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Tema Nel Beaenue. O01ue cBeieHUsI 0 MeTaJLIaxX, CIIaBax v
HeMeTANINYeCKNX MaTepuaiax

Bonpoc 1. HecoBepiieHcTBa KPUCTANIMYECKOT0 CTPOCHUSA

Mertamisl 1 CIIJIaBbI, ITOJIYYCHHBIC B OOBIYHBIX YCJI0BUAX, COCTOAT U3 0O0JBIIOTO KOJIMYECTBA
KpUCTaJlJIOB, TO €CTb, HUMCIOT IMOJIMKPUCTALNIMYCCKOC CTPOCHHUC. D1H KpHUCTALJIbl HA3bIBAIOTCA
3épHamMu. OHM UMEIOT HENpPaBUJIbHYIO (OPMY M pa3IM4yHO OPHUEHTUPOBAHBI B MPOCTPAHCTBE.
Kaxmoe 3epHO MMeeT CBOK OpPUEHTUPOBKY KPUCTALUIMYECKOW PEIIETKH, OTIMYHYIO OT
OPUEHTHPOBKH COCEIHUX 3EpPEH, BCJIECACTBHE YETr0 CBOWCTBA pEATbHBIX METAIOB (Kak
KPUCTAJJIMYECKUX TeJl) YCPEIHSAIOTCA, U SBJICHUS aHU30TPOIIUU HE HAOII01aeTCsl.

B kpucrainmmueckoil pem€éTke pealbHbIX METAUIOB HMMEIOTCS  pasziuydHble  Je(eKTh
(HECOBEPIIEHCTBA, HAPYIIEHUS] CTPOrOr0 PACHOJIOXKEHHMS aTOMOB), KOTOPbIE HApyIIAIOT CBS3U
MCXKY aTOMaMH1 U OKa3bIBAIOT BJIUMAHNEC HA CBOMCTBA METAJJIOB.

Ilo reomerpuyeckMM  MNPHU3HAKAM  Pa3jiM4yalOT  cjeayloue  CTPYKTYpPHbIe
HEeCOBEpPIICHCTBA (1e()eKThl) KPHUCTAIIHYECKOI0 CTPOCHHUA:

1) moueunvie — Maible BO BCeX TPEX U3MEPEHHUSX;

2) auHetiHble — MaJible B IBYX U3MEPEHUSIX U CKOJIb YIOJIHO MPOTSHKEHHBIE
B TPETHEM;

3) nogsepxnocmmvie — Maible B OJTHOM U3MEPEHUU.

ToueuHnble neeKTHI

Toueunsle nedeKThl SBISIOTCS OAHMMU U3 HauOoJiee pacrnpoCTpaHEHHBIX HECOBEPILEHCTB
KPUCTAJIMYECKOTO CcTpoeHus MerawioB. K ToueuyHbIM jgedexkTam OTHOCATCA: BaKaHCHH,
MEXY3€eJIbHbIE (JIMCIOLKUPOBAHHBIE) aTOMBI, HAJIMYUE B Yy3J1aX KPUCTALIMYECKON PElIETKH aTOMOB
npumecen (puc. 1).

Bakancuss — 3TO OTCyTCTBHE aTOMOB B Y3JlaX KPUCTALIMYECKOW PELIETKU, «IBIPKU»
(He3aHsATHIC aTOMaMU MECTa B sfUeHKaX KpUCTAUIMUECKOU peméTkn) (puc. 1a).

OO0pa3yroTcsi BaKaHCHH IIPU MEPEX0JIe aTOMOB C IOBEPXHOCTU B OKPYKAIOLIYIO CpEely WIH U3
y3J10B PEHIETKM Ha MOBEPXHOCTh (IFPaHULbI 3EPEH, MyCTOTHI, TPEUMHBI U T. [.), B pe3yjbTaTe
MJIACTUYECKON aedopmarii, mpu OomMOapaupOBKE Tejda aTOMaMH WM YacTHUIAMHU BBICOKHMX
sHepruil (oOiyueHue B LMKIOTPOHE WJIM HEHTPOHHOE 00JydyeHHe B sAJIepHOM peakTope). Ymucio
BAaKaHCHUH YBEJIMYMBAETCS C MOBBIIIEHUEM TEMIIEPATYphl, IpU 00pabOTKe aBjIeHUEM, OOTyYEHUU U
Apyrux Bujax BozneicTBusi. CKOIUIEHHEe MHOTUX BaKaHCUI MOKET IPUBECTU K 00pa30BaHHUIO 10D U
MyCTOT.
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Puc. 1. Toueunslie neeKTol.

Amomubl  npumeceti (NIpUMECHBIE aTOMBI) BCErja NPUCYTCTBYIOT B MeTaiie, TaK Kak
MPAKTUYECKH HEBO3MO>KHO BBITUIABUTHh XMMUYECKUA YMCTHIN MeTaul. OHM pacmojiararoTcsi B y3lax
PEMIETKU WM MEXAOY3IUAX U MOTYT UMETh pa3Mepbl OOJIbIIIEe WM MEHBIIE Pa3MepPOB OCHOBHBIX
aTomoB (puc. 16, 1s).

Jucnoyuposannvlii (mesrcyzenvhviti) amom — 3TO aTOM, BBILIEAIINN U3 y3Ja pPEMIETKH U
3aHSABIIMKA MECTO B Mexaoy3iue (puc. 16). MexysenbHble AePEeKThl 00pa3yroTCs B pE3yJIbTaTe
repexo/ia aTomMa U3 y3jia B MEeXy3JIe KPUCTAIUIMYECKON PEIIETKY.

Toueunbie nedeKTHl BBHI3BIBAIOT BHYTPEHHHE HANPSDKEHUS W HE3HAUYHMTEIIbHBIC WCKAKCHHS
KPUCTAJUTMYECKON PEIMIETKH, YTO TPUBOJIUT K M3MEHEHUIO (DU3MKO-MEXaHWYECKUX CBOWCTB Teja
(TpPOYHOCTH, PIECKTPOTPOBOTHOCTH, MATHUTHBIX CBOMCTB | T. 1.).

JIuneiinbie 1edeKThI

OCHOBHBIMH JTUHEHHBIMHA I[G(i)eKTaMI/I SIBJIIAOTCS AUCJIOKaIIUH.

Jucnoxayuu — 310 nUHEWHHbIE Ne(EeKTbl KPUCTAJUIMYECKOTO CTPOEHMSI, MPEACTaBISIOLINE
co00il NUHUM, BJIOJIb U BOJM3M KOTOPBIX HApPYIIEHO XapaKTepHOE JUIsl KpUCTala MpPaBUIbHOE
PaCIoIOKEHNE aTOMHBIX IUIOCKOCTeH (puc. 2). s AWCIOKAauil XapakTEepPHO HATUYHE JTHIITHHX
ATOMOB, HAXOAAIIUXCA B MECKI0Y3IUAX.

Pa3nuyaroT n1Ba BUAa qUCIOKaUil — Kpaegvle U gunmogule (CM. puc. 2).

Kpaesas oucnoxayus npencrapisieT co00il MECTHOE MCKAKEHUE KPUCTAUIMYECKON PEeIETKH,
JIMHUIO, BJIOJIb KOTOPOM BHYTPU KpHCTaslla OOpbIBAeTCs Kpail «IMIIHEW» MOIYyIIOCKOCTH (puc. 2,).
HenousHas niockocTh Ha3bIBaeTCs 9KCmMpaniockocmyio (puc. 20).
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Puc. 2. lucnokanuu: a- KpaeBas; Puc. 3. Mexanusm o6pazoBaHusi BHHTOBOM
0- SKCTPAIIIOCKOCTb. JIACIOKALINH.

Bunmosas oucnokayuss oOpazyeTcss Npu TOMOIIM YaCTUYHOTO CIABUTA KpUCTAIa IO
mockoctd  Bokpyr JmauH EF (puc. 3) Ha moBepxHOCTH KpHCTaiia 00pa3yeTcsi CTyNeHbKa,
npoxojsauias OT TOYKM £ 10 Kpasg kpuctauia. Takoil 4YacTHUYHBIA CABUT HapyllaeT
[IapaJUIETIbHOCTh AaTOMHBIX CIIOEB, KPUCTAJUI IPEBPAIIACTCS B OJHY AaTOMHYIO IIJIOCKOCTb,
3aKpYYEHHYIO 10 BMHTY B BHJIE IIOJIOTO I'€JIMKOWJA BOKPYr JUHUU EF, KOTOpas IMpelcTaBiseT
IPAHMILY, OTACISIONIYIO YacTh INIOCKOCTH CKOJIBKEHHS, I/1€ CIABHUI YK€ ITPOU3OLIEIN, OT YacTH, e
C/IBUT HE HAUMHAJICS.

Jucnokanuyu 00pa3yroTCsi TPU TEPMUUYECKOW W XUMUKO-TEPMUYECKOHW 00padoTKax, B
IpoLecce KPUCTAIIM3ALMY, IJIaCTUYECKON JedopMalvd M JAPYruX BHUAAX BO3AEUCTBUS Ha
CTPYKTYPY METAJIJIOB U CILIABOB.



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

JIMcIOKalMOHHAsT CTPYKTYpa MarepHajla XapaKTepU3yeTcsi niomuocmuio oucioxkayuu. OHa
SBJIICTCS XapaKTCPUCTUKON, HETMOCPESACTBEHHO BIHSIONICH Ha CONPOTHUBICHUE MaTepuaia
MJIACTUYECKOH JedopMaIiui.

IIimoTHOCTE AUCIIOKaIU B 3HAYUTEILHOU MEpPE OMpCACIIACT TAKME MEXAHUYCCKHC CBOﬁCTBa,
KaK IJIaCTUYHOCTh U IPOYHOCTh MaTc€purajia.

JII/ICJ'[OKaIII/H/I BJIMAIOT HE TOJIBKO Ha IMPOYHOCTH U IJIACTUYHOCTb, HO WU Ha APYIruc CBOMCTBa
kpuctayioB. C yBeIMYCHUEM IUIOTHOCTH JTUCIIOKAIMK BO3pacTaeT BHYTPEHHEE TpeHHUe (BSI3KOCTh),
W3MCHSIFOTCSI ONTUYECKHE CBOWCTBA, MOBBIMIACTCS IEKTPOCONPOTUBIICHUE MeTauia. Jluciaokamum
VBEJIMYUBAIOT CPEIHIOI CKOPOCTh TUPPY3UH B KPHUCTAIUIC, YCKOPSIOT CTapeHHue W JIPYTHe
MIPOLIECCHI, YMEHBIIAIOT XUMUYECKYIO CTOMKOCTh, [I0ATOMY B pe3yJibTaTe 00pabOTKH MOBEPXHOCTH
KpucTtajjia ClicquaJIbHbIMH BCIICCTBAMH B MCCTAaX BbIXO/Ja )II/ICJ'[OKaIII/Iﬁ 06p33y10TC$[ SAMKMU.

Jucnokamuu oOpa3yroTcs nmpu 00pa3oBaHUM KPUCTAUIOB W3 pacIljiaBa WM Ta3000pa3HOM
¢a3bl, npu cpacTaHUU OJIOKOB C MaJIBIMU YIJIaMU Pa30pUEHTHPOBKH.

Tema Ne2 ®u3uko-MmexaHU4YeCKHe CBOICTBA MATEPHAJIOB M METObI UX
omnpejeieHUsI

Bonpoc 1. ®u3nyeckne cBoiicTBa MaTepHaIoB
ILi1oTHOCTH

ITnomnocms (p = m/V, r/cM®) sBiseTcs OJHON M3 BaKHEHIIMX XapaKTepMCTMK METajlIOB H
CIUIAaBOB, YHCIICHHO PaBHAsi OTHOUICHHIO MacChl OJHOPOTHOTO Tela K ero o0bémy. Ilo mioTHOCTH
METaJUTBI IJIAT Ha CIICTYIOIHE 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 oOmHMpHAs
rpyma);

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

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

BaxHOCTP IJIOTHOCTH Kak (U3WYECKOH XapaKTepUCTHKH MaTepuasia 0O0yCIOBIIEHA
WCTIOJIb30BAHMEM YCTAaHOBOK B TaKUX OTPACisIX MPOMBIIUICHHOCTH, KaK CyIOCTpPOCHHE,
TPAHCMOPTHOE MAIIMHOCTPOSHHE W OCOOCHHO aBHAIMOHHAS W PAKETHO-KOCMHYECKast TeXHHUKA. J{iist
TakuX OOBEMOB OJHMM HX PEIIAIONINX YCIOBHHA NPUMEHEHHs SBIISIETCS MHHUMH3ALUS MacChl
TEXHUYECKOT0 00BEKTA.

Temneparypa miaBjeHust

Temnepamypa nnagnenusi Tun, °C XapakTepHu3yeT MEPexo]l MeTaia U3 TBEPAOTO COCTOSHHS B
KUJKOE.

Temneparypa miasiieHus 1o M paBHas €l TeMilepaTypa 3aTBEpAECBaHUS — XapaKTEPHBIN
IIPU3HAK KOHKPETHOTO BEIIECTBA.

@dusnueckas CyIIHOCTh IIpOliecca IUIABIEHUS COCTOMT B cienyromem. [Ipu mnnaBineHunun
Hapylmaercs MOPANOK B PACIOJOKEHHM aTOMOB, CYIIECTBYIOIIMM B TBEPIOM COCTOSHUHM, —
IIPOUCXOJUT Pa3pyLICHUE NPOCTPAHCTBEHHOM KPUCTAUIMYECKOW peméTku. B Kpucramimyeckom
TeJe aTOMbl COBEpIIAIOT KoJieOaTeabHbIE JBHXKEHHS OKOJIO CBOMX IOJIOKEHUH paBHOBecus. C
MOBBILIEHUEM TEMIIEpaTypbl aMIUIUTyJa UX KoJjeOaHui Bo3pacTaeT (IPOUCXOAMUT MOBBIIIEHUE
BHYTPEHHEHl JHEpPruM Tejaa) M JOCTUraeT HEKOTOPOM KPUTHYECKOH BEIMYUHBI, IOCIE YEero
KpUCTAJUIMYECKash peléTka paspymaercsa. B cBow ouepenb Ui paspyllieHHs KPUCTAILNIMYECKOU
pem€Tku TpedyeTcsl JOMOJHMTENbHAs TEIUIOBask SHEPrusi, MO3TOMY B IPOLECCE IUIaBJIECHUS



TeMIlepaTypa HE€ IOBBIIIAETCS JO TEX IMOop, IIOKa HE MPOU30MIET pa3pylleHUsl Bcel
KPUCTAJIIMYECKON PEIIETKU Tesla, HECMOTPS Ha TO, YTO TEIUIO MPOI0JKAET MOCTYNaTh.
Temneparypa maBieHus Ius, MOJOOHO TeMIEpaType KUIIEHUs, 3aBUCHUT OT JaBieHus. [lns
BEILIECTB, Y KOTOPBIX YBEJIUYUBAETCS OOBEM IMpU IUIABJICHHUM, MOBBIIIEHUE JABJICHUS CHUXKAET
TeMIieparypy miaBiaeHus Ty, 1 HA00OPOT.
B 3aBucuMocTH 0T TeMnepaTyphl IIABJIEHHUS MeTAJLJIbI NOAPA3AeSII0TCS Ha cJlelyoume
rpynmnbl:
— JIErKOIlJIaBKKe (Temneparypa miasieHus He npessimaer 600°C) — Zn, Sn, Pb u ap.;
— cpeaneruiaBkue (ot 600 g0 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 meTtauiom siBisiercss prytb Hg (7ux = —39°C). Lesuit Cs u rammmit Ga
maaBarcsi B pykax. CaMbIM TYromiaBKuM MeTauioMm sBisiercst BoJibppam W (7T = 3390°C),
[I03TOMY OH MPUMEHSETCS JJIs1 U3TOTOBICHUS HUTEBUAHBIX CIIMpaJied 3JIEKTPOJIaMIl.

YieapHas TeMJI0EMKOCTH

Tennoémkocms — CcHOCOOHOCTh MaTepuana MPH HArPeBaHWW TIOTJIOMIATH OMpEAETIEHHOE
KOJIMYECTBO TEILIa, a TPH OCTHIBAHUH €TI0 OTJaBaTh.

Yoenvnan mennoémxocmo Cp, ([owc/xeK) wnu ([orc/kmons-K) — 3TO KOTMYECTBO SHEPTUU
(TerwIoTHI), HEOOXOIMMOE JUTS OBBIIICHUS TEMIICPATYPhl SAMHHIIBI MacChI TeJla Ha OJMH I'Palyc
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rJIe m — Macca Marepuana, Kr;
At — pa3HOCTB TEMIIEpaTyp MaTepuaia 0 U mociie HarpeBanus, K;
(O — KOJIMYECTBO TEIUIOTHI, IIEpEAaHHOE 00pasIry.

VYnaenpHas TEII0EMKOCTh Cp, YMEHBIIACTCS C YBEIUICHHEM TIOPSIKOBOIO HOMEpa DJIEMEHTA B
Ttabnuie Menpaeneena.

YaenpHBIC TEIUIOEMKOCTH pPa3HBIX METAUIOB Pa3UYHBl W, KaK TPaBHIO, 3HAYUTEIHHO
MEHBIIE, YeM Yy JPYTUX BEHISCTB, OJlarojgaps XOpOIICH TeIUIonmpoBogHOCTH. Hampumep, y
amromunns Al Cp, = 880 oc/ke'K; y kenesa Fe Cp, =460 [c/ke'K; y wmenu Cu
Cp =385 [oc/ke'K; ceunna Pb C, = 130 Jorc/ke K.

VY aenpHas TeI0EMKOCTh Cp CJIa00 pacTET ¢ MOBBIMICHUEM TEMIIEPATYPhl H CHIILHO MCHSICTCS
npu (pa3oBBIX MPEeBpaIICHUSIX. MI3BECTHO TakXke, 4TO MPH BBICOKUX TEMIIEpaTypax TEIUIOEMKOCTH
METAUIOB M JAPYIHMX KPHUCTAUIMYSCKUX T TOYTH HE HM3MEHSAETCS W ONU3Ka K TOCTOSHHOMY
3HaueHu10. C TIOHIKEHUEM TEMIIEpaTyphl TEIUIOEMKOCTh HAYMHAST OBICTPO Majarh. BOym3m
a0COJTIFOTHOTO HYJIS TEIUIOEMKOCTh BCEX TE CTPEMUTCS K Hylto. [Ipy KpHOTeHHBIX TeMIepaTypax
JaKe Majoe KOJIMYECTBO TEIUIOTHI CYIIECTBEHHO H3MEHSIOT TeMIIepaTypy MaTepuraa.

TeHJIOHPOBOJIHOCTL H TEMIIEPATYPOIIPOBOAHOCTD

Tennonposoonocms A, (kBm/m°C) (wmm [owc/m-c'K) XapakrepusyeTr CKOPOCTh Iepeaadn
TEIJIOBOM SHEPTUU OT OJJHOW YacTH TeJla K APYroi (MOJIEKYISIPHBIN MEPEHOC TEIJIOTHI B CIIOIIHOM
cpene, OOYCIIOBIIGHHBI HaJIMYUEeM TpaJdeHTa TeMiepaTypbl). [Ipy 3TOM TeIIonpoBOJAHOCTH HE
COIIPOBOKIAETCS TIEpEMEIIEHIEM COCTaBIISIFOIINX Tello yacTull. Kak panee ObLIO CKazaHO, XOpoImas
TEIUIONPOBOJHOCTh METAIIOB 0OYCJIOBIIEHA BBICOKOH MOIBIKHOCTHIO CBOOOJHBIX 3JICKTPOHOB U
KOJIeOaTeNbHBIM JIBIKCHHEM HOHOB. TeruionpoBOIHOCTH A SBIISICTCSI  MEPOH  OBICTPOTHI
BBIPaBHUBAHUS TEMIIEPATYP Pa3IMYHBIX TOYEK Teja, I MEPOH KOJIMUYECTBA NIEPEHOCUMOTO Terlia
OpH  33JaHHOW  PAa3HOCTH TEMIIEpaTyp B  pa3NUYHBIX TodYkax Tenma. Yem  Oouiblie
TEILUIOTIPOBOJHOCTH A, TEM CKOpEE TeJI0 MPHOIMKACTCS K COCTOSHHUIO TEIUIOBOTO paBHOBecHs. Uem
BBIIIIE TETUIOMPOBOTHOCTH A, TEM paBHOMEpHEE pacipeesieHHe TEMIIEpaTyphI 10 00bEMY Tema.

Kosppuyuenm mennonposoonocmu A XapakrepuszyeT KOJWYECTBO TEIIa, MPOXOJSIIEro
yepe3 MaTepuan TOJIMHOM 1 M, yepes miuomans nosepxnoct 1 M% 3a Bpems 1 ¢, mpu pasHoCTH
TeMIIepaTyp Ha IPOTUBOIOJIOKHBIX MOBEPXHOCTIX 1 K
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oS At
rae O — Temio, mepelanHoe 0T 000rpeBaeMoi TOBEPXHOCTH K 00Jiee XOJIOAHOM;
0 — TonIMHA o0pasiia (U3eus), MMm;
S — momaas 060rpeBaeMoii MOBEPXHOCTH, M2,
At — pa3HOCTb TEMIEpaTyp NPOTUBONOJIOKHBIX MOBEpXHOCTEHN 00pasua, °C (K);
7T — BpeMs, C.

YucnoBsie 3HAUCHUS KOIPPHUIIMCHTA TETUIOITPOBOAHOCTH 3aBUCST OT BHJ[Aa MaTepHala.

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

TemnepamyponpogooHocms — CHOCOOHOCTh 00pa3na wmarepuana (U3Ienus) H3MEHATH
TEMIIepaTypy TMpU HarpeBaHWW (OXJaXKJIECHUHU). TeMIepaTypornpoBOJTHOCTh XapaKTePHU3YETCs
k03 QHUIIEHTOM TEMIIEPATYPOIIPOBOHOCTH a (M2/¢).

Koadduiment  temrepaTyporpoBOJHOCTH  XapaKTepU3YeT  CKOPOCTh  WM3MCHCHHUS
TeMIIepaTypbl MaTepuaia U MOXKET OBITh ONIPEeACIIEH 110 hopMyIie:

A
a=—;

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

2

DJIeKTPONPOBOTHOCTH

Onekmponposoornocms y XapaKTepu3yeT ClIOCOOHOCTh MaTepHalia MPOBOJUTH AJIEKTPUUECKUMA
TOK. M3BeCTHO, 4YTO METa/UIbl XOpOIIO MPOBOJAT  JJNEKTPUYECKHMH  TOK.  Xopomas
91eKMPONPOBOOHOCMb METAJUIOB OOBSACHSAETCS HAJIMYMEM B HUX CBOOOJHBIX JJIEKTPOHOB,
oOmamaromux OOJIBIION TOJBM)KHOCTBIO, KOTOPBIE TOJ BJIHMSHHAEM Jake HEOOJBIION pPa3sHOCTH
MOTEHINAJIOB CIIOCOOHBI IEPEMEIIATHCS OT OTPUIATEIBHOTO MOJIIOCA K TIOJI0KHUTEITEHOMY.

Ha 5>1exTpomnpoBOJHOCTh METaNIOB OKa3bIBaeT BIHUsAHHE Temreparypa. C TOBBIIIEHHEM
TeMIepaTypbl YCUIMBAIOTCS KOJIeOaH!MsI HOHOB M aTOMOB METAJJIOB, YTO 3aTPYAHSCT MepEeMEIIeHNe
DIIEKTPOHOB IO  TMPOBOJHUKY (MeTauly) ¥ TE€M CaMblM HOPHUBOAWT K  CHIIKCHHUIO
AIIEKTPOINPOBOIHOCTH. [Ipr HU3KHX TemmepaTypax KoseOaTelnbHOEe IBHKCHHE HWOHOB W aTOMOB
KPUCTAUTHIECKON PEmIETKH MPOBOJHUKA, HA000OPOT, CHIIBHO YMEHBIIACTCS U 3JIEKTPOIPOBOIHOCTD
pe3ko Bo3pacTaeT. Yike BOmu3m abcomorHoro Hys (—273,15°K) compoTuBieHne MeTamioB
MPAKTUYECKH OTCYTCTBYET.

