUKa (8).
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Puc. 3. Dcku3 nureiiHoit Gpopmbl: 1 — coOCTBEHHO 1MOIOCTH GOPMBIL; 2 — POPMOBOYHAS
CMECh; 3 — OIOKa HWXKHEH noypopMbl; 4 — oroka BepxHei noJ1ypopMsbl; 5 — BBINIOD;
6 — BEHTWJISIIUOHHBIN KaHall; 7 — MpHObLIb; § — CTEPIKEHb; 9 — IIIOCKOCTh pazbéma
dbopmel (1ax); 10 — nuTHUKOBAs BOpOHKA; 11 — cTosik; 12 — muIakoynoBHUTEb;

13 — 3ymnd; 14, 15 — nuraTenu.

®opMOBOUYHBIE MATEPHUABI

Marepuanbl, U3 KOTOPBIX H3TOTOBJISIOT JUTEHHBIE (OPMBI, HCKIIOYas MeETAIIMYECKUE,
Ha3bIBAIOT POPMOBOUHBIMU MAMEPUATAMU.

Buabl popMOBOYHBIX MATEPHAJIOB: UCXOHbIE; POPMOBOUYHBIE CMECH (ISl U3TOTOBJIEHUS (POPM);
CTEpXHEBbIE CMeCH (AJI1 U3TOTOBJIEHUS CTEPIKHEN); MaTepHUalibl OKOHYATEIbHOW OTAEIKU (popM U
CTepxHeil; oTpaboTaHHbIE — OBIBIINE B YIIOTPEOJICHUH CMECH.

Hcxoonvimu SBISIOTCA MaTepUalibl, U3 KOTOPBIX IPUTOTOBIISIOT (POPMOBOUYHBIE B CTEP’KHEBbIE
CMECH, a TaKKe MaTepuasbl OKOHYATEIbHON OTAEIKU (POPM U CTEPHKHEIL.

DopmogouHble U cmepoicHesble  cmecu  TIPEICTABIAIOT  COOOM  MpeABAPUTEIBHO
MOATOTOBJICHHbIE, B3ATble (B 3aBUCHUMOCTH OT HA3HA4YCHHs]) B ONPEIENEHHON MPOMOPLMH,
PaBHOMEpPHO IMEpeMEIllaHHble MEXJay Cc000l ucxoaHble MaTepuaibl. CTepKHEBbIE CMECH
MO/BEPratoTCcsl 3HAYUTENIbHO OOJNBIIMM TEPMHUUYECKUM M MEXaHWYECKHMM BO3JCHCTBUSAM, 4YeM
(OpMOBOYHBIE, TaK KaK CTEp)KEHb IPAKTUYECKH CO BCEX CTOPOH OKPYXKEH pacllaBIE€HHbIM
MeTaioM. JlJis ynydieHuss MeXaHM4eCKUX, TEXHOJOTHYECKUX U APYTrUX CBOMCTB B (POPMOBOYHBIE
U CTEp’KHEBbIE CMECH BBOJAT BCIIOMOTaTelIbHbIE (POPMOBOYHBIE MaTEPHUAJIBL: CBS3YOLIKE (CMOJIBI,
KHJIKOE CTEKJIO), MPOTUBOIIPHUTapHbIe (MTBUICBUIHBINA KBapll, KAMEHHOYTOJIbHAS TIBUIb), 3alIUTHBIC
(bopnast kuciota, (ropucras mnpucanka) u ap. Ilepen ycraHoBkoil crepxkHed B (OpPMBI HX
0053aTeNbHO MPOCYIINBAIOT.

CocrtaB ¢popMOBOYHBIX CMecCeii:
1) [lecox popmosounslii ('OCT 2138).
ITecok (hopMOBOUHBIN — 3TO IUCIIEPTUPOBAHHBIN FTOPHBIM MUHEpAJL.

B cocras necka Bxoaut kpemae3ém (Si02), KOTOpbIi 00IadaeT TEMIEPATYPOH TIABJICHUS
pasHoii 1713 °C u nnotHOCTHIO 2,5+2,8 T/em’.

B necke Takke conepkarcs BpelHble IPUMECH, TaKUE KaK: CIII0Ja, MOJIEBON HINaT, OKUCIIbI
Kelle3a U IeJIOUHO3EMEIIbHBIX METAJUIOB, KOTOPbIE UMEIOT 00Jiee HU3KYIO TEMIIEPATYPY IIaBICHUS
U NI03TOMY CHM)KAIOT OTHEYOPHOCTD IECKA.

OcCHOBHBIM NOKa3aTeJIEM KauecTBa MecKa SBJSETCS OKa3aTelb COJIepKaHus IJIMHBL U
IIpUMECEH.
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OrHeynopHoCTh MeCKOB
[To orHEeYOPHOCTH MECKH MTO3BOJISIOT OTJIMBATh B IECYAHOTIIMHUCTHIC CMECH BCE I[BETHBIC
METaJUIBI, & TAKXKE CTAb ¥ Yyr'yH. [IOBBICHTH OTHEYITOPHOCTH TIECKa MOYKHO ITyTeM BBEJICHHUS B HETO
OTHEYITOPHBIX MaTEPHAJIOB.
Buabl orHeYyNOPHBIX MaTEPHAJIOB:
Hupkon (ZrO»+Si0;); Maruaesut (MgCO3); XpomucTsiii xkene3nsk (FeOCr203).

Mamepuanamu 015 oKoHUAMENLHOU OMOENKU (YOpM U cmepiicHell SIBISIIOTCS OIHEYOpPHBIE
JUTEWHBIE KpacKW, 3aMa3Kd, KJIem ¢ T.I. MaTephalibl, KOTOpPhIE YacTO HAa3bIBAIOT
BCITIOMOTaTEIbHBIMH.

OcHoBHbIE CBOIiCTBAMU (DOPMOBOYHBIX H CTEPIKHEBBIX:

1) mpoyHOCTH Ha CXXKaTWe ¥  pa3pblB, MOBEPXHOCTHAS MPOYHOCTH WM  OCHIIAEMOCTb;
2) ra30npoHUIIAEMOCTh (CIIOCOOHOCTh CMECH MPOMYCKaTh Ta3bl); 3) Ta30TBOPHOCTH (CIOCOOHOCTH
HarpeTou cMecu BBIIEIATH ra3bl); 4) TMIPOCKONMYHOCTD; 5) (popmMyeMocCTh; 6) TEKY4ECTb;

7) yIIOTHSIEMOCTh; 8) BEIOMBAEMOCTb U Jp.

Bce 9T cBo#icTBa KOHTpPOJUPYIOTCS CTaHAAPTHBIMH METOJUKAMH Ha  CIICIUAIBHBIX
npubdopax.

CoctaBpl W ypOBHHM CBOWCTB CMeceld Ha3Ha4yarOT B 3aBHCHMOCTH OT XapakTepa
TEXHOJIOTUYECKOTO TIpoIlecca, B CBOIO OdYepenb, SBISIOmErocss (QyHKIHMeH OO0JBIIOro dYrcia
(dakTopoB (MacmTaba MPOW3BOJCTBA, MaTepuaia, MAcChl, CTETICHU CJIOKHOCTH, TOHKOCTCHHOCTH
OTJIUBOK U JIp.).

Bomnpoc 2. IIpou3BoacTBO 4YyryHa

Yyeynamu Ha3bIBalOTCS cIulaBel Ha ocHoBe kenesa (Fe) m yrmepona (C) ¢ comepkanuem
yriepoaa 6oinee 2,14% (mac.). Oxoso 80% Bcero KOJIMYECTBA BBHIIUIABISEMOTO YyT'yHa COCTABJISET
MePeNeIbHBIA YYTYH, SBISIONUNACS HMCXOMHBIM MPOIYKTOM JUIS TPOM3BOJCTBA cranmu. Jis
MIPOU3BOJICTBA (DACOHHOTO JIUThS HA MAIIMHOCTPOUTEIHHBIX 3aBOJIaX UCIIOJIB3YIOT JTUTCHHBIA YyT'yH
(15 — 20%), a B kauecTBe JETHPYIONIUX T00AaBOK M PACKHCIUTENEH TPH BBIMUIABKE CTaId —
deppocmassl: heppomapranen u dheppocunuiuii (1 — 2% macc.).

HUcxoaHbie MaTepUaJibl I IPOU3BOACTBA YyIryHa

B 1noOBepXHOCTHBIX CIIOSIX 3€MHOM KOpBI JKEJIe30 PEIKO BCTPEYaeTCss B YUCTOM BUJE.
bnaronaps G0JbIION CKIOHHOCTH jKellie3a K OKHCIIEHUIO, B 3€MHOM KOpe OHO HaxXxoAWUTCA B BUJE
OKHCJIOB B CMECH C OKHUCIAMH JIPYTUX XUMUYECKUX 3JIEMEHTOB.

Kenesnas pyoa — 3T0 ropHas Mopoja, cojepialas >Keae30 B TaKUX KOJIMYeCTBax, Mpu
KOTOpbIX €€ TEeXHMYECKH BO3MOXXKHO M SKOHOMMYECKU IiesniecooOpa3Ho mepepabarbiBaTh. Pyna
COCTOUT M3 CMECH KEJIe30CoAepKalluX MUHEPAIOB C IMYCTOM MOPOJOH, B COCTaB KOTOPOI BXOAAT
pa3auuHble  COEQUHEHMs, TMpexae Bcero KpemHe3eéM (Si02), rauHo3éM (ALO3), oxcua
kanpius (CaO) wu  okcup wmaraus (MgO). Pexe B cocTaB  MyCcTOW MOPOJBI  BXOIUT
marHe3ut (MgCO;) u nonomut (MgCO3-CaCO:s).

Ilycmoii nopoodoii pyosi Ha3bIBaeTCsd Takasg €€ COCTaBJAIONIAsA, KOTOpas HE BHOCHUT
CYILIECTBEHHBIX TEXHOJOTUYECKUX OCJIO)KHEHUN B METAJUIYprU4ecKyIo MepepaboTKy pylibl U JIETKO
oTHeNsieTcsl OT PYOHBIX MHHEpAIOB WM B Ipolecce oOOTalieHUs WM MEPEXOJUT B ILJIAKU IpU
IJIaBKe.

[IpuroaHoCTh K€Ne3HOM py/bl /UIs JOMEHHOM IUIaBKHM 3aBUCUT OT cojiepkaHus xenesa (Fe),
cocTaBa IyCTOM MOpOJbI U KOHILIEHTpAIMM TaKuX BpeIHbIX mpumecel, kak cepa (S), docdop (P),
MBbIIbSK (As) U JIp. Bpeanble nprumMecu OCIOXKHSAIOT METAJUIYprU4eCKHe IMPOLECChl, U, 3arpsA3Hss
OCHOBHOM MeETaJljl, CHUXKAIOT €r0 CBOMCTBA.

B 3aBuCHMOCTH OT KOJMYECTBAa PyJHOTO BELIECTBA PA3IMYyalOT OoraTble U O€mHbIE PYABI.
XKenesnsle pyapl NPUHATO Ha3plBaThb OOTaThIMHM, €CIM OHU COJAEpkKaTb 0oJiee IOJIOBUHBI
xenesza (Fe); HO 9TO moHsATHE MeHseTcss co BpeMmMeHeM. Takke BaXHYI poOJIb Hrpaer
BOCCTAHOBUMOCTh PY[bl, KOTOpas ONPENENIIETCS CKOPOCThIO BOCCTAHOBJIEHHUS U3 HEE jKeie3a U
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3aBUCHUT OT NPUPOJbl OKCHUJA XKeje3a, MNIOTHOCTH W MOPUCTOCTH pyAbl. YUeM IJIOTHEE U MeHee
MIOPUCTA pyJia, TEM Xy’Ke €€ BOCCTAHOBUMOCTb.

K ocHOBHBIM pynooOpa3yroomuM MHUHepaidaMm, HauboJieeé 4YacTO HCIOJIb3YEMBbIM ISt
IIPOM3BO/ICTBA YYT'YHA, OTHOCSTCS CIEAYIOIINE JKEIe3HbIE PY/AbIL:

1) Macnumnuwii scenesusax (maenemum). Conepxut xkene3o B kosmuectse 40 — 70% B Buae
okcuaa FesO4 (3aKuch-OoKHMCH JKene3a) U 00JaJaeT XOpOIIO BBIPAKEHHBIMU MAarHUTHBIMU
CBOWCTBAMM.

2) Kpacnuwui ocenesnax (ecemamum). Cogepxut 45 — 65% sxene3a B Buie 0€3BOJTHOTO OKCH/IA
Fe;03. B kauecTBe mycToi MOpo sl reMaTUT COAEPKUT KpeMHe3eéM (Si02).

3) bypwiii ocenesnax (aumonum). COHCPKUT SKEJIE30 B BHUAC BOJHBIX OKHCIOB THIIA
nFe>O3-mH20 ¢ nepeMeHHbIM KOJIMYECTBOM FUAPATHON BJIary.

4) Llnamoeuwiii sceneszusax (cuoepum). Cogepxut 30 — 40% xene3a B Bujae kapoonata FeCOs.

Kpome xene3HbIX pyd, Aids8 METaUIyprMUecKoro IpOMU3BOJCTBA 4YyryHa TpeOyroTcs
CIIEYIOIIUE UCXOOHble Mamepuansl: MapraHieBas pyaa, (UIIOCchl, TOIUIMBO U Bo3ayX. Jamum
KpaTKyI0 XapaKTEPUCTUKY ITUM MaTepUaliaM.

Mapeanyesvie pyobi — TOpHBIE TIOPOIBI, coaepxamiue mapranen (Mn) B BUAC pa3IMYHBIX
okucioB MnOz, Mn304, Mn2O3 ¢ obmuM coxepkanueM mapraniia B npenenax 25 — 40% (mac.).
Mapraner; (Mn) rpu BbIIJIaBKE Yyr'yHa HCIOJB3YETCS B IEPBYIO OUEPElb KaK PACKUCIUTENb.

@Dnrocvl — Matepuansl (BEIIECTBA) ONMPEeAeIEHHOTO XUMHYECKOTO COCTaBa, CIIOCOOCTBYIOIINE
IIPEBPALCHUI0O B NUIAK IIyCTOW MOpOJBI, BPEAHBIX IIpUMEced U 30Jibl ToluIMBa. JlaHHOE
OTpeJIeNIEHUE CIPaBEJIMBO TOJIBKO JI METAJUIypru4eckoro mpou3BojcTBa. JloMeHHbIe (IIrOCHI
TaK)Ke BBOJISATCS B JIOMEHHYIO I1€4b C 1I€JIbIO TIOHKEHUS TEMIIEPATyPhl IIABJICHUS ITyCTON MOPOIbI
YKEJIE3HOU PY/IbI.

OCHOBHBIM BHJIOM TOIUIMBA, WCIOJB3yeMBIM IPH BBIIUTABKE Yyr'yHa B JIOMEHHBIX IMEYax W
BarpaHkax, sIBJISIETCS KOKC.

Koxc (kamennoyzonvHulil Kokc) — npeacTaBisieT co00il TBEPIYIO NOPUCTYIO MacCy, KOTOPYIO
MOJIy4aloT CyXoil meperoHkoi (mpokanuBanuem) npu temieparype 1000 — 1200°C 6e3 nocrtyma
BO3J/lyXa HEKOTOPBIX COPTOB KAaMEHHBIX YIJIeH, Ha3bIBAEMbIX KOKCYoUUMUCS. CpenHss TemaoTa
cropanus kokca coctapisiet 29,3 MDx/kr (7000 kkai/kr).

B coBpeMeHHOM 10MeHHOM NPOU3BOACTBE KOKC UTPaeT ABe BajKHbIE POJIU:

1) CiykuT OCHOBHBIM BHJIOM TOIUIMBA, OOecreuuBas HarpeB pabodeld 4YacTu JIOMEHHBIX
neyeil 10 HeoOX0IMMOI TeMIlepaTyphbl;

2) ObecnieunBaeT BOCCTAHOBJICHHE JKEJI€3a U3 €r0 OKCUIOB (CM. HUXKE).

biaromapss cBoell BBICOKOM MEXaHMYECKOM IPOYHOCTH, MOPUCTOCTH U  BBICOKOU
TEIUIOTBOPHON CIOCOOHOCTH OH CTall IPUMEHATHCS HAa BCEX METATYPIMUECKUX MPEANPUATHAX
4EPHOU METAJUTYPT UM, BBITECHUB IPUMEHSABIIUINCS paHee I dTUX LEJIeH IPEBECHBIN YIroJlb.
COBOKYITHOCTh MaTE€pHAIOB UCXOHOTO CBHIPbS, B3ATHIX B OIPEICIEHHOM MAacCOBOM COOTHOIIEHHH,
IpeIHa3HAYEHHBIX JJIs MOJIy4Y€HUsl METaJUIOB, Ha3bIBaeTCs wiuxmou. IMEHHO IIMXTa MOCTYIAeT B
IJIaBUJIBHBIE arperaThl JUIsl IOJIy4eHUS! METALIOB.

IToaroroBka MCXOTHBIX MaTepUuaJIoB K IIJIABKE

[lepen mmaBkoOi pyabl MOPOXOASAT CHEHUAIBHYIO TOATOTOBKY, KOTOpas IOBBIIAET
MPOU3BOJUTCIIBHOCTE JOMCHHBIX rneueit u YMCHBIIACT pacxoa TOILIMBA. OCHOBHBIMH ornecpanusaMu
MOATOTOBKH PYA K IUIaBKe SBISIIOTCS: 1) npoGiienue; 2) copTUpoBKa; 3) oboraimienue; 4) 00xwur;
5) arnomMeparius (criekaHue) 00oTamEHHON Py/Ibl.

Bomnpoc 3. IIpou3BoacTBo craau
IIpousBoacTBO cTan
Cmanavu Ha3bpIBalOTCS cIjIaBbl Ha ocHoBe xenesa (Fe) m yraepona (C) ¢ conepkaHuem
yriaepoga 1o 2,14% (mac.). IlpakTtudyeckoe MNpPUMEHEHHE HAILIM CTAIM C COJEpKaHUEM
yriepoaa (C) mo 1,5% (mac.). [loCTOSIHHBIMH TIpUMECSMH B CTajsiX sIBJSOTCAS Mapranerl (Mn),
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kpemuwii (Si), ¢ocdop (P) u cepa (S). Kpome yriaepoaucteix crajieid, B MAIIMHOCTPOEHUU U
CTPOMTENHCTBE HIMPOKO TPUMEHSIOT JISTUPOBAHHBIE CTAllM, B COCTaB KOTOPBIX IUISl YIyUIICHUS
(U3NKO-MEXaHUYECKUX M OKCIUTYaTallMOHHBIX CBOWCTB JIOTIOJTHUTEIILHO BBEJCHBI DPa3IUYHBIC
xumuueckre aeMeHTsl (xpoM (Cr), Hukens (N1), momubaen (Mo) u ap.

B mocnmemHme TrOmBI  MIMPOKO TPUMEHSIIOTCS — AIIEKTPOMETAJUTYPTHYECKHE  CIOCOOBI
MIPOU3BOJICTBA CTAJIH, MTO3BOJISIONINE MOTYyYaTh HanOO0JIee CIOKHBIC U BEICOKOJIETHPOBAHHBIE CTAJIH.
Hwmxe paccMOTpuM Tpu OCHOBHBIX CIOCO0a MPOU3BOJICTBA CTAJH, MPUMEHSEMBIX B COBPEMEHHOM
METAJUTYpPrHYECKOM TIPOM3BOJICTBE: B KHCIOPOIHBIX KOHBEPTOpaX; B MAapTCHOBCKHX IeYax, B
AIIEKTPUUYECKHX TIeUax.

VicxomHpiMu MaTepualiaMu ISl TIOJTYYEHHsSl CTall CIyXKaT IepenesbHbiid (Oenblil) 4yryH,
CTaJIbHOH JIOM U (eppociiaBbl. UyryH Mo CpaBHEHHUIO CO CTaIbIO COAEPXKUT OOJIblIee KOJIUYECTBO
yrinepoaa (C) u mpumeceir. I[loatoMmy ocnosnas 3adaua nepedena wyeyna 6 cmaib COCTOWT B
ynasiennn u30biTKa yriepona (C) u mpuMmeced ¢ TMOMOINBIO OKHCIUTEIBHBIX ITPOIIECCOB,
MPOTEKAIOIINX B CTAJICIUIABUIIBHBIX arperaTax.

KonBepTopHOe NMPOU3BOACTBO CTAJIH

Cranb B KOHBEpTEpax BBIIUIABISIOT OECCEMEPOBCKUM, TOMACOBCKMM M KHCJIOPOIHO-
KOHBEPTOPHBIM CIIOCOOAMH.

B ocHOBe KOHBEPTOPHBIX MPOILIECCOB JICKUT O0OpabOTKAa >KUIKOTO YyryHa Tra3000pa3HBIMU
OKUCIUTENSIMU O€3 MOJBOJAa W3BHE JOMOJHUTEIbHOro Terma. l[Iporecc BBIIUIABKUM CTad B
KOHBEpPTOpaX OCYLIECTBISETCS TOJIBKO 3a CUET XMUMHMUYECKON TEIUIOTHI 3K30TEPMUUYECKUX peakUuid
OKUCIICHUS TpUMece ¢ y4€ToM (U3MYECKON TEeIIOThl JKUIKOro dYyryHa. lIpomyBka uyryna
MIPOM3BOJUTCS CBEpPXy WM 4Yepe3 JHMINE B CIEUUANIbHBIX arperarax — KOHBEPTOPaX.
KoHBepTOpHYyI0 MIaBKy XapakTepu3yeT BbICOKas MPOM3BOAUTENBHOCTh 3a CYET OO0JIBLION
peaKMOHHON MOBEPXHOCTU METAJUI-OKUCIUTENb U BBICOKOM CKOPOCTH OKUCIIEHUS TPUMECEH.

Konsepmop mnpencraBnser coboil OOJBIIYI0 pPETOPTY, HapyKHasi MOBEPXHOCTb KOTOPOI
BBITIOJIHEHA U3 JINCTOBOM CTaJIM 3HAUUTEJIHHOM TOJILMHBI, @ BHYTPEHH:S (yTepoBaHa OrHEYIIOPHBIM
MarepuagoM. BHellHe KOHBEPTOp HANOMMHAET cocyA rpymeBuaHol ¢opmbl. Bmectumoctsb
COBpPEMEHHBIX KOHBEpTOPOB cocTaisieT 250 — 400 T.

Kucnopoono-xonsepmopmwiii  cnoco6 ewvinnaeku cmanu. Pa3zpaboTka mgaHHOTO crocoba
BBIIUIABKU CTalM SIBUJIOCHh HOBBIM BaXKHBIM 3TallOM B COBEPUICHCTBOBAHUM CTAJICIUIABHIBLHOTO
MIPOM3BOJICTBA. 3aME€Ha BO3JAYLIHOIO JyThs KHUCIOPOIHBIM IIOCTaBHJIO KOHBEPTOPHBIH CHOCOO
MIPOM3BOJICTBA CTaJld HA COBPEMEHHBIM ypOBEHb M OOECHEUYHSIO €My ITOBCEMECTHOE HIMPOKOE
MIPUMEHEHHE.

[IpuMeHeHne TeXHHMYECKH YUCTOTO Kuciopoaa (He menee 99,5% O) mis mpoAyBKH 4YyryHa
MO3BOJIMJIO 3@ CY€T CHIDKEHUs cojepkaHus a3zora (Nz) ylydlIuTh KadecTBO KHCIOPOJHO-
KOHBEPTEpPHOM cTanu. B Hameld cTpaHe B HAcTOAIIEEe BpPEMsl MCHOJB3YIOTCS KUCIOPOIHBIE
koHBepTephl EMKOCTHIO 100 — 400 T. OOBEM BBHITUIABIIEMON KHCIOPOIHO-KOHBEPTEPHON CTalld B
Haleld cTpaHe cocTaBisieT okoyio 35% oT obmero o0béma e€ mpousBojcTBa. Ha GonbrmmHCTBE
METAJUTyPrUuecKuX MPeArnpusaTHil A KHCIOPOIHO-KOHBEPTOPHOTO CHOCO00a BBIILIABKU CTaIH
HCIIOJIB3YIOT KOHBEPTOPHI € TIIYXUM JHOM (CM. puc. 1).

Puc. 1. Kucnopomusiii kouBeprop Ha 100 —
130 : 1 — omopHas craHuHa; 2 — OMOpHbIE
MNOAIIMIHUKY; 3 — KOpIyc KOHBepTopa; 4 —
My(Ta COEMHEHHS C MEXaHU3MOM MOBOPOTa; S5
—  MEXaHu3Mbl  (peoyKTOpbl)  IOBOpPOTa
KOHBepTOpa; 6 — D3JeKTpoABUrarenb;, 7 —
OTBEpCTHE Ui BbINlycka cTanu (1€rka), 8 —
OTBEMHOE JTHHUILE.
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CxeMma ycTpoicTBa KHCIOPOJIHOTO KOHBEPTOpA B pa3pe3e mpeiacrapiieHa Ha puc. 2.1. Kopmyc
KOHBEpTepa / M3roTaBIMBAIOT M3 CTAIBHBIX CBAapPEHHBIX BCTHIK JINCTOB TOMIMHOW 10 100 mm.
Kopnyc umeer cpeqHIO0 HUWIMHIPUYECKYIO YacTh, IIyXO€ JIHO U CUMMETPUYHYIO CYXKarOIIYIOCS
ropJioBUHY 2. Y OCHOBAHHUS T'OPJIOBHUHBI PACIO0KEHO OTBEPCTHE JUIsl BbIITycKa cTanu 3 (JIETKA).
Takoe pacnosoxeHue JETKH CHOCOOCTBYET Jy4IlIeMY OTACJIEHHUIO CTalIM OT IIJIJaka U YMEHbIIAeT
omacHOCTh BoccTanoBieHus docdopa (P) nmpu ciuee meramna. Pabodee mpocTpaHCTBO KOHBEPTOpA
(GbyTepoBaHO CMOJIOJOJIOMUTOBBIMU KHPIIMYOM, & CTAJEBBIITYCKHOE OTBEPCTHE — MAarHE3UTOBBIM
WIM MarHe3uTo-XpOMHUTOBBIM KHUpNU4YoM. KOHBEpTOp MOXKET NOBOpAuMBaTHCA B BEPTUKAILHOM
IUIOCKOCTH Onarojapsi OOpHOMY Hosicy 4 ¢ narndamu, pacrnojoKEHHbIMUA B MOALIMIHUKAX OMOP.
Opna wnu o6e nandsr aeustorcs npuBoAHbIMU. Kucnopon (O2) momaércs B KOHBEPTOpP CBEPXY
4yepe3 BOJIOOXJIKIaeMyto Gpypmy J, ommyckaeMylo B TOPJIOBHHY 2 KOHBepTopa. Cxema yCcTpoucTBa
HAaKOHEYHHMKA BOJoOXJaxaaeMond ¢ypmbl 5 s mojgaun  kuciopoga (O2) B KOHBEPTOP
npeacraBieHa Ha puc. 2./1. [logada cBepxy oOycioBieHa 00pa3oBaHWEM BBICOKOTEMIIEPATYPHOM
peaKMOHHON 30HBI B MecTe BAyBaHUs Kucioposa (O2) B MeTail U He0OXOUMOCThIO COXPAHEHHUS
¢yrepoBku nHuUIIA KoHBepTopa. @ypma 5 crocoOHa mepememiatbes BBepX-BHU3. llpu mopnaue
KHCJIOPOJIHOTO IyThs OHa Haxomutcss Ha pacctossHuE 300 — 2000 MM OT MOBEPXHOCTH BaHHBI.
Kucnopon (O7) nonaércs mon gasnenuem 0,8 — 1,0 MIla. Pacxon kucnopona (O2) u pacnosioxeHue
BO3JIyXOyBHOM (ypMbl 5 HaJl MOBEPXHOCTHIO PACIUIABIEHHOTO MeETajlsla 3aBUCUT OT EMKOCTH
KOHBEpPTOpa U MHTEHCHUBHOCTH MpoayBkH. Tak, pacxon kucioponaa (Oz2) MOXKET cOCTaBisATh 2,5 —
4 M*/T metanna B 1 mun. IIpof0IHKMTENLHOCTD TJIABKM B COBPEMEHHOM KHCIOPOJIHOM KOHBEPTOpE
cocrasiseT 35 — 50 muH.

t“! Puc. 2. I — Cxema ycTpoHCTBa KUCIOPOJIHOTO

KOHBEpTOpA: 1 — xopmyc KOHBEpPTOpPA;

‘ z 2 — TOpJOBHHA; 3 — OTBEPCTHE IS BBITyCKa

4 cranmu (n€rka); 4 — ONOpHBIA mosic; S5 —

dbypmMa  BomoOXJNIAXIaemMas IS TOJauud

KHCIJIOPO/JIa; II — Cxema ycTpoicTBa

‘?‘5 f ﬁ«i HAaKOHEYHHMKA BOJOOXJAXIAaeMOll ¢GypMbl s

el ,‘FE MoJIa4d  KUCJIOPO/a: a — KaHalbl IS

% MUPKYJISAIUA BOABI, O — KaHAN JUIS TOJIA4H
R KHCIIOPO/Ia B HAKOHEYHHUKE (PyPMBI.

e ar

Takum oOpazom, kuciopos (O2) mpu 1aHHOM crioco0e BBITUIABKH HE BIYBAETCA IO 3€pPKajio
MeTaia (Kak BO3lyX B 0ecceMepOBCKOM U TOMAaCOBCKOM IpOIIeccax), a MOJAETCsl Ha MOBEPXHOCTh
3aJUTOTO B KOHBEepTOp MeTaiia. OmHAKO M MPH TAaKOM CIIOCOOE IMOJa4d KHCIOpOJa IPOIEce
BBITUIABKA ~ CONPOBOKJAETCS MHTCHCHUBHBIM  TEIJIOBBICICHHEM. OTO Ja€T BO3MOXKHOCTH
nepepadaTbIBaTh YyT'YHBI C Pa3IMYHBIM COJICPKaHNEM IIPUMECEH, a TaK)Ke BBOJUTH B KOHBEPTOP HE
TOJIBKO XHUJIKHWA METall, HO M J00aBJATh K HEMY JUISI OXJaXJCHUS CKpan (METayuIoJioM) HITH
xeneznyro pyny. KonwmuectBo mo0aBisieMoro CKpama Ha HEKOTOPBIX METAJUTYPrHUECKUX
MPENNPUATHIX MOKET cocTaBATh A0 30% oT Macchl MeTaa.