JlydmuM poOBOTHUKOM 3JIEKTPUYECKOTO TOKA SIBJIAECTCS cepedpo (Ag), 3a KOTOPBIM CIEAYIOT
Mmenb (Cu), 30moto (Au), amomunuit (Al), xenezo (Fe). Hapsay ¢ MeaqHbIMU M3roTaBIMBAIOTCS U
ATFOMUHHEBBIC YJIEKTPUYECKUE TTpoBoaa (kabemn).

TenoBoe pacuiMpeHue MaTepuajioB

TemoBoe pacuiupeHue TBEPABIX MaTepHallOB  Xapakrepusyerca Ko3dduuuentamu
JMHEWHOTO U 00BEMHOTO TEIUIOBOTO PACIIMPECHHUSL.

Koappuyuenm  mennosozo  numeiinozo  pacuupenus o, epad’  —  BeluuuHa,
XapaKkTepu3ylolas N3MEHEHHE pa3MepoB oOpa3na auuHoi 1 M npu HarpeBanuu Ha 1°C. OH MoxeT
OBITH OTIpeeEH TT0 hopMyIie

.Y,
I, At ’
rae Al — pa3HOCTh JUIMH 00pa3Iiia MaTepualia 10 U Mocje HarpeBa, M;

lo — HavaspHas AyIMHA 00pasIa, M;

At — pa3zHocTh Temrepatyp, K.

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



B = AV
VyAt

rae AV — pazHocTh 006EMOB 00pa3Iia [0 U TI0CIe HArpeBa, M-;

At — pazHocTb Temnepatyp, K;

Vo — HavanbHbI 00BEM 00pasiia, M°.

[TpuunHO#l pacmmpeHus: TBEPABIX TEN MPU HATPEBAHUM SIBJISETCS BO3PACTAHUE AMILIUTY/IbI
TEIUIOBBIX KOJIEOAHUN aTOMOB KPUCTAJIIMYECKON PEIETKU OKOJIO MOJIOKEHUN PaBHOBECHS.

Tepmuueckoe pacmipeHue sBisieTcs OJAHMM U3 Haumbosjee  BaXXHBIX  CBOMCTB
KOHCTPYKLIMOHHBIX MAaTE€pUaJIOB, MpPUMEHSEMBIX B KpuOreHHOW TexHuke. I[lokazarensmu
TEPMHUUYECKOI0 PACIIMPEHUs MaTepUasoB SABISAIOTCA TeMIepaTypHble KOdh(UIUEHTH 00BEMHOTO U
JIMHEWHOTO PaCIIMPEHHUS.

3HaHue KOAPPUIMEHTOB TEIJIOBOIO PACUIMPEHUS KOHCTPYKLIMOHHBIX MaT€pPHaIOB MO3BOJISIET
IIpU IPOEKTUPOBAHUM M30€KaTh TUMMYHbIE OMMOKU. Tak, pa3inyHble 3HaUY€HUS KOA((OULINEHTOB
TEIJIOBOTO PACIHIMPEHUS] COMPSHKEHHBIX J€Taneil MOTyT NMPUBECTH K BO3HUKHOBEHUIO BHYTPEHHUX
HaNpsHKEHUM, B pe3yJIbTaTe Yero MOKET MPOU30MTH pa3pylIeHUE BCEH KOHCTPYKIIUU.

OTpaxarebHas CIOCOOHOCTH

Ompascamenvras cnocoOHOCMb — 3TO CIIOCOOHOCTh METajlla OTPaXaTh CBETOBBIC BOJIHBI
OTIPEICIICHHOW JUTHHBI, KOTOPasi BOCIIPHHUMACTCS YeIIOBEYCCKIM T1a30M Kak I[BET. [[BeT MeTauios:
Mg — OGeno-cepsiif, Al — cepoBarto-6enbiii, Fe — romyboBaTo-0enbiif, Au —x&EnTeid, Ag —
O€JIBIN U T. 1.

XapakTepHblii ~ MeTauinyeckuil  Oneck  MeTauioB  OOYyCJOBJIEH  B3aUMOJEHCTBUEM
SJICKTPOMArHUTHBIX CBETOBBIX BOJIH CO CB06OI[HI)IMI/I SJICKTPOHAMH MCTAJLJIOB.

BOHpOC 2. Bausinue TEMIIEPATYPbI HA U3MCHCHUE MEXAaHHYECCKUX CBOMCTB MaTepuajioB

[ToBbIlIEHHBIE TEMIIEPATYpbl OKa3bIBAIOT CYILIECTBEHHOE BIMSIHHE HA TaKUE MEXaHUYECKHE
XapaKTePUCTUKN KOHCTPYKLMOHHBIX MAaT€pHalIOB, KaK IMOJ3y4yeCTb M JJIUTENIbHAS IMPOYHOCTD.
Ilonzyuecmvio Ha3bIBAIOT MEUIEHHOE HENPEPHIBHOE BO3pAaCTaHUE IUIACTUYECKOW (OCTAaTOUHOM)
negopManuu MoJ BO3JIEHCTBUEM IOCTOSHHBIX HArpy3okK. /[numenvHol npouHOCmbl0 Ha3bIBAECTCS
3aBUCHUMOCTb DPAa3pyLIAIOLIUX HaNpsHDKEHUH (BPEMEHHOI'O COINPOTUBIIEHUS) OT JJIUTEIIBHOCTH
sKkcruryaTanuu. CBoicTBa MOJI3Yy4eCTH U JJIMTENBHON MPOYHOCTH MPOSIBISIOTCS Y YIIEPOIUCTHIX
cranet pu T >300°C, nns nerupoBaHHbIX cTaned npu T>350°C. g alfOMMHHMEBBIX CIUIAaBOB IIpU
T>100°C. HekoTopble MaTepualibl MPOSIBISIOT 3T CBOMCTBA U IPU OOBIYHBIX TEMIIEpATypax.

Mepoii oleHKH MOJI3y4ecTH MaTepuaia SIBISETCS npeden Nnoazydecmu — HaAINpsHKEHHE, Mpu
KOTOpOM IUIacTUYecKas JedopManus 3a OINpeAeTCHHBbIH MPOMEXKYTOK BPEMEHHM JIOCTHIaeT
3aJlaHHOM BeJIMYMHBL. B HEKOTOPBIX Cllydasix COMPOTHUBIIEHUE MOJI3YYECTH OLEHUBACTCS BETMUMHOM
CKOpocTH JedopMalMyd MO NPOIIECTBUM 3aJaHHOro BpemeHu. IIpu oOo3HaueHuum mpenena
MOJI3Y4YeCTH YKa3bIBaeTCsl BEIUMYMHA JedopMaluu, BpeMs U TeMiieparypa ucneltanuidl. Hampumep,
st xapornpounoro cruiaBa XH77THOP npu temmeparype 700°C 3a Bpems 100 dwacoB u
nebopmaruu  momydectu  0,2%  mpemen momsydectu  coctaBmsier 400 Mlla:

By 2n00(700) = 400 M 1T

[IpouHocTs MaTepHuana IpU MOBBIIICHHBIX TEMIEpaTypax OLEHHBACTCS npeoesiom OnumenbHou
npouYHoCcmy — HANPSDKEHHEM, TIPH KOTOPOM MaTepHuall pa3pylaeTcsl He paHee 3alaHHOTO BPEMEHH.
[Ipu oOo3HaueHWM TIpenena JUIMTEIbHONW TPOYHOCTH  YKa3bIBACTCS  IMPOJOJLKHTEIBHOCTD
HarpykeHusi u Temneparypa ucnbitanus. Tak, s cimaBa XH77THOP npu temneparype 700°C u

& o (700) =330 MITa.

BpeMenu 1000 gacoB npenen IIUTENbHON IPOYHOCTH COCTABISAET

Bonpoc 3. Hepaspymaroumue MeTOAbl HCCJIEI0BAHUA MEXAaHUYECKUX CBOMCTB METAJLJIOB M
CILIABOB.
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Onpezle.ﬂelme TBép)IOCTPI MarTepuajaoB

Teépoocmb — 3TO MEXaHMUYECKOE CBOMCTBO MaTepuaia, MOKa3bIBaIOIIee €ro CIoCOOHOCTh
COMPOTUBIIATHCA NPOHUKHOBEHHUIO B HEro Apyroro, 6ojee TBEpaoro marepuana (rena). bonee
TBEPIOE TENO SBISETCS CTAaHIAPTHBIM M Ha3blBaeTcs unoenmopom. HaeHtop He nepopmupyercs
IIPU UCTIBITAHUH.

TBEpmocTe MaTepHaia OTpa)kaeT €ro MPOYHOCTh U IJIACTUYHOCTh. McnbiTaHue Ha TBEPAOCTD
CUMTAETCS CaMbIM [JOCTYNHBIM U PACIpPOCTPAaHEHHBIM BUJIOM MEXAHUYECKUX HCIBITAaHUM.
Haubonpiiee npuMeHeHue MOMYyYMIM CTAaTUYECKHME METOJbl HUCHBITAaHUS Ha TBEPAOCTh IpH
BJIaBJIMBAaHUU HUHAEHTOpa: Merona bpunemns, meron Bukkepca u wmeron Poxsemna. Cxembl
UCIBITAHUS MaTEPUAJIOB HAa TBEPAOCTH 10 JAHHBIM METOJaM IMpeACTaBlIeHbl Ha puc. 1.

lupokoe pacnpocTpaHEHHUE 3TU METOJIbl UCIIBITAHUH MOIYYUIIN B CUIIY TOTO, YTO JUISl TOTO
HEe TpeOyroTCs CHeluaibHbIe O00pa3Ipl. DTO HEpa3pyllalIIUe METOIbl KOHTPOJS, OCHOBHBIE
METO/Ibl OLIEHKM KauecTBa IPOBEIEHHOM TepMHUYEeCKOW 00pabOTKM W3JAeIHi, KOHTaKTHOM
MIPOYHOCTU U HM3HOCOCTOMKOCTH MOBEpXHOCTEH neranedt mammH. O TBEPAOCTU CyOAT JIMOO IO
IMaMeTpy OTIedaTKa OT BJAaBJIMBaHUA Iiapuka (meton bpunemns, puc. la), nubo no riyOune
BJIaBJIMBaHUsl B MaTepuall ajaMa3Horo KoHyca (Meron Poksenna, puc. 16), uiam mo auaroHaiu
oTrevyaTKa ajaMa3HoW nupamuiel (Meroa Bukkepca, puc. 16). KonnuectBenHoi oneHkoil TBEpaOCTH
SIBJISIETCS] YUCIJIO TBEPIOCTH, PABHOE OTHOIICHUIO NMpHUKIIaapiBaeMoi Harpy3ku P (H, xI') k minomanu
MOBEPXHOCTH OTIeuaTka F (Mm?).

Z

9

e

Z C .
a

Puc. 1. Cxems1 onpenenennst TBEPAOCTH:
a — 1o bpunemnto; 6 — no PoxBenny; 6 — mo Bukkepcy
Bo Bcex cnyudasx HUCHBITaHUS TMPOMCXOAMUT IUTACTUYECKOE JedOpMUpOBAHHE MaTepHaa.
CoOTBETCTBEHHO, YeM OOJIbIIIE CONTPOTUBIICHHE MaTepualia IIaCTUYECKON AepopMalum, TEM BBIIIE
€ro TBEPAOCTb.
Onpenesienne TBEPAOCTH MaTepHaIoB Mo MeToay bpunenis

HcnbiTanne marepualioB Ha TBEPAOCTh NPOBOAAT Ha TBeproMepe bpunemwts. TBEpmocThb
MaTepuaia omnpeaensercs MyTéM BIaBIMBaHUS B MaTepuall o0paslia CTAJbHOTO 3aKaJIEHHOTO WM
TBEPIOCIIABHOTO IIAPUKA, CIY)KAIIETO B Ka4eCTBE UHIEHTOpa — OoJiee TBEpIoro Tena (puc. la).

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

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

b
2 2
F aDx(D—D*—d*)
rae d — nuamerp cepuueckoro oTrneuvaTka, U3MEPEHHbIN MOCJie CHATHUS Harpysku, Mm; D —
JUaMeTp I1apuka (MHAEHTOpa), MM.
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Puc. 2. Cxema ucnbITaHuii MaTepuagoB Ha Puc. 3. Cxema onpenenenust TBEpAOCTH MO
TBEPAOCTH 1O MeTONy bpuHesns: Metoay PokBesia rpy BIaBIMBAHUY B

1 — unpenTop; 2 — oOpasel] U3 UCHBITYEMOTO  HCIBITYeMbI 00pasel] ajMa3Horo KoHyca: Ao
Marepuaina; 3 — OINOPHBIN CTOJIMK Ipecca — yriy0iieHne KOHyca MoJ JIeHCTBUEM
bpunenns. npeaBapuTesbHOM Harpy3ku Po = 100 H; 7

— yriy6iieHne KOHyca MoJ JeiCTBUEM
oOuieit Harpy3ku P = Py + P;

h — riryOuHa 0CTaTOYHOTO BIABIMBAHUS
WHJICHTOPA MOCJI€ CHATUA Harpy3ku P; N —
CUJIa PEaKIUU ONOPBI OT AEUCTBUS
IIPUKJIAbIBAEMON HArpy3ku P; 1 —
UHIEHTOP (KOHYC); 2 — UCHBITYeMbII
obpaserr.

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

HNuamerp mapuka D MOXeT ObIThb pa3IU4HbIM, B 3aBUCUMOCTH OT TOJILIMHBI UCHBITYEMOI'O
oOpaszua. Jlns onpeneneHus: TBEPAOCTH METANIMUYECKUX MaTEpUaJIOB PEKOMEHAYETCSI MPUMEHSTh
CTaJIbHBIE INAPUKH CIENYIOIUX auaMeTpoB — 2,5; 5 u 10 MM U1 WcnbITaHHS HA TBEPAOCTH
00pa3LoB TOJIIIMHON COOTBETCTBEHHO A0 3; 6 u Oosiee 6 mMm. [l IapUKOB pa3HOro JuaMerpa
BBIOMPAIOT ONpeAeNEHHYIO Harpy3Ky BIaBIMBaHuUs P 1 BpeMsl BBIIEPKKH 7 MOJ1 TON Harpy3Kou.

Onpezle.ﬂelme TBép)IOCTPI MaTe€pHuaJpoB 110 METOAY PoxBenia

[Ipu omnpenenenun uucina TBEpPHOCTH MO MeTony PokBemna B MOBEPXHOCTh MarepHalla
UCOBITYEMOro  o0Opaslla BJAABJIMBAIOT HAKOHEUYHUK (MHAEGHTOP) TMOJ  JCHCTBHEM  JIBYX
MOCJIEIOBATENIbHO  TMpUJIaraéMblXx Harpy3ok — mnpenaBaputensHort 100 H wu  ocHOBHO#M
(npenBapurenbHas + ocHoBHas = oOmas 600, 1000 mau 1500 H). CormacHo stomy mertony, 3a
YCIIOBHYIO Mepy TBEPJOCTU IPUHUMAETCS TIIyOMHA OTIIevarKa.

B xauecTBe HaKOHEUHHMKOB ISl TBEPABIX MaTEPUAIOB MPUMEHSIIOT ajIMa3HbIi KOHYC C YIJIOM
npu BepunHe 120°% mnst msarkux marepuanoB (1o HB 230) — cranbHOW 3aKajeHHbIN IIapUK

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

Harpyxenue ocymectBisercs B JBa dTana. CHayajga NpPUKIAAbIBAETCS IpeBapUTENIbHas
Harpy3ka Po =100 H (10 xrc) ansi TJIOTHOTO CONPHKOCHOBEHWS HAKOHEUHHUKA C HMCIBITYEMBIM
obpaszuom. Ilox neiictBueM 3Toil Harpysku (Po) MHIAEHTOP BIABIMBAETCS Ha IIyOuMHY /o (puc. 3).
3areM MNpUKIIAAbIBAETCS OCHOBHAas Harpys3ka Pi, U B T€UE€HUE HEKOTOPOrO BpPEMEHHU JAEUCTBYET
obmas (oxkoHUaTenpHas) pabovas Harpyska P = Po+ Pi. Ilog neiictBuem oOmielr Harpy3ku P
UHJICHTOP BIaBJIMBaeTCs Ha Tiyouny /1 (puc. 3). Ilocne cHATUS OCHOBHOM Harpy3ku P; OCTaBIsIIOT
peABapUTENIbHYI0 Harpy3ky Po. Ilpm stoM mom neiictBuem yrpyrod aedopmarid HUHIACHTOP
MTOJTHUMAETCSI BBEPX J0 YPOBHS /1, HO HE JOCTHraeT ypoBHs /o. Paznocts riyoun (h — ho) 3aBUCUT
OT TBEPAOCTH MaTepHalia; 4eM TBEPKE MaTepHall, TEM MEHBIIIE 3Ta Pa3HOCTb.

3HaueHue TBEPAOCTH OMNPEACISAIOT M0 INIyOMHE OCTATOYHOIO BJABJIMBAHMSI HAaKOHEYHHKA /1
mon Harpyskoit P (puc. 3). ['myOuHy oTmedaTka W3MEpSIOT HHAMKATOPOM YacOBOTO THIIA,
yCTaHOBJIEHHOTO Ha nipubope ¢ neHou aenenus 0,002 mm.
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UYucno tBEpnoctu, onpenenénnoe MmetoaoM Pokserna, o603Havaercst cumBosiom HR. OnmHako
B 3aBUCUMOCTHU OT (POPMbI UH/IEHTOPA, 3HAYCHUIM HArpy30K BJABJIMBAaHUS U IPUPOAbI UCIBITYEMOIO
Marepuana cUMBOJTy nobOaBisieTcss 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 OIpeesieTcs
10 BEJINYMHE OTIIeYaTKa.

B kadectBe wuHIEHTOpa TNpU HCIOBITAHMM B MaTepual BJABIMBAETCA  ajlMasHas
YyeTbIpexrpaHHas nupamuja ¢ yriom npu Bepmune 136°. Ilpu stom npumensitor Harpysku P ot 50
1o 1200 H (5...120 xrc). Ilocne casTUst HAarpy3Ku Ha 00pasIiie OCTAETCs OTIEYaTOK OT BHEAPEHHON
nupamuibl (puc. 1,4). I[locne cHsITUS HAarpy3Ku BIABIMBAHUS MU3MEPSETCS AMArOHAIb OTIEYaTKa d|
(puc. 4).

Teépnocts mo Bukkepcy HV mpeacraBisier cobol HaArpy3Ky, IPUXOIIIIYIOCS HA €IUHUILY
MIOBEPXHOCTU OTIEYaTKa, U ONpPEAEseTcsl KaK OTHOIIEHUE MPUJIOKEHHOM HAarpy3ku P K IJIoaau
MTOBEPXHOCTU MUPAMUIATIBHOTO OTIeyarka F:

. a
2Psin —
P P
HV =—=— 2 18544
F d, d,
rae P — Harpyska (coctaBusierT 5...120 kr ¢); di — auaroHanp oTnedaTrka (M3MepsieTcsl Mpu

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

UYucno tBéproctu no Buxkepcy obo3nauaercs HV ¢ yka3aHueMm Harpy3ku P ¥ BpeMeHHU
BBIIEPKKH [OJ HArpyskoil. PasmepHOCTh umcaa TBEpHOCTM (Krc/MM>) He  CTaBUTCH.
[IpoAOmKUTENBHOCTD BBIIEPKKM MHIECHTOPA O] HArpy3KoW NMpuHUMArOT mia crainend 10 — 15¢, a
i uBeTHblXx MetamwioB — 30 c. Hampumep, 450 HVio1s 03Ha4yaer, 4To 4UCIO TBEPAOCTU IO
Bukkepcy 450 nmonydseno mpu P =10 krc (98,1 H), npunoxxeHHol K anMma3HOM mnuUpaMuie B
TedyeHue 15 c.

Puc. 4. Cxema ucneiTanuii Ha TBEPAOCTH TI0 BUKKepcy.

Tema Ne3. OcHOBBI TEOPHH CILUIABOB
Bonpoc 1. KoMnoHeHTBI M (a3bl KeJ1e30yI1ePOAUCTIX CIITIABOB

KomnoneHTamu ene30yriepoaucTeiXx crutaBoB sBisitores xenes3o (Fe), yrmepox (C) u
uemeHTut (FesC).

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

B TBEPHAOM COCTOSIHMM JKeJIe30 MOKET HaXOIUThcA B IBYX Momudukanusx. Ilomumopdabie
npeBpaieHus npoucxoaar npu temneparypax 911°C u 1392°C. Ilpu Temnepatype Huxke 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-
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LEHTPUPOBAHHYIO KYOMUECKYI0 pelI€TKy U Ha3bIBaeTcs o-xeine3o (Fes) mim BeicokoTeMnepaTypHoe
o-xene3o (Fe,).

[Ipu Temneparype Huxke 768°C xene30 GpeppoMarHUTHO, a BhILIE — MapaMarHUTHO. Touka
Kropu xeneza — TeMmmeparypa M3MEHEHHS] MAarHUTHBIX CBOMCTB jKele3a, cooTBeTcTByeT 768°C m
o0o3Havaercs A».

XKene3o TexHMuecKoW 4YMCTOTHI OOnanaeT HeBbICOKOW TBEpAOCThIO (80HB) M NMPOYHOCTHIO
(npenen mnpouHoctu gz — 250 MIla, mnpemen Ttekyuectd or — 120 MIla) u BbeICOKMMHU
XapaKTepUCTUKAaMHU IUIACTUYHOCTH (OTHOCUTENbHOE yainuHeHue o = 50%, a OTHOCHUTEIbHOE
cyxxenue y = 80%). CBolicTBa MOTYT HM3MEHSTHCS B HEKOTOPHIX MpENeiax B 3aBUCUMOCTH OT
BEJIMYUHBI 3€pHA.

XKemneso (Fe) xapakTepu3yercsi BRICOKUM MOJAYJIEM YIIPYTOCTH E, KOTOPBIM XapaKTepU3yIOTCs
U CIUIaBBl Ha €ro OCHOBE, Ojarojgapsi 4eMy O0O0eCIeYMBAeTCsl BBHICOKAs JKECTKOCTh W INPOYHOCTH
JEeTaJIed U3 ITUX CILJIABOB.

XKenezo co MHOrMMH 3JIeMEHTaMH 00pa3yeT pacTBOPHI: C METaIaMH — TBEPABIE PAaCTBOPHI
3amenenus, ¢ yraepoaoM (C), asorom (N) u Bogopoaom (H) — TBEpasie pacTBOPBI BHEAPEHUS.

Yenepoo (C) otHocutcs k Hemetamam. OH 00a1aeT siBJieHUEM noiaumopdusma. B
3aBHCHUMOCTH OT yCJIOBHUH 0Opa3oBanus yriepo (C) MOXeT CyliecTBOBaTh B opme rpaduta ¢
reKCaroHaJIbHOM CIOMCTOM KPUCTALTUYECKOMN pemeTkoi (Temmneparypa miasienus — 3500°C,
IJIOTHOCTh — p = 2,25 r/cm’) 1 B hopMe anmmMasa co CI0KHON KyOUdecKoil peméTkoit
(Temnieparypa miasienns — 5000°C). ['padur siBasieTcst MATKHM MaTEpHAIIOM U 00J1a1aeT HU3KOH
MPOYHOCTHI0. OIHAKO C YBETMYEHUEM TEMIIEPaTyphl MPOYHOCTh rpaduTa aHOMAIBHO PaCTET: TIPU
20°C gz = 20 MIla, a npu 2500°C g, = 40 MIla. IIpu 2500°C rpadut npoyHee Bcex TYTOIIaBKUX
METaJUIOB.

B cmnaBax c¢ kemesom yriiepoa oOpasyeT nuOO0 TBEpABIE PACTBOPHI BHEIPEHUs, JUOO
xumudeckoe coeauHenue — 1meMmeHTHT (FesC). Taxxe yraepon (C) MOXET HaXOIUThCS B
CBOOOJHOM COCTOSIHUM B BUJI€ I'paduta (B CephIX UyryHax).

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

Kuokaa ¢aza. B xuaxom cocrosinuu xenes3o (Fe) xopomo pactBopser yraepoxa (C) B
JFOOBIX MTPOTIOPLIMSIX ¢ 00pa30BaHUEM OJTHOPOTHOM SKHAKOU (ha3bl.

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

@eppuT HMEET TMEPEeMEHHYIO MPEIeNTbHYI0 PacTBOPHMOCTH YIIIEpoa: MUHAMAIBHYIO —
0,006% npu xomHaTHOM Temieparype (Touka (), makcuMaibHylo — 0,02% npu Temmnepartype
727°C (Touka P). Yrnepon (C) pacnosnaraercs B AeeKkTax KpucTajuinueckoi pemérku xenesa (Fe).