VcxomupiMu MaTepualiaMd Il  KOHBEPTEPHOM IUIABKH  SIBIISIOTCS  JKUAKHH — YYTYH,
METAJUTMYECKUH JIOM (METaJTMYeCKass 4YacTh IHXThI) H IIJIAKOOOpa3yoImHue, OKHUCIHTEIN
(HeMeTayTHYecKasi 4aCTh ITUXTHI).

Packucnenue cranm B xoBie — o00s3aTenbHas 3aBepuiaronias oneparms. OKUCIUTETbHBINA
XapakTep IUIaBKM TNPUBOJUT K BBICOKON KOHIeHTpauuu 3akucu xkenes3a (FeO) B wmeramie,
BBI3BIBAIOIIEH B CTa KPACHOJOMKOCTH TP TOpsUeH IeopManuy U yXyAIieHHe MEXaHUIECKIX
CBOMCTB. Packucnenuem Ha3bIBaeTCsl Ipolecc BoccTraHoBieHus »xeneza u3 FeO. Ilpu pasHbix
croco0ax MOJyYeHHUs CTaJN PACKUCICHHE BEAETCS PA3IIUIHO.

OOBIYHO packucieHHe NPou3BOAAT Mapraniem (Mn), kpemuuem (Si) u amoMmunueM (Al) mo
PeaKIHsIM:

FeO + Mn — Fe + MnO;

42



2FeO + S1 — 2Fe + Si0O»;
3FeO + 2Al — 3Fe + A1,0s.

Kpemuuii (Si) m wMapranen (Mn) BBOAST B BHAE COOTBETCTBYIOIIMX (HeppOCIUIABOB,
amomunnil (Al) — B uuctom Buge. Mapranen (Mn), kpemuuii (Si) u amomunuii (Al) HazbIBarOT
packucaumensmu cmanu. J{aHHbIE PACKUCIUTENM BBOJSATCS B PACIUIABICHHYIO CTallb IoOcie €&
BTOPUYHOM mpoayBKu KuciopoaoMm (Oz). Obpasyromuecs okuciasl (MnO, SiO2, Al1203) gaHHBIX
packucnuteneit obpasyror ¢ okuciamu xkenesa (FeO) xumkyro mnurakoByro ¢asy, MOMOTAIONIYIO
BBIBECTHU MPOJYKTHI pacKUCIIeHUs: U3 MeTaia. MHora yacTe pacKkuciauTenell BBOAIAT B KOHBEPTOP
3a HECKOJIbKO MUHYT JIO0 Pa3jMBKU B KOBII. 3aBeplIaeTcs pPacKUCIEHHWE OOBIYHO B Pa3iIMBOYHOM
koBire. O0mumii pacxoa TexHudeckoro kucioposa (O2) Ha mosrydeHue 1 T. cTaqyd B KUCJIOPOIHOM
KOHBepTope coctasiseT 50 — 60 M>, 4TO HE3HAUMTENHLHO IIPEBBILIAET TEOPETHUECKU HEOOXO0UMOE
KOJIMYECTBO.

B 3aBucumMocTH OT CTENEHU PACKUCICHHOCTH pazMyaloT KunAwjue, HOLYCHOKOUHble U
CNOKOUHblE CIATU.

K nocrouHcTBaM KHCJI0pPOIHO-KOHBEPTEPHOIO criocofa cjieayeT OTHeCTH:

1) Bonee Hu3Kas O CpaBHEHUIO C MAPTEHOBCKOM c€0€CTOMMOCTD KHCIOPOAHO-KOHBEPTOPHOM
ctanu, OJarogapsi MEHbIITUM 3aTpataM Ha nepeaen Ha 20 — 30% mpu conmocTaBUMONM CTOMMOCTH
INXTEHI;

2) KonBepTepHblii TIpo1iecc Jierde moaércest KOMIUICKCHOW MEXaHU3alMKi M aBTOMATHU3aI1H;

3) CTpoUTENbCTBO KHUCIOPOIHO-KOHBEPTOPHOTO 1€Xa OJAMHAKOBOW IPOU3BOJUTEIBLHOCTU C
MapTEHOBCKUM TPeOyeT MEHbIIUX KallUTaJIbHBIX 3aTparT.

[lepeuncneHHble NPEUMYILECTBA KHUCIOPOJHO-KOHBEPTEPHOW CTajdu TO3BOJSIOT B pAle
pa3BUTHIX CTpaH MOJHOCThIO (SAnonus) umm B ocHoBHOM (CLHA, I'epmanus, BenukoOpuranus)
3aMEHUTh MapTEHOBCKHE TE€UM KUCIOPOJHBIMU KOHBEpPTOpaMHU. B oTeduecTBEHHON MeTamtypruu
TaK)K€ MPOUCXOJUT IOCTEIIEHHOE BBITECHEHHME MapTEHOBCKOIO Ipolecca  KHCIOPOIHO-
KOHBEPTOPHBIM.

HenocrarkoM KHCI0POAHO-KOHBEPTOPHOr0 CIOCO0Aa TMOJIYYeHMS] CTAJIH SIBJISETCS
0ob110€ NbUIe0Opa3zoBaHue, 00YCIOBICHHOE OOMIBHBIM OKHCIIEHUEM U MCIIAPEHUEM Kelle3a; yrap
MeTaiia cocTaBisieT 6 — 9%, 4To 3HauMTENbHO OOJIBIIE, YEM MPU APYrHUX CHOCOOAaX MPOU3BOACTBA
CTaJld. DTO BBI3BIBACT HEOOXOIUMOCTH OO0S3aTEIBLHOTO COOPYKEHHSI INPU 3TUX KOHBEpPTOpax
CIIOXHBIX U IOPOTUX NMbUIEOYHCTUTEIBHBIX YCTAHOBOK.

KonBepropHast cranmb  MMeET  OrpaHUYEHHBIM  Kpyr  moTpeOuTenel, Tak  Kak
BBICOKOKAUYECTBEHHBbIE, a TeM 0oJjiee JIErMpOBaHHbIE CTalM, KOHBEPTOPHBIMU CIIOCOOAMHU HeE
MIPOU3BOIATCS.

MapTeHOBCKOC NMPOU3BOJCTBO CTA/IA

MapTeHoBCKHi coco0 MpOU3BOACTBA CTaimu ObLT paspabotan B 1865 rogy Bo Dpaniun
unxeHepom I1. Maprenom. [Ipu pa3pabotke naHHoro crioco6a MapTeH [uisl cTaieriaBUIbHON eun
MPUMEHWI MPUHIUI pEereHepaluy Terla OTXOJIIMX MEYHBIX ra3oB JJs IOJ0TpeBa TOILIMBA U
BO3]lyXa, 10JaBaeMbIX B 1eyb. COBpeMEHHbIE MAPTEHOBCKUE M€Y CTPOAT Pa3HOW BMECTUMOCTU U
npou3BoauTenbHOCTH — OT 10 10 500 — 900 T.

MapreHoBcKas 1eub SBJIsETCs JIaMEHHON pereHepaTuBHOM neubto. B paboyem npocTpaHcTBe
MY CKUTaeTcs razoo0pa3Hoe WM KuJKoe ToIuBo. HeoOxoaumasi BeIcOKas TemrepaTypa JUis
MOJIyYEHUS CTalld B *KUJKOM COCTOSIHUM OOECIeunBaeTcs 3a CYET pereHepalnuy Teria OTXOAIIUX
razoB. CxeMa pabOThl MapTEHOBCKOM MEYH MpECTaBIeHA Ha PHC. 3.
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oo T 3 Puc. 3. Cxema paboTbl MApTEHOBCKOM

ey LI A S S S "ﬁ neuyun: 1 — razoBble pereHepaTopsl; 2

= i L e 5 — BO3JIYIIHBIE PEre€HEPATOPBI; 3, 4 —

pative soinis™ VP (D N R | fJFrouoi . BO3IYIIHBIC 1 Fa30BbIC BEPTHKAILHBIC
__mindi | ke oy ) ™ KaHajbl; 5 — roioBka; 6 — pabouee

A AT i &  TPOCTPAHCTBO Me4M; 7 — IOJMHA
— U'EE iE M LR iz meun; 8 — cBox; 9 — paboune OKHa;
- E ALl - =HER G ATF 10 — nacanka perexeparopa; 11 —
P I A gk = : 6opoBa.
[l ——— e
Lll"«-_ — f‘- = —_e':: - "

Bepxusis yacTh MapTEHOBCKOW MEYM COCTOUT M3 TUIABMJILHOTO (pabouero) mpocTpaHCTBa 0,
rOJIOBOK J M BEPTUKAJIBHBIX KaHaNOB 3, 4. IlmaBmibHOE IPOCTPAHCTBO 6 OTPAHUYEHO IEpEeaHEN
CTEHKOM C 3aBaJIOYHBIMU (paboYMMK) OKHAMU 9, 3a]JHEM CTEHKOM C BBIIIYCKHBIM OTBEPCTHEM, CHU3Y
— IOJUHOM 7 U OTKOCAMH, CBEPXY — CBOJOM &, C TOPLIOB — TOJOBKaMH J. Uepe3 3aBaslouHbIE
OKHa 9 B Meub 3arpykaroT LIUXTY U JIOTOJHUTEIbHbIE MaTEpUajbl MO XOIy IUIABKH, YOAJISIOT U
HaBOJAT LUIAK, OepyT mpoObl MeTalia U ulaka. BeIMyck roToBOro Merasia U 1jaKa MpOU3BOAST
4yepe3 OTBEPCTHE B 3aJHEH CTEHKE (JIETKY), HaXoAsIIeecs Ha ypoBHE moauHbl /. Ha Bpems maBku
OTBEPCTHE 33aJEJIBIBAIOT MAarHE3UTOBBIM ITOPOIIKOM U OTHEYIIOPHOU TJIMHOM.

PaGouee mnpocrpaHcTBO meuu 6 (pyrepoBaHO OrHEYHNOpPHBIM KupnuuéM. B coBpemeHHOM
CTaJICIUIaBWJIBHOM MPOU3BOJACTBE JUISl KJIAJKU CTEH W MOJUHBI 7/ MAPTEHOBCKUX Ie€UYel MPUMEHSIOT
U KHCJIbIE U OCHOBHbBIE OTHEYIOpHbIE MaTepuaibl. [loaTomMy, B 3aBUCMMOCTH OT BUAAa (yTEPOBKH,
Pa3INyarOT OCHOBHbIE U KUCTblE MAPMEHOBCKUE NeYU.

B ocnoénvix neuax moauHy 7 M OTKOCHI BBIKJIAJIbIBAIOT OCHOBHBIM MarHE3UTOBBIM KUPIHUYEM,
a CBEpXYy HAaBapHBAIOT CJIOM MAar”He3WTOBOTO WM JOJOMHUTOBOro mnopomka. IloxsecHoit cox &
BBINIOJIHAIOT U3 XPOMOMArHe3uToBOro kKupnuya. Vcrnonab3oBaHue OCHOBHOM (DyTEpOBKH MO3BOJISET
3arpyxarb B neuyb B kadectBe ¢uroca u3Becth (CaCOs), mosydaTb OCHOBHOM LUIAK U yOAJIATH,
BpeaHbie mpuMmecu — cepy (S) u pocdop (P).

B kucnvix neyax moguHy 7 M OTKOCHI (DyTEpYIOT KUCIBIM JWHACOBBIM KHPHHUYEM Ha OCHOBE
KpeMHe3EMa, a BEpXHUH CJIOM HaBApUBAIOT M3 KBapIeBOro mnecka. CBoj meun § Takke BBIOJHSIOT
n3 nuHaca. M3-3a HeBo3MOkHOCTH yaaneHus cepsl (S) u ¢pocdopa (P) u3 meTtania KUCIbId mpoIiecc
MIPUMEHSIOT 3HAYUTENBHO PEXe OCHOBHOIO. B KUCIIBIX MeyaxX B Ka4e€CTBE IIUXTHI JTUOO HCIOIb3YIOT
yucThie N0 cepe U (ochopy YYryH U CTaJIbHOM JIOM, JTUOO NEPEIUBAIOT >KMUJKYKO 3arOTOBKY M3
OCHOBHOl IeuyM Mocie yJaleHus U3 He€ BPEOHBIX NpuMeceidl (IyIiieKc-npolecc: OCHOBHAs —»
KHCTash MapTeHOBCKas Iedb). Cralb, BBIJIABICHHAs B KHUCIIBIX MAapTEHOBCKHUX II€4ax, COACPKHUT
MEHbIIEE KOJIMYECTBO PACTBOPEHHBIX TIAa30B, JIyYllle PACKUCICHA, XapaKTePU3YeTCs MEHbIIUM
COJIep’)KaHUEM HEMETaJUIMYECKUX BKIIIOUEHUH, Oosee OnaronpusaTHol ux GopMoilt U paBHOMEPHBIM
pacnpezeneHueM B 00bEME MeTasa.

Banna neun, ynep)kuBaroniasi pacijiaBieHHbIE MaTepHalibl, UMeeT (GopMy Yaliu, U €€ JUIMHY U
IIMPUHY OOBIYHO OMNpPEAESIOT Ha YPOBHE IIOPOrOB 3aBAJIOYHBIX OKOH 9, uepe3 KOTophle
IIPOM3BOJIUTCS 3arpy3ka B Ieyb TBEP/AbIX UCXOIHBbIX MaTtepuasioB. CoBpemeHnHas 500-ToHHas medb
MMEEeT BaHHY JIMHOU 16,4 M, mmupuHOi 5,9 M u rimyouno# 6omnee 1 M. [IpousBenenue 3Tol JIUHBI
Ha IMHUPUHY TIPUHATO HA3BIBATh YCIOBHOM IUIOMIAABIO MOIa MAPTEHOBCKOM 1euu. [ yOnHOM BaHHBI
CUMTAIOT pa3Mep B caMmMOd TIiyOokoill €€ dacTu, KOTOpas pacloyioKeHa OKOJIO BBIITYCKHOI'O
OTBEPCTHS, OT IOJIUHBL, 10 YPOBHS MOPOrOB 3aBAJIOYHBIX OKOH 9.

BbokoByo kiasKky U 1oj 7 MapTEHOBCKOM MEYM CHAPYXKHU YKPEIUISIIOT MPOYHBIMU CTAJIbHBIMU
Oankamu. Jlo HenaBHEro BpPEMEHM CBOJbI 8§ MapTEHOBCKUX II€Yell Jienadud apoYHbIMH U
BBIKJIAJIBIBAJIM U3 JUHACOBOTO KHpIH4a. Takue CBOJBI HE Momyckaiu ux Harpes Boimie 1700°C, uro
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TOPMO3HUJIO MPOU3BOIUTEILHOCTh MAPTEHOBCKUX Meuel. Takue cBoabl 0OOBIYHO BbiAepkuBaiu 200
— 250 mmaBok. Temepp B OCHOBHBIX I€d4ax CBOABI 8§ JIE€NAIOT W3  TEPMOCTOMKOIO
XpOMOMArHe3UTOBOro Kupnuua. M3MeHunach M KOHCTPYKLHMsS camoro coja. OTaenbHble OJ0KH
CBOJa NOJIBEUIMBAIOTCS Ha TArax K INONEpeYyHbIM OajkaMm Kapkaca Ie4Yd U CBOJ IOJIydaercs
noaBecHbIM. [IpruMeHeHne XxpoMoMarae3uTa 1 HOBOM KOHCTPYKLIMU CBOJA MO3BOJISIOT IPOU3BOIUTh
Harpes 710 1800°C. Takue noaBecHble XpOMOMAarHe3uTOBbIE CBOIbI BhIAEpKUBatOT 710 500 MiaBok.

B topuax paGodero mpocTpaHCTBa Meud 6 PacHOJIOKEHBI TOJIOBKH 5, B KOTOPBIX CXOJATCS
KaHaJbl JJIs MOJBOJIa TOIUIMBA, BO3AyXa M OTBOJA MPOJIYKTOB TOpeHUs. ['0JIOBKU 5 COETUHEHBI C
HIDKHEW 4acThIO TIeYM BEPTHKAIBHBIMU KaHajdamu 3, 4. IMEHHO B TOJIOBKax 5 oOpasyercs razoBoe
wiaMsi. BHyTpb CTEHOK roJioBOK 5 0ObIYHO BCTaBJISIFOT KECCOHBI, B KOTOPBIX HUPKYIUPYET BOJA IS
COXPAaHEHHUs OTHEYNOPHOTO MaTepHajia TOJOBOK OT pa3pyllieHus. HIpkHssI 4acTh MapTEHOBCKOU
MeYd pacrojiokeHa moj padodeil twiomaakoi. OHO COCTOMT W3 INUIAKOBUKOB (Ha puc. 3 HE
MIOKa3aHbl), pereHepaTuBHbIX Kamep /0 u 60poBoB // ¢ MEPEKUAHBIMU KiIaaHaMu (MEepeKuTHbIMU
ycrpoiictBamu). IllnakoBUKM ycTaHABIMBAIOTCS IEpe] pereHepaTtopamu /, 2; B HUX NPOUCXOJUT
OTJIEJIEHHE OT JABIMOBBIX T'a30B YACTHI] IIJIAKa U MbUIK, NOCTYMAIOLUX U3 paboyero npocTpaHcTBa 6
neyn ¢ orxoadamumu razamMud. OCHOBHOE Ha3HAY€HUE IIJJAKOBUKOB — IPElOXpaHEHHE
pereHepaTopoB OT ObICTPOTO 3arpsA3HEHUS.

Ha puc.3 mnpencraBiena cxema paOOTbl MapTEHOBCKOW I€YM, Ha KOTOPOM MOKa3aHO
MOCTYIUIEHHE TOIUIMBA W BO3AyXa C IMPaBOil CTOPOHBI, NMPU STOM JBH)KEHHE Ta30B IOKAa3aHO
cTpenkamu. B paGoueM mpocTpaHCTBE IMe4u 6 TOILUIMBO CMEIIMBAETCS C BO3JYXOM M CrOpaeTr C
obpazoBanuem (pakena miamenn ¢ temmeparypoi 1800 — 1900°C. I'azooOpa3Hbie TPOTYKTHI
rOpeHUs] MOCTYNAIOT B KaHaJbl MPOTUBOIMOJIOXKHOM JIE€BOW TOJIOBKH 5, 3aT€EM B BEPTUKAJIbHBIE
KaHajbl (3, 4), LIIaKOBUKHU U perenepatopsl (/, 2). Temneparypa JbIMOBBIX ra30B, OCTYMAIOIINUX B
perenepatopsl, coctasiser 1500 — 1550°C.

Pereneparopsl /, 2 mpeacTaBisitoT cOO0M KaMephl ¢ BbUIOKEHHBIMH KJIETKOW Hacaakamu /0 u3
OTHEYIIOPHOI'0 IIAaMOTHOro Kupnuuya. MapTeHOBCKuE Hedd, JUisi paboThl KOTOPBIX HCIOJIb3YETCS
razoo0pa3Hoe TOIUIMBO, 000PYIYIOT YEThIPbMSI pereHeparopami (1o ABa ¢ KaXJ10il CTOPOHBI eYn).
[Ipu nmpoxoxkaeHnu ABIMOBBIX ra30B Hacaiaku /() OJHOW Mmapbl PEreHEPaTOPOB, B HAIIEM CIIy4ae —
neBbIX (cM. puc. 3), HarpeBatorcss 10 1300 — 1400°C. Ilocne mepekuIku KIanaHOB JBUYKEHHE
TOIUIMBA, BO3JyXa M Ta30B MEHsSETCS Ha NPOTUBONOJIOXKHOE. Yepes OAMH M3 HarpeThixX
pereHepaTtopoB B pabouee MpOCTPAaHCTBO MedH 6 MONUAET ra3000pa3HOE TOIUIMBO, Yepe3 Ipyron —
Bo3ayX. IIpoxonas uepe3 Hacaaky /0, onu HarpeBatorcs g0 1100 — 1200°C. B sto Bpems apyras
rapa pereHepaTopoB HarpeBaercs, akKKyMyJIHpys TEIUIO OTXOJAIIMX U3 padouero MmpocTpaHCTBa
neun 6 raszoB. [locrme oxyaxkaeHWss HacaJoK IMEPBOM MMapbl PEreHEpaTOpPOB 10 OMNPEACIIEHHON
TEeMIIepaTypbl MIPOUCXOIUT OuepeHas MepeKuaKa KiIamaHoB (IEPEeKUAHbIX YCTPONCTB) U MPOLECC
noBTOpsieTcss B oOpaTHOM HamnpasiieHuu. M3 perenepatopoB /, 2 [bIMOBBIE Ta3bl HAYT IO
6opoBam // B IIMOBYIO TpYOy, 110 IIyTH IPOXOJAT Yepe3 KOTEN-YTHIN3ATOP U Fa300YUCTKY.

MapreHoBckuil cnoco® NOIy4YHJI HPOU3BOACTBA CTAIM MOJYYMJI IIUPOKOE MPUMEHEHHE
Onmarojapsi BO3MOKHOCTH HCIIOJIb30BAHUS PA3IMYHOIO ChIpbS W pa3HOOOpa3Horo TomiuBa. B
3aBUCHUMOCTHU OT UCIOJIb3YEMOI'O ChIpbs B HACTOSAIIEE BPEMs MAapTEHOBCKYIO IUIABKY BEIYT OJHUM
U3 JIByX CIIOCOOOB: CKpan-npoyeccom Uil CKpan-pyoHulM NPOYeCccoM.

[InaBKy cTayii B OCHOBHBIX MapTEHOBCKHX II€YaxX CKpan-npoyeccom BEAYT Ha TEX 3aBOJAX,
I/Ie HeT JIOMEHHBIX MeYeil U XKHUAKUM YyryH He Npou3BoaUTCs. OCHOBHON CKpar-rnpouecc 0ObIUYHO
MPUMEHSIOT B nevyax mMaynoi éMkocTH (1o 100 T) Ha MaIIMHOCTPOUTENBHBIX 3aBojax. VcxoaHpIMU
MarepuajgamMu SBISIOTCS CTalbHOM JIOM (CKpar), pacxoj KoToporo coctarisier 60 — 70%,
yymKkoBbIi nepenenbHbld uyryH (30 — 40%) u usBects (CaCOs) B konmuectBe 8% OT Macchl
MeTajuia.

Ckpan-pyonslii npoyecc TPUMEHSIOT Ha OOJBIIUX METAJUTyPrUYECKUX 3aBOJaX, MMEIOIIUX
JIOMEHHOE MPOU3BOICTBO KHUJIKOTO YyryHa. [11aBky 0ObIYHO BEyT KakK B cpeiHuX, EMKOCThIO 150 —
400 T, Tak ¥ B KPYMHBIX MapTEHOBCKHX Medax EMKOCThI0 70 900 T. B kauecTBe MUXTHI B MEUYU
3arpyarT ctasbHOU JIoM (20 — 40%) u 3anmBarot xuakuid ayryH (60 — 80%).
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HpOPBBO)ICTBO CTaJId B 3JICKTpomme4yax

DneKkTporyiaBka — HanboJiee COBEPIICHHBIM Crnoco0 MOJIyueHUs CTald, HUMEIOLUN psi
MIPEUMYIIECTB 10 CPABHEHUIO C IPOWM3BOJCTBOM CTaJIM B KOHBEPTEpaX M MapTCHOBCKUX IEYaX.
[IpocToTa pErynmMpoBKH TEIJIOBOTO pPEXHMMa M BBICOKHE TEMIIEpATyphl IIpoIecca IO3BOJISIOT
HCII0JIb30BaTh IIJIAKU BHICOKON OCHOBHOCTH, YTO obOecreyrBaeT 0oJiee MOTHOE YAaJeHUE BPEIHBIX
npuMeceil. BoccranoBuTenpHas atMocdepa meun CrmocoOCTBYET TITyOOKOMY PAaCKUCICHHUIO CTajIu.
B onekrpuueckmx ~ medyax — BBIIUIABISIOT — BBICOKOKAYECTBEHHBIE  KOHCTPYKIIMOHHBIC,
WHCTPYMEHTAIIbHBIE, KOPPO3UOHHOCTOUKHE, )KaPOCTOWKUE U PYrUe CIICIHATbHBIC CTaN U CTUIABBL

JInist BBITUIABKU CTaJIHM MPUMEHSIOT AJIEKTPOAYTOBBIE W WHAYKIIMOHHBIC DIICKTPUYECKUE TICUH.
EMKkocTh Hanbosee MUPOKO IIPUMEHSEMBIX JYTOBbIX Nedeil Kojie6iercs B MUpOKHUX mpesenax 0,5 —
360 1. Ileun cpeaneil u 6o0JbIION EMKOCTH OOBIYHO MCHOJB3YIOT Ha METATyPrUYECKUX 3aBOJaX
IUTSL TIOJTYYSHHSI CITUTKOB, & TIEYH MaJIOW EMKOCTH — Ha MAIIMHOCTPOHUTEIBHBIX MPEIIPUATHSIX IS
MOJTyYCHHUS CTATBHBIX OTJIMBOK.

Bonpoc 4. [Ipou3BoacTBo meau

Conepxxanne meau (Cu) B 3emHoi kope coctasisier 0,01%. Kak npeBHeimuii metami, Meapb
CTajla MCIOJIb30BAaThCA YEJIOBEKOM OY€Hb JaBHO. B mpupojsie BcTpeyanch CaMOpPOAKU MEIU, U3
KOTOPBIX M3TOTaBJIMBAIKNCH YKpAIIECHHUS W TPOCTEHINNE OpPYXHUS IyTéM O0O0paOOTKH KaMEHHBIMU
OpYAHSIMH.

Haubonee BaxubiMu cBoiictBamu Mmeau (Cu), obecrneyuBIIMMH €l LIIMPOKOE MPUMEHEHUE,
SBJIIIOTCSL BBICOKME DJIEKTPONPOBOJHOCTh U TEIUIONPOBOJHOCTb, BBICOKAsl IUIACTUYHOCTh H
CIIOCOOHOCTh O0OpPa30BBIBATH TEXHOJIOTMYHBIE CIUIaBbI, KOTOpPbIE XOpOIIO 00pabaTbiBalOTCA U
00J1a/1a10T XOPOIIUMHU MEXaHUYECKUMHU CBOMCTBAMHU.

B nacrosmee Bpemsi camoponnas menp (Cu) BcTpedaercss peako, M TJIaBHBIM MPUPOIHBIM
MCTOYHHUKOM 15l €€ TIPOM3BOJICTBA SIBIISIFOTCS CYAb(UIHBIC Py/bl (CEpHUCTBIE MHHEPAIBI MEN), Ha
KOTOpBIE TPUX0aUTCs 0K0JI0 80% €€ MUPOBOM JOOBIUH.

K cynbbuaaeiM pyaam oTHOCSTCS:
1) meonwiii konueoan (xanvkonupum) (CuFeS> unu CuS-FeS); 2) 6oprnum (5CusS-Fe,Ss);
3) xanvxozun (CuS) u ap.

B s1ux pyaax (cepHHUCTBIX MHUHEpaslax Meau) OObIYHO cojaepxkutcs MHoro mupura (FeS), a
WHOT/IA ¥ CyAb(QUABl pa3IMYHBIX [BETHBIX JOCTATOYHO IEHHBIX METaioB. 1O €cThb MHOTHE
cyabGUIHbIE PYIbl SBJISIOTCS MOJIMMETANIMYECKUMH U KpoMme Menu Cu B HUX JOBOJIBHO 4acTo
conepkarcs IMHK (Zn), cBunen (Pb), Hukens (Ni), momuOaen (Mo) u 1. 1. Taxxke, Hepeako B
cynbUAHBIX pyaax coaepkutcs cepedpo (Ag) u 305010 (Au). Ilycras mopona cynbPUAHBIX Py
0OBIYHO COCTOUT U3 NMECUAHUKOB, INIKMHBI, n3BecTHsKA (CaCO3) U APYrux COCTABIISAIONINX.
N3BieyeHue Meau U3 pyA MOKeT NPOU3BOAUTHCH ABYMS CIIOCO0AMMU:

1) euopomemannypeunweckum (Cnocod COCTOMT B BBINIEIAYUBAHUM MEOU U3 PYyI CEpHOM
kucnotoit (H2SO4) unu HamateipaeiM ciuproM (NH4OH));

2) nupomemannypeudeckum (CIIoco0 COCTOUT B IIaBKE HA MEIHBIN IITEHH C MOCIETYIOIICH
BOCCTAaHOBUTEIILHOM TIIIABKOM ).

HaubGonee 1mmpokoe pacnpoCTpaHE€HUE TOJYYHJI [HUPOMETAJUIYPrUYecKUid  crnocod
U3BJICYEHUS] MENIU U3 PYI.
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IInpomerannyprudyeckuii crnocod noay4eHuss Meu BKJIKOYAET CJeAylolye onepanmnu:
1) onepanuu ooramieHust pyJ ¢ MOJIy4eHUEM MEJHOTO KOHIIEHTPATa;
2) 00XKHUT MOJTYYEHHOTO MEAHOTO KOHIIEHTPATa;

3) IuIaBKy MEIHOTO KOHIIGHTpaTa Ha MeOHbill uimeld — CIUIaB, COCTOSIIMKA B OCHOBHOM W3
cynepunoB memu (CuzS), cynmbdumoB xeneza (FeS) m cynpdumoB HeOONBIIOTO KOJIMYECTBA
IIPUMECEN;

4) nosyyeHue 4epHOBOM Meu;
5) padbmHUpOBaHHE YEPHOBOW MEH C IIEIBIO IMOIYUSHHS] XUMHYECKH YUCTOH.

VYrpoméHHas cxemMa TIOJydeHHs MeIu W3 CYIb(QHUIHBIX PYA MUPOMETAIUTYPTUIECKUM
criocoboM mpezcTaBiieHa Ha puc.l. Peanuszamnus 3Toil cXxembl Ha pazIUYHbBIX 3Tanax nepepaboTKu
pPyAbI, OCOOCHHO /0 TMOJYyYeHHUS MEIHOTO INTEHHA, MOKET MPOBOIUTHCS B PA3IMYHBIX IE€YaX U B
Pa3NMYHBIX TEXHOJOTHYECKUX BapHaHTaX. B mpeicTaBiIeHHON cxeMe TEpBBId Tepeien MEIHON
pynel — 9310 obOoramieHune. OmHako OBIBAIOT Cllydad, KOTJa MEIHBIE pyIbl, Ooratbie cepoil (S)
(cBpiie 35%3S), uiaBaT u 6e3 oOoraiieHus A W3BJI€UEHUs U3 HUX He Tosibko menu (Cu), HO U
cepsl (S) (Hampumep, MEeTHO-CepHAasl TIABKa).