[Tpu temneparype Boie 1392°C cyiecTByeT BRICOKOTEMIIEPATYPHBINA GEPPUT C TIPEACTbHON
pactBopumocTsio yraeposa (C) B o-xenese (Fes) — 0,1% npu temneparype 1499°C (touka H).

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

Aycmenum (A) — tBEPBIN pacTBOp BHeapeHus yrieposa (C) B y-xenese (Fe,).

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

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

U B deppute 1 B ayCTEHUTE MOTYT PAaCTBOPSITHCS MHOTHE JISTHPYIOIINE JIEMEHTHI, 00pa3ys
TBEPIBIC PACTBOPHI 3aMEIICHUS U PE3KO M3MEHsIsl UX cBoicTBa. Kpome TOTO, IETHpOBaHHE MOMKET
3HAYUTEIHHO H3MEHSTh TEMIIEPATypPHBIE TPAHUIIBI CYIIIECTBOBAHUS (a3.

Ilemenmum (I]) — xumuueckoe coeaunenue xenesa(Fe) c¢ yrmepomom (C) (xapOun
xenes3a (FesC)), conepxamee 6,67% yraepoaa (C).
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Lementut (FesC) He wucnbIThiBaeT MNOAUMOPGHBIX MpEeBpallleHuid Npu  HU3MEHEHHH
temieparypbl. Kpucramnuueckass pemérka nementuta (FesC) coctouT u3 psaa OKTa’aApoB, OCH
KOTOPBIX HAKJIOHEHBI JIPYT K JAPYTY.

Temneparypa mnasnenus nementuta (FesC) Touno He ycTaHoBieHa (IO pa3HbIM JIaHHBIM OHA
coctaBisier 1250°C wmm  1600°C). ITlpm wHm3kux Ttemneparypax nemeHTHT (FesC) cmabo
(dbeppomaruuTeH. MarHuTHbIE CBOMCTBA OH TepsET Npu TemrepaType okoio 217°C.

Hementut (Fe3C) numeer BbicOKyto TBEpIOCTH (6osiee 800 HB, serko maparmaer CTEKi0), HO
OUYEHb HU3KYIO0, MPAKTUYECKH HYJEBYIO, IJIACTUYHOCTh. TaKue CBOMCTBA SIBJISIOTCS CIEACTBHEM
CJIO)KHOTO CTpOeHUs Kpuctaummaeckoit pemérku nementuta (FesC). C xuMuueckuMu 3JeMeHTaMu
uemeHTHT (Fe3C) crocoben o6pa3oBbiBaTh TBEPIBIE pacTBOPHI 3amemeHus. Atomsl yriepona (C)
MOTYT 3aMemiaThcsi aroMaMu HemeTawioB: a3otoM (N), kucmopogom (O); atomer xenesa (Fe) —
MeTtamamu: MaprasueM (Mn), xpomom (Cr), Bonbppamom (W) u ap. Takoil TBEpbI pacTBOp Ha
6a3e pemérku nementuta (FesC) mosyunn Ha3BaHUE 1e2UpOBAHHBIU YeMeHmUm.

Hementut (FesC) — coenuHeHne HEYCTOWYMBOE H TIPM HArpeBe pacmagaeTtcs ¢
obpaszoBanuem cBobogHoro yriepoaa (C) B Bume rpadura. DTOT TMPOLECC HMEET BaKHOE
MIPaKTUYECKOE 3HAYEHHE NPU CTPYKTYPOOOPa30BaHUN YYT'YHOB.

B xene3oyriaepoaucThix cruiaBax BbLAEISAIOT Tpu Buja nementura (FesC) B 3aBucumocTtu ot
TeMIlepatypbl 00pa3oBaHMs: ILIEMEHTUT MEPBUYHBIN (1]1), HEMEHTUT BTOPUYHBIN (L{11), LEMEHTHUT
tpeTruHbIi (Li).

Jeoeoypum (JI) — MexaHHUecKas 3BTEKTHUECKas CMECh (IBTEKTHKA) KPUCTAJUIOB ayCTeHUTA A
u uementuta [/ B unTepBanie temmnepatyp 727 — 1147°C, u nepnuta I1 (cM. u uementura ] npu
temmneparypax Humwke 727°C, conepxamas 4,3% yraepona (C).

Bonpoc 2. [Ipouecchl NpU CTPYKTYPOOOPA30BAHNH KeJI1€30YTI€POAUCTHIX CIIJIABOB.
CTpYKTYPBI Kej1e30yI1epPOAUCTHIX CIIJIABOB

[IpeBpanienue aycreHMTa B NEPIUTHBIE CTPYKTYPhl IPOMCXOAUT NP MEUICHHOM
OXJaXJIEHUH, cBsizaHo ¢ jauddysueir  yraepona (C), compoBOXKIAETCS  MOIUMOPGHBIM
npeBpanieHueM Fe, — Fe,, Beienenuem yrieponaa (C) u3 aycteHuTa, 00pa3oBaHuEM XUMHUYECKOTO
coemuaeHus — nemeHTuTa (FesC) u ero pacnpeneneHueM mo oobéMy MaTtepuana. Y CIOBHO JaHHOE
MpeBpaIleHNue MOKHO 3aIrcaTh CIEIyIONIIM 00pa3oM:

Fe,(C) — Fe,(C) + FesC.

Ilepaium oGpa3zyeTcst mpu NEePEOXIKICHUH ayCTeHHuTa 0 Temmneparypsl 7= 727...650°C mpu
CKOpOCTH OXJaXIEHUS Voxn = 30...50°C/c. Ero obOpazoBaHme BO3MOXHO MPU MAaJIbIX CTETCHSIX
nepeoxyaxaenus AT Hwxke nuHun PSK muarpammel «Fe-FesC» B obGnmactu Temmepatyp 727 —
650°C. Crpykrypa xapakrtepusyercss TBEpHOCThi0 mopsiaka 180...250HB wu cTemneHsto
JUCTIEPCHOCTH MIACTHHOK HieMeHTuTa — Ao = (0,5...0,7)-10° .

Copbum o0paszyercs npu MepeoxIaxICHUU aycTeHuTa A0 temneparypsl 7 = 650...600°C npu
CKOpocTH OXJaxaeHusi Vox: = 50...60°C/c. CtpykTypa XapakTepu3yeTrcsi TBEPAOCTHIO TMOpPsIKa
250...350HB, cTeneHsio AUCIEPCHOCTH MIACTHHOK HeMeHTuTa — Ao = (0,1...0,5)-10% M, BBICOKHM
MIPEJICIIOM YIIPYTOCTH, JOCTATOYHON BS3KOCTHIO M MPOYHOCTHIO. CTaaM CO CTPYKTYpOH copOuTa
MMEIOT HauOOJBIIYIO TUIacTUYHOCTh. CTpyKTypa Ha3BaHa B uecTh yuéHoro [. CopOwu.

Tpoocmum obpa3yercs NpU MEepeoxXNaXICHUH aycTeHuTa 10 temreparypbl 7' = 600...550°C
Mpu  CKOPOCTH OXTAXACHUS Voxn = 60...100°C/c. TBEPAOCTH CTPYKTYPHI COCTABIISIET MOPSAKA
350...450HB, cTeneHb AUCNEPCHOCTH MIACTHHOK IieMeHTHTa — A9~ 1-101%M. Crpyxrypa
XapaKTepU3yeTCsl BBICOKHM IPENEIOM YIPYrOCTH, MAaJOW BS3KOCTBIO M  IJIACTUYHOCTHIO.
CrpykTypa Ha3BaHa B uecTb yuéHoro Tpycra.

Mapmencum — TEpecHIIEHHbII MeTacTaOWIbHBIM  TBEPHABIM pacTBOpP BHEIPEHUS
yriepoaa (C) B a-xenese (Fe,). Xapakrepusyercs: HCKaXXEHHOW KPUCTAUIMYECKON PEIIETKOM, YTO
BBI3BaHO M30BITOYHBIM KOJIMYECTBOM BHEAPEHHBIX aTOMOB Yriepona, OOJBIIOW IUIOTHOCTHIO
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auciokauui, u BbIcOKOM TBEpHocThio (HRC60 — 65). OOpasyercss MapTE€HCUT IpU CKOPOCTH
oxnaxaeaus 150 — 200°C/c. CkopocTh pocTa KPUCTAIIIOB MAPTECHCUTA OYEHBb BEJIUKA U JOCTUTAET
1000 M/c. MapreHcuT umeeT HauOOJNbLIMI YIENbHBIE OO0OBEM IO CPaBHEHUIO C JPYTUMHU
CTPYKTYPHBIMHM COCTABJISIFOILIMMHU CTajiel, 0COOEHHO C ayCTEHHWTOM, W O0]aJaeT MarHUTHBIMU
cBoiictBamMu. OH SBJSIETCSI OCHOBHOM CTPYKTYpPHOM COCTaBJISIOIIEH 3aKaJiEHHBIX CcTajell u
ompeznenseT ux cBoicTBa. CTpyKTypa MapTEHCHUTa Ha3BaHAa B YECTh HEMELKOro Y4EHOIo-
Metamtypra A. Maprenca (1850 — 1914 rr.).

Tema Ned 7Kene3oyriiepoaucToie CIIaABbI
Bomnpoc 1. JlernpoBaHHbIe CTAJIH, HX KJIACCHPUKALNSA, MAPKUPOBKA U 00J1aCTh IPUMEHEHUS

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

ITo paBHOBecCHO# CTPYKTYpe JIerHpOBAHHbIE CTAJM Pa3/leJIsl0OT Ha:
1) mosBTEKTOUIHBIE (COAEPKAT N30BITOYHOE KOJMUECTBO (peppuTa B CTPYKTYPE);
2) 3BTEKTOUAHbBIE (MMEIOT MEPIIUTHYIO CTPYKTYPY);
3) 3a3BTEKTOUAHBIE (C N30BITOYHBIMU KapOUIaMu B CTPYKTYpE);
4) neneOypuTHbIe CTaU (B CTPYKTYpE MPUCYTCTBYIOT NIEPBUUHbIE KapOUbl, BbIICTUBIINECS U3
KUJKOU (assl).
ITo cTpykType nmociie oxJiazkaeHUus1 Ha BO3AyXe (HOpMaIU3aliu) pa3jinyaloT cjelyoiue
JIerHpOBaHHbIE CTAJIN:
1) nepauTHble CcTanu (XapakTEpU3YyIOTCS HEBBICOKOM YCTOWYMBOCTBIO MEPEOXJIAKIEHHOIO
ayCTEHUTA);
2) MapTEHCUTHBIE CTAIU (XapaKTEPU3YIOTCS BbICOKOM YCTOMYMBOCTHIO AYCTEHUTA);
3) aycTEeHUTHBIE CTAJIN (COXPAHAIOT ayCTEHUTHYIO CTPYKTYPY [P KOMHATHON TeMIIEpaType).
I1o xoMYecTBY JIETHPYIOLIUX 3JIEMEHTOB Pa3IHYAT CTAJIM:
1) HE3KOJErupOBaHHBIE (COAEPKAT 110 2,5% JAETUPYIOMKX FIEMEHTOB);
2) cpenHenerupoBanubie (comepxar 2,5 — 10% nerupyronmx 3JeMEeHTOB);
3) BICOKOJIErMpOBaHHbIE (comepkat 6osee 10% Jerupyrommx 31eMeHTOB).
I1o Ha3HAYeHMIO PA3/IMYAIOT TPU IPYNIbI JIETHPOBAHHBIX CTAJICH:
1) KOHCTPYKIIMOHHBIE (MAIIMHOCTPOUTEIbHBIE U CTPOUTEIIbHBIE);
2) MHCTPYMEHTAJIbHBIE (LITAMIIOBBIE, [UISI PEXKYIIETO U U3MEPUTEIILHOTO HHCTPYMEHTA);
3)cranu ¢ 0COObIMM (DU3MUECKHUMHU U XUMHUYECKHMMH CBOMCTBAMHU (KOPPO3MOHHOCTOWKHE,
KApOIPOUHbIE, JIEKTPOTEXHUYECKUE, MarHUTHBIE U JIP.).

MapkupoBKa JIerHpOBaHHBIX cTaJleil

B name#t ctpane npuHsTa OykBeHHO-LU(]pOBas cucTeMa MapKUPOBKHU JIETUPOBAHHBIX CTaJleH.
Kaxxnas mapka cranu cofepKuT onpeeni€HHoe coueTanue OykB U nudp.

B MapkupoBke JerupoBaHHBIX CTaJled NPUHATHL Cleaylolue OyKBEHHbIe OO0O3HAUEHHUS
JIETUPYIOIIUX 3JIEMEHTOB:

A — azor (N); T — turan (T1); C — kpemuuii (S1); ® — Bananuii (V); X — xpom (Cr); K
— ko0anbt (Co); [ — menp (Cu); I1— docdop (P); B— Bonsdpam (W); H — nuxens (N1); 1O
— amoMmunuii (Al); E — cenen (Se); 1| —uupxonwmii (Zr); M — wmomubaen (Mo); ' —
maprasen (Mn); P — 6op (B), b — nuo6uii (Nb). Otu OykBbl B coueTaHuu ¢ nuppamu o0OpasyroT
MapKy CTaJId U JAl0T €€ XapaKTePUCTHKY.

Jlis MapoK KOHCTPYKLIIMOHHBIX JIETMPOBAHHBIX CTajlell IepBble JABe LUQPBI MMOKa3bIBAIOT
coJIep’KaHue yIiiepo/a B COThIX JOJIsAX npoueHTa. HayanpHyro udpy ynyckaroT, eciiu coAep KaHue
yriepoaa C okosno 1% u 6onee. Ecinu comeprkanue nerupyromiero anemenTa oosbiie 1%, To mocie
OYyKBBI, yKa3bIBaIOLIEHl XMMHUYECKUN HJIEMEHT, YKa3blBaeTCsl €ro CpejHee 3HayeHHe B LENbIX
npoueHTax. Eciau cojepikaHue JEeTrHpYIOIIero 3JIEeMEHTa MeHblle Wid okoio 1%, To mocie
COOTBETCTBYIOIICH OYKBBHI IM(dpa HE cTaBUTCSA. bykBa A B KOHIIE MapKHPOBKH 0003HAYaeT, YTO
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JaHHAsl CTaJlb BBICOKOKAUECTBEHHAs, COJEp)Kallash MEHbLIE BpeAHbIX HIpumeceid (ceppl S u
docthopa P). Hanpumep, 12X2H4A — »sT0 nerupoBaHHash CTajib, BBICOKOKAUYECTBEHHAS, C
coaepxanueM 0,12% C, 2% Cr, 4%Ni; crans ['13 — nerupoBannas cranb ¢ coaepxkannem 1% C u
6onee, 13% Mn. [lns rpynn cnenuaibHbIX cTajeil, 0003HaYeHHbIX B Hayalle MapKUPOBKU OJIHOM
oyksoii P, I11, E, O npunsTHIEC NpaBUia MapKUPOBKU HE NOAX0AIT. O HUX OYJeT paccKazaHO HIKE.

PacnpenesieHue jJerupyonmx 3J1eMeHTOB U X BJHMsIHUE HA CBOMCTBA cTajei

JlerupoBanuble cranmu, Omarojapsi HaJWM4MIO JIETUPYIOIIMX  DJIEMEHTOB, 00JaJaroT
LEHHEHIIMMH CBOMCTBAMHU, KOTOPBIX HET Y YIVIEPOAUCTBIX CTalel, U HE UMEIOT UX HEJIOCTATKOB.
[IpumeHeHre JEerMpOBAHHON CTalM SKOHOMUT MaTepual, MOBBIIIAET JOJITOBEYHOCTh H3EIUM,
CHIDKAET Maccy, yBEIMYMBAET MPOU3BOJUTENBLHOCTh. B MpOrpeccMBHON TEXHUKE JIETUPOBAHHBIE
CTaJId UMEIOT pelIaroliee 3HaueHue.

Jlerupyromiye 31€MEHTHl OKa3bIBAIOT CIIEIYIOIIEEe PAa3HOCTOPOHHEE BIUSHHE HAa CBOWCTBA
CTaJIu.

Xpom (Cr) — conepxurcs B cransx B kommuectBe 0,8...1,2% wu sBisieTcss OCHOBHBIM
JETUPYIOIUM 3JIEMEHTOM. XpOM TMOBBIIIAET MPOKAINBAEMOCTb, CHOCOOCTBYET IOJIYYEHUIO
BBICOKOW M PaBHOMEPHOW TBEPAOCTH CTaM, MOBBIMIAET TBEPJOCTh U KOPPO3ZHOHHYIO CTOMKOCTD.
[Topor xylagHOIOMKOCTH XpOMUCTBIX cTanei — 0...—100°C;

Huxkensb (Ni) — npuga€t BRICOKYIO TPOYHOCTH, TNIACTUYHOCTh U KOPPO3HOHHYIO CTOUKOCTH
cTaiisiM. BBeneHue B XpOMHCTbIE CTajld HUKENsS 3HAUYUTEIbHO IMOBBIIAET IPOYHOCTh H
MIPOKAJIMBAEMOCTb, CHHMXKAET IMOPOT XJIAJHOJIOMKOCTH, HO IPHU 3TOM IMOBBIIIAET CKIOHHOCTb K
OTILYCKHOM XPYIKOCTH (3TOT HEJOCTATOK KOMIIEHCUPYETCSl BBEJIEHUEM B cTaslb MoJsinbaeHa (Mo)).
XPOMOHUKENEBBIE CTANIM, 00JIaJal0T HAUITYYIIUM KOMIUIEKCOM CBOMCTB. OJJHAKO HUKEIb SIBIISIETCA
NeQUIUTHBIM METaUIOM, U MPUMEHEHUE TaKuX cTajeill orpaHuyeHo. 3HAUYUTEIbHOE KOJIMYECTBO
HUKEJS B CTaJIAX MOXKHO 3aMeHUTh Menbto (Cu), OJHAKO 3TO HE MPUBOJAUT K CHUKEHHUIO HX
YAapHOU BSI3KOCTH;

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

Banaamii (V) — DoOBBIIAET ITIOTHOCTB, IPOYHOCTH, CONPOTUBIICHUE yIApHBIM HArpy3KaM U
MEXaHUYECKOMY H3HOCY. BaHnanuii, BBENEHHBIM B COCTaB XPOMHCTBIX CTajl€dl B KOJUYECTBE
0,1...0,3% cnocoOCcTBYeT U3MENBUEHUIO 3€pHA, TOBBIIIAET MPOYHOCTH U YIAPHYIO BSI3KOCTH;

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

Monubaen (Mo) —  yBeIMYMBAET KPAaCHOCTOMKOCTb, MEXAaHWYECKYI0  IIPOYHOCTb,
CONPOTHBIIEHUE OKUCJICHHUIO NPH BBICOKUX TemmepaTrypax; BBenenue monubaeHa B HEOOJbLIMX
kosmuectBax (0,15...0,46%) B XpoMHUCTBIE CTalu YBEIWYUBAECT WX IMPOKAIMBACMOCTh, CHUKAET
nopor xnagHosioMkocTH 10 —20...—120°C. MonubaeH crnocoOCTBYeT YBEIMYEHHIO CTaTUYECKOM,
JMHAMHYECKONW M YCTaJOCTHOM NPOYHOCTH CTalel, YCTPAHSET UX CKIOHHOCTh K BHYTPEHHEMY
okucieHuo. Kpome Toro, OH CHUKaeT CKJIIOHHOCTh K OTIYCKHOW XPYNKOCTH CTajel, colepKaliux
Hukenb (Ni).

Marunmii (Mg) — npu conepkanuu cBbie 1% yBenuuuBaeT TBEPAOCTH, M3HOCOCTOUKOCTD,
COIMPOTHBIICHUE YAAPHBIM Harpy3Kam;

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

ITOBBIIICHUIO ITIPOYHOCTH M KOPPO3UOHHOM CTOMKOCTH; B XPOMOMAPTraHUEBbIEC CTAIX BBOJAMUTCS IS
M3MENbYCHUS 3€pHA;

AmomuHuii (Al) — MoBBIIIAET OKATMHOCTONKOCTb;

Bop (B) — BBOmuTCA B CTajib B HEOOJBIITUX KOJMYECTBAX, YBEIMUMBACT MPOKATUBAEMOCTh
CTaJIM, TIOBBIIIAET MOPOT Xy1agHoIoMKoCTH +20...—60°C;

Huo6uii Nb — moBBIIIaeT KUCIOTOCTONKOCTD;

Menb (Cu) — ymMeHbIIaeT KOPPO3HIO;

Kpemunii (Si) — noBeIlIaeT yaapHyr0 BS3KOCTb CTaJIeld U TeMIEepaTypHbIN 3arac BA3KOCTH.
[Ipyn nernpoBaHMM XpOMOMApPraHLEBBIX CTAJNECH KPEMHHUEM IIOJIY4arOT, CTAIA — XPOMAaHCHIIb
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(20XT'C, 30XI'CA) (cM. HmKE). DTH CcTamu OO0JIAMAIOT XOPOIIMM COYETAaHHUEM MPOYHOCTH M
BSI3KOCTH, XOPOIIIO CBAPUBAIOTCS, IITAMITYIOTCS 1 00pa0aThIBAIOTCS PE3aHUCM.

Obaactb NPUMEHECHHUS HEKOTOPLIX JICr'HPOBAHHBIX crajeii

OO6sacTb TIpUMEHEHUS KOHCTPYKIIMOHHOW JIETUPOBAHHOM CTaJiM O4YeHb Benuka. Hawmbombinee
pacnpocTpaHeHue NOJYYHIIN CIEIYIOIINE CTaIH.

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

Mapeanyesvie  cmanu, wHanpumep 15T, 201, 40T, 4512, otnuyaromuecs
M3HOCOYCTOMUYMBOCTHI0. OCOOEHHO M3HOCOYCTONYMBA CTa)Ib Mapku ['13, KOTOpYIO MPUMEHSIOT IS
I'YCEHUI[ TPAKTOPOB, KEJIE3HOJOPOKHBIX CTPEIIOK.

Kpemnucmoie u xpomoxkpemuucmoie cmaru (33XC,  55XC), oOnamarommue BBICOKOU
TBEPAOCTHIO U YIIPYTOCTHIO; MPUMEHSIOTCS IS IPY>KHH, PECCOp.
Xpomosanaouesvie cmanu (45X, 40X®DA) o0cob0 mpoyHBIC, IUIOTHBIE, XOPOIIO

MIPOTUBOCTOSIIME UCTUPAHUIO, IPUMEHSIEMBbIE JUIsl aBTOMOOUIIBHBIX JI€TalIel, OCeil, BaJoB.
Xpomomonuboenosvie cmanu (20XMA, 30XMA) odyeHb NpoUHbIE, XOPOILIO CBAPUBAIOIIHUECS,
HITaMITyIOLIMECS, UCIIOIb3YEMBbIE JUISl OCEH, POTOPOB.

Xpomomapeanyesokpemnucmole cmaiu — xpomancwin (25XI'CA, 30XI'CA), kortopsie
3aMEHSIFOT XPOMOMOJIMOIEHOBYIO CTallb U 3HAUUTENBHO JCIIeBe e€.
Xpomonuxeneevie cmanu (12X2H4A, 20XH3A), oueHbp MpOYHBIE U IUIACTUYHBIE;

MIPUMEHSIFOTCS JUTSI K3TOTOBJICHUS KOJIEHYATHIX BAJIOB, MOPIITHEH, AeTanell TypOuH.
Jlecuposannvie uncmpymenmanvuvle cmaiu (ctanb 9XC, cranp XBI') npumensiercs st
M3TOTOBJICHUSI PEXKYIIEro, M3MEPUTEIHLHOTO U YAAPHO-IITAMIIOBOTO MHCTpyMeHTa. OHU TBEpXKE U
MIPOYHEE YTIIEPOJAUCTON CTAIH, XOPOIIO MPOTHBOCTOST YAAPHBIM HAarpy3KaM.