Bomnpoc 5. OcHOBBI NOPOIIKOBO METAJLIyPIrUH

Iopowkosvle mamepuanvl (nopouwikogvle Ccniagvl) TPEACTABISAIOT CcOO00W MaTepuaisbl,
MOJlydaeMble W3 METaUTMYeCKUX MOPOIIKOB (Ha OCHOBE JKele3a, W3 IBETHBIX METAJUIOB, B
HEKOTOPBIX CIyYasx ¢ J0O0aBKOH rpaduTa WM OPYruX MPUMECcei), TOABEPraeMbIX MPECCOBAHUIO
IpH BBICOKOM JIaBJICHHH C II€NBI0 TPUAAHUS ONPEACIEHHOW KOH(UTYpalluu 3aroToBKE H
MOCIEAYIOMEMY CIeKaHuio. Takoil crmoco® TMOJMy4eHHsT MOPOUIKOBBIX CIUTABOB HA3bIBACTCS
NOPOWIKOBOU MEMANTYPUEU.

[TopomrkoBbIe CIIaBBI HA3BIBAIOT TAK)KE METAUIOKEPAMHUYECKUMH B CBSI3U CO CXOJICTBOM HX
M3TOTOBJICHUS C U3TOTOBIICHHEM KEPAMHUYECKHIX H3/ICITHHA.

[TopomrkoBbie CIaBBI MIMPOKO NPUMEHSIOTCS B PAa3UYHBIX OTPACISAX MAIIMHOCTPOCHUS
Omaromapsi BBICOKOH 3KOHOMHYHOCTH TEXHOJIOTHH UX U3TOTOBJICHUS (TT0 CPAaBHEHHUIO C PA3TUIHBIMA
METO/IaMHU JIUThSl U IITaMIOBKHU). OcoOeHHO 3P PEeKTUBHBI MOPOIIKOBBIE CIIJIaBbl HA OCHOBE JK€Je3a
KaK 3aMEHUTEIN IIBETHBIX METAJLJIOB.

TexHOMOTHYeCKH TpOoIecC MPOU3BOJICTBA MOPOIIKOBBIX MAaTEpUANIOB (CIJIABOB) BKIIFOYAET
CIIEAYIOIINE COCTaBISIOMKE: |) MOTydeHHe METaNTMYeCKUX IMOPOIIKOB; 2) MOJIrOTOBKA IIUXTHI;
3) npeccoBanue; 4) CriekaHWe MOJTYYCHHOU 3aroToBKH. VIHOTIa M3/1eusl U3 TIOPOIIKOBBIX CIUIABOB
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MO/IBEPraroT JAOMOJIHUTEIbHON 00paboTKe — KanuOpOBaHMIO, TOpsUeil JOMPECCOBKE, TEPMUUYECKOM
¥ XUMHUKO-TEPMUYECKOI 00paboTKe, HAHECEHUIO AEKOPATUBHBIX U 3aIIUTHBIX MTOKPBITHA.

Ionyuenue memannuueckux nopowikos. V3BecTHBl cieayromue crnocoObl IMOIy4EeHUS
METAJUIMYECKUX TOPOIIKOB: 1) MEXaHMYECKHMM HM3MEJIbUCHUEM KEJIE3HOW M CTaIbHOW CTPYKKH B
[IAPOBBIX, MOJIOTKOBBIX M BHXPEBBIX MEJIBHHIAX; 2) BOCCTAHOBIIEHMEM M3 OKHCJIOB TYTOIUIABKU
MetamioB (Bosibdpam (W), monubnen (Mo), xeneszo (Fe) m ap.); 3) pacmbuieHHEeM >KUAKOTO
MeTajjla CXaTbIM Bo3ayxoM wiu napom (amomunusd (Al), megu (Cu), onosa(Sn) u np.);
4) snexktponutrdeckum ocaxkaennem — meau (Cu), omosa (Sn), xenesa (Fe) u nmp.

Iloocomoexa  wuxmel. TlopomoK MOABEPralOT OYHCTKE OT 3arps3HEHUH, CYIIKE,
JOTIOJTHUTEIIPHOMY HM3MENbYCHHI0, OTKHTY JUISl CHATHS HakiI€ma W IOJy4eHHs OJIHOPOTHOU
CTPYKTYphl (B 3allUTHOM WM BOCCTAHOBUTENILHOW arMocdepe), paclpeleleHUuI0 IO CTENeHU
JHUCIEPCHOCTH (C TOMOINBI0O Habopa CTaHJAPTHBIX CHUT), CMEIIMBaHHIO (B CIELUAIbHBIX
CMECHUTEIISX).

IIpeccosanue. IlpeccoBanue Mpou3BOJAT B ClEUUAIbHBIX IITaMnax — mnpecc-popmax. [lpu
MIPECCOBAHUM TPOUCXOJANT MEXAHWYECKOE CIICTUICHHE YacTHIl METAUTMYECKOTO IMOpOIIKa H
o0pa3oBaHUe 3arOTOBKH OIPEIeIEHHON KOH(DUTYpaluu.

Cnexanue 3a2omogok. CriekaHUE MPeACTaBIseT cO00N CHelHaTbHbIM OTKUT CIIPECCOBAHHBIX
3aroToBOK. Ero MTpOM3BOMAT C IENbI0 TOBBIIMICHUS MEXaHHYEeCKHX CBOMCTB CIPECCOBAHHBIX
3ar0TOBOK.

B mpomecce criekaHusi TPOWCXOTUT BOCCTAHOBJICHHE OKHCIOB METAJUIMYECKHX YaCTHIl H
o0pa3oBaHWE TIPOYHOTO METAIMYECKOTO KOHTAKTA, CHATHE BHYTPEHHHX HANpSHKCHUH U
UCKKEHUN KPUCTAJUIMUECKON PpEETKH YacTul MeTailia, pekpucrtaumsanus, aupdysus. B
pe3yibTaTe CIeKaHUs MaJONPOYHBIE MEXAHWYECKHE CBS3M MEXIY YaCTHIIAMU METALTHYECKOTO
MOPOIITKA 3aMEHSOTCS 00JIee TPOYHBIMU MEKXATOMHBIMU CBSI3SIMH.

CrniexaHue OCYIIECTBIISIFOT B TIeYax ¢ 3alIMTHOH atMochepoit. [IpoaomKuTeIbHOCTh CTIeKaHuUs
00bI4HO cocTaBisieT 1 — 3 u.

Temmeparypa CI€KaHWsI 3arOTOBOK, CIPECCOBAaHHBIX M3 IMOPOIIKAa OJHOTO METajia,
coCcTaBjsieT mpuMepHO 75% OT TeMmmeparypbl IUIaBIEHUS IaHHOTO MeTaiia. Hampumep, mist
xenesa (Fe) ara Temneparypa cocrasuser 1100 — 1200°C, mnst meau (Cu) — 800 — 900°C, s
mommbaena (Mo) — 2100 — 2300°C.

CrniexkaHue 3aroTOBOK M3 METAJUTMYECKHX ITOPOIIKOB, B COCTaB KOTOPBIX BXOJSAT YACTHUIIBI
METAJUIOB ¢ OOJBINON pa3HUIEH B TeMmIeparypax IUIAaBJICHUS, MPOU3BOMAAT IPH TEMIIEPaType,
MIPEBBIIIAIONICH TeMIlepaTypy IUIaBJICHUs HauOoJiee JIETKOTUIABKOTO KOMIIOHEeHTa. [Ipu criekaHuu
obOpasyercsi >kunkas ¢asza, CBA3BIBAIONIAS YACTHIBI 0OOJiee TYroIuIlaBKOrO KOMIIOHEHTa. Tak,
HampuMmep, Temieparypa crnekaHus nopoimkoB kenes3a (Fe) m memu (Cu) cocraBiaser 1100 —
1200°C, menu (Cu) u osoBa (Sn) — 700 — 800°C.

[IpeccoBanne W CIIEKaHWE MOXXHO COBMECTHTH B OJIHY TEXHOJOTHYECKYIO OIepaIlyio,
Ha3bIBAEMYIO 2opsuuM npeccosaHuem. B 3TOM ciydae NpPUMEHSIOT Oojee HU3KOE JaBJCHHE,
coctasistoniee 5 — 10% maBiieHus 0OBIYHOTO MTPEcCOBaHMSI U OoJiee HU3KUE TemnepaTypsl (Ha 10 —
30% HIKe TEeMIepaTyphl CIIEKaHUs XOJIOTHOTIPECCOBAHHBIX 3arOTOBOK).

Haubostee pacmpocTpaHEHHBIMU BHIAMH Opaka IMPH CHEKAHWH SBISIETCS TIEPEkKOT, IUIOXO
nporneuéHHasi CeplIeBUHa, HEpaBHOMEpHAasl IJIOTHOCThb, YCaJO4YHBIE MaKpOTOpPHBI, KOpPOOJIEHHE,
TPEILIUHBI, PACCIOCHUE, HECOOTBETCTBUE 3aJaHHBIM CBOMCTBAM M pa3Mepam.

HpuMeHeHue MOPOIIKOBBIX MaTepHUaJIOB

B 3aBucuMoOcTHM OT Ha3HAu€HUs MNOPOLIKOBBIE CIUIaBbl JAENAT Ha: 1) aHTU(PPUKIIMOHHBIE;
2) ppukunoHHble; 3) IUIOTHBIE; 4) TYrOIUIaBKUE; 5) 3JEKTPOTEXHUUYECKUE; 6) TBEP/bIE CILIaBBL.

Aumugppuryuonnsie cniagvl. ITU CIUIaBbl MOJIY4YarOT W3 IOPOILIKOB Kak YEPHBIX, TaK U
LUBETHbIX MeTayuioB. Ilpu Hamuuum mop, B KOTOPBIX YAEPKUBAECTCS CMA304HbIA Marepual, U
Hamuuuu rpaduta (C), SBIAIOMETOoCs XOPOIIMM TBEPAOCMA30YHBIM MATEPUATIOM, TOMIIUAITHUKA
CKOJIbJKEHHUS OTIMYAIOT MajbIM U3HOCOM, MaJIbIM KO3((UIIUEHTOM TPEHUsI, MOTPEOIISAIOT MEHbIIIEE
KOJIMYECTBO CMa30YHOT0 MaTepualia, XOpoIio IpupadaThIBatOTCs.
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DpuxyuonHvle cniagvl. ITU CIUIABbl MPUMEHSIOTCA JJI1 TOPMO3HBIX YCTPOMCTB. B cBsizu ¢
HA3HAYEHUEM OHU JOJDKHBI MMETh BBICOKHI KO3()QUIHMEHT TpeHusl, 00Ja1aTh W3HOCOCTOMKOCTHIO,
BBICOKOW TEIJIONPOBOJIHOCTHIO, XOpollel mnpupabaThiBaeMocThi0. Harmprumep, Ha ceroJHSIIHUMA
JI€Hb B IPOMBIIIJIEHHOCTH ILIMPOKOE MPUMEHEHHWE HAllIM cIvlaBbl, cocrosimue u3z 60 — 75%
menu (Cu), 5 — 8% csunna (Pb), 5 — 8% omnosa (Sn), no 22% nuxens (Ni), no 22% xene3a (Fe),
0,5% xpemueszéma (Si02), 4 — 8% rpaduta (C) u mo 0,3% acOGecta. DPHUKIUOHHBIC CIUIABBI
OTJINYAIOTCSI HEBBICOKOM MPOYHOCTBIO, U, NOATOMY, Yallleé BCEro, OHM HCHOJIb3YIOTCS B KauecTBE
TOHKOTO CJIOSl, KOTOPbI COENUHSETCS (Yalle BCEro CIIEKaHUEeM IOJ JaBJIEHHEM) CO CTaJIbHOU
OCHOBOM (IMICKOM, JICHTOM).

Ilnomnvle cnaasvi. T CIUIaBBl TOJy4arOT U3 mopomkoB xkene3a (Fe), cramu, memu (Cu),
OpoH3bl, naryHu. OHU NPUMEHSIOTCA A M3TOTOBJICHUS JA€Tajledl MallMH U H3MEPUTEIHHOIO
WHCTPYMEHTA.

Tyeonnasxkue memannvl u cniaagvl. Ot MeTaliel — Bodbhpam (W), momubaen (Mo),
tutal (T1) u gp., npumeHsiemble B BUJE MPYTKOB, IPOBOJIOKHU U JIKCTA, MOJY4YalOT PECCOBAaHUEM
MIOPOIIKOB B XOJIOJHOM COCTOSIHUM B OpHKETBHI, CLIEKaHHEM B arMocdepe BoJopoja (BoibppaM U
MOJIMO/ICH) WM B BaKyyMe (TUTaH).

Boasdpam (W) npuMeHSIOT A1 U3rOTOBJICHHS HUTEH Hakaja B AJIEKTpoJiaMIiax, Juls eTayien
paauvonamm, JUIsl 3JEKTPUUECKHUX KOHTAKTOB, JJIeKTpoHarpeBarened u ap. Monubaen (Mo)
MPUMEHSIOT U1 HYXK][ JIEKTPOJIAMIIOBOTO M 3JIEKTPOBAKYYMHOTO IPOU3BOJCTBA (TIOJABECKHU, CETKH,
aHOJBI U Jp.).

Kpome 4HCTBIX MeETasioB METOJOM MOPOIIKOBON METAJIypruy MOJY4aroT —CIUIaBbI
TYrOIUIaBKUX MeTauioB. Hampumep, cmmaBel Boabdpama (W) ¢ mommbaenom (Mo)  mmst
AJIEKTPOBAKYyMHOM ammapaTypsl, ciuiaBel Bosibpam (W) — wmonubaen (Mo) — Hukens (Ni)
MIPUMEHSIIOTCS /1711 U3TOTOBJICHUS U3/IEIHM, CIAaUBAaeMbIX B CTEKIIO.

Onekmpomexnuueckue  cnaagvl. ITH  CIUIABbl  NPUMEHSIOTCA  JJI  M3TOTOBJICHUS
AIIEKTPUYECKHX KOHTAaKTOB, MAarHUTOB, CEPACYHWKOB WHIYKIMOHHBIX KaTymiek. llomydator
ANEKTPOTEXHUYECKUE CILIaBBI U3 mopomkoB xenesa (Fe), Boasdpama (W), 6ponssr u rpadurta (C),
xene3a (Fe) u aukens (Ni) 1 cienaibHBIX CIUIABOB.

Ckomp3silliue KOHTAKThl Ul 3JEKTPOABUIATEICH M3roTaBIMBAIOT U3 OpOH30TpapUTHBIX U
MEIHOTPApUTHBIX CIUTABOB. I[lOCTOSIHHBIE MAarHWTHI HW3TOTABJIMBAIOT M3 IMOPOIIKOB METAJJIOB
amomunus (Al) — nukens (Ni) — menu (Cu) (craB Annu), amomuHus (Al) — Hukens (Ni) —
koOanbTa (Co) — meau (Cu) (crmaB AJTHUKO).

B BbicokonpouHoM HauOoJiee JETMPOBAHHOM allOMUHUEBOM cruiaBe B95 B pesynbraTe
NPUMEHEHHs] METOJa TOPOUIKOBOM METaUTypTHH yBEJIHYeHa KOHIICHTPALUS JITHPYIOIIHX
3JIEMEHTOB. BpeMeHHOE CONpOTUBIEHHUE 0z 3TOr0 cruiaBa Bo3pactaeT a0 700 — 750 MIla.
OnHOBPEMEHHO TOBBIIMIACTCS TUIACTUYHOCTD M POYHOCTH MTPH MOBHIIIEHHON TEMITEpaType.