W3 nernpoBaHHBIX MHCTPYMEHTAJIBHBIX CTAJICH U3TOTABIMNBAIOT:

1) pexymuii 1 U3MEPUTEIbHBIA HHCTPYMEHT — (pe3bl, CBEpPIIA, METUYMKHU, Pa3BEPTKH, JieKalia
(ocHOBHOE TTpUMEHEHHUE It 3Toro Hanuti ctau Mapok 9XC, XI'C, 9X5B®, 85X6HDT);

2) mTaMIbl TOPSYEH IITAMIIOBKH, Mpecc-PopMbl, (GOPMBI ISl JUThS TOA JaBICHUEM
(oCHOBHOE TTPUMEHEHHUE IS 3TOT0 HanLM ctanm Mapok 7X3, SXHM, 55XT'CJ114X8B2);

3) mTaMIbl XOJIOAHOW IITAMIOBKHA (OCHOBHOE NMPUMEHEHHE ISl ATOTO HAIUIM CTAJIH MapoK
X6H®D, X12BM, X120, 7X12BM).

Bomnpoc 2. Cnoco0bl mosty4eHusi YyryHOB Pa3JIMYHbIX TUIIOB M MX MapkupoBka. Ilpouecc
rpapuTusanun. PaKkropsl, cnocodCcTByOIIME rpadpuTH3ANNU

Yyeynamu Ha3wpiBaroTcs cruiaBsel xenesa (Fe) ¢ yrmepogom (C), ¢ conepkanuem yriaepona (C)
ot 2,14% no 6,67% (macc.).

[To cpaBHEHMIO CO CTaISIMU YYT'yHBI OOJQJalOT MOHWKEHHOW TeMIlepaTypoil IIJIaBICHUS U
XOPOLIMMHU JINTEHHBIMM CBOWCTBaMHU. 3a CY€T 3TOr0 U3 YYIr'yHOB MOXKHO [€JIaTh OTJIMBKH
3HAYUTENILHO 0oJiee CI0KHOM (OPMBI, YeM U3 CTAJICH.

BbImmaBisifor 9yryHbl B JIOMEHHBIX I€4aX W BarpaHkax. B nuTeiiHOM dYyryHe OOBIYHO
coaepxutcs He Oosee 4,0% yriepona (C). Kpome yriepoaa 00s3aTebHO MPUCYTCTBYIOT PUMECH
S, P, Mn, Si, npuuém B 3HAYUTEIBHO OOJIbIIEM KOJIAYECTBE, Y€M B YIJIEPOAUCTOM cTanu. B
OTJIMYME OT CTajell 4YyryHbl 3aKaHYMBAIOT KPUCTAIM3ALMI0 OOpa30BaHMEM 3BTEKTUKU
(leneOyputa), ONpenessIonel UX TEXHOJIOTMYECKUE CBOMCTBA (XOPOLIYIO JKHUIKOTEKY4YeCTb), U
00J1a/1at0T HU3KOH CIOCOOHOCTHIO K MIacTUYecKoi aedopmariy. B 0ObIYHBIX YCIOBUSIX YYT'YHBI HE
MO/JIAI0TCS. KOBKE.

benvimu uyeynamu Ha3bIBaIOTCS YyryHbl, KpucTaiuu3yoomuecs no auarpamme «Fe-FesCy, B
KOTOPBIX BECh YriiepoJ (uiau OOJblIasi €ro 4YacTh) HAXOAUTCS B XMMHUECKU CBA3aHHOM C YKEJIE30M
cocrosiHun B Bujae uementura (FesC). VX momydaroT mpu BBICOKOM CKOPOCTH OXJIQXJIEHUS U
HaJIM4uu KapouaooOpasyromux aneMenToB — Mn, Cr, S, W. B cTpykType OenbIX UyryHOB UMEETCS
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BBICOKOYIJIepoAucTast 3BTekTuka — snedebypum (C=4,3%) — MexaHHuyecKas SBTEKTUYECKas
CMECh ayCTEHUTa U IMEpPBUYHOrO LieMeHTuTa (L[;) B mHTepBasne temmeparyp 1147°C — 727°C, un
MEXaHUYeCKas IBTEKTHYECKasi CMECh MEPJINTA U [IEMEHTUTA Mpu Temmneparypax Hrwke 727°C. CBoé
Ha3BaHWE Oenble YYr'YHBI IOJIYYWJI 10 BHIY HW3JIOMa, KOTOPBIH MMeEeT MaTOBO-OENbIi IBET H
oOmamaer MeTalIMUecKuM OnieckoM. benple YyryHbl W3-3a TPHUCYTCTBUS B HHX OOJIBIIOTO
konmyecTBa 1iementuta FesC obnamaror Beicokoi TBEpaocThio (HB 450 — 550) m xpymkocThio,
MPAaKTUYECKH HE MOJAI0TCS 00paboTKe PEKYIIMM MHCTPYMEHTOM. B 3aBHCHMOCTH OT conepKaHus
yraepona C  Oenble YyryHBl 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 KOoTOphIX OOsbmas 4acth yriaepona (C) HaAXOTUTCA B CTPYKTYPHO-CBOOOIHOM
coctosiHuM — B Buje BKiItoueHui rpadura (C). I'padut (C) aBisercs HemMeTauIMuecKod ¢a3oii,
03TOMY TpaUTHBIE BKJIIOYEHHS] PE3KO MOHMKAIOT MPOYHOCTh (OCOOEHHO NpU PACTSIKEHUH) U
TUTACTUYHOCTh YYT'YHOB, TaK KaK HApYyNIAOT CIUIONIHOCTh METaJUTMYeCKOi OCHOBHL. CTereHb
MOHIKCHNST MEXaHHYECKHX CBOWMCTB OOYCIIaBIMBACTCS KOJMYECTBOM W (OPMOH BKIFOUCHHHA
rpaduTa, a Tak)Ke X pa3MepaMy U PaBHOMEPHOCTBIO PacIpeIeIICHHS.

I pagpumuzayueri Ha3bIBaeTCS NpOLECC BbIAENEHUS TpaduTa NpU KPUCTAUIM3ALMU WU
oxnaxaennu criaBoB jxenesa (Fe) ¢ yrmepomom (C). I'padur MoxeT 00pa3oBBIBATHCA Kak W3
KUAKOM (a3pl MpU 3aTBEpACBaHUM 4YyryHa, Tak W u3 TBEpHo ¢a3pl. ObOpazoBanue 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 aycreHutr mo cocraBy Oonee Omm3ku k nemeHTHTy (FesC), wem k rpadury (C).
CnenoBarenbHO, 0Opa3oBaHue U3 XKUJIKON (ha3bl HEMEHTUTA U ayCTEHUTA JIOJKHO IIPOTEKaTh JIETYe,
yeM rpaguta. [loaromy 6esnbie yyryHbl 00pa3yroTcs pu OBICTPOM OXJIAXKIACHUU.

C npyroit croponbl, mpu HarpeBe I1eMeHTUT (Fe;C) pasmaraercs Ha xeneso (Fe) u
yriepoa (C). CienoBarensHo, rpaduT sBIseTCS 0osiee cTaOUIbHOM (a3oi, 4eM [IEMEHTHT.

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

1) HemocpenactBennoe oOpa3oBanue rpaduta u3 xuakodl (asel. Takoe oOpasoBanue
BO3MOXHO TIpU HaJIWYUMM B JKUIKOM (a3e LEeHTPOB KpUCTAUIM3aluu rpadura (LEHTPOB
rpaduTH3alKMK) U IPU OYEHb MEIJICHHOM OXJIAKJICHUH pacIuiaBa.

2) Ilpu paznoxxenuun panee odpazosasuierocs nementura (FesC).

Bnusiare CKOpOCTHM OXJaXACHWS HA Tporecc rpaduTH3alud OOYCIOBICHO TEM, YTO
rpaduTH3anys yyryHa spisercs AMPpPy3MOHHBIM MIPOLIECCOM U MPOTEKAET MEJIEHHO.

Boabmasi QjuTeIbHOCTH mpomecca rpaguTH3aluu 00yC/JI0BJIeHA HE00XOAMMOCTHIO
NMPOTEKAHHUS CJAeTYIOLIUX CTATUI:

1) oOpa3zoBaHusi LEHTPOB rpapuTH3aLUU B KUIKOM (ase minm aycteHure; 2) nuddy3un atomMoB
yriepoaa (C) k neHTpam rpaduTuzanuu; 3) pocTa BBIJACICHH rpaduTa.

CTpykTypa 4yryHOB 3aBHCHT OT CTENEHH TI'padUTH3aIHH, T. €. OT TOTO, CKOJBKO Yriepoja
HAXOJIUTCS B CBSI3AHHOM M CBOOOJITHOM COCTOSIHUH.

Tema NeS OcHOBBI TEXHOJIOTUHM TEPMUYECKOH M XMMHMKO-TEPMHUYECKO
00paldoTKHU MaTepHAaJIOB

Bonpoc 1. CtpykTypHO-(ha3oBbie NpeBpalnieHusi B CTAJN B pe3yJibTaTe TEPMUYECKOM
00padoTKu

Jlrobo#t Bua TepMudecKoW OOpabOTKM COCTOMT U3 KOMOMHAIIMM YETHIPEX OCHOBHBIX
CTPYKTYpHO-(a30BBIX TPEBPAIICHHI, B OCHOBE KOTOPBIX JICKAT CTPEMIICHUS CHCTEMBI K MUHUMYMY
CBOOOJHOM PHEPIHH.



19

K 3Tum npeBpaineHusiM 0THOCATCS:

1) [IpeBpaiienue npu HarpeBe mepiauTa B aycTeHUT ([ — A), mpoucxoisilee Npu Harpese
BbIIIIE KPUTUUYECKOH TemnepaTypsl A1 (Boiie auHuU PSK), mpu KOTOPO MUHUMaIbHOW CBOOOIHOM
sHeprueil obagaer aycTreHuT A

Feu(C) + FesC — Fe)(C).

2) [IpeBpaiieHue npu MeJIEHHOM OXJIaXACHUU ayCcTeHUTa B nepiut (4 — I1), npoucxondiinee
IpU OXJIAXICHUM HMIXKE Temueparypsl A1 (Hwke muHuM PSK), npu KOTOpOM MHHMMAaJbHOM
CBOOOJHOM AHEprueit obnagaer nepiaur:

Fe,(C) — Feq(C) + FesC.

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

py ObICTPOM OXJIXKJIEHUU HUKE TeMIEpaTypbl HECTAOMIIBHOTO PABHOBECHUS
Fe,(C) — Fe (C)".

4) IIpeBpalieHue MapTeHCUTA B EPIAUTHBIE CTPYKTYpbl (M — 1), mpoucxoasiiee npu J00bIX

TeMIeparypax, T. K. CBO0OIHAsI SHEPTHS MApPTEHCHUTA OO0JIbIIE, YEM CBOOOIHAS SHEPTHS TEpIUTa
Feu(C)' — Feq(C) + FesC.

IIpeBpanieHue nepauTa B ayCTeHUT

CoriacHO JI€BOM HIDKHEH 4acTU JAuarpaMMbl JKeJIe30yIJIEpOUCThIX CIUIABOB IIPU HAarpeBe
CTaJli MpeBpalleHHe IMepiiuTa B AayCTEHUT MPOUCXOIUT Mpu Temmneparype A1 (quHus PSK,
temmneparypa 727°C). IlpeBpaiienue nepiaura B ayCTEHUT B TOUHOM COOTBETCTBUU C JHArpaMMOM
cocrosinus «Fe-Fe;Cy» npoucxoaut iauis Ipu 04eHb MeUIeHHOM Harpese. [IpeBpaiiieHue 0CHOBaHO
Ha muddy3um yraepona (C), compoBoxaaeTcs: mouMopdHBIM npeBparienuem xenesa Fe, — Fe,, a
TaK K€ PACTBOPEHHEM LIEMEHTHUTA B AyCTEHUTE.

[Ipu HarpeBe NO3BTEKTOMIHON CTaldM (MCXOJHAs CTPYKTypa (EeppUT + MEPIUT) U Mepexoie
yepe3 KPUTUYECKYIO0 TOYKY A1 HEpIUT NpEeBpallaeTcss B ayCTEHUT, T. €. o0pa3yercss CTpyKTypa
¢deppur + aycrenut. I[lpu JjanpHelIIeM TMOBBIILIEHUU TEMIEPATypbl (QEPpPUT IMOCTEIEHHO
MIPEBPALAETCS] B ayCTEHUT, M IO JOCTH)KEHHUU TeMIepaTypbl, COOTBETCTBYIOILEH KpPUTHUUYECKOU
Touke A3 (iuaust GS), CTPYKTypa CTaIu COCTOUT U3 OJJHOPOJHOTO ayCTEHUTA.

Ha ckopocTe mpeBpalieHusl MepiauTa B ayCTEHUT BIUSIOT MHOrue (hakTopbl: TemIieparypa
HarpeBa, CKOPOCTb HarpeBa, AMCIIEPCHOCTb MCXOJHOM CTPYKTYpbI, IUIACTUHYATAs WM 3€PHHUCTAs
(dbopmMa eMeHTUTa, XMMHUYECKUN COCTaB CTaIH.

Temneparypa HarpeBa OmpeleNseT BpeMs MpeBpalleHHs, TaK KaK C YBEJIMYEHHEM CTEHEHU
IeperpeBa yMEHbIIAETCsl pa3Mep KPUTHUYECKOIO 3apO/Iblllla ayCTEHUTA, YBEJIMYUBAIOTCS CKOPOCTh
BO3HMKHOBEHHS 3apO/IbIILIeN U CKOPOCTh UX POCTA.
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MexaHu3M NpeBpallleHus NepiauTa B ayCTEHUT IIpe/ICTaBjeH Ha puc. 1.

ﬁmﬂr : Aemestar
Hebpef
rnaalenue

Puc.1. Mexanusm npeBpamenus nepiauta B Puc. 2. Cxema u3MEHEHMs 3€pHa IepiuTa

B

ayCTEHHUT. 3aBUCHUMOCTHU OT TEMIEpaTypbl HarpeBa ayCTEHUTHOTO

3epHad

PocT 3epHa aycTeHuTa NIpu Harpese

[Ipu HarpeBe cTanu BbIllIe TeMIepaTypbl A 3€pHa ayCTEHMTa IOJYYarOTCsl MEIKUMU
(HauanbHOE 3€pHO aycTeHuTa). B mporecce NOMOIHUTENFHOTO HarpeBa WK JUTUTEIbHON BBIICPKKU
IIpU JaHHOM TeMIlepaType MPOUCXOAUT POCT 3epHa aycTeHHTa (puc. 2). Cxema M3MEHEHHUs 3epHa
IepjiuTa B 3aBUCUMOCTH OT TeMIIEpaTypbl HarpeBa ayCTEHUTHOTO 3€pHA MPEICTaBlieHA Ha pHC. 2.
Poct BenuuuHbl 3€peH aycTeHUTa MPOUCXOAUT T€M B OOJBIICH CTENEHHU, YEM BBIIIE TeMIEepaTypa
HarpeBa. JIBWKyIIel CHJIOW pocTa SBIAETCS Pa3HOCTh CBOOOJHBIX JHEPTrUH MEITKO3EPHUCTOU
(OOnbIIas cBOOOHAS PHEPrusi) U KPYMHO3EPHUCTOM (MEHbIas CBOOOJHAs SHEPTHUsi) CTPYKTYpPbI
aycTeHUTA.

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

[Ipu HarpeBe 10 TOCTATOYHO BBICOKOM TEMIIEpaTypbl HACIEACTBEHHO MEJIKO3EPHHUCTAsl CTallb
MOXKET UMETh Jaxke 6ojiee KPyIHOE 3€pHO ayCTEHUTA, YeM HACJIEACTBEHHO KPYITHO3EPHUCTAsI CTalb.
[TosTOMY BBEIEHO MOHATHE JEHCTBUTEIBHON BEIUYHUHBI 3€pHA.

Heticmeumenvnas eenuuuna 3epHa — pa3Mep 3€pHA NpPU KOMHATHBIX TeMIepaTypax,
MOJIyYEHHBIM Mocie TOM WM MHOW TepMmuueckoil oOpaboTku. OHa TeM OoJjblile, 4eM OoJiblie
UCXOJHOE 3€pHO AayCTeHHWTa, T.€. 3aBUCUT OT TEMIlepaTypbl IIOCJIEIHEr0 HarpeBa H
MIPOJIOJIKUTENBHOCTH BbIIEP)KKHU IIPU ATON TeMIepaType.

HenpaBunbHblil peskxuM HarpeBa (HarpeB cTajlel 3HAUYUTENbHO Bbllle JIMHUU GSE nuarpammsl
«Fe-Fe;C») moxer mpuBectn nuO0 K nepecpesy, b0 K nepescozy ctanmu. CireacTBUEM ITOTO
SIBJISIETCSl 0Opa30BaHKUE KPYIMHOTO JCHCTBUTEIHLHOTO 3€pHA.

Ilepecpes momydaercs, Korja HarpeB JOIBTEKTOMJIHOM CTaad 3HAYUTEIBHO BBIIIE
temieparypsl A3 (muauu GSE nuarpammel «Fe — Fe;Cy») npuBoaUT K MHTEHCUBHOMY POCTY 3€pHa
aycteHuTa. Takas CTpyKTypa Ha3blBa€TCs 6uoManwimemmosa cmpykmypa (10 UMEHH Y4EHOTO
A. BuamanirerteHa cM. puc.30) U XapaKTepu3yeTcsl HOHUKEHHbIMU MEXaHUYECKUMU CBOMICTBaMH.
[leperpeB MOXHO HCIpPAaBUTh IOBTOPHBIM HArpeBOM [0 ONTUMAJbHBIX TEMIEpaTyp ¢
MOCJIEYIOIUM MEJIEHHBIM OXJIQXKICHUEM.

Puc. 3. MukpocTtpykrypa yriaepoaucTod cTaiav 35 B 3aBUCHUMOCTH OT TEMIIEpaTypbl HarpeBa
(x100): a — 6e3 meperpeBa; 6 — MEPETPEB; 8 — MEPEKOTIO
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Ilepesicoc umMeeT MecTo, KOrja TeMmIlepaTypa HarpeBa HIpuUONMKaeTcs K TeMmIepaType
IJIABJICHUS M METaul B TEUEHHE JUIMTEIBbHOTO BPEMEHH HaXOJWIICS IIPU BBICOKOHM TeMIlepaType B
OKHMCIUTENbHON aTtMocgepe neun. [Ipu 3ToM HabIr0AaeTCsl OKUCIEHHE M 4aCTUYHOE OIUIABIICHHE
IpaHuLl 3€PEeH, YTO Pe3KO CHUXKAET IPOYHOCTh cTalu. M3510M Tako# cTaniyu KaMHEBUAHBIN (puc. 36).
[lepexxor — HeucnpaBUMBbIN Opak, yCTPAHUTh KOTOPBII MOXKHO TOJIBKO IEPEIIaBKOM CTaju.

Bonpoc 2. Iuppy3sunonnas meraanuzanus kak Bug XTO, eé Buabl, pe;kuMbl 1 Ha3HAYEHUE

Jugpysuonnas memaniuzayus — XUMHUKO-TEPMHUYECKass 00pabOTKa, B OCHOBE KOTOPOM
MOJIOKEH Tmpoluecc Iu(p(y3MOHHOIO HACHIIIEHHUS TOBEPXHOCTHBIX CIIOEB CTAJbHBIX W3AETUI
paznuuHbiMH  MeTayutamMu:  amomuHueMm (Al),  xpomowm (Cr), uwmHkoM (Zn),  6Gopom (B),
MombaenoM (Mo) u 1p., a Takke KpemHueM (Si).

[IpoBogutcss nuddy3nonHas MeTauM3alus Uil 3alIUThl  U3AETUH OT KOPPO3UH U
MOBBILIEHUS UX JKapOCTOMKOCTH, U3HOCOCTOMKOCTU U TBEPAOCTU. OCYyLIECTBIISIETCS OHA B TBEP/BIX,
KHUJKAX U Ta3000pa3HbIX cpeax.

Hubdysnonnyro  metaumzanus — TOApa3JesieTcss Ha:  meépoyio  Ou@@dy3uoHHyIo
Memaniu3ayuro, yazoeyro  OUu@G@y3uoHHYI0 Memaiiuzayuio u AHCUOKYIO  OUDDY3UOHHYIO
Memaniu3ayuro.

Cpenn meronoB mudPy3MOHHOW MeETATM3AMKM HAWOOJbIIEe MPUMEHEHHE TOTYYUITN
QIUTHPOBAHKWE, XPOMHUPOBaHUE, CHJIMLKpOBaHUE, OopupoBaHue u Ap. [lpu HaceleHun
MOBEPXHOCTHBIX ClOEB aeraneil xpomoM (Cr) mpouecc nuddy3noHHON MeTalIM3alii Ha3bIBalOT
xpomuposanuem, amomunueM (Al) — amumuposanuem, xpemuuem (Si) — curuyuposanuem,
6opom (B) — bopuposanuem. PaccMoTpuM Kax bl U3 3TUX MPOIIECCOB.

Anumupoganue — TIOBEPXHOCTHOE HACHIIIEHHE HU3KOYIJIEPOAUCTON cTaimu amoMuHueM (Al)
JUIs  TOBBIIIEHUST €€ KOPPO3HMOHHOM CTOMKOCTU. AJIMTUPOBAHHBIE JETAld  COXPAHSIOT
xapoctoiikocTh 10 Temreparypbl 900°C. Ilpu anutupoBanuu amomunuil (Al) nupdynnupyer B
cTanb U oOpa3yer TBEPAbI pacTBOp ¢ kene3oM (Fe). I[loBbimeHne KOPpPO3MOHHOW CTOWKOCTH
NpoucXoauT  Omaromapss  oOpa3oBaHWIO  IUIOTHOW  TUIEHKM — okucu  amoMuuus (ALO3),
MIPEeIOXPaHsIoNIe MeTalll OT OKUCIEHHUS. B 3aBHCHUMOCTH OT cpeibl, B KOTOPOl IPOU3BOIUTCS
MPOIIECC, PAa3UYalOT AIUTHPOBAHWE B TBEPIOHN, JKUAKOM M Ta3000pa3HOM cpene, a Takke
AJIEKTPOJIUTUYECKOE ATTUTUPOBAHHUE.

Xpomuposanue — TpOLECC TMOBEPXHOCTHOI'O HACBIIIEHHUS IOBEPXHOCTHOIO CJIOSI CTalu
xpoMoM (Cr) ¢ 1enpl0 TOBBIMICHUS TBEPIOCTH, W3HOCOCTOMKOCTH M TPHUAAHHUS €M BBICOKHX
KHCIIOTOYITOPHBIX, AHTHUKOPPO3MOHHBIX M JKAPOCTOMKMX cBOMCTB. lIpu xpomumpoBanHuum
oOecrieunBaeTcsl BbICOKAsi CTOMKOCTh MPOTUB razoBoil kopposuu a0 800°C, a Takxke CTOWKOCTb
IPOTUB KOPPO3UM B BOJAE, MOPCKOH BOJAE U KHUCIOTaXx. XPOMHPOBAHHUIO TOJBEPraroT

HU3KOYTJIEPOIUCThIE | JerupoBaHHble ctamu mpu 950 — 1150°C B Tewenme 10 — 1549 B
3aBUCHUMOCTH OT TpeOyeMOH TOJILIKHBI YIPOYHEHHOTO CJIOS.
Cunuyuposanue — TPOLECC TNOBEPXHOCTHOTO HACBIIEHUS CTalu KpeMHHeM (Si),

o0ecrieunBarONINil MOBBIIIEHNE €€ KUCIOTOYIOPHOCTH (B COJISTHOM, CEpHOM M a30THOM KHCIIOTaXx),
KApPOCTOMKOCTH  (OKAaJIMHOCTOMKOCTH) U yBEJIMYEHHE  YCTOMYMBOCTM IPOTHUB  H3HOCA.
CUIMIMPOBAHUIO TIOJABEPraloT JACTANd, MPUMEHSIEMbIE B XHMHUYECKOUW, OyMa)KHO-IICJUTIOIO3HOM,
He(TAHOM M APYruUX OTpacisix MNPOMBIIUIEHHOCTH (BaJIMKH HAcOCOB, TPyOONpPOBOABI, JETalIH
TEII00OMEHHUKOB, KJIAlaHbl, apMarypa U T. 1.). TonuHa cios nocie cuiauiupoBanus — 0,3 —
1,0 mm.