Tema Ne 9 OcHOBBI TEXHOJIOTMH MOJYYeHHUS HEPA3bEMHBIX COCAUHECHUI
Bonpoc 1. [Iaiika meTa/j10B, €€ 0011as XapaKTepPUCTUKA H (PU3NYecKasl CYyIIHOCTD

llauxa — 93TO TEXHOJIOTUYECKHH TMPOUECC COCAMHEHUS METAUIMYECKUX JeTallei
MIOCPEJCTBOM IPUCAJOYHOTO MaTepuaia (MeTajula WK CIljlaBa), OCHOBAaHHBIM Ha AU(PPY3MOHHOM
B3aMMOJICICTBUN MaTE€pPUAIOB COECIMHAEMBIX ACTAJIEH M MPUCAJ0YHOT0 Matepuana. [Ipucagounsiit
Marepuai Ha3bIBaCTCs Npunoem.

B nporecce nuddy3noHHOr0 B3auMoaeCTBUS (CLETIIICHUS MastHOTO B ¢ MaTEPHATIOM
COEJIMHSAEMBIX JIeTajeil) 00pa3yroTcsi XMMUYECKHE COETUHEHUS I TBEP/IbIE PACTBOPBI.

[To KOHCTPYKTUBHBIM OCOOEHHOCTSIM NasiHbIE COETMHEHUS IOJOOHBI CBAPHBIM U KIICEBBIM.
JlaHHbIE COETMHEHUS HALLUIH IIMPOKOE MPUMEHEHUE B MPUOOPOCTPOeHUHU. B MalinHOCTpoeHNH
IpUMepaMy IPUMEHEHUS NasHbIX COEAUHEHUM MOTYT CIYKUTh PauaTopbl aBTOMOOWIIEN 1
TPaKTOPOB, TOHKOCTEHHbIE TPYOOIIPOBO/IbI M IPOYUE KOHCTPYKIIUH.
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B ortnnume oT cBapku mailka IO3BOJISIET COCIUHATH KaK JCTAIM W3 OJHOPOJHBIX, TaK M U3
Pa3HOPOAHBIX MaTepHayioB. [IpuMepom 3TOMY MOXKET OBITh COCTUHEHHE CTATHHON M ATFOMUHUEBON
netand. Kpome Toro, umeercs BO3MOYKHOCTh IAsATh JETAIM C TOHKOCTEHHBIMHU JJIEMEHTAMH, IIe
MIPUMEHEHHE CBAPKU HEAOMYCTUMO M3-3a OMACHOCTH MEPEXOTa U KOpOOIeHUSI.

TexHonmoruss malkum COCTOMT B ciaeayromeM. llepen maiikod cramBaemple NOBEPXHOCTH
neraneil 00e3KUPUBAIOT W OYMILAIOT OT OKHCIOB. [l mpemoxpaHeHHs! MasHbIX MOBEPXHOCTEH
Jerajgeil OT OKHUCIIOB, OOpa3yroIIMXCs MNpu MaiKke, HCHOIb3YIOT ¢uitochkl (kaHu(oab, Oypa,
XJIOPUCTHIN LIMHK).

[locne MOArOTOBKM COENMHSAEMBIX JeTajlel K Malike M Mocieayromed cOOpKH HUX OOBIUHO
MOJIOTPEBAIOT JO0 TEMIEPATyphl IUIABJICHUS TMPUIOS U B 3a30pbl MEXAY HHUMH BBOJST
pacIUIaBI€HHBIA MPUIIOKW, KOTOPBIM TOCJHE OXJaXIACHUS COeAuHSeT aeranu. [l mnosydeHus
KayeCTBEHHOT'0 IMAasHOTO COEAMHEHUs TeMIlepaTypa IUIaBJICHUS MPUIIOS JOJDKHA ObITh HUXKE
TEMIIEPATYPHI IIJIaBJICHUS METAJUIOB COCAUHAEMBIX JIETaICH.

Tak kak mailka OCyLIECTBIISIETCS IpU TEMIIepaType 3HAYUTENIbHO 0ojiee HU3KOHM, 4eM Mpu
CBAapKE IUIABJICHUEM, TO IasHbIE JETadd [0 CPAaBHEHUIO CO CBAPHBIMU MEHEE IIOJBEPKEHBI
KOpPOOJICHHIO M CO3JAI0TCSl YCJIOBUS, OJaronpusTCTBYIOIIME IaliKe TOHKOCTEHHBIX JeTajei,
OTJIMYAIOIIMXCS [0 TOJIIMHE, a TAKXKE MOJTYYEHUIO KOHCTPYKUUH CIIOXKHOU (opmbl. OaHaKko, 1O
CPABHEHHUIO CO CBAPHBIMU COCIMHEHMSIMU NASHbIE MEHEE TIPOYHBI.

[Ipu U3roTOBIIEHNHU MasHBIX COCAMHEHUN PA3IMYalOT JIBa BUJIA MPUIIOEB — JIETKOIUIABKUE U
TYTOILIaBKHE.

Jleckonnasxkue (msaekue) npunou tnaBsarcs npu temmneparype mo 350°C. K Hum oTHOCSTCS
CBUHLIOBBIE U OJIOBSIHHO-CBUHIIOBBIE CILIABHI.

Tyeonnasxkue (meépovie) npunou 1aBstcs npu temmneparype 6onee 600°C. K Hum oTHOCATCS
MEIHO-IIUHKOBBIE U CEPEOPSIHO-ME/IHBIE CILIABBI.

[TasiHple MIBBI U3 MATKUX MPUIIOEB MAJIONPOYHbIE, TO3TOMY MSTKUE NMPUIOU IPUMEHSIOT JUIs
COCJIMHEHUS! HEHarpy)KE€HHBbIX, MAaJOHArPY)KCHHbIX, HE TIOJBEPKEHHBIX JEHCTBUIO YAApHBIX
Harpy3ok u BuOpaumii geraneil. M3-3a HU3KOW TemmepaTypbl IUIABJIEHUS MSTKHE HPUIIOU HE
PEKOMEH/IyeTCsl IPUMEHSTh B COSIMHEHUX, paboTaromux npu temieparype 6osee 100°C. Msrkue
MIPUIION HAILJIU IIMPOKOE PACIIPOCTPAHEHUE B TPUOOPOCTPOCHUH.

TBEpnple MmpuUIOM NPUMEHSIOT A COSAUHEHMH, Hecyllux Harpy3ku. [lpu cratuueckux
Harpy3kax MPUMEHSIOT MPUIIOM Ha METHOW OCHOBE, a I COEAMHEHUH, BOCHPUHHUMAIOLINX
yZapHbI€ Harpy3Ku, — MPUIION Ha cepeOpsiHOM OCHOBE.

Pacuér Ha MpOYHOCTH MasHBIX COEAUHEHUHN OCYILECTBISIOT [0 COOTBETCTBYIOIIUM (OopMyIam
CONPOTHBIICHUS MAaTEpUajoB, KaK U JUId OJHOTHUIIHBIX CBAapHBIX M KIEEBbIX COEIUHEHUIL.
Jlonmyckaemoe HanpspDKEHHME Ha Cpe3 MOXKHO NPUHHUMATh I IIBOB M3 OJIOBIHHO-CBHHIIOBBIX
npurnoes [z¢] = 20 +30 MIla; n3 MeHO-IIMHKOBBIX TIpuUToeB [7¢] = 175 + 230 Mlla.

Bomnpoc 2. I'a3okucjiopogHast peska MeTa/NIOB, €€ 001Iasi XapaKTePUCTHKA, (PU3HYeCKas
CYLIHOCTh

CyllIHOCTb nmpomnecca 1 OCHOBHBIC YCJIOBUA ra301cnc.110p021n0ﬁ PE3KH

B TexHuuecku 4MCTOM KHCIOpOJE IpPHU TeMIleparype, HEOOXOAUMON Uil Hayalla PEeaKiHH,
HMHTCHCUBHOCTDb OKHCJICHUA METaJllla CTAHOBUTCS HACTOJIBKO 60HLHIOI>1, YTO IEePEXOAUT B TOPCHUC.

Jl1s HEPEepBIBHOCTH IIPOLEcCca TOPEHUS HEOOXOJUMO COOIIOICHNE CIIEAYIOIIUX YCIOBUI:

1) MOCTOSIHHBIN KOHTAKT OKHCIIMTENSA C HEOKUCICHHBIM METAIIIOM IOBEPXHOCTH;

2) HeNpepbIBHBIN M0I0TPEB HEOKUCIIEHHOTO METaslIa 10 TEMIIEpaTypbl BOCIUIAMEHEHUS;

3) J0CTaTOYHO BBICOKAsI KOHIIEHTpALMs KUCJIOPOAa B ra3oBoil (pase, BCTynaromei B KOHTaKT
(B XUMHUYECKOE B3aUMO/JICHCTBUE) C METAJJIOM.

Takum o00pa3zom, mpouecc Ta30KUCIOPOJHOM PpE3KHU SBISAETCS IPOLIECCOM CKBO3HOIO
IIPO>KUTaHMs TBEPIOrO METALIA CTPYEN YUCTOrO KUCIOPOa.
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JUis mosydeHHs KauyeCcTBEHHOM (TJIafKkoil) TOBEPXHOCTH pe3a HE0O0XOAUMO, YTOObI
pa3pe3aeMblii MeTal yJOBJIETBOPSII CIEAYIOIIUM TEXHOJIOTUYECKUM TPEOOBAHUSIM:

1) Temmneparypa TOpeHusi MeTaJljla JOJDKHA OBITh HIKE TEMIIEPaTyphl €ro IUIABJICHHS, YTO
CBSI3aHO C T€M, YTOOBI IPU TOPEHUH CaM METaJlJI He IJIaBUJICS;

2) NPOIYyKTHl TOPEHUS MeTaJla JOJDKHBI OBITh JKHJIKAMH JUISS TOTO, YTOOBI OHH JIETKO
YAAJSUIMCh U3 30HBI pPe3a, OroJisisg MOBEPXHOCTh METauIa JUIsl HEMPEPHIBHOIO KOHTAKTa CO CTPYEH
KHCJIOpO/1a IIPH NEPEMEILIEHUH Pe3aKa BAOJb JIMHUU pe3a.

Kpome »3TUX JBYX OCHOBHBIX TEXHOJOTHYECKHX TpPEOOBAHWM, MPEIBABISEMBIX K
paszpezaeMoMy MeTallly, CIEAyeT YYHUTbIBaTb U JIONOJHUTENIbHbIE TpeOOBaHUS, HMEIOLIUe
OIIpeAeIEHHOE 3HAYCHUE.

Tak, crmemyer UMeTh B BHUIY, YTO JJIsi MHTCHCHUBHOTO TOPEHUS MeETajla HEOOXOIUM €ro
MIOCTOSIHHBIM KOHTaKT (XMMHUYECKOE B3aMMOJIEUCTBUE) C YUCTBIM KHCIOPOJOM, a oOpa3yomuecs
ra3oo0pa3Hble OKCHUJIbI CIIOCOOCTBYIOT CHUYKEHUIO KOHIIEHTPALMM CBOOOJHOIO KUCJIOpOJa B 30HE
peza. Orcrooma BBITEKAaeT MEpBOE TpeOOBAaHWE — HEIOMYCTUMOCTh OOpa3oBaHMs OOJIBIIOTO
KOJIMYECTBA Ia3000pa3HbIX MPOYKTOB TOPEHUsI.

Btopeim pomonHUTENBHBIM TpeOOBaHHEM, KOTOPOMY TOJDKEH YAOBIETBOPATH pa3pe3acMblid
MeTaJlll — J0CTAaTOYHO BBICOKAs! JKUJIKOTEKYYECTh 00Pa3yOLUXCsS OKCUIOB.

Tperbe NONOJHUTENBHOE YCIOBUE — JOCTATOYHO BBICOKUN TEIIOBOH 3(PQEeKT peaxuuu
OKHCJICHHS METallla, a TeIJIONPOBOJHOCTh METaIa He JI0JKHA ObITh OU€Hb OOJIBIION C TEM, YTOOBI
HE IIPOUCXONII0O HHTEHCUBHOE OXJIaXI€HHE 30HbI pe3a.

Bcem aTHM TpeOoBaHUSM YJIOBIETBOPSIOT JKEJI€30, YIJIEPOJUCTbIE U HHU3KOJETMPOBAHHbBIC
KOHCTPYKLMOHHBIE CTAJIM IIPU HEBBICOKOM COJEPIKAHUU YIJIepo/ia: TEMIIEpaTypa IUIaBJICHUs Kele3a
1539°C, ropenuss — 1200°C, temmeparypa miaBieHus okcuma xeneza — 1370°C. TemmoBoit
3¢ dexT peakiuii OKUCICHUS T0CTATOYHO BBICOK:

Fe + 0,50, — FeO + 64,3 kkaj/r MoJb,
3Fe + 202 — Fe304 + 266,9 kkan/rMoJb,
2Fe + 1,502 — Fe203 + 198,5 kkan/r-MoJb,
a TEIJIONPOBOIHOCTD XKeJle3a SIBJISIETCS OrpaHUYEHHOM.

Xy[AmUMA  TEXHOJIOTHYECKUMH XapaKTEPUCTUKAMHU OOJIaJal0oT HUKEIh M MeIb; TakK
teMmiieparypa 1uiaBinenuss meau — 1083°C, oxcuna meau — 1230°C, tennoBoii 3pPeKT okucaeHus
— 37,5 KKan/r-MoJib, a TEIUIOMPOBOIHOCTH MEM OYEHB BEJIMKA.

CoBepIlleHHO HE YIOBJIECTBOPSIOT TEXHOJIOTHYECKUM TPEOOBAHUSIM AIIFOMUHUN, MarHUN, XpOM
u muHK. Tak, temmeparypa rtuiaBieHus amomunaus Al — 658°C; okcuma amomunus ALOsz —
2050°C; maraust Mg — 651°C, okcuna maraus MgO — 2500°C.

EcrecTBeHHO, YTO mpuMecH B CTalAX TakXK€ OKAa3bIBAIOT BIHSHHE HAa CIOCOOHOCTH
MOJIBEPraTbCsi KUCIOPOJIHOW pe3Ke, MNpUYEM pa3HbI€ 3JIEMEHTHl B pPAa3HOW cTeneHu. BiusiHue
yriiepojia CKa3bIBaeTCs MpH cojaepkanuu ero cBbime 0,25%; mapraHen, HUKEIb U MEIb B TEX
KOJIMYECTBAX, B KOTOPHIX OHH COJAEPIKATCS B CTAISIX, HE MELIAIOT BBIMOJIHEHHUIO Ta30KUCIOPOIHOM
pe3ku. KpeMHMi, aTtOMUHUI U XPOM, 110 MEPE UX YBEJIMYEHHUSI B CTAIH, YXYALIAIOT IIPOLECC PE3KH.

ITonorpeBartesbHOe IUIAMS M KHCJIOPOJ PeKyIeii cTpyn

JIyisi BOBMOJKHOCTH Hauaja Iporecca pe3kKd M YCTOMYMBOTO €ro MpPOTEKaHWsS HEOOXO0IUMO
MOJIOTPETh METAJJl B HY’)KHOM MECTE IO TeMIIepaTypbl ero BociiameHeHus. C 3TON Lenblo pe3ak
JOJDKEH HMETh KaHall Ul MOJAayd TOpIOYEero rasa B CMECH C KHCIOPOJIOM Ul CO3AAaHHUS
[I0I0TPEBATENBHOTO IUIAMEHU U KaHaJl, 0 KOTOPOMY MOAAETCS CTPYsI PEXKYIIET0 KUCIOPoa.

HecMmoTpss Ha TO, 9TO peakiusi TOPEHHS >Kejie3a MPOTEKAET C BBIACICHUEM TeIuia, s
co3gaHMsl HeoOXOOUMOM TemIepaTrypbl B 30HE pe3a HYKHO M IIOCle Hayana Ipolecca He
BBIKJIIOYATh IOJIOTPEBATENILHOE TIaMs, TaK KaK TEIJIOBOW 3HEPrUu, 00pa3yroliencsl TOIbKO 3a CUET
rOpPEeHUs JKeJe3a, OKa3bIBaeTCs HE J0CTAaTOYHO.

CxeMa yCTpoWCTBa aleTUICHO-KHCIOPOJHOTO pe3aka mnpuBeAeHa Ha pwuc. 18.39. [lns
[0IOrPeBa MeCTa Hayvaja pe3a 0 TeMIIepaTypbl BOCIUIAMEHEHUSI MeTaJljia MPU 3aKpbITOM BEHTHIIE 3
JIPYTUMU BEHTWISIMU 4 1 9 OTKpBIBAIOT noaady kuciopoaa (Oz) u anermiena (CoHo) nnst cozmanms
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HarpeBaTeIbHOIO IUIAMEHH, TOPSAIIET0 Ha BBIXOJAE CMECH JTHUX Ta30B M3 KOJBLEBOIO KaHAJA,
00pa3yeMoro 3a30poM MEX/ly HapyKHbIM U BHYTpeHHUM MyHmtykamu /4 u /5. Tlocne pazorpesa
MecTa Hayaja pe3a J0 HEeoO0XOAMMON TeMIepaTypbl OTKPBHITUEM BEHTHIIA 3 MOAAIOT CTPYIO
PEXKYIIEro KUCIOPOa.

Puc. 18.39. Cxema ycTpoiicTBa aleTHJICHO-KUCIOPOAHOTO pe3aka: | — rojioBka pe3aka;, 2 —
TpyOKa pexyiero kuciopoaa; 3,4, 9 — BeHtwiu; S5, 6 — HUNITEIN IJ1s IUTAHTOB; 7 — PYKOSITKA;
8 — kopnyc pe3aka; 10 — umxkekrop; 11 — HakunHas raiika; 12 — cMecuTenbHas KaMepa;
13 — nHakoHeuHuK; 14, 15 — BHYTpEHHUN U HAPYKHBIA MYHIITYKA

MoIIHOCTh MOJOTPEBATEIBHOTO IUJIAMEHH, a, CJIEeI0BaTelIbHO, M PACXOJ TOPIOYEro rasa
3aBUCST OT TOJIIMHBI pa3pe3aeMoro MeTasia:

Bomnpoc 3. IIpouecc 00padoTKH MaTEepUATIOB pe3aHreM: 001as XapaKTepUCTUKA, BU/bI,
00J1acTh NPUMEHEHUA

OcHOBHBIMH BHJaMH OOpaOOTKM MaTepuajoB pe3aHueM sBIAIOTCSA (puc. 1): Todenwue (a);
ctporanue (0); monbieHue (6); cBepieHUE (3€HKEPOBaHME, Pa3BEPTHIBAHHUE M 3CHKOBaHUE) (2);
¢dpesepoBanue (0) u nummdpoBaHue (¢), — TPOU3BOJAMMBIE HA METAUIOPEKYIIUX CTAHKAX
COOTBETCTBYIOIIECH TPyNIbl. B 3aBUCHMOCTH OT BHA BBITOJHICMBIX TEXHOJOTHYCCKUX OICPAIIHiA
pa3IUyaloT CTAaHKH TOKAPHOW TPYIIbI, CTPOTAIBHOM, MOJOEKHOW, CBEPIMIBHOW, PACTOYHOM,
bpesepHoi, nuM(OBATLHON U AP.

[Ipu oOpa®oTke MaTepHalioB PE3aHUEM HCIOJIB3YIOT Pa3INMYHbIA PEXYIIUNA HHCTPYMEHT:
pe3isl, CBEPIA, 3eHKEpa, pa3BEPTKH (ppe3bl, KOTOPhIE UMEIOT CIIEHUAIBHO 3aTOYCHHYIO PEKYIIYIO
9acTh, a TaKKe NPUMEHSIOT NuIM(OBAIBbHBIE aOpa3WBHBIC KpPYyrH, 3€pHa KOTOPBIX O0O0IamaroT
OCTPBIMH TPaHSIMHU M yriamMu. Pexylmuii ”HCTPYMEHT W3rOTABIMBAIOT U3 MaTepraja MOBBIIICHHOMI
TBEPIOCTH, IPOYHOCTH, TEPMO- M H3HOCOCTOWKOCTH, Pa3IIMUHBIX (POPM U pa3MepoB.

Touenme. [Ipr TOUCHHUN TIIABHBIM JIBUKCHHEM PE3aHUS SBJSICTCS BPAMIATEIILHOE JIBIKCHUE
3arOTOBKH, a JIBIKEHHE TIOJaudl — MPSIMOJIMHEHHO-TIOCTYIIaTeNIbHOE MBMKEeHUE pesna (puc.la). K
napamerpam (pekuMam) pekuMa pe3aHus Py TOUYCHUH OTHOCSTCS:

1) ckopocms pezanus v — nUHEWHAs CKOPOCTh TOYKH, JIeXxalleli Ha oOpabaThiBaeMOit
MMOBEPXHOCTH, M/MHH;

2) noodaua s — MepeMeIeHNUE pe3Iia 3a OJIMH 000POT 3aTOTOBKH, MM;

3) enyouna pesanus t — paccTOSHUE OT 00padaThIBaeMOW MOBEPXHOCTH J0 0OpabOTaHHOM,
M3MEPEHHOE MEPIICHANKYIISIPHO OCH 3aTOTOBKH, MM.

Puc. 1. CxemMbl OCHOBHBIX BHUJOB 00pabOTKHU
MaTEepHAIIOB pe3aHHEM:

a — TOYEHHE; O — CTpOTaHHUe; 8 — JOJIOJICHHE;
2 — CBepJIeHUE, 3eHKEPOBaHME, pa3BEPTHIBAHHE
U 3€HKOBaHWE; O — (Qpe3epoBaHue; e —
nuiidoBanue

+o
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Toyenne Mpon3BOAAT HAa CTAHKAX TOKAPHOM TPYIIBI C MCIOJIB30BAHUEM pE3LOB, KOTOPBIE
BBI6I/IpaIOT B 3aBUCUMOCTH OT BHJa OIICpalivu. OcHOBHBIE TOKAPHBIC OIICpaluu IMPEACTABJICHBI Ha
puc. 2.
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Puc. 2. CxemMbl OCHOBHBIX TEXHOJIOTHYECKUX OTEpaIii TOKapHO 00pabOTKH:

a - TOYEHHE HAPYKHOM LIWJIMHIPUYECKON MOBEPXHOCTH; O - OJIpe3aHue MIIOCKUX TOPLEBbIX
MIOBEPXHOCTEN; B - TOUEHHUE KAHABOK; T - OTPE3Ka; 1| - TOUEHUE METPUUECKON pe3bObl pe3loM; € -
To4YeHHE (PaCOHHBIX TIOBEPXHOCTEH; K - pacTayMBaHHE BHYTPEHHHUX IOBEPXHOCTEH; 1
- oOpabarbiBaeMasi MOBEPXHOCTD; 2 - MOBEPXHOCTb pe3aHus; 3 - 00paboTaHHAs TOBEPXHOCTb.

ITo BHIY BBINOJIHSIEMBIX ONlEpPANMi PA3JIMYAIOT CJIeAYyI0IIHe TOKAPHbIE pe3lbl:

1) mpoxoHbIe, TTPOXOAHBIC YIOPHBIC; 2) MOJpe3HbIe; 3) MPOpPEe3HbIe U OTpe3HbIie; 4) pe3b0OBHIE;
5) pactounsie; 6) GacoHHbBIE. 7) PE3IIbI Il YUCTOBOM 00pabOTKHM 3aroTOBOK (3) u 1ip.

B 3aBHcHMOCTH OT HampaBIICHUs IOJa4Yl PE3Ibl Pa3ACisAIOT HA MPaBbic U JIEBBIC; MO (opMe
PeXKYIICH 4acTH — Ha MPSAMbIC, OTOTHYTBIE H OTTSHYTHIC M H30THYTHIC; IO XapaKTepy 00paboTKH
— Ha YEPHOBBIC, MTOJTYYUCTOBBIC U YHCTOBBIC; IT0 KOHCTPYKITMU — Ha ICJIbHBIC U COOPHBIC.

Jlis M3roTOBJICHUS W 0OpabOTKH OTBEPCTHH MPH TOYCHUH NPHUMEHSIOT TaKkKe CBEpIa,
3CHKEPhl W Pa3BEPTKH, a A HAPE3aHUsS pPe3bObl — METUYUKH, IUIAIIKH W Pa3IUYHbBIC 0 THITY
pe3pOoHape3HbIe TOJIOBKH (puc.3).

{

Ctporanue. [Iponecc crporanus (cM. puc. 16) — BHI MEXaHMYECKOM 0OpPaOOTKH TIIOCKUX
MIOBEPXHOCTEH pe3aHueM, MPU KOTOPOM TJIAaBHOE IBMKEHHE (CKOPOCTh pEe3aHus v) cooOuiaercs
pe3Ily WIH 3arOTOBKE W SIBJISIETCS BO3BPATHO-TIOCTYMATEIbHBIM, a JIBFXKCHHE MOJA4u § COOOIIaeTCs
3arOTOBKE WJIHM pe3Ily U sBiseTcs mnpepbBUCTBIM. Ha puc. 20.16 TinaBHBIA BHUA JBWKCHUS
OCYIIIECTBJISIET 3aroTOBKa, a pe3eln, — ABMkeHue mnojaadu. CTaHKH, Ha KOTOPBIX MPOU3BOMISTCS
OTIEpaIli CTPOTAHMS HA3bIBAIOT MPOJI0JIBHO-CTPOTadbHBIMU. ECIIM Ha cTaHKax pe3ell COBepIIaecT

Puc. 3. Pe3nOonapesnoit

o MHCTPYMEHT:
a - METUYHKH;
0 - IIaIKa;
§ J B - peryiupyemas pe3bOoHape3Hast

rOJIOBKA C IJIOCKUMU
(cTep>KHEBBIMU ) TPEOEHKAMH.

6)
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IJIaBHOE JIBUJKEHHUE, a 3arOTOBKAa — JIBUKEHHE I0JIa4M, TO TaKW€ CTAHKH SBIISIOTCSA HOMEPEHHO-
CTpOTaJIbHBIMHU. B HEKOTOPBIX CilydasiX pe3ell MOKET OCYIIECTBIATh KaK IJIaBHOE JBM)KEHHE V, TaK
W JIBIDKCHHWE Tonayu s. BceiemcTBue TOro, 4to peser; coBepriacT pabodyuii M XOJOCTOM XOBI,
IIPOLIECC PE3aHMs IPU CTPOTAHUU MPEPHIBUCTBIN. CHATHE CTPYXKKU MPOUCXOJUT TOJBKO BO BPEMs
npsimoro (pabouero) xona. [Ipu oGpaTHOM (X0JI0CTOM) X021 pe3ell padoTy pe3aHus HE MPOU3BOIUT,
YTO CHOCOOCTBYET €r0 OXJIaXICHUIO.

Takke cTporaHueM MOXHO IPOBECTH 00pabOTKY (PaCOHHBIX MOBEPXHOCTEHN U BBIOOPKY I1A30B
1 KaHaBOK.

Joabsenue. Dra omnepaius SBISETCS Pa3HOBUIHOCTHIO CTPOTAHHSA W IPOU3BOAMUTCS Ha
NONOEXHBIX cTaHKaX. Ha HuX TUIaBHBIA BUJ JBWXKEHHUSA vV  (BO3BPATHO-NOCTYMATEIbHBINH)
OCYILIECTBJISIET pe3el] B BEPTUKAIbHOM IUIOCKOCTH, a JIBUKEHHE II0Jauh s — 3aroToBka B
TOPU3OHTAIBHOM TUIOCKOCTH (CM. puc. 18). JlonmbieHne NPUMEHSIOT JJIs TOJYYeHHS KaHaBOK,
IUIOCKMX U (DAaCOHHBIX IOBEPXHOCTEW HEOOJBIION BBICOTH, HO 3HAYUTENIBHBIX MOMNEPEUHBIX
pa3MepoB.

Csepaenne. Ilpu cBepneHuM (3€HKEPOBaHUM, pPa3BEPTHIBAHUM, 3C€HKOBAHWHW) OOBIYHO
[JIABHOE JIBMDKCHHE V M JBIDKCHUE TMOJa4M S COOOIMAIOT PEXyIeMy HHCTpYMEHTy (puc. 1e).
CaepJieHHEe IPUMEHSIOT 7Sl OJYYEHHSI CKBO3HBIX U MIIYyXUX LMJIMHIPUYECKUX OTBEPCTHH.

3enxkeposanue — TPUMEHSETCS U1l YBEJIIMYEHHUS TUaMETpa OTBEPCTHs, IPEIBAPUTEIHHO
MOJIyYUEHHOTO JHUTHEM, IUTAMIIOBKOM MM CBEpJIEHWEM, W MpHAaHusd eMy Oojiee NpaBUIIbLHOU
reoMeTpruecKkoil (OpMbI, JOCTH)KEHHS HaWMEHBIIEH LIepOXOBATOCTH IOBEPXHOCTH, YeM IIpH
CBEpPJICHUU WJIN PacCBEPIMBAHUU.

Pazeepmuvisanue obGecrieunBaeT MOJIyd€HUE OTBEPCTUH C BBICOKONW TOYHOCTHIO Pa3MEPOB U
BBICOKMM KayeCTBOM MOBEPXHOCTH; €r0 MPUMEHSIOT B OCHOBHOM [yl OKOHYATEIbHOM 00paboTku
OTBEPCTHIA.

3enkoeanue — TOJNY4eHHE OTBEPCTUN TOJ MOTAMHBIC W TOJYNMOTAWHBIE TOJIOBKA OOITOB U
3aKJIETIOK.

CBepiieHHE SBIISETCS CAMbIM PaCIpPOCTPAHEHHBIM CIIOCOOOM MOJIyYEHHS] CKBO3HBIX M TIIYXUX
OTBEPCTHUH B 3arOTOBKE.

Paznuuaror obwviunoe w enybokoe cmepienue. llpu OOBIYHOM CBEpPIECHUU IS TTOJTYYCHHS
CKBO3HBIX WJIM TIJIyXUX OTBEPCTHH MPHUMEHSIOT CHUpaJbHbIE CBEpJa € KOHUYECKUMU WIH
UWIMHAPUYECKMMH XBOCTOBUKaMHM. B 3aBHCHMMOCTM OT BEJIMYMHBI HApTUU 00pabaThIBAEMBbIX
neraneil  cBepJeHHE MPOU3BOJAT HO pazmemke WIM B KOHOYKmopax  (CIenualbHbIX
MIPUCIIOCOOIEHUSX, U3TOTOBISIEMBIX 110 opMe 00padaThIBAEMOM JAETANN).