CunuipoBaHue OOBIYHO TNPOBOJAT MPU HArpeBe B Ta30BOH cpene, B peroprax, Mpu
pasznokeHun mapoB xiopuaa kpemuus (SiCls). HarpeB ocymectBisiercs mo temmeparyp 950 —
1050°C c BeIAEpKKOW B TeueHue 2 — 5 yacoB. B pe3ynbrare CUIMIIMPOBAHUS TOTYYaeTCs CIOM
tommuHOoM 0,6 — 1,4 mm ¢ TBEpHocThio HV200 — 300. XKapoctoitkocTs aeranu g0 800 — 850°C.

bopuposanue — niporiecc HaCHIIIEHUS IOBEPXHOCTHBIX CIOEB CTANBHBIX U3enuii 6opom (B),
Onmarojgapss 4yemy oOOECHeunBalOTCA BbICOKash TBEPAOCTb, HM3HOCOCTOMKOCTH U KOPPO3UOHHAsS
CTOMKOCTh MaTepuaya JeTald B pa3luyHbIX cpenax. HauOouiblee pacnpocTpaHEeHHE MOJTYYHIIO
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AJEKTPOJIM3HOE JKHUJIKOE U Ta30Boe OopupoBanue, ocymectsisieMoe mpu 850 — 950°C B Teuenue 6 —
8 u.

BopupoBaHHbIe C€I0M XapaKTEpU3YIOTCSI MCKIIIOUMUTENbHO BbICOKOW TBEpAocThi0 (1800 —
2000 HV) u BbICOKMM CONPOTUBJIIEHHEM H3HOCY U3-3a 0OpazoBanus 6opunoB xene3a (FeB, FeB:),
OJTHAKO ATH CJIOM OYECHb XPYITKHE.

BopupoBanHas cranp oTiauyaercss OojblIed TEmIOCTOMKOCThIO A0 TemmepaTypsl 900°C u
xKapoctokocThio 70 Temmeparypbl 800°C. Hemoctatkom OopupoBaHUs SBISIETCS TO, YTO
OOpHPOBAHHBIC CJIOW OTIUYAIOTCS MOBBIIICHHOW XPYNMKOCTHIO. BOpHpPOBaHUIO MOXKHO TIOJBEpPrarh
J00BIE CTAJIH.

Bonpoc 3. [ToBepxHOCTHAs 3aKaJIKa, Ja3epPHas TEPMUYECKAsA U XUMHKO-TepMHUYeCKast
o0padoTka

IToBepxHOCTHAA 3aKaJIKA

[ToBepxHOCTHAs 3aKajKa — 9TO MPOILECC TEPMUUYECKOU O0OpabOTKH, KOTOPBIM COCTOUT B
HarpeBe IMOBEPXHOCTHOIO CJIOSl CTalIbHOIO M3AEIUS O TEMIEpaTypbl BbIIIE JUHUHU Acs Ui
JO9BTEKTOUHON CTAJIN U 0 TEMIIEpaTypbl BbIIIE TUHUU Ac TS 3a3BTEKTOUTHOM.

[ToBepxHOCTHas 3aKajika IpeJHa3HayeHa JJs MOBBILIECHUS TBEPAOCTHU, W3HOCOCTOMKOCTU U
rpeJiena BhIHOCIMBOCTU IOBEPXHOCTHOIO cjiosi oOpabaTbiBaeMbIX u3nenuid. B pesynpraTe Takoi
3aKaJIKM CepJUEeBUHA OCTa€Tcsl BA3KOM, Onaromaps yemy WH3Jejue BOCIPUHUMAET YAAapHbIE
Harpy3Ku.

[ToBepxHOCTHas 3aKaiKa OCYIIECTBIIETCS OYEHb OBICTPO M IO3TOMY Ha MOBEPXHOCTHU JETalln
He oOpa3yeTcsi OKHCICHHOTO cJ0s (OKaJMHBI). Tak Kak MpPU 9TOM HArpeBaeTCs M OXJIAXKIACTCS
MTOBEPXHOCTHBIH CIIOH feTanu, KopoOieHue AeTald He3HAYUTEIIbHOE.

HarpeB mox moBepXHOCTHYIO 3aKalKy MPOM3BOJAT CICAYIOIIMMHU criocobamu: 1) Tokamu
BbIcOKOU yacToThl (TBY); 2) B pacruiaBieHHbIX MeTaslaX WM COJIAX; 3) IUIaMEHEM T'a30BbIX WM
KHCJIOPO/I-allETUIICHOBBIX TOPENOK; 4) JIa3epHBIM U3JIyICHHEM.

Haubonpiiee pacrnpocTpaHeHHE MOMYYMJI METOJ IOBEPXHOCTHOM 3aKallku NpU HarpeBe
TOKaMu Bbicokoi yactoTsl (TBY).

[Ipn marpeBe TBY wucnosb3yercs siBI€HWE WHAYKIMM W IOBEPXHOCTHOTO pacHpeleieHUs
MHIYIUPOBAHHOTO TOKa B JeTaiu. Tak, eciii B IEPEMEHHOE 3JIEKTPOMArHUTHOE I10JI€ IOMECTUTD
3aMKHYTBHIM IPOBOJHHUK 3JEKTPUYECKOTO TOKAa, TO B IIPOBOJHUKE BO3HUKAIOT IIE€PEMEHHBIE
(BuxpeBble) TOKH. XapaKTepHBIM SIBJISIETCS pAcIpe/ie]ieHHe TOKa M0 CEYeHHIO MpoBogHUKA. Eciu
MIOCTOSIHHBIM TOK MpH MPOXOKICHUH M0 IPOBOJHUKY paclpeAessieTcsi paBHOMEPHO IO €ro
CEUEHHUI0, TO pacCHpelieIeHHe IEPEMEHHOI0 TOKa [0 CEYEHHUIO0 IMPOBOJHUKA HEPaBHOMEPHOE.
[110THOCTh MPOTEKAIOMIET0 MEPEMEHHOTO TOKa 3HAUYUTEIbHO OOJIbLIE Y MOBEPXHOCTH, YEM BO
BHYTPEHHHUX CJIOSIX MPOBOJHUKA. Takoe HepaBHOMEPHOE paclpe/elieHue MEePEeMEHHOTO TOKa B
MIPOBOJIHUKE HA3bIBACTCS NOBEPXHOCMHbIM 3 pexmom. BceienctBue moBepxXxHOCTHOTO 3ddexTa
IIPOBOJIHUK HarpeBaeTcsl Ha OMPEeNIEHHYIO IITyOuHY OT MOBEPXHOCTH.

Paznuuaror cieayromue cnoco0bl 3aKajaKM ¢ HHAYKIMOHHBIM HATPeBOM:

1) oiHOBpEMEHHBIN HAarpeB M OXJIAXKIEHHE BCEH MOBEPXHOCTH; 3TOT METOJI PUMEHSIETCS AJIst
W31, UMEIOIUX HEOOJIBIIYIO YIIPOUHSAEMYIO TOBEPXHOCTh (MHCTPYMEHTBI, BAJIMKH, HAJIbLIbI);

2) HeNpepbIBHO-NIOCIEAOBATEIbHBIA HATPEB W OXJIAXKICHHE; ITOT METOJ MPUMEHSIOT s
3aKaJIKM JUIMHHBIX BAJIOB, OCEH U T. 1.;

3) nocnenoBaTeabHbIE HAarpeB M OXJAXACHHUE OTJIENbHbIX YYacTKOB; JIAHHBIM MeETOJ
HCIOJIb3YIOT IPH 3aKajKe IIeeK KOJEHYaThIX BajoB (IOCIEI0BATENbHBINA HArpeB M 3aKajiKa OJIHOU
LIeHKHU 3a APYroil), KyJlauyKoB paclpeAeuTeNIbHbIX BajOB U T. 1.

IIpenmyuecTBaMu NOBEPXHOCTHO# 3akajaku TBY sBasworcs:

1) perynupyemast rmyOrHa 3aKaja€HHOTO CIIOS;

2) BbICOKAsl MPOU3BOAUTEIBLHOCTD U BO3MOKHOCTh aBTOMAaTH3aLUY;

3) oTcyTCTBHE HAa NOBEPXHOCTHU AETAIN 00€3yriepoKUBaHUs U OKATMHOOOpa30BaHMUs;
4) MUHUMAaIbHOE KOPOOJIEHUE JIETaNH;
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5) Mo CpaBHEHUIO ¢ OOBIYHOM 3aKaJKOW CTajb, 3aKainéHHas npu HarpeBe TBY, umeer cienyromniue
MpeuMyIecTBa: 0o0Jiee MEITKO3EpHUCTAs CTPYKTypa; Oosiee BbICOKas TBEPIAOCTh; Oo0jee BhICOKAs
M3HOCOCTOMKOCTh; 0o0Jiee BbICOKAasi IPOYHOCTH IPH OTHOCUTEIHLHO MEHBUIEM MMOHMKEHUH BSI3KOCTH;
0oJiee BBICOKUH IPEIeNl BHIHOCIUBOCTHU (IIPEeIT YyCTaJIOCTHON MPOYHOCTH).

K Hepocrarkam noBepxHocTHOM 3akajnku TBY caenyer oTHecTH:
1) BbICOKasi CTOUMOCTb TEXHOJIOIMYECKOTO 000pYyI0BaHUsl, B YaCTHOCTU UHIYKTOPA, SBJISIOLIET0OCs
WHIMBHUIYAIBHBIM JIJIsI KOKJIOHW JETalu;
2) Manasi nmpuMeHUMOCTh 3akanku TBY K yclioBUSM €IMHUYHOTO IMPOU3BOJICTBA, YTO BBI3BAHO
MEPBBIM HEJOCTATKOM.

JlazepHasi TepMuyeckasi 00padoTka

Jlazepuas mepmuueckas oopabomrxa (JITO) Takxke NpUMEHSETCS I MOBEPXHOCTHOTO
ynpouHeHus netanei. JlazepHas TeXHOJIOTHs OOECIeYMBAET TMOBBIIMICHUE MPOU3BOAUTEIHBHOCTH
TpyJa, TOYHOCTU U KayecTBa 0OpabOTKH, MPEACTABIIAET MPAKTHUECKU O€30TXOJHYI0 TE€XHOJIOTHIO,
YIOBJIETBOPSIOLIYIO TPEOOBAHUSIM T10 3KOJOTUUYECKON 3alIUTE OKPYXKAIOIIEH cpebl.

Jlazeppt — ontuueckue KkBaHTOBble reHepaTopel (OKI'), mno3Bossomue mnoy4yarhb
AJIEKTPOMArHUTHbIE HW3Iy4EHHs] YPE3BbIYalHO BBICOKOW KOHIIEHTpAlUH SHEpruu. JlimHa BOJH,
reHepupyembix OKI', HaxoauTcs B CBETOBOM JHana3oHe OT YibTpaduoJIeTOBOM 00sIacTH CHEeKTpa
no uHppakpacHou (o=0,1 — 70 mxm). JlazepHoe Hu3IIyde€HHE PACTIPOCTPAHIETCS OYCHBH Y3KHM
IIY4KOM M XapaKTEpHU3yeTCs] BBICOKOW KOHLEHTpanued sHepruu. VcTouyHMKamu reHepupyemoi
SHEPruM CIIy’KaT TBEpbIE Tena (pyOHHbI, AIFOMUHUEBBIE I'PaHUTHI, UTTPUH, cT€kia) u rassl (He, Ar,
Ne, CO»).

[IpuMenenne na3zepoB sl TEPMUIECKON 00pabOTKM OCHOBAHO Ha MPeoOpa30BaHUU CBETOBOM
SHEPrud B TEIUIOBYI0. B OCHOBY pabOTHl J1a3epOB IIOJIOKEHO YCWJIEHHE 3JIEKTPOMAarHUTHBIX
KojeOaHuil CyY€T MHAYLMPOBAHHOTO M3JIy4YeHMs] aTOMOB. BbIcokas KOHIEHTpalus SHEpPruud B
ceetoBoM 1noToke OKI' mo3Bosisier Harperb MOBEPXHOCTh JO TEMIIEPATYpHOIO Juarna3oHa
TEpMOOOPaOdOTKH 3a 0YEHb KOPOTKOE BPEMSI.

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

Mexanusm JITO 3axmrodaercst B (ha30BOM MPEBPAIICHUH MaTepualia Mocie ero CKOPOCTHOTO
HarpeBa JI0 TeMIIepaTyp BhIIIE TeMiepaTyp (a3oBOl MepeKpUcTalIn3aluy (BIUIOTh O TEMIIEpaTyp
IUIABJICHUS) C TIOCJEIYIOIIUM OBICTPBIM OXJIaKICHHUEM 00pabOTaHHOM 30HbBI MYTEM OTBOJA TEILJIOTHI
3a Cué€T TeIIONPOBOIHOCTH MaTepuaina uzzaenus. CKopocTh OXJIaXIeHUs IPU TEMIIEpaType HarpeBa
HUKE TeMmImepaTypsl IuiaBieHusi coctasisier (5°C/c, mpu KpUCTaUIM3aLUUA U3 KHUAKOTO CIIOS —
106°C/c (uto B 10° pa3 Gomble CKOPOCTH OOBIYHOM 3aKAIKH).

JITO mno3BossieT MOBBICUTH TBEPAOCTh U H3HOCOCTOMKOCTH YIPOUHSEMBIX MaTepuasoB, a
TaK)Ke MpeJiesl KOHTAaKTHOW BBIHOCIMBOCTU Gy U IMPEJIEN BIHOCIMBOCTH NP U3ruode oy. TBEPAOCTD
3aBUCUT OT KOHLEHTpPALMU YIJepoJa U JIETUPYIOUIUX 3JIEMEHTOB B CTalM (IpU HOCTOSHHOM
pexume oOpaboTku). Merogom JITO xopomo ymnpouHSIOT CpeqHe- M BbICOKOJETHPOBAHHBIE
YIIEPOOUCThIE M HHCTPYMEHTaldbHble cTanu. CTald C HHU3KUM COJAEpXKaHUEM yriepoia u
BBICOKOIIPOYHBIE HU3KOJIETUPOBAHHBIC CTAM JIA3€PHOM TEPMUUYECKONW 00pabOTKON YNPOUHSIOTCS
wioxo. JITO npakTuuecku He BIUSET HA MPeieN IPOYHOCTH g U MPEAEI TEKYUECTU oy CTaJIEH.

Ha ceromusmuuii neHp sasepHas o0paboTka CUMTAeTCs MEPCHEKTUBHBIM METOJOM
MTOBEPXHOCTHOTO YINPOYHEHUS HU3JENUNA CIOXKHOW (popMbl, paboTaloluX B YCIOBUAX H3HOCA U
YCTAJIOCTHOTO HarpyXeHusl.

JlazepHasi XUMMKO-TepMHUYeCcKasi 00padoTka

Haceimmenue yerupyronMu 31eMEeHTaMU TP J1a3€pPHON XMMHUKO-TEPMHYECKON 00paboTke
(JIXTO) mpoucxomut mytém auddy3un u MacconepeHoca B TBEPIOH (asze, U3 TIa3Mbl, U KUIKON
($a3bl, Tpr STOM BO3MOKHO KOHBEKTHBHOE W YHCTO MEXaHWYECKOE MEPEMEIICHHE paciuiaBa B 30HE
BO3JICHCTBUS J1a3€pHOTO UMITYJIbCA.
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[Tpu JIXTO Ha moBepXHOCTb HM3JENUs pa3IN4HbIMH CIOCO0aMHU IpEABAPUTEIHHO HAHOCAT
jgerupyomue sieMeHTbl. Hawmbonbinee pacnpocTpaHeHue cpead  crnocoOOB  HAaHECEHHS
JETUPYIOIIUX 3JEMEHTOB MOJY4YHIIU: 1) HakaTka (OJBIM U3 JIETUPYIOLIETO MaTepuaa;
2) SNEKTPOUTHYECKOE WM XUMHUUYECKOE OCaKIeHWEe;  3) HambUIeHHE,  4) 3JIEKTPOUCKPOBOE
JIErUpOBaHMUE; S5) HaHECEHHE MOPOIIKOB i 00Ma30K. JIXTO 0ObIYHO OCYIIECTBIISIETCS B PEKUME
pacruiaBiaeHusl.

CBoiicTBa 30HBI JIETUPOBAaHUS 3aBUCAT OT KOHUEHTPALUU JIETUPYIOUIUX D3JIEMEHTOB U
nostyueHus: (a3 pasMyHOM CTENEeHU CTaOMJIBHOCTU M JUCIEPCHOCTH, 00pa3yIOIIMXCs B IpoOIEcce
oxnaxaeHus. CTpoeHME M COCTaB 30HbI TEPMHUUYECKOTO BIIUSHUS OIPEAEISIOTCS PEKUMOM
Ja3epHOro OOJIydyeHHUs: IUIOTHOCTHIO MOIIHOCTH H3JIy4€HHUs, BPEMEHEM €ro JeHCTBUS, YHCIOM
HMITYJIbCOB, @ TAK)KE€ KOHLEHTpALMEH JIETUPYIOIUX KOMIIOHEHTOB B 0OMa3Ke.

B Hacrosimiee Bpems TMOJY4YEHbl IIOJIOKUTENbHBIE PE3YyJNbTaThl IO  LEMEHTAllUH,
a30TUPOBAHUIO, OOpupoBaHWIO W TU(DPY3MOHHOW METAIIM3AIMHM JKeJe3a U CTald, a TakKKe
METaJJIOB, HE MMEIOIIUX nmoaumMopdHbIx npespamenuii (Al Ni, Cu u ap.).

IIpu wnemeHTanuu xene3a oOpasyeTrcss JBYXCIOWHas 30Ha, cocTosAmias u3 0enoro
cmaboTpaBsAIIErocs cliosi ¢ paBHOMEpHOU TBEpAOCThIO H V1400 u pacmosioxKEHHOTO 32 HUM CJIOSI C
MHUKpOTBEpOCcTEIO /111000.

Huddy3noHHas MeTalau3auus SKele3a BO3MOXKHA MpU  JIETMPOBAaHUM  Pa3IMYHBIMU
MeTtaiiamMu. OIHaKoO MOBBILIEHUE TBEPAOCTU JOCTUTAETCS TOJIBKO MPHU pacTBOpeHUH BaHaaus (V),
Huo6us (Nb), turana (T1) u Bonsppama (W).

Bricokass HM3HOCOCTOMKOCTh M KABUTALMOHHAS CTOMKOCTh IIOJYY4E€HBl MPU JIA3€pPHOM
a30TUpPOBaHUU U3 00Ma30k Ha ctanu 38X2MIOA u 15XMO.

[locne nazepHoro OOpUpOBaHMSA 30HA TEPMHUYECKOTO BO3JEHCTBUS HMEET TBEPAOCTh B
3aBUCUMOCTH OT pexkuma oOpabotku HV1100 — 2100. [Ipu Takom ympoOYHEHUH HTOCTUTACTCS
BBICOKOE CONPOTHBIICHUE HW3HAUIMBAHUIO IPU PA3IUYHBIX CXEMax MPUIOKEHUs HArpy3ku H
pa3aMyYHbIX yCIOBHSX TpeHus. JlerupoBanue Oopom (B) cHmxkaer ko3hduUUEHT TpeHUs
MaTepuasa, MOBbIIAET €ro H3HOCOCTOUKOCTb.

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

Komnosuyuonnvimu mamepuanamu Ha3pIBalOT MAaTEPUAIIBI, COCTOSIIIHAE U3 IBYX KOMIIOHEHTOB
u Oosnee, 0ObEAUHEHHBIX PA3IMYHBIMU CIOCOOAMU B MOHOJHUT U COXPAHSIOIMIMMU HPU ITOM
UHUBUIYaIbHbIE OCOOCHHOCTH.

KoMmmno3uimonnsle Martepuanbl 00JIaJal0T KOMILJIEKCOM CBOMCTB, OTJIMYAKOLIUXCA OT
TPaJMLIMOHHBIX KOHCTPYKIIMOHHBIX MaTEpHalioB, YTO M MPEAONPENeIUI0O HX YCIEUIHOEe
MPUMEHEHHE I COBEPUICHCTBOBAHMSI COBPEMEHHBIX M pa3pabOTKH NPUHLMIINAIBHO HOBBIX
KOHCTPYKIUH.

JJ1s1 KOMIIO3MIIMOHHBIX MATEPHAJIOB XapaKTepPHA CJIeAYI0LIAass COBOKYITHOCTh IPU3HAKOB:

1) cocras, opma u pacnpeneneHre KOMIIOHEHTOB MaTepuasa Olpe/ieeHbl 3apaHee;

2) mMarepualibl COCTOST M3 JBYX KOMIIOHEHTOB W 0o0Jjiee pa3IMYyHOIO XUMHUYECKOTO COCTaBa,
pa3ien€HHBIX B MaTepHUalle TPAHULIEH;

3) cBoiicTBa MaTepuasa ONPEAESIOTCS KaXKIbIM M3 €ro KOMIIOHEHTOB, COJIEp)KaHHE KOTOPBIX B
MaTepualle J10CTaTOUYHO OOJIBIIOE;

4) marepuai o0aaeT CBOMCTBAMH, OTIIMYHBIMHU OT CBOMCTB KOMIIOHEHTOB, B3SITHIX B OT/EIbHOCTH;
5) MaTepuain 0JHOpPOJIeH B MakpoMacuiTabe u HEOJHOPOIEH B MUKpoMacLITade;

6) MaTepual He BCTPEUaeTCA B IPUPOJIC, a CO3/IaH YEITOBEKOM.

KoMIoHeHTbl KOMMO3MIIMOHHOTO MaTepuaja pa3iuyHbl 10 T€OMETPUYECKOMY IPU3HAKY.
KoMmoneHT, KOTOpbIii 00nagaeT HENpepbIBHOCTHIO MO BCEMY OOBEMY, SBISIETCA Mampuuyei.
KoMmoHeHT jxe MpepbIBHBINA, pa3[eieHHbI B 00bEME KOMIIO3UIIMOHHOTO MaTepuaia, CUUTAeTCs
apmupyiowium WA yOPOYHSOWMM. [IpuMepoM KOMIIO3MIIMOHHOTO Marepuana  SBISIETCS
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JKelre300eToH.

B KAa4CcCTBC ManI/IH B KOMITO3UIITMOHHBIX MaTepI/IaJ'IaX MOFyT 6BITB HNCITIOJB30BAHbBI MCTAJIJIBI 1
HUX CIJIaBbI, 4 TaK¥XKE€ HOHI/IMepI)I OpFaHI/I‘IGCKI/Ie nu HeopFaHI/I‘ICCKI/IG, KepaMI/I'-ICCKI/IC, yTJ'ICpO)IHBIe n
npyrue marepuanbl. CBOWCTBA MATPHIBI ONPEICSIISIOT TEXHOJOTHUYECKHE IapaMeTphl Ipoliecca
HOJ'Iy‘ICHI/ISI KOMIIO3UIIUN " eé SKCHHyaTaHI/IOHHble XapaKTCpI/ICTI/IKI/II IIJIOTHOCTD, YJIGJ'II)HYIO
MIPOYHOCTh, PAabOUyI0 TEMIIEPATYPY, CONMPOTUBICHHE YCTAIOCTHOMY Pa3pyIICHUIO W BO3JICHCTBHIO
arpeCcCUBHBIX CPE].

ApMHpYIOIIFE WU YIPOUYHSIONME KOMIIOHCHTHI PAaBHOMEPHO pAaCIpPE/ICIICHBl B MaTpHIIC.
OnHu, Kak MpaBWIO, 00JIAAAIOT BBICOKOW IMPOYHOCTHIO, TBEPJIOCTHIO W MOJIYJIEM YIPYTOCTH W TIO
OTUM IIOKaA3aTeJIsIM 3HAYUTCIIBHO HpeBOCXOI[SIT ManI/IIIy. BOJ'IGC IHI/IpOKI/IM IIOHATHUEM, YEM
APMUPYIOIIUA WM YIOPOUHSIOIMIMKA KOMIIOHEHT, SIBIISIETCSI TEPMHUH «HAIOJIHUTEIbY», MOCKOJIBKY
HAIIOJIHUTCIb B ManI/IIIe IIOMUMO WHW3MCHCHUIA HpO'—IHOCTI/I OKa3bIBACT BJIIMAHHNUC MW Ha z[pyrI/Ie
XapaKTepI/ICTI/IKI/I KOMITO3UIINH.

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

KoMmno3unmonnsle  maTepuanbl  KIaCCUQUUUPYIOT IO  TE€OMETPUM  HAIOJHUTEIS,

PacMoJIOKEHHUIO €r0 B MaTPHUILIE U MPUPOJIE KOMIIOHEHTOB.

Kaaccndukanusi KOMno3uMoOHHBIX MATEPHAJIOB 110 FeOMeTPUHU HATIOJTHUTEJIS:

1) ¢ HyIb-MEpPHBIMH HAMOJIHUTEISIMH, pa3MePbl KOTOPBIX B TPEX U3MEPEHUSIX UMEIOT OJIUH U TOT K€
MOPSIIOK;

2) ¢ OAHOMEPHBIMH HAIMOJIHUTEISAMH, OJUH U3 Pa3MEpPOB KOTOPHIX 3HAUYUTEIHHO MPEBOCXOIUT JIBA
APYTHX;

3) ¢ ABYXMEpPHBIMH HAMOJIHUTEISIMH, pa3Mepbl KOTOPBIX 3HAYUTEIBHO IPEBOCXOIAT TPETUH.
Kaaccndukanusi KOMIno3uMOHHBIX MATEPHAJIOB M0 CXeMe PACIOJI0KeHUsI HATIOJTHUTeJIeil:

1) ¢ 0THOOCHBIM (JIMHEWHBIM) PacIOJIOKEHUEM HAIIOJIHUTEINS B BUJE BOJIOKOH, HUTEH, HUTEBUIHBIX
KPUCTAJIJIOB B MaTpulle MapajlieNbHO APYT APYTY;

2) ¢ OBYXOCHBIM (IUIOCKOCTHBIM) PAacrOJIOXKEHHUEM apMHPYIOLIEro HAIMOJIHUTENS B BUJIE BOJIOKOH,
MaTOB U3 HUTEBUIHBIX KPUCTAJLIOB, (DOJIBIU B MaTpULE B apaslieIbHbIX IJIOCKOCTSX;

3) ¢ TpéxocHbIM (0OBEMHBIM) pACIIOIOKEHUEM AapPMHPYIOIIETO HANOJHUTENIS U OTCYTCTBHEM
MIPEUMYIIIECTBEHHOI'O HAIIPABJICHUS B €r0 paclpeieIeHUH.

Kaaccndukanuss KOMno3umoOHHBIX MATEPHAJIOB 10 NPUPOJAE KOMIIOHEHTOB:

1) KOMIIO3UIIMOHHBIE MaTEpUAJIbI, COAEpIKAIe KOMIOHEHT U3 METAJJIOB UJIU CIJIABOB;

2) KOMIIO3MIIMOHHBIE MaTepHalibl, COJEpallie KOMIIOHEHT M3 HEOPraHMYeCKUX COETUHEHMIM
OKCHUJIOB, KapOUJI0B, HUTPUIOB U JP.;

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

4)  KOMIO3MIIMOHHBIE  MaTepuabl, coJiep)Kaliie  KOMIOHEHT M3  OpraHM4ecKHx
COeIMHEHUH (AMOKCUAHBIE, MONU3(pUpHBIE, (PEHOJBHBIE U APYTUE CMOJIBI).

CBoiicTBa KOMIIO3UIIMOHHBIX MaTEpHUAJIOB 3aBUCAT HE TOJBKO OT (PU3UKO-XMMHUYECKUX
CBOMCTB KOMIIOHEHTOB, HO U IPOYHOCTU CBSA3M MeEXAy HUMU. OOBIYHO KOMIIOHEHTBI [UIs
KOMITO3UILIMOHHOTO MaTepHasia BEIOUPAIOT CO CBOMCTBAMHU, CYLLIECTBEHHO OTIMYAIOLIUMUCS IPYT OT
Apyra.

Monynp ynpyroctd KOMIIO3MIIMOHHBIX MaTepHajoB MOXKET H3MEHSThCS B TpeOyeMoM
HalpaBJICHUH B 3aBUCHUMOCTH OT CXEeMbl apMupoBaHusA. Bpicokas Hanaé&xHocTh B paloTte
KOHCTPYKUUH W3 KOMIO3MIIMOHHBIX MaTepUajoB CBsi3aHAa ¢ OCOOCHHOCTSIMH pPAacCIpOCTPAHEHUS B
HUX TpellMH. B 0OBIYHBIX CIUIaBaxX TpELIMHA pa3BUBAaeTCs OBICTPO U CKOPOCTh pOCTa €€ B MEPUOJ
paboThl KOHCTPYKLHUHU JAETald BO3pacTaeT. B KOMIO3MIMOHHBIX Marepuajax TpeluHa OOBIYHO
BO3HMKAeT W pa3BUBACTCSI B MAaTpUIIE U BCTpEYaeT MPENATCTBUS Ha TpaHULE MaTpula —
YOPOUYHUTETh. APMHUPYIOIIMHA 2JIEMEHT TOPMO3HUT €€ pacnpoCcTpaHeHue, 3a/IepKUBasi Ha HEKOTOpoe
BpeMms €€ pOCT.

Bomnpoc 2. [lnactMaccbl, X 0011as1 XapaKTepUCTHKA, KJIaccu(pukanms, 1 Ha3HAYEHHe
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Cpenu HOBBIX KOHCTPYKIIMOHHBIX MaTEPHAJIOB, HEOOXOUMBIX ISl YCKOPEHUS TEXHUYECKOTO
mporpecca BO BCEX OTPACISIX HAPOIHOTO XO3SIHCTBA, 0CO00E MECTO MPHHAUICKHUT IUTacTMaccaM |
CUHTeTHYECKUM cMosiaM. CerofHs TPOW3BOJICTBO PAa3IMYHON TEXHUKH M MAIlMH HEBO3MOXHO
MPEJICTaBUTh 0€3 HCITOJIB30BaHMSI TTacTMace W pe3uH. OHM SABISIOTCS HE TOJIBKO 3aMEHUTEIISIMH
NCQUIIMTHBIX I[BETHBIX METAJUIOB, HO ¥ CaMOCTOSTCIbHBIMH MAITHHOCTPOUTEIIEHEIMU
MaTepHaIaMHu.

Cunmemuyeckumu noaumepamu HA3BIBAIOT HEMETAJUIMYECKHE MaTepHaibl (IIACTHYECKUE
MacChl, PE3WHBI, XUMHUYECKHE BOJIOKHA, IUIEHKU, JIAKW, KJICH, TEPMETHKH W Jp.), OCHOBOM
IIPOU3BOJICTBA KOTOPBIX SIBJISICTCS CHHTE3 BEICOKOMOJICKYJISIPHBIX OpPraHUYEeCKHUX MPOAYKTOB Ha 0ase
MTOJIMMEPHBIX COCAMHCHHIM.

[TonmmMepHBIE BBICOKOMOJICKYJISPHBIC COCIUHEHHSI COCTOSAT M3 COTEH M THICSY aTOMOB.
['mranTckue MOJIEKYIBI 3TUX COCTUHEHUN HA3BIBAIOT MAKPOMOIEKYIAMU.

B 3aBucumMocTH OT (HhOpMBI MaKpOMOJICKYJ TOJMMEPHBIE COCIUHEHUS IMOJAPa3JCIsAioTCsS Ha
JIUHeliHble, pazeemeéHuble U cemyamole (npocmpancmeentule) (puc. ).

Q)

2]
Puc.1. CtpoeHHe BEICOKOMOJICKY/ISIPHBIX COSIMHCHUN: @ — JTMHCWHBIX; O — Pa3BETBIEHHBIX; 6 —
CEeTYaTHIX.

Y aunelinvix noaumepos MaKPOMOJICKYJBl TIPEICTABIAIOT COOOW COTHU WM THICAYH
JJIEMEHTAPHBIX 3BCHHEB MOHOMEPOB, COCIUHCHHBIX BHYTPUMOJICKYJISIPHBIMH CBSI3IMH B
O0eckoHeuynwle 1enu (puc. la). Y passemenénnvix noaumepos 1enu o0Opa3ylOT OTBETBJICHHS,
COCTOSIIIME TaK K€ U3 DJIIEMEHTapHbIX 3BE€HbEB MOHOMEpoB (puc. 16). Y cemuamuvix
(npocmpancmeennvix) nonumepos Nenu 00pa3yroT IPOCTPAHCTBEHHYIO CETKY (puc. 16).

JluHeliHbIe ¥ pa3BETBICHHBIC TIOJIMMEPHI OTHOCSTCS K MEpMONIACmMUYHbIM, a CeTIaThle — K
MepMopeakmusHulM  noaumepam. TepMoIaacTbl B OTIMYME OT PEAKTOILIACTOB CIIOCOOHBI
MHOTOKPAaTHO TIOJIBEPTaThCs IIIACTHYECKOH JTehopMaInu.

Bce cuHTeTHYECKHE MOJMMeEPHI N0 THILY CHHTE3a JIeJIST Ha:
1) monMMepu3aMOHHbIE (M COMOJIMMEPU3ALMOHHBIE);
2) NOTUKOH/ICHCAITMOHHBIE BBICOKOMOJICKYJISIPHBIE COSTMHEHHMS.
lonumepusayuonnvle noaumepvl — ITO TMOJUMEPHI, KOTOpble OOpa30BaHbl IpU
B3aMMO/ICHCTBMM MOHOMEPOB 0€3 HM3MEHEHHUS MEepBOHAYAIBHOTO cocraBa. K HHUM OTHOCSTCS
MOJIUATUIICH, TIOJMIIPOITUIICH, TTOJIMCTHPOJI, MOJUBHHIIIXIOPHI, TIOJUTETPA(TOPITHIICH.
Ionuxonoencayuonusie noaumepsbl — 3TO TNOIUMEPHI, KOTOPbIE 00Pa3yOTCs U3 HECKOJIbKUX
MOHOMEpPOB B pe3ylibTaTe NpOTeKaHWs Tmpolecca (peakuuu) moaukoHaeHcanuu. IIporece
COTNIPOBOXIACTCS BbIACICHUEM MOO00YHBIX MpoAykToB (Boabl (H2O), yrmekucnoro raza (CO»),
ammuaka (NH3)). B pesynbrare coctaB mojimMepa He OTBEYACT COCTaBY MEPBOHAYAIBHBIX BEIIECTB
(MOHOMEDPOB).

OcHoBHbIE CBe/leHHs 0 IJIacTMaccax

[InacTuyeckne Macchl (IUIACTMACCHI) 3aHUMAKOT 0CO00€ MECTO CpeAr CHUHTETUYECKHUX
MOJIMMEPHBIX MatepualioB. llIlupokoe mpuMeHeHHe IIacTMacce OOYCIOBICHO HAIIMYUEM Y HUX
LIEHHBIX CBOMCTB.

IInacTMaccehl IMPOKO MPUMEHSAIOTCH B MAIIIMHOCTPOEHUH §J1aroaapsi BLICOKUM
MOKA3aTeJIsIM CJIeAYIOIUX I[eHHbIX CBOMCTB:

1) xopowas yoenvnas npounocms;
2) ¢ppukyuonnwvie ceoticmsa (HEKOTOPHIC IIIACTMACCHI 00IaAAI0T BBHICOKUM KOYPPHUIIUEHTOM TPEHUS
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1 MaJIbIM U3HOCOM);
3) ammugpuryuonnvie ceoilicmeéa (HEKOTOPBIC BHJBI IJIACTMACC, HANPUMEP TEKCTOJIHUT, KAlpOH
YCIIELIHO 3aMEHSI0T OpPOH3Y B MOALIMITHUKOBBIX y3JIaX MAIlUH);
4) onmuueckue ceotlicméa (HEKOTOpbIE HEHAIOJIHEHHBIC IUTACTHYECKHE MAacChl (OpraHHMYEcKoe
CTEKJIO, TIOJHMCTUPOJI M JIp.) TPO3pAavyHbl U OECUBETHBI, CIMOCOOHBI TPOITYCKAaTh JIydH CBETa B
IIAPOKOM JIMara3oHe BOJH, B TOM 4YHCJIE U YJIbTPApHOJETOBYIO YacTh CIIEKTPa 3HAYUTEIHEHO
MIPEBOCXO/IS B TOM OTHOIICHUH CHUJIMKATHBIE CTEKIIA);
4) xopouwias 31eKmpouU30NAYUOHHOCNY;
5) xopowas menno38yKouzoNAYUOHHOCMY;
6) svicokas xumuyeckas cmouxkocmy (IUTACTMACCHl HETIOIBEPIKEHBI KOPPO3UH, & MHOTHE W3 HUX U
arpecCUBHBIM CpeiaM);
7) manas nnomnocme (Hampumep: mioTHOCTS neHomiacTa coctasiseT 0,015 — 0,8 r/em’);
8) mexnonoeuunocms (TPyNOEMKOCTh W3TOTOBIICHHS CAMBIX CIIOKHBIX JETaleld W3 IIacTMaccC
HUYTOKHA T10 CPAaBHEHHIO C TPYJOEMKOCTHIO H3TOTOBJICHUS JIeTaNICH U3 IPYTrUX MaTepHalioB);
9) oewesusna coipos.

OaHOBpeMeHHO ¢ YKa3aHHbIMU [OCTOMHCTBAMH IUIACTHYECKHE Macchbl 00J1aJai0T
CJIeIyIOIUMU HEA0CTATKAMM:
1) oepanuuennas  mennocmoiikocms ~ (OCHOBHBIE  BHJIBI  IUIACTHYECKHMX  Macc  MOTYT
YIOBJIETBOPUTENBHO PadOTaTh JIMILIL B CPAaBHUTEIBHO HEOOJBIIOM MHTEpBajie Temmneparyp (ot -60
1o +200°C);
2) HuzKkas menionpogooHocms (TEIJIONMPOBOJAHOCTh TtacTudeckux macc B 500 — 600 pa3 Hmke
TEIUIONPOBOJHOCTH METaJlla, YTO CO3JaéT TPYIHOCTH NMPH MX NPUMEHEHHWH B y3JIaX M JIETaJsAX
MaIIIKH, T/I€ HeTOXOAMM OBICTPBIA OTBOJ OOBIIMX KOJUYECTB TEIUIA);
3) uuskas meepdocms (6 — 60 kI'/cm? o Bpunenmo);
4) noazyuecmsv (3T0 CBOMCTBO OCOOCHHO SIPKO BBIPAKEHO Y TEPMOILIACTOB (puc.3);
5) manas scecmkocms (MOIYIb YIPYTOCTH CaMBIX JKECTKHX IUIACTMACC - CTEKJIOTUIACTHKOB Ha
OJIVH — JIBa TIOPsIKA HIDKE, YeM Y METaJJIOB);
6) cmapenue (NIACTMACCHI TEPSAIOT CBOM CBOWCTBA TOJ ACUCTBHEM CIENYIOIIUX (DAKTOPOB:
TEMITepPaTyphl, BIAKHOCTH, CBETA, BOJIBI, JJTUTEIBHOTO MPEOBIBAHUS B aTMOC(EPHBIX YCIOBHSIX.
7) HesvicOKas 653KOCMb.

KoMnoHeHTHI mjiacrmMace

OOBIYHO TITACTMACCHI TPEJCTABISIOT COOOW CJIOKHBIE KOMIIO3HMIIUH, COCTOSIINE U3
HECKOJIBKUX BEIECTB. TpeOyeMble dKCIUTyaTallHOHHBIC CBOMCTBA IUIACTMAcCC MOJydaroT Ojaromaps
HOH60py OTACIIBHBIX KOMIIOHCHTOB U UX OHpejleJ'IeHHI)IM COUCTAHUSAM.

B GonpIIMHCTBE CITydaeB IJIACTMACCHI COCTOST M3 CMOJIBbI, HAIOJHHTENS, TIacTH(UKATOPA,
KpaCI/ITCJUI 158 zlpyer )106aBOK, y.]'[quIaIOHII/IX TCXHOJIOTHUYCCKHUEC U BKCHJ'IyaTaIII/IOHHBIC CBOfICTBa
[JIACTHKA.

Cas3ymwliiee BelecTBo

OCHOBHBIM ~ KOMIIOHEHTOM  BCEX  IUIacTMacc  SBISIETCA  c@A3yloujee  BEIIECTBO
(BBICOKOMOJIEKYJISIPHOE OPraHUYECKOE COEIMHEHHUE), KOTOPOE NMPUAAET MIIACTMACCaM IIACTUYHOCTh
U CriocoOHOCTh (POPMOBATHCS, a 3aTEM 3aTBEPAEBATh, COXPAHAS MOJIydeHHYI0 Gopmy. HekoTopsie
IJIACTMACChl COCTOSIT TOJIBKO M3 CBSI3YIOILErO BellecTBa (Hampumep, MOIMMETUIMETaKpuiaT —
Oprerexno). B kadecTBe CBA3YIOIIEro BELIECTBA B IUIACTMACCaX MPHUMEHSIOT INIABHBIM 00pa3oM
CUHTETUYECKNE CMOJIBL.

JIisi MOBBIIEHUST MEXAHWYECKOM IPOYHOCTH, TEIUIOCTOMKOCTH, 3JIEKTPOU3OJALMOHHBIX M
JPYTrUX CBOMCTB B COCTaB OOJIBIIMHCTBA IJIACTMACC BBOJST JIPYrOi BeCbMa BaXKHbI KOMIIOHEHT —
HanoJinumens, KOTOPBIM TIOCIE IPONUTKH CBSA3YIOIIMM BEHIECTBOM CIIPECCOBBIBACTCS B
OIHOPOAHYI0 Maccy. Kpome CBS3yIOIIMX BEHIECTB HAIOJHUTENEH B COCTAB IUIACTMACC BBOJAT
1acTU(PUKATOPBL, TUTMEHTHI U Jpyrue J00aBKHU.

CuHTeTHYECKHE CMOJIbl UCIOJB3YIOT B KaUeCTBE CBS3YIOIIETO BEIlecTBa B mjiacTMaccax. Mx
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MOJIyYalOT U3 BEIIECTB C HU3KUM MOJIEKYJISPHBIM BECOM, a TaKXKe M3 IPUPOJHBIX WIM paHee
MOJIyYEHHBIX BELIECTB C BBICOKOMOJIEKYJIPHBIM BecoM. [lomydeHue BBICOKOMOJIEKYISIPHBIX
CUHTETMYECKUX CMOJ  MOXET OBbITh OCYIIECTBICHO METOJaMU  MOJIMMEpU3aLUU WU
MOJINKOH/ICHCALIUH.

Hanonanumenu — 3T0 oOpraHudeckue M HEOPraHWYECKHE BEIIeCTBa B BUJE IOPOIIKOB,
BOJIOKOH, JIUCTOB.

HamnoJyiHuTe 1M BBOAAT B IJIaCTMAacCChl € LeJbIO: YIIy4lIeHUs] (DU3HMKO-MEXaHUYECKUX CBOMCTB,
IUDJIEKTPUUECKUX CBOMCTB, (PPUKLUMOHHBIX M AHTU(PPUKLUMOHHBIX CBOWCTB, IOBBIIICHUS
TEIJIOCTOMKOCTH, YMEHBUIEHUS TEIUIOCTOMKOCTH, YMEHBIIEHMsSI YCaJKH, CHM)KEHUS CTOUMOCTH
riacTMacc.

HamnoJsiHuTe M Aes1ATCS HA: OpPraHUYECKHE U HEOPTaHUYECKUE.

Opeanuueckue HanoaHumenu - 3TO MaTepuanbl Ha OCHOBE IHeJUI0I03bl. OHU CHUXKAIOT
XPYINKOCTh CMOJI U COXPAHSIOT Mablil YAEIbHBIM BEC, OJTHAKO YBEIMYUBAIOT IUTPOCKONUYHOCTD U
YMEHBIIAIOT TEPMOCTONKOCTD IJIaCTMACC.

Heopeanuyeckue nanonnumenu - 3TO MarepHaibl, KOTOpbIE YBEIMYMUBAIOT XPYIKOCTb
IJIaCTMACC, HO TMOBBIIIAIOT TEIIOCTOMKOCTh U YIIYYIIAIOT 3JE€KTPOU30JIALUOHHbIE cBoiicTBa. [Ipu
¢bopMOBaHMU Yy IUIaCTMAcC C HEOPraHMYEeCKUMHU (MUHEpPaJbHBIMU) HAMOJIHUTEISAMHU Yycaaka
3HAYUTEJIBHO MEHbIIIE, YEM Y IIJIaCTMACC C OPraHMYECKUMU HATIOJHUTESIMU.

B 3aBucumMocTu ot TpeOyeMoil CTPYKTYpbl B IJIACTMACCHI MOTYT OBITh BBEJICHBI HAIIOJIHUTENIN
CJIEYIOIIUX BUJIOB:

1) nopouwikooopazusie (B BU€ MOPOITKOOOPA3HONM KPOIIKM) APEBECHAs MyKa, IEJITI0I03a, CITIoa,
KBapLeBas MyKa, caxa, rpadut, TaibK, 1102 1 HEKOTOpBIE pyTHE.

2) 6010KHucmule (B BHAE PA3IMYHBIX BOJIOKOH) XJIONMKOBBIE OYECH, acOECTOBOE BOJIOKHO,
CTEKJISIHHOE BOJIOKHO, KPOME TOT0, MOTYT MCIIOJIb30BaThCS OTXOJbl TKaHEW, Oymaru, KapToHa,
JPEBECHOTO IIMOHA M Jp. BOJIOKHUCThIE HAMONHUTENM MOBBIIIAIOT MEXAaHMYECKHUE CBOMCTBA
IJIaCTMAcC, OJIHAKO BCJIEACTBME MEHbIIEH TEKyuyecTH 3aTPYAHSIOT Mpouecchl (OopMOBaHUA H
BO3MOYHOCTb U3TOTOBJICHUSI U3/I€IHH CJI0KHOW KOH(UTYypaluy;

3) cnoucmole (B BuJe ULEIbHOJIMCTOBBIX MaTepuasioB) OyMmary, TKaHHM (XJomyaToOyMa)KHbIE,
CTEKJISIHHbIE, acOecTOBbl€) U JpeBecHbI MMOH. lMcnosib30BaHWE CIOUCTBIX  (JIMCTOBBIX)
HaIOJIHUTENEH JJaeT BO3ZMOXKHOCTH MOJIy4aTh IJIACTMAcChl C HanboJjiee BHICOKUMHU MEXaHUYECKUMHU
CBOMCTBAMM U  psAOOM  CHELMANbHBIX  I[apaMeTpoB. TakuWe  IJIacTMacCchl  Ha3bIBaIOT
KOHCTPYKLIMOHHBIMHU.

B HekoTOphIX ciydasiX HM3TOTOBIISIOT IJJaCTMAacChl 0€3 HAIMOJHUTENEH, MpeICcTaBIIAIONINE
co00il wmnM mnpo3pauHble (TUIIAa OPraHUYeCKOro CTEeKIa) WM OT/AEIbHbIE HENPO3payHbIe
KOMITO3UILUH.

IInacmugukamopst — 3TO  BEIIECTBA, KOTOPbIE€ YMEHBIIAIOT  MEXKMOJIEKYIIIPHOE
B3aUMOJICICTBUE M XOpOIIO COBMEHIaloTcsl ¢ mnoiumepamu. Ilnactuduxatopsl BBOASTCS B
wiactMacebl B kosnuuectBe 10-20% s MOBBILIEHUS 3JIACTUYHOCTH, YMEHBUIEHUS XPYIKOCTH
roToBOro  u3genus  (YJIydlIaloT MOPO30CTOMKOCTb) M MPEAOTBpALLEHUS  MpPUIUIAHHE
npeccMarepuala K cTeHKaM mpecc-(¢popMbl. B kauecTBe miaacTu@uKaTopoB MPUMEHSIIOT pa3iuyHbIe
OpraHMYECKUE BEILECTBA: CTEApUH, KaCTOPOBOE MAaciio, OJIEMHOBYIO KHUCIIOTY, NUOYTHUI(TaNaThl,
TpUKpe3umipocdatsl u JIp.

Cneyuanvhvie 000a6Kku — 3TO CMa304YHBIC MaTEPHAIIbI, KPACUTEIH, TOOABKU JJIsI YMEHBIIICHUS
CTaTMYECKUX 3apsioB U TOPIOYECTH, Ui 3allUThl OT IUIECEHH, YCKOPUTEIM M 3aMeIIuTeNn
oTBepxAcHUs U Jp. CrnenuanbHble J00aBKU CIY>KaT JUIsl U3MEHEHUS WU YCUJICHHUS! KaKoro-mbo
CBONCTBA.

Cmabunuzamopbl — 53TO BEIECTBA, MPEAOTBPALLAIONINE PpA3JIOKEHUE TOJTUMEPHBIX
MaTepuajJoB BO BpeMsi HMX MepepadOTKU M JKCIUTyaTallMM I0J BO3ACHCTBUEM AaTMOCQEpPHBIX
YCIIOBUH, TIOBBIIIEHHBIX TEMIIEPATYP U APYrUX (PaKTOpOB.