[Ipu 06paboTke OONBIIMX MApTUH JAeTanei CBepieHUE MPOU3BOAAT B KOHAyKTOpax. OHu
MIO3BOJISIFOT BECTH CBEpJieHUE 0€3 MpeBapUTEIbHON pa3METKH JETalH U MOJydaTh 00Jiee BHICOKYIO
TOYHOCTH 00PaOOTKH.

[Ipu ryOokoM cBepiieHUH, KOI/la JUIMHA OTBEPCTHs MPEBBIILIAET €ro AuaMmeTrp B Spa3 u
0oJiee, OOBIYHO TPUMEHSIOT CTICIIUATBHBIC CBEpJIa:

1) pykeliHbIe JUTsl CBEPJICHHS] OTBEPCTUM TUAMETPOM JI0 25 MM B CIUIOIIHOM MaTepHaIe;

2) nyue4yHble 0JTHOCTOPOHHET0 Pe3aHus JJIsl CBEpIICHUS OTBEPCTHI [uameTpom Ooiee 25 MMm.

Pacceeprusanue — npuMEHSIOT U1l OTBEpCTU quameTpoM Oosiee 25 mM. CBEpiia GOJIBIINX
IMaMETPOB HMEIOT TMEPEMBbIYKM 3HAUYUTEIbHBIX pPa3MEPOB, IOATOMY MpU HX MPUMEHEHHUU
HE0OX0IMMBbI yBeJIMUEHHbIE yeuius nojaayu. Kpome toro, Takue cBépia 4acTo OTKJIOHSIIOTCS OT OCH
CBEpJICHUS.

Ceepnenue omeepcmuii no0 pe3bO)y — BAXHBIN BUJl CBEPIWIBHBIX Pab0T. DTH OTBEPCTHS
CBEPJIATCS CHUPAJIBHBIM CBEPJIOM B CIUIOUIHOW 3arOTOBKE, WJIM PACCBEPIMBAIOT B OTJIMBKaxX U
MTOKOBKaX.

3enxeposanue n pazeépmuléanue — 3TUM IpolieccaM MOBEPraoT OTBEPCTHUS, IIOJYyUEHHbIE B
3aroTOBKax CBEpJICHUEM, JINTHEM, HITAMIIOBKOM C LIEJIBIO MOJYyYeHHs OOJIbIIEH TOUHOCTH pa3MepoB
U YUCTOTHI TIOBEPXHOCTH. 3€HKEPOBAHUE MPUMEHSETCS ISl OKOHYATEIbHOU 00paboTKK OTBEPCTHI
WM JUIS IpeBapUTEIbHON 00paboTKU MO pa3BEPTHIBAHUE.
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®pe3epoBanue. [Ipu ppezepoBaHuM rIaBHOE JBUKEHHUE V COOOIIAETCS MHOTOJIE3BUHHOMY
peXyIIeMy HHCTPYMEHTY — ¢pe3e, a IBUKEeHHUE nojauu s — 3arotoBke (puc. 20.10). CymecTByror
cxeMbl (pe3epoBaHMs, KOTJa IJIaBHOE JIBIKEHHE U [JBI)KEHHME I[0oJauud cooOuaoT Qpese.
®pe3epoBaHuEe TMPUMEHSIOT TpPU OOpPaOOTKE TOPU3OHTAIBHBIX, BEPTUKAIBHBIX M HAKIOHHBIX
IJI0CKOCTEH, (PaCOHHBIX OBEPXHOCTEH, a30B U KaHABOK PA3JIMYHOTO MPOQUIIL, IPU U3TOTOBIECHUU
3youatsix kKojec. OcoOeHHOCTh Tporecca Gpe3epoBaHus 3aKII0YACTCS B MPEPHIBUCTOCTH PE3aHUS
KaXKbIM 3yOoM ¢pe3bl. 3y0 ¢pe3bl BCTYNAeT B KOHTAKT € 3arOTOBKOM U BBIMOJIHAET paboOTy TOJIBKO
Ha HEKOTOPOW YacTH cBoero oboporta. 3arem 3y0 ¢pe3bl, MpoJoJDKas IBUKCHHE, HE KacaeTcs
3aroTOBKM JI0 CJIEIYIOLIEr0 BPE3aHHS; B 3TOT MOMEHT OH OXJaXKIAETCs, YTO YBEJIUYMBAET CPOK
citykObl ppe3bl. Kaxapiil 3y0 ¢pe3bl UMEeT Takue K€ JIEMEHTHI U YIJIbl, 4YTO M TOKAapHBIN pe3ell.
[TosTomy (hpe3y MOKHO paccMaTpuBaTh Kak HA0Op TOKAPHBIX PE3IOB.

B 3aBucumocTy OT Ha3HAYEHUS U BUIA
00pabaThIBa€MbIX IOBEPXHOCTEHN pa3aInyaroT
clieyrolre Haubosee pacpoCTpaHEHHbIE
Tunel gpes (puc. 4): unwnHApUYECKue /;
TOpLEBBIE 2; TUCKOBBIE 3, 4; NUCKOBBIE MBI J;
KOHIIEBBIE 6; OTHOYTJIOBBIE 7; IBYXYIJIOBBIE &;
nazoBble 9; haconHsle /(; MOTyIbHbBIE
IMCKOBBIC [ /; TaapIeBbIe /2.

Puc. 4. Haubonee pacnpocTpaHEHHbIE TUIIBI
¢pes.

lingosanue. [Ipouecc mupoanus (puc. le) NpUMEHSIOT KaK OTIEIOYHO-/I0BOJIOUYHYIO
OTIEpAIMIO C TIOJy4YEHHWEM pa3MepoB JI€Talel ¢ TOYHOCThIO MO 6 — 7-My KBamuTeTaM |
IEPOXOBATOCTHIO MOBEpXHOCTU R, = 0,08 — 0,32 MKM.

Kak 06aupounyto onepanuro numdoBaHUEe UCTIOIB3YIOT IPH OYHUCTKE JINTHS, TOKOBOK U T. II.

UInugosanue — 310 00pabOTKAa TMOBEPXHOCTEH M3ACIUS NUTH(POBATHLHBIMU a0pa3uBHBIMU
kpyramu. Jjig 06aupoyHOi 06pabOTKN NPUMEHSIOT KPYITHO3EPHUCThIE a0pa3uBhl, a JUIsl YUCTOBOTO
nuMOBaHU — MENKO3epHUCTHIC. Mcnonp3yroT albpa3uBBl €CTECTBEHHBIE — HaMOOJIbIIEe
NpPUMEHEHHE TOJyYHJIM MUHEpal KOPYHI W aiMa3, W HCKYCCTBEHHBIE — JJIEKTPOKOPYHI C
pa3auMYHbIMU JOOaBKaMU, KapOua KpeMHHUsI, HUTpU Oopa u Jip. AOpasuBHbIe 3€pHa B 3aBUCUMOCTHU
oT ux pazmepa aemnsatcs Ha numd3épaa (Ne 200-16, pazmep 3epra 2500 — 160 Mxm), IITUGITIOPOIIKI
(Ne 12-4, pazmep 3epHa 160 — 20 mxMm) n mukponopomku (Ne M63-MS5, pasmep 3epHa 63 — 5 MKM).
3epHUCTOCTh ajiMa3HbIX nopouikoB oT AMI1 (pa3mep 3epHa MeHee 1 MxMm) 10 AMS0 (pa3mep 3epHa
no 630 mxm). AOpasuBHBIE 3€pHa CKPEIUICHBI JIPYr C JIPYrOM C TOMOIIBIO IIEMEHTHUPYIOIIETO
BemectBa — CBs3KU. LlIupoko mpuMeHSIOTCS NIIHQOBAIBHBIE KPYrd Ha KEpaMHUYECKOM,
0aKeInTOBOM U BYJIKAHUTOBOM (300HUTOBOM) CBSI3KE.

DOU3NKO-XUMHYECKHE 1 MeXaHHYEeCKHE OCHOBBI nmpouecca pesanus

PazBuTte Haykm O pe3aHUM MATEPHAJIOB IOCTOSIHHO  COINPOBOXIAJIOCh  HOBBIMH
TEOPETUYCCKUMH U IKCINEPUMEHTAJIBHBIMH  TOJOKCHUSIMH, OOBSICHIIONUMUA  (PU3UIECKYIO
CYIIIHOCTh MHOTOYMCJIEHHBIX SIBJICHU, COMPOBOKIAIOIINX MPOLIECC PE3AHUS.

Bausinue cMa3zouHo-oxgaaxaammmx Texnojgorudeckux cpea (COTC) na npouecc 00padoTkun
MaTepHajioB pe3aHueM

N3BecTHO, YTO mpuM BO3ACUCTBHUM Ha 30HY pE3aHUS PA3TUYHBIX TEXHOJOTHYECKUX CPel
MPOUCXOAUT PSAJl CHOKHBIX B3aUMOCBSI3aHHBIX W B3aWMO3ABHUCUMBIX  (PH3UKO-XMMHUYECKUX
MIPOIIECCOB: AACOPOIHS, KOPPO3Us TMOJ HAMPSHKEHHEM, BO3SHUKHOBEHHE MOBEPXHOCTHBIX TPEIIWH,
ra3oHacChIIICHUE, N3MEHEHHE TEeMIIEPaTypPHOTO TOJII B 30HE pe3aHusi, 00JydeHHUE DJIEMEHTAPHBIMU
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YaCTUIIAMH, JJIEKTPHUECKUE W Jpyrue siBjaeHus u np. CiemoBareibHO, cpela MOXKET OKa3bIBaTh
3HAYMUTEJIbHOE BJIIMSIHUE HAa MHTCHCU(HUKAIMIO MPOIECCOB 00paboTku MaTepuanoB. C ATOU IENbIO
g Oonee 3ddexTuBHON 00pabOTKM pa3iaMYHBIX MaTEpPUaIOB MOTYT OBbITb IPUMEHEHBI
YIBTPa3BYKOBBIE KoJeOanus, momanbl paznmuuabie COTC, Takke MOXeT ObITh MPOU3BEIICHA
00paboTKa B AIIEKTPUYECKUX U MAarHUTHBIX TOJISAX, B BAKYYME U HEUTPAIbHBIX cpelax u T. JI.
CnenoBarenbHo, COTC sBasiercst oaHUM U3 HauOoJsiee BaKHBIX IMEPEMEHHBIX (aKTOPOB
COCTOSIHUSI TEXHOJIOTHYECKOM cucTeMbl. 3a cuéT m3meHeHus cocraBa u coctosinusa COTC moxHO
3pPEKTUBHO OCYIIECTBHTH MHOTOCTOPOHHHE W3MEHEHHsI MapamMeTpoB (yHKIMOHHPOBAHHS
TEXHOJIOTUYECKON CHCTEMBI, YTO TIO3BOJISIET ONITUMHU3HPOBATH PEKUMBI 00paOOTKH pe3aHueM.

56



Jlureparypa:

a) OCHOBHAs JUTepaTypa

Jlaxtun, F0.M. Marepuanosenenue: yueonuk / FO.M. Jlaxtun, B.I1. JIeonTseBa. —
3-e u3x., nepepad. u gon. PenpuntHoe uznanue. — M.: Anbsiae, 2013. — 528 c.
Muropun, C.A. MarepuanoBeieHle W TEXHOJIOTHsS MaTepUajioB: Y4eOHUK st
oOyvaromuxcs B By3ax MUC Poccunm 10 chnernuajsbHOCTSIM HalpaBlICHUS
«besomacHocTs xusHeaesTenbHoctu»/ C.A. lluropun, I1.B. I[Tyukos. - 1-e uzn. —
Nganoso: MBanosckuii uuctutryt ['TIC MUC Poccun, 2012 1. — 542 c.: un. (I'pud
«Jomymeno» MUC Poccun).

0) OTOTHUTENIbHAS JTUTEpATypa

[Tyukos, I1.B. MatepuanoBegaenue u TexHosiorus martepuainoB (JlaGopatopHbiit
npakTukyM): YuebHoe mnocobue / II.B.ITyukos, B.B. Kucenés. — HBanoBo:
OOHU HBU TTIC MUC Poccun, 2011. — 166 C. (I'pud «domymeno» MUC
Poccun)

[Tyuxos, I1.B. Koppo3usi KOHCTpYKIIMOHHBIX MaTepraioB (MEXAUCIUIUIMHAPHBIN
7a00paTOPHBIM MPAKTUKYM): yuyeOHOe TmocoOue sl chylaTteneil, KypcaHTOB U
CTYyJIE€HTOB Bcex (QopM oOydeHuss no cneuuanbHoctu 280705.65 «Iloxkapnas
O0e3zomacHoCcTb» W HampasieHuto noarotoBku 280700.62 «TexHocdepnas
6ezonacHoctby/ I1.B. IlyukoB, C.B. Tumodeena, J[.I'. Cuerupés. — MBaHoBo:
OOHU 1sU I'TIC MYC Poccun, 2012. - 214 C.

[Tyukos, [1.B. MeToasl 3amuTel OT KOPpPO3UH: 3JEKTpoHHOE mocodue. / I1.B.
[Tyukos, I.A. Viube, C.B. TumodeeBa. 379 MO, dbopmar: exe, CHUCTEMHBIE
tpeboBanus: Windows 98, NT, 2000, XP, Vista, Seven; Adobe Flash Player; 256
M6 onepatuBHoil namstu; bpaysep Internet Explore.

[IyukoB, II.B. MarepuanoBegeHne W TEXHOJIOTHS MaTEpHANOB: Yy4yeOHO -
METOIMYECKOe MOocoOHue I CaMOCTOATENbHOM paboThl 00yYarouuxcs IO
cnenuanbHoct 280705.65 — «IloxkapHass 0€30MacHOCTb» W IO HAIpPaBICHUIO
noaroroBku 280700.62 — «Texunocdepnas 6e3onacHocts» / I1.B. Ilyukos, B.B.
Kucenés, A.B. Tonopos, B.A. Ilonetaes. — MBanoBo: OOHU 3KO ®I'BOY
BIIO UBU I'TIC MYC Poccun, 2014. — 106 c.

[TyukoB I1.B., Mexanudyeckue CBOMCTBA MaTEpHAIOB: SJEKTPOHHOE Y4YeOHOE
nocobue/ Kponorosa H.A., [loneraes B.A. 313 Mb, dopmart: exe, Oneparrionnas
cucrema Windows XP-10, Bpaysep Internet Explorer Bepcuu 8 u Bblllie, KOJIEKU
IUIsl BOcIpou3BeAeHus Buaeo B popmatax mp4 u avi. [lpoueccop 2-x suepHblit
intel mmm Amd, 2I'6 O3V.

IIyuko II.B., MarepuanoBenenue u TeXHOJOTHs MarepuainoB. Yacte 1.
«MarepuanoBeieHUe»: DSJIEKTPOHHOE ydeOHoe mocodue/ Kucenes B.B.,
Kponoroa H.A., Opunnnuko B.B., I'pumuna E.}O. 348 Mb, dopmart: exe,
Onepanuonnas cucreMa Windows XP-10, bpaysep Internet Explorer Bepcuu 8 u
BbIIIIe, KOJIEKH ISl BOCIPOU3BeneHHs BUAeo B (popmaTax mp4 u avi. [Ipoueccop
2-x sanepHbiit intel unmu Amd, 2I'6 O3V, 348 Mb.

57