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

Kpacurean



29

B xomno3uimu miactMacce i NpUAaHus ONpeIeIeHHON OKPAacKU BBOJST COOTBETCTBYIOLINE
KpacsIue BeIECTBA — NUSMEHMbI.
Buabl kpacureeii:
1) MuHepanbHble (MymHs, OXpa, yMOpa, JUTONOH, KPOH U JAp.); 2) OpraHuyeckue (HUTPO3HH,
pOJaMUH).

JUis  ycKOpeHusi OTBEp)KJIEHUS TEPMOPEAKTHBHBIX IJJaCTMAacC B HX COCTaB Iepen
(bopMOBaHUEM BBOJAT Kamaauzamopbl (IEPEKUCH, KUCIOTHI TN COJIN).

[Ipu mpou3BOACTBE IIACTMACC C MOPUCTBHIM WJIM SIYEUCTHIM CTPOCHHEM B MX COCTAaB BBOJSAT
CIeLlUaNIbHBIE BELIECTBA — NOPOOOpazoeamenu.

Knaccudpukanus niaacrmace

Kaacecndukanuss mniactMace N0 NPOUCXOKIEHMIO: OPraHMYEeCKOro IPOUCXOXKJIEHUS U
HEOPraHMYeCKOIro MPOUCXOXKICHUS.

Haubonpiiee npuMeHeHHE B MAaNIMHOCTPOEHUHM MOJIYYMIIM IUIACTMACChl OPraHUYecKOro
MIPOUCXOKICHHUS.
Kaacendukanus niiacrmace B 3aBUCHMOCTH OT IVIACTHYECKOi JedopManuy NpH Harpese:
1) TepmormiacTU4HbIE (TEPMOILIACTHI) IJIACTMACCHI;
2) TepMOpeaKTHBHbIE (PEAKTOIUIACTHI) IIIACTMACCHI.

Kaaccndukanus niacrmace no JudjieKTpu4ecKHM CBOMCTBAM:
1) HemnoJisipHBIE; 2) MOJIIPHBIE.

Kaaccndpukanus minactmace mno (Gu3NKO-MeXaHMYeCKHMM CBOMCTBaAM TMpPH  OOBIYHOM
TeMmeparype:

1) srcécmrue, sBastomyecs: TBEPAbIMU YIIPYTUMHU BELIECTBAMH C BBICOKUM MOJYJIEM YIPYTrOCTH U
MaJibIM YAJMHEHUEM IIPU pa3pbiBe, COXpaHstouue (GopMy IpHu BHEIIHUX HANPSHKEHUSAX B YCIOBUSX
OOBIYHBIX WJIM MOBBILLIEHHBIX TEMIEPATYD;

2) nonyyucécmkue, SBIFIOIIMECS TBEPABIMU YIPYIUMHU BELIECTBAMH CO CPEIHUM MOAYJIEM
YIPYrOCTH, BBICOKUM OTHOCUTENIBHBIM U OCTATOUYHBIM YAJIMHEHUEM MPU Pa3pbIBE;

3) Mazkue, SBISIOMIMECS MSITKUMH U 3JaCTUYHBIMM BEUIECTBAMM C HU3KUM MOJYJIEM YIPYIOCTH,
BBICOKMM OTHOCHUTEJIbHBIM YJUIMHEHUEM U MaJIbIM OCTaTOUYHBIM YAJIMHEHHUEM;

4) mazkue U Inacmuunsle, SBISIIOMIMECS MSITKUMHU M 3JacCTUYHBIMU BELIECTBAMHU, C HHU3KHUM
MOJYJIEM YIPYTOCTH, HOJJAIOIIHUECS 3HAUUTEIbHBIM 00paTUMbIM JieopMalUsM MIPU PaCTSHKEHUU
— IJIACTUKATHI (JINCTBL, JICHTHI).

Kaaccndukanus niacrmace no Ha3Ha4eHHIO:

1) KoHCTpYKIIMOHHBIE; 2) (PUKIUOHHBIE; 3) aHTU(PUKIUOHHbIE; 4) CHelUaIbHbIe; 5) XUMHUYECKU
CTOMKHE;  6) 3JEKTPOU3OJISILIMOHHBIE;  7) po3pauHble; &) TEIJIO- U 3BYKOM3OJIALIMOHHBIE;
9) ymiotHuTeNnbHBIE (MMpOKIaAouHbIe); 10) nekopaTUBHEIE.

Kinacenpukanus miacrmace 1o BUAy HAIOJHUTEJISA:

1) ¢ mopomKoOOpa3HbIM HAMOJHUTENEM; 2) C BOJOKHUCTBIM HAIOJHHUTENEM; 3) C CIOUCTHIM
HaroJHUTENEeM; 4) 6€3 HAIIOJTHUTETIS.

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

CoBpeMeHHasi TEXHHKA HE MOXKET CyIIECTBOBATh 0€3 PEe3MHOTEXHWYECKHX W3Jenuil. Pe3nuna
UCTIONB3yeTCs ISl TPOW3BOJICTBA aBTOMOOWJIBHBIX INMH, H30JSIIHUA IPOBOJIOB, BOJOJA3HBIX
KOCTIOMOB, 0aJIJIOHOB a3pOCTATOB, IUIAHTOB, HATyBHBIX JIOJIOK, IPOTUBOTA30B M MHOTOTO JIPYroro.

Pe3unvi — 93TO mIacTMacchl € PEIKOCETYATOW CTPYKTYPOH, B KOTOPBIX CBS3YIOIIUM
BBICTYIIAET IOJTMMEP, HAXOIAIIHICS B BBICOKOIIACTUYECKOM COCTOSTHHH.

Pe3una B oT/IMYHE OT APYTHX MATEPUATOB 00/1a1aeT PSIAOM IeHHBIX CBOICTB:

BBICOKAs 3JJaCTUYHOCTbH; BBICOKOE COMPOTHUBIICHHE UCTUPAHUIO; BBICOKOE COTIPOTUBIICHUE Pa3phIBY;
ra3o- U BOJOHENPOHUIIAEMOCTh, XHMHUYECKasi CTOWKOCTH;, XOPOIINE IUAIICKTPUIECKHE CBOMNCTBA,
HEeOOJIBIION yAENbHBIN BEC.
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B pesunax cessyromum siBisitorcs Kayuyku HatypanbHble (HK) wim cunrernueckue (CK).
Kayuykam, npezacrapistomiuM coOOM JIMHEWHbIE MOJUMEPHI, MPUCYIIA BHICOKAs IUIACTUYHOCTD,
o0ycioBieHHass OCOOEHHOCTSIMM CTPOEHHSA HX MoJieKyd. JIuHelHble M ciabopa3BeTBIEHHbBIE
MOJIEKYJIBl KaydyKOB HMEIOT 3HUI3aroo0pa3Hyl0 WM CIHMPAIEBUAHYIO KOHQUIYpaluio U
OoTIMYaroTcsl O0NbIION TUOKOCThIO. UMCTBIN Kaydyk MOJ3ET NpU KOMHATHOM TeMmIiieparype u
OCOOEHHO TpU TOBBIIIEHHON, XOpOIIO pPacTBOPSETCS B OPraHUYECKUX pacTBoOpuTesX. Takoi
Kay4yK HE MOKET UCIOJIb30BaThCS B TOTOBBIX U3/IETHIX.

JUJis IOBBIIIEHUSI YIPYTHX U APYTUX (PU3HUKO-MEXaHMUECKUX CBOMCTB B Kayuyyke (GOpMUPYIOT
PEAKOCETYATYI0 MOJIEKYJISIPHYIO CTPYKTYpYy. OTO OCYLIECTBIISIIOT BYJIKaHU3alMeW — MyTéM
BBEJACHUS B KaydyKH XHMHYECKHX BEIIECTB — BYJIKAHWU3aTOPOB (KaK TMpaBwmwio, cepy S),
0o0pa3yloIux MNONepeYHble XMUMHUYECKHUE CBSI3U MEXIY 3BEHBSMU MAaKpOMOJIEKYJ Kaydyka. B
3aBUCHUMOCTU OT YHCJIa BO3HMKIIMX IPU BYJIKaHU3aLUU MOMEPEYHBIX CBSI3€H MOJy4alOT PE3UHBI
pa3InYHON TBEPAOCTH.

Kuacenpuxkanus pe3nn

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

Knaccupukanusi pe3uH 1o Ha3HAYECHUIO:

1) yHuBepcalbHbIE;

2) crmeuuanbHbIE: a) MACIO- U TOIUIMBOCTOMKHE; 0) XUMUYECKH CTOMKHE; B) CBETOCTOMKUE;

I) MOpO30- M TEIJIOCTOMKHE; J) Ta30HEIPOHUIIAEMbIE; €) JHUAJIEKTPUYECKHE; K) CTOMKHE K
paauanuu.

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

IOWHHBIC; KAMCPHBIC; PYKABHBIC, TIPOTCKTOPHLIC, TPAHCIIOPTHBIC; aMOPTU3ALITMOHHBIC U JIP.

Bunsinue ycioBuii IKCIIIyaTallii HA CBOCTBA Pe3UH

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

OpHOBpeMEHHOE JEMCTBHE Ha pEe3UHbl TeMIlepaTypbl, 030HA, KHCJO0POJa, HArpy3KHu,
yabTpaduoaeToBbIX Jy4deill MHTEHCUQUIMPYET pa3BUTHUE IIPOIECCOB cTapeHus. Pe3nHbl Ha
ocHoBe CKT crnocoOHbI JuinTeabHOE BpeMs padoTaTh Hpu 3Toil Temnepatype. Jletanu u3 pe3uH Ha
ocHoBe CK® u CKT — ymioTHUTENM MOJBWKHBIX M HEMOJBM)KHBIX COCIUHEHHH, MPOKIaIKHU,
KOJITIAYKH | T. Tl. — CTIIOCOOHBI paboTaTh JUTMTEIBHOE BpeMs Ipu TemiiepaTtypax 1o 250 — 300°C.

[Ipy HU3KUX OTpULIATENIbHBIX TEMIIEpaTypaxX PE3WHbI MPAKTUUYECKH MOJHOCTHIO YTPAYUBAIOT
BBICOKO?JIaCTUUECKUE CBOWCTBA M NEPEXOJAT B CTEKIO00pa3HOE COCTOSHUE. YPOBEHb MOTEPU
CBOMCTB 00JIbLIIE MPOSBIISIETCS B YCJIOBUSAX CIBUTA, YEM CHKATHUS I PACTSXKEHUS.

[Ton nelicTBMEM MOHU3HPYIOLIETO U3IYYEHUS PE3UHBI CTAPECIOT.
CTOHKOCTh pe3uH K pagualy 3aBUCUT OT: IIPUPOJbI KayuyKa; Cpe/bl; COCTaBa Pe3UH (HaIUUUs
AHTUPAJIOB).

Haubonpiias ckopocTh cTapeHHUs MoJ JEHCTBUEM paJuallid OTMEYEHa y PE3UH Ha OCHOBE
CKH, CKb, nauputa u nposBIsSeTcs B IOBBIIIEHUN UX TBEPAOCTH U YMEHBIICHUH BA3KOCTU. bosee
HU3Kasg CKOPOCTh crtapeHust Habmromaercs y pesuH Ha ocHoBe HK, CKU-3. Ckopocth cTapeHms
CaMbIM CYIIIECTBEHHBIM 00pa30M 3aBHCHUT OT MOIIHOCTH J03bl 00Iy4YeHus. B siepHO TexHuke i
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M3rOTOBJICHUS YIUIOTHUTENIbHBIX JieTaliell yalie npuMeHsoT pe3udsl Ha ocHoBe CKU n HK.

Tema Ne7 [loBenenne MarepuaioB B 0co0bIX yciaoBusix. Kopposus
MeTaVINYeCKHX MaTePHAJIOB M €€ BU/bl. 3aIlMTa METAJIOB U CIUIABOB OT
KOPPO3UH

Bonpoc 1. [loBenenue MmaTepuajioB B 0COObIX YCJIOBHUSIX.
PaGora MaTepnajioB B yCJOBHSX HU3KUX TeMIIepPaTyp

Bo3znelicTBrI0O HU3KUX TeMmIepaTyp MOJABEPraioTcs O4YeHb MHOTHME MaTepualbl U W3JeNHus,
HampuMmep TpyObl [uis Tra30- U HePTENpOIYKTOB, MOCTBI, >KEJE3HbIE JOPOTH, aBTOMOOWIIH,
JeTaTeNbHbIE anmnapaTsl U T. 1. B ceBepHbIX palloHax OXJIaXKIEHHE MaTepUaioB MOXKET JOCTUIaTh —
60°C, xopmyca caMOJIETOB M KOCMHMYECKHX allllapaToB MOTYT OXJIaXJIaThCsl 10 TEMIIEpaTypbl
xuakoro kuciopona (—183°C). Jleranu u OTACNbHBIC Y3/l XOJOAMIBHOW U KPUOTCHHOW TEXHHKH,
KOTOpbIE HCHOJIB3YIOTCSL ISl TOJYYEHHUs, XpPaHEHHs, TPAHCIOPTUPOBKH CKMKEHHBIX TIa30B,
OXJIQXKAFOTCS JI0 TEeMIEPaTyphl KUAKOTO Tenus (—269°C).

IIpu HU3KHMX TemmepaTypax y MeTa/lliIoB HaluwoaawTcs: 1) moreps IUIACTUYHOCTH;
2) noTeps BA3KOCTH; 3) MOBBILIEHHAS! CKIIOHHOCTb K XPYIKOMY Pa3pyILEHHUIO.

OcHoBHOE TpeOoBaHUE K MaTepuaiaM, padOTAIOUIMM B YCIOBUSX HU3KUX TEMIIEpaTyp, — 3TO
OTCYTCTBHE XJIaJHOJIOMKOCTH.

Jng  HanéxHOM paboThl Marepualia HEOOXOOUMO, 4TOObI TeMIepaTypHbIH MOpor
XJIAJTHOJIOMKOCTH ObLI HUXe pabodeil Temmneparypbl. Ha CKIOHHOCTH K XpYNKOMY pa3pyllEHUIO,
KaK U IpU HOPMaIbHBIX TEMIEpaTypax, BIMSIOT KOHLEHTPATOPHl HAINpPSHKEHUH M MaclITaOHBbIH
(bakTop neTanei.

Marepuansl ¢ I'lIK pemérkoi, a Takke TUTaH U ero cruiaBbl, oOnanamue ['TIY pemérkoid,
HE MMEIOT SIBHO BBIPAKEHHOTO MOPOTra XJIaIHOJIOMKOCTH, M yJapHas BA3KOCTb Y HUX YMEHbBIIAETCS
IJIaBHO.

Kpome xkputepueB xJagoCTOMKOCTM OCHOBaHMEM JUIsl BbIOOpa Marepuaja CiyxaT
MIPOYHOCTHBIE XapaKTEPUCTUKU (002 U 0s), PU3HMUECKUE U TEXHOJIOTUYECKUE CBOMCTBA.

W3 ¢usnueckux CBONCTB MaTepUajoB IPHU HU3KUX TeMIIEpaTypax HHTEpPEC IMPeICTaBISIOT
TEIUIONPOBOJHOCTh U TEIIOEMKOCTh. CKOpPOCTh 3aXOJaKMBAaHUS MaTepuaja 3aBUCUT OT
TEIUIOEMKOCTU M TEIUIONPOBOJHOCTH METAJUIA, a MPU HU3KUX TeMIlepaTrypax, ONU3KUX K JKUIKOMY
azoty (—196°C) >t xapakTepucTuku ymeHbinatTcs 6omee ueMm B 10 pa3. CKOpoCTh 3aX0JIaKUBAHUS
Marepuaga IpU  TEPMOLMKIMPOBAHUU  MO-pa3HOMY  3aBHCUT  OT  TEIUIOEMKOCTH U
TEIUIONPOBOJHOCTU. Yem MeHbllle TEeIIOEMKOCTh M OOJIbIlI€ TEIUIONPOBOAHOCTh, TEM JieTrye
3aX0JIaXKUBAETCS] KPHOT€HHOE 000pyI0BaHUE U ObICTPEE BHIXOIUT HA 3a/IaHHBIM PEKUM.

Haubonee pacnpocTpaHeHHBIMH CpeaMHM B KPUOI€HHOM TEXHHUKE SBISAIOTCA KHUCIOPOJ U
BOJIOPO/I, IOATOMY HEOOXOAMMO YUUTHIBATh COBMECTUMOCTh C HUMU HUCIOJB3YEMbIX MAaTEPHAJIOB.

OcHOBHbIE MaTepuaibl, KOTOPbIE HCIOJIB3YIOTCS MPU KPUOTEHHBIX TEeMIlepaTypax, — 3TO
yraepoaucteie ctanm ¢ OLIK pemérkamu, amoMuanii U ero criaBbl (AMu, AMr, AMr5 u np.),
tutad u ero cwiassl (BT1, BTS, OT4 u gp.).

HepikaBeromue ctaiy NepexogHOr0 M MapTEHCUTHOTO KIJIACCOB HE OXPYMUYHUBAIOTCS 10 —
196°C. HeprkaBeroliue cTanyu ayCTEHUTHOTO Kilacca IUIaCTUYHBI U BA3KU /10 TemrnepaTyp —253°C.

Pabarta marepuaJioB B yCJOBUSIX PAAHALMOHHOI0 00, Iy4YeHHUs

PaguanmonHoe oOaydeHHMe MarepuagoB B YCIOBHUAX KOCMOCAa CBSI3aHO C OIPOMHBIM
paZvalOHHBIM TOJEM BOKPYT 3eMiu. OJTO M KOPIYCKYyJspHass paaudanuss — D3JIEKTPOHbI U
IIPOTOHBI, MONABIIKE B MArHUTHOE T10JI€ 3€MJIM, KOCMUYECKUE JIyYd — YaCTHUI[bl BHICOKMX SHEPTHil,
MPUXOASIINE U3 Pa3InYHbIX oOsiacTeil BeeneHHOM, U coJIHEYHbIE KOCMUYECKUE JTY4H.

B Hacrosmee BpemMss MOXHO CKa3aTb, YTO BO3JEHCTBUE DSJIEKTPOHHOTO M IMPOTOHHOIO
M3JIy4E€HUHN Ha METAIUIBI MCCIEA0BAHO €IE HENOCTATOYHO.
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PannannonHoe Bo3zeiicTBre cuiibHee ckaspiBaeTcss Ha Meramwiax ¢ 'K pemérkoit, yem Ha
Metamuibl ¢ OLIK u I'TTY pemérkamu.

N3 Bcex yacTun HauOosblee BJIUSIHME HA CBOMCTBA KOHCTPYKIHMOHHBIX MaTepHAJIOB
OKa3bIBAIOT HEHTPOHBbI, CIOCOOHBbIE M3-32 OTCYTCTBHUS 3aps/ia NPOHUKATH JAJeKO B IJIy0b
KPHCTAJINYECKOH PpeméTKH MeTa/ula M BbI3bIBATH B Hell cielyloliHe CyliecTBeHHbIe
U3MEHEeHHUS:

1) obpazoBanue «map dpeHkens» BCAEACTBUE YIPYroro CTOJIKHOBEHHS YacCTHI] C siipaMU aTOMOB
MeTaJa;

2) HapyIIEHHUE IEKTPOHHOU CTPYKTYphl (MOHU3ALMOHHBIE 3(P(EKTHI) B pe3ysbTaTe CTOIKHOBEHUS
YacTHUIl C OPOUTAILHBIMU 3JIEKTPOHAMU;

3) MecTHO€ MOBBILICHUE TEMIEPATYPHI (TEPMUUECKUN MHUK), CBA3aHHOE C YIPYTUMHU KOJIeOaHUSIMU
PEIIETKY HA IyTU IPOXOXKICHHSI YACTHLI,

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

5) panuanuMoHHas 3po3Usl B pe3ysibTaTe OTPbIBA aTOMOB C IOBEPXHOCTH IOJI BJIMSHUEM YIapOB
BBICOKOCKOPOCTHBIX MBIIEBUIHBIX YACTHUL] OKPYKAIOLIEH Cpebl.

CoynapeHus dacTUll C aTOMaMU B y3JIaX KpPUCTAUNIMYECKOM PpEIETKH CMEUalT u
BO30YXKIalOT Apyrue atombl. BeneacTBue ynpyroro coyqapeHus 4acTHIBl ¢ aTOMaMH OHa TepsieT
yacTb CBOEM KHMHETUYECKOW DSHEPIrHM, 3aBUCSIIYI0 OT LEJoro psjaa (GakTopoB 3TOro
B3auMoJielcTBUs. Ecnu mpu 3TOM coynapeHHHd aToM MPUOOPETaeT JONOJHUTENIbHYIO 3HEPTUI0 U
OHa CTaHOBUTCA OOJbIIE SHEPIUU, HEOOXOAMMOHM JUIsi €ro CMelleHus, TO aToM U3 Yy3Ja
KPUCTAJJIMYECKON PEIIETKY MEepEMEIIAETC B MeXI0y3ne. 3a CU€T TaKOTro NepeMEelIeHHs aToMa U3
y371a peméTKy B MEKI0Y3IME U HAJTMUKS BakaHCUU 00pa3yercs «mapa OpeHKemns».

Bo3nukaronme aeexkTsl CTpOCHHsSI HPUBOISAT K HU3MEHEHHUIO CIEAYIOIIMX CTPYKTYPHO
YYBCTBUTEJIbHBIX CBOICTB CIUIABOB: CHMKAIOTCS IJIACTUYHOCTb, BSI3KOCTh, MOBBIIIAETCS YAEIbHOE
AJIEKTPOCOTNPOTUBIIEHUE U MPOYHOCTh, a TJIAaBHBIM 00pa3oM CONPOTHBIIEHUE MAJION IIACTUYECKOM
nedopmaruu (0o2).

Haubonee omacHoe sBiieHHME, HAOIIOAaeMO€ TMPH PATUAIMOHHOM OOJy4EHHH, — 3TO
oXpyuMBaHHe MarepuasioB. JlaHHOe siBieHHe HanboJiee CHIIbHO mposiBisiercs y MetamioB ¢ OLIK
PEIIETKOM; TaK, HapUMep, KpUTUYECKasi TEMIIEpaTypa XpyIKOCTH MOJMO/IeHa 10Ciie HEUTPOHHOTO
o6mydenust nossimaercs ot —30 mo +70°C .

BenenctBue pagualiMOHHOrO OONYYEHHsS Yy METaUIOB U CIUIABOB IOHUKAIOTCS BA3KOCTD,
IJIACTUYHOCTb, COTIPOTUBIIEHUE OTPHIBY, a IPOYHOCTH U 3JIEKTPOCONPOTUBIICHUE MOBBIIIAOTCS, T. €.
BO3pacTaeT BEPOSITHOCTh XPYIKUX pa3pyLICHUH.

KapocToiikocTh 1 MeTO/Ibl, €€ MOBbILIEHUS

Kapocmortikocms — crnocoOHOCTb METAJVIOB M CIUIABOB COINPOTUBIATHCA OKHUCICHUIO U
ra3oBOM KOppO3UHU IMPH BBICOKUX TeMIeparypax. JKapocTOHKOCTh 3aBUCUT OT MHOTHX BHEIIHUX U
BHYTpEHHUX (akTopoB. B OCHOBHOM 3a >KapOCTOMKOCTh OTBEYAIOT IMOBEPXHOCTh MeTallla U
gucToTa (KauecTBo) €€ 00padoTku. [lommpoBaHHbIe TOBEPXHOCTH OKUCISIOTCS MEIJICHHEE, TaK KaK
OKCHJbl paclpesiejieHbl paBHOMEPHO M 0o0jiee MPOYHO CLEIJICHbl C IMOBEPXHOCTHIO MeETaslia.
dopmupyromasicsi Ha MOBEPXHOCTU OKCHUJHAS IJIEHKA JOCTATOYHO XOPOULIO 3aIIMIAET METaJlI OT
OKHCJICHUS B TOM CJIy4yae, €CJIi OHa IUIOTHAsI U He IIPOIYCKAET HOHBI KMCIOPOa, XOPOLIO CLEIJIeHa
C MOJJOXKOM W HE OTCIIauBaeTCi INpPU MEXaHWYeCKUX HcmbITaHusX. K Meramnam, KOTOpbie
oOpa3yroT Takue IUIEHKH, OTHOcATcst XpoM (Cr) u amomunuii (Al). OkcujaHbple IUIEHKU THUIIA
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 M He 3allUIIAcT
METaJU1 OT JAIBHEHNIIETO OKUCIICHHUS.

[ToBeIlIEHHE KAPOCTOMKOCTH CIUIABOB JIOCTUTAETCS JierupoBaHUeM aiieMeHTamu (xpoM (Cr),
amomunnii (Al), kpemuuit (Si), 6epuinuii (Be)), oOpa3yromuMy Ha MOBEPXHOCTH HENIPOHULIAEMBbIE
JUIs WMOHOB OCHOBHOIO MeETajlla M KHCIOpOJa OKCHAHbIE IIEHKU. Takke A 3TUX Leei
HCIIOJIb3YIOTCSl 3aIIUTHBIE MOKPBITUS, COCTaB KOTOPBIX BBIOMpAETCS € Y4ETOM YCIOBUN pabOTHI



33

U3JeNUs U cocTaBa arpeccuBHOM cpenbl. CTpyKTypa *KapOCTOMKOro Marepuana JOJDKHA ObITh
OJIHOPOJAHOM M 0HO(a3HOMN (UHCThIE METAJIbI MU TBEP/bIE PACTBOPBHI).

Tepmuueckas 00paboTKa MEHSAET CTPOCHHE CILIABOB U, CJIEJOBATEIIBHO, UX KOPPO3HOHHYIO
CTOMKOCTh. OTXKUI' ¥ HOpPMajau3alus NPUBOAAT K (OPMUPOBAHHUIO OJHO(A3HOM CTPYKTYpHl U
CIOCOOCTBYIOT YBEIMUECHHIO KaPOCTOMKOCTH MaTepHaa.

[Inactuueckas nedopmanust yxyauiaer *KapoCTOMKOCTb, TaK KaK NMPUBOAUT K MOSIBJICHHUIO
rpaJueHTa HaIpsDKEHUN B CTPYKType MeTauia. BennuuHa 3epHa Juisl ’KapoCTOMKOTro Marepualia He
CYLIECTBEHHA, I0ATOMY 3Ta XapaKTEPUCTUKA SBIISETCS CTPYKTYPHO HEUYBCTBUTEIHHOM.

XapakTepUCTUKU CIIJIaBOB, CTOMKUX K KOPPO3WUHU IPH IMOBBIIICHHBIX TEMIEpaTypax, MOTYT
ObITh JJaHbl JIUIIb K KOHKPETHBIM arpecCUBHBIM CpelaM W BBIOOp MaTepuaia peuiaercs ¢ y4€Tom
yCI0BHM pabOThI JAHHOTO U3/IENHA.

Kaponpo4HocTh M MeTOAbI €€ MOBbILIEHUs. SIBJIeHHEe MOJI3y4eCTH

Kaponpounocms — crnocoOHOCTh MaTepuana JUIMTEIbHOE BpEMsI CONPOTUBISATHCS
neOPMUPOBAHUIO U PA3PYIICHUIO TPH BO3JACHCTBUHM MEXAaHHMYECKHUX HArpy30K M IOBBIIIEHHBIX
TeMIIeparyp.

XKapormpoyHocTh BaxkHa NpU BbIOOpE MaTepualia, Korja padouue TemrepaTypbl H3Jenni
npessimator 0,3 temnepaTypbl IUIaBiaeHUS Tny. MHOTrME JeTanu COBPEMEHHBIX MapOCUIIOBBIX
YCTAaHOBOK, METAJUTyprU4ecKUX Iedel, ABUrarejeil BHYTPEHHEro CropaHus, ra3oBbIX TYpOUH U
APYruxX MalMH Opu paboTe pa3orpeBarOTCs 10 BBICOKUX TEMIIEpATyp M UCHBITHIBAIOT OOJIbIIME
Harpy3ku. YcioBus paOoThl Jetanedl pasnnyHbl. OCHOBHOE 3HayeHHE MpU BbIOOpE MaTepuaia
uMerotT: 1) temneparypa; 2) AJIUTENbHOCTh padOTHI 10 Harpy3Koi; 3) 3HaueHHe HalPsDKEHUS.

[Ipu BeICOKHX TemIepaTypax ycKopsawoTcs nuddy3noHHbIE IPOLIECCHI, U3MEHSIOTCS HCXOIHAs
MUKpPOCTPYKTYpa U MeEXaHH4YecKue cBoiicTBa MarepuasoB. C TMOBBIIIEHUEM TEMIIEPaTypbl
3HAYUTENIBHO BO3pacTaeT YMCIO BAKAHCHM, YBEJIWYMBACTCS MOABM)KHOCTh TOYEUHBIX JCPEKTOB.
Kpome Toro, muddysust cmocoOCTByeT mepeMeneHruIo AUCIOKAIUN (JTMHEHHBIN aedeKT) myTéM
Mepernoa3anusi, 4YTo JaéT UM OOJIBLIYI0 «CTENEeHb CBOOOBI», HO TaK)Ke HAOJIONAIOTCS YaCTHYHAS
QHHUTWIISAUS  JUCJIOKAUMKA  (IMCJIOKAllMM  pPa3HOr0  3HaKa  B3aUMHO  YHMUTOXKAIOTCS),
nepepacnpeesieHie MX, YTO KOPEHHBIM 00pa3oM MEHSIET NEePBOHAYAIbHYIO IUCIOKAMOHHYIO
CTPYKTYpYy MeTajuia.

JlinrenbHOE BpeMsi BO3AECUCTBUSI TEMIIEPATypbl MPUBOJUT K CYIIECTBEHHBIM CTPYKTYPHBIM
W3MEHEHUSM: TEepseTCs TMPOYHOCTh, IMOJY4YEHHAs TpHU TEpPMHUYECKOW o00paboTke (3aKajka,
CTapeHue), a TakKe MPOUCXOAUT MOTeps YIPOUYHEHHUS, BHI3BAHHOTO IJIaCTUYECKON aedopmanuei,
13-3a TaKUX MPOLECCOB, KaK BO3BPAT U PEKpUCTAIIU3ALUS.

Kak yxe Obl1O0 CKa3aHO, MPH BBICOKMX TEMIIEpaTypax OcjIabeBalOT MEXAaTOMHbBIE CBSI3U Y
METaJJIOB, YMEHbIAIOTCA MOAYJIb  YOPYroCTH £, BpeMEHHOE CONpOTUBIEHHE (Ipenen
[IPOYHOCTHU) 03 U MIPEJIEN TEKYUYECTH Or.

Uem Hmke TemrmepaTypa IUJIaBI€HMs CIUIaBa, TeM HIKE M pabouas temmeparypa. Ilpu
Harpy>K€HUU Marepuaja JUIMTEIbHOE BpeMs B YCIIOBUSAX IOBBIIIEHHBIX TEMIIEpaTyp HaOIroAaercs
nporiecc (SIBJICHUE) noI3yUecmu.

Ecnum npu nocTosiHHOM TemIiepaType MOJ JAEUCTBUEM IIOCTOSHHOW HAarpy3ku BbI3BaTh B
MeTajjle HamnpssKeHUE JaXKe HIDKE Ipejeia TEeKYYeCTH or M OCTaBUTh €ro B ATHX YCIOBUSX
JUINTEIbHOE BPEMS, TO METAJLT CO BpeMEHEM OyJeT 1ehopMHPOBATHCS C OIPEACIIEHHON CKOPOCTHIO.
D70 sIBIEHUE MOJYYUIIO HA3BaHUE no/13yuecmuy VI KpUIa.

OCHOBHBIMU ~ KPUTEPUSMU KAPOIPOUHOCTU METAJUIOB SBIISIOTCS npeden  OnaumenbHou
npouyHocmu W npeoen noasydecmu. Takue TOHATUSA, KaK IOJ3Y4ECTb M KApOIMPOYHOCTh, TECHO
CBSI3aHbI MEX/1y COOON U OTIENIUTh UX APYT OT JIpyra He MPe/ICTaBISAETCS] BO3MOKHBIM.

Bomnpoc 2. Ctaau u cijiaBbl ¢ 0c00bIMHU (PU3HKO-MeXaHMYeCKHUMH CBOHCTBAMHU
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Craju 1 cijiaBbl ¢ 0c00bIMHU (pU3NUYECKMMH CBOHCTBAMH

K cramsim ¢ ocoObiMu (pU3MYECKMMHM CBOWCTBAMH OTHOCSATCS: MarHWTHAs; HEMarHUTHAas;
CTajlb, OOJafaroIias BBICOKMM JJIEKTPUYECKHUM  CONPOTHBIIEHHEM; CTalb C OCOOBIMH
TeT10(OU3NIECKUMU CBOWCTBAMHU.

TyFOHJIaBKI/Ie MaTepHuaJibl

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

TyrommaBKUMH Ha3bIBAIOTCS METAJUIBI, UMEIOIIUE TEMIIEpaTypy IUIABIICHHS BBIIIC, YeM Yy
xene3a. HaumOomplee mnprMeHEHHWE B TEXHUKE HAXOAAT TYrOIUIABKHE METAJUIBI, MMEIOIINE
cnenyrome Ttemneparypbl miaBinenus: xpoMm (Cr) — 1900°C, nwmoOmit (Nb) — 2415°C,
MomnoeH (Mo) — 2620°C, tantan (Ta) — 3000°C, Bomsdpam (W) — 3410°C.

Pacmmpenne mpom3BojCTBa W NMPHMEHEHHE TYTOTUIABKUX METAJUIOB W CIUTABOB CBS3aHO C
pa3BUTHEM aTOMHOW TETNIOIHEPTETUKH U PAKETHO-KOCMUYECKON TEXHUKH.

CmiaBsl Ha ocHOBe HHOOUs (Nb) 1 Monnbnena (Mo) umeroT HanboJiee yIOBICTBOPUTEIBHBIE
TEXHOJIOTUYECKHE CBOWCTBA. KpoMe TOro, OHHM OXpYNMUYMBAIOTCS NPHU CPAaBHUTEIHFHO HU3KHX
temneparypax (+100) — (—100)°C. Boabdpam (W) mepexoauT B XPYIKOE COCTOSHUE TMpHU
temneparype 600°C. biaromapss CpaBHHTEIBHO BBICOKOW IUIACTUYHOCTH CIUJIaBBI HUOOHWS U
MOJMO/IeHa UMEIOT O0Jiee MMPOKOE PacCIpOCTPaHEHHE.

Bce TyrormimaBkue MeTayuibl HMEIOT HU3KYIO KApOCTOMKOCTh. J[JIst 3alIUTHI UX OT OKUCIICHUS
MPUMEHSIOT Pa3JInYHbIe TMOKPHITHS. I MOJMOACHOBBIX W BOJIL(PPAMOBBIX CILIABOB MPUMEHSIOT
pasnuaHble TepMO (D OY3NOHHBIC CUITHITHIHBIC TTOKPBITHS.

B kauectBe MaTepuaiia sl BKJIAIBIIICH COTIEN B PEAKTHUBHBIX IBUTATENSX, pabOTAIONINX Ha
TBEPJIOM TOTUTMBE, IPUMEHSIOT Tpadut, nMmerontuii Temneparypy iasierus 3900°C. TemnepaTtypa
mwiaMeHu B Takux asurarensx pocturaer 3500°C. Hemoctatkom rpadura sBiseTcs HHU3Kas
SPO3UOHHASI CTOMKOCTH, NMPHUBOJAIIAS K U3HOCY COIUIA HM3-3a TBEPIBIX YAaCTHUI], COJACP)KAIIUXCS B
OTXOJISIINX Ta3ax.

MarHuTHble 1 HEMATrHUTHBIE CTAJH U CILIABDI

MarHuTHbBIE CTaJIM OIMPOKO MPUMEHSIOTCS B JIEKTPOHMKE. B 3aBHCHMOCTH OT Ha3zHAYeHUS
pa3MYar0T MarHUTHOTBEP/IIC M MAarHUTHOMSTKHUE CIUIABEIL.

Maenumomeépovie cmanu CIyXar, TIaBHBIM 00pa3oM JJIsl M3TOTOBIICHHUS MOCTOSIHHBIX
MarHuToB. OHM JOJDKHBI UMETh BHICOKHE 3HAUEHUS KOIPIUTUBHON CHIIBI U OCTATOYHOW WHIYKITHSL.

Kospyumuenou cunoii HazpIBaeTCs HANPSHKEHHOCTh MArHUTHOTO TIOJISI OOpaTHOTO 3HaKa,
KOTOpast IOJDKHA OBITh MPUIIOKEHA K 00pa3ily Ui ero pa3MarHIYUBaHMUS.

Ocmamounotl uHOyKyuell Ha3bIBAIOT MAarHUTHYIO HHIYKIINIO, OCTAIONIYIOCS B 00pasie mocie
€ro HAMarHW4YMBAHUS M CHATUS MarHUTHOTO TIOJISI.

Haubonee uzBectHpie Mapku marHuToTBEpABIX cTaneil: 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 (3JIEKTPOTeXHUUYEcKyr0). B aToii cramu coxepxarcs xpom (Cr),
ko0ansT (Co), Mmouben (Mo).

MarHuToTBEP/IBIC CTANN IMMOJBEPralOT 3aKajKe HAa MApTEHCHUT U MCKYCCTBEHHOMY CTapEHHUIO
npu 100°C.

OmHuM U3 JTy4IIHX MaTEPHAIOB ISl MAarHUTOB sIBIIsieTCA criaB anbHUKO (8% Al, 14% Ni,
24% Co, octanmpHoe Fe). MarHuTbl W3 adbHUKO H3TOTOBJSIOT JIUTHEM, TaK KAaK OHHU ILIOXO
00pabaThIBaOTCs pE3aHUEM.

Maenumomsekue cmanu NCTONB3YIOTCS U pabOTHI B MIEPEMEHHBIX IMOJISAX, T. €. B YCIOBHAX
HETPEPBIBHOTO TlepeMarHuunBanus. [109TOMy OHM IPUMEHSIFOTCS ISl M3TOTOBJICHUST CEPACYHUKOB
TpaHc(hOPMaTOPOB, POTOPOB, CTATOPOB, MATHUTOTIPOBOIOB, AIIEKTPOU3MEPUTEIHHBIX TPHOOPOB.

Hcxons m3 (QyHKIMOHAILHOTO HAa3HAYEHWS MArHUTHOMSTKHAE MaTepHalibl JOJDKHBI UMETh
Mayioe 3HaueHHE KOAPIUTHBHON CHUJIBI M BBHICOKYIO MAarHUTHYIO NMPOHHUIIAEMOCTh. JTHUM CBOHCTBaM
OTBEYAIOT HU3KOYIJIEPOAUCThIE CTalu ¢ obaBieHueM 1 — 5% kpemuus (Si).
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Ob6o3Hauarorcss MarHutomsirkue craimu Oykson O (D1, 311, 221, D41 wu T1.40.) U
XapaKTEepPU3YIOTCSl BBICOKUM IMPOLIEHTOM cojiepkanust kpeMHus (Si) (1 — 5%). Kpome MarHUTHBIX
cTajiell IpUMEHSIIOTCsl MarHuTHbIE cruiaBbl Ha «Al — Ni— Co» u «Fe — Al» ocHoBe.

BBICOKYI0O MarHWTHYIO IPOHHUIIAEMOCTh UMEIOT CIICIUAIBHBIC KEIC30HUKEIIEBBIE CIUIaBbI —
MepMajuion C OMPENCICHHBIMU Y3KUMHU TipeaenamMu coaepkanusi Hukens (Ni) (oxomno 78,5%).
MarnuTHass TPOHHIIAEMOCTh TepMauioeB mouyTd B 10 pa3 Oombie, 4yeM HHU3KOYTIEPOAUCTOTO
TEXHUYECKOTO JKeJe3a, YTO MO3BOJSET MCIIONIB30BaTh WX ISl MPUOOPOB, pabOTaIONINX B CIA0BIX
nossix (pamuo, tenedon). ua Tex ke 1ened pa3paboTaH 3aMEHUTENh JOPOTHX MEPMAaIIIOeB —
craB anscudep, comepxkamuid 5,4% Al, 9,6% Si, octanbrHoe xenes3o (Fe). Henocrarkom craBa
SIBIISICTCSI €r0 TOBBIIIEHHAS XPYNKOCTh. AJNbcH(ep OOBIYHO WCIONB3YIOT B BHJE IMOPOINKA MK
TOHKOCTEHHBIX ()aCOHHBIX OTIIUBOK.

Hemaenumnvlie cmanu u cnaaswi, Hanpumep SSHOT'9 u H2S, 3aMeHstoT goporue mBETHBIC
MeTayutbl. OHU TIPUMEHSIOTCS B MpHOOpax, Te MarHUTHbIE MaTepHalbl MOTYT IOBJIHATH Ha
TOYHOCTb MMOKa3aHUM.

CiiaBbl ¢ MaJIBIM TEMIIEPATYPHBIM K03( (pHLMEeHTOM JINHEIHOr0 pacliupeHust

Cmanu u cnaasvl ¢ 0cooObIMU MenioQu3ULecKuUMU ceoLcmeamy OTINYAOTCI 0C000 HUZKUM
ko3¢ punuenTom temnaosoro pacmupenus. K aum otnocsres crains 18XMT® u crinassl unBap H36
(comepxanue Hukens (Ni) 36%, ocrampHoe — xene3o (Fe)), anuaBap H36X8, xoBap H29K18,
wiatuHuT H48 (mocnennuit 3amenser ruiaruHa (Pt)). YkasanHble cIijiaBbl NPUMEHSIIOTCS IS
YacOBBIX NPYXUH, KAMEPTOHOB, (PU3HUUECKUX MPUOOPOB.

Manbiii TemrnepaTypHblii KO3(PQUIIMEHT JTUHEWHOTO PACIIMPEHUS HMEIOT CIUIaBbl CHCTEMBI
«Fe — Ni» B wuntepBane KoHueHTpauuih 29 — 45% mnukens (Ni). Haumensiiee 3HaueHue
ko3 duienta a umeer uHBap 36H — cmnas, comepsxammii 36% nuxens (Ni) (a=1,5-10° K7).
Eme G6ojee HuM3KOe 3HaueHHMe Kod(Quiuenta nuHeliHoro pacmmpenus (a=1,0-100K") B
temneparypHoM uHTepBaiie oT —60 mo +100°C mocTuraercs mpu HMCHOJIb30BAaHWUU CYIEpUHBapa
32HK]l — cnaBa, MOMOJIHUTENIBHO JISTHPOBAHHOTO KoOaimbToM U meapto (31,5 — 33% Ni; 3,2 —
4,2% Co; 0,6 — 0,8% Cu).

CniaBbl AJIsl YIIPYIUX 3JIECMCHTOB

JUis W3roTOBIEHUS PA3IUYHBIX YIPYrUX 3JIEMEHTOB B NpuOOpocTpoeHHU (CHIB(OHOB,
NpYXUH, MeMOpaH) NpPUMEHSIOT MaTepuaiabl C BBICOKUMU YIPYTHUMHU CBOMCTBAMH, HE
MEHSIOLMMUCS B LIUPOKOM TemnepaTrypHoM auanazone (10 200°C). K xum otHocsT snunBap — Fe
— Cr — Ni ciunas, conepxatuuii okosio 40% Ni, 6% Cr ¢ no6askamu Tiu Al. DnaunHBap ynpouHsercs
B pe3ynbTaTe 3akayiku ¥ ctaperus npu 700°C, mpu KOTOPOM BBIACTSIOTCS 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 JTUTEHHOT0 MPOU3BOACTBA U 00padoOTKH
MAaTepHAJIOB 1aBJICHHEM

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

JlutbéM B necuaHble (GOpPMBI HM3TOTOBISAIOTCA OOJIBIIMHCTBO OTJIMBOK B CEPUHHOM
npou3BojicTBe. CyIIHOCTh €ro 3aK/II0YaeTcsl B 3QJIMBKE paciljlaBa B MecyaHyro (JIMTeiiHyt0) Gpopmy,
MOJIOCTh KOTOPOM MMeeT KOH(UTrypaiuio OTIuBKH. [lociie yero 3aTBepAeBIINI M OXJIAKIEHHBIN
MeTaJlJl WM CIUIaB COXpaHsAeT KOHPUIYpaLUIO STOU MOJIOCTH.
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OcHOBHbBIE OIEpaly TEXHOJOTMYECKOTo IpoLecca H3rOTOBJICHUS OTIMBOK B IECYAHBIX
(dbopmax MOryT ObITh OOBEIUHEHBI B TPU TPYIIIBL:

I. @®opmoska. Bxmrowaer B cebs omepanuy W3TOTOBJICHHS MOJCIBHOTO KOMIUICKTA,
MIPUTOTOBJIEHUSI (OPMOBOYHBIX U CTEPKHEBBIX CMecCE€l, W3rOTOBJICHHE 3JIEMEHTOB (QOpPMBI U
cTepxHel 1 cOOpKy IuTeitHON POopMBIL;

II. I1naska u sanuska. Bximouaer B cedsi omepanuy MOATOTOBKM U 3arpy3kKH IUIaBHJIBHOM
€4, MJIABJICHUS, JOBOJKHU U 3aJIMBKH paciljiaBa B JIUTEIHYIO Gopmy;

III. Buibusxka u ouucmrka omaugok. OCyIIECTBISETCS IMOCIE 3aTBEPACBAHUSI U OXJIAXKIACHUS
OTJIUBKH, COCTOUT B BBHIOMBKE OTJIMBOK U3 JUTEHHBIX (OPM, OUHCTKE MX OT OCTATKOB (DOPMBI U
CTEpXHEH, a Tak)Ke B YAAJIEHUHU AJIEMEHTOB JINTHUKOBOM CHCTEMBI.

JUis CHATUS BHYTPEHHUX HaIPsDKEHMM, MOJYYeHHS 3aJaHHBIX CTPYKTYpPbl U MEXaHHMYECKHUX
CBOMCTB MeTaJula OTJIMBKH MOJBEPraloT COOTBETCTBYIOILIEH TepMUUYECKOH 00paboTKe.

Boe16op Buza nuTeitHON (QopMBbI OmpenenseTcss MaTepuaIoM, Maccod M TOJIIUHOW CTEHOK
OTJIMBKH, & TAKXKE TEXHOJIOTUEH U3rOTOBIEHUS (OPMBI.

Ha3nauenue nureiinoi ¢popMbI COCTOUT B 00eciedeHUN:

1) HeoOx0IMMOM KOHPUTypalKi U pa3MepPOB OTJIMBKHY;

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

3) onpenenéHHON CKOPOCTH OXJIAXKICHMS 3aJUTOr0 METallla, CIIOCOOCTBYIOIIEH (OPMUPOBAHUIO
TpeOyeMoil CTPYKTYphbI CIlJIaBa U Ka4ecTBa OTJIMBOK.

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

Jlumeunas ocmacmka — TPUCIOCOONIEHUS, NPUMEHSEMbIE Il M3TOTOBJIEHUS OTJIMBOK.
JluTeliHass OCHAcCTKa COCTOMT W3 TEXHOJIOTHYECKHX MPHUCIIOCOOJICHH, HEOOXOMUMBIX IS
nosiyueHuss B ¢GopMe KOHTYpPOB OTJIMBKHM, W BKJIIOYAaeT B ceOd MOJAEIbHBIM U (OPMOBOYHBIN
KOMILJICKTHIL.

MooenbHulil Komniexm BKIOYAET B ¢e€0sl BCIO OCHACTKY JUISI MOJIYYEHUS OJIOCTH (OPMBI.

B paccmaTtpuBaemoMm ciiyyae MoJeJIbHbII KOMILUIEKT COCTOUT M3:
1) Mozenu; 2) CTEp>KHEBOTO SIIIKKA; 3) MOJCIICH AJI€MEHTOB JIMTHUKOBOW CUCTEMHBI
4) npubbuM; 5) BBIIOpA U Jp.

[Ipy HEOOXOIMMOCTH MOJENBHBIM KOMIUIEKT JOJDKEH BKJIIOYAaTh TaKKe I[Ia0JIOHBI s
KOHTpOJISI pa3MepoB W KoHurypamuu (opmbel. Mmes BCO HEOOXOIUMYIO OCHACTKY, MOJKHO
U3TOTOBUTH JIUTEHHYIO POpMY.
®opMOBOYHBIN KOMILIEKT COCTOUT H3:

OTIOK; TIOJIMOJICIFHOM IUTATHI; IITHIPEH; 1a0JIOHOB.

Mooeny — mnpucnocobiaeHue, ¢ mnoMmoupbio kotoporo B ¢opme 1 (puc. 160) mosyuaror
OTIIEYaTOK, COOTBETCTBYIOIINM KOH(UTYypallui OTIIMBKU.

Monenb KonupyeT OTJIMBKY, OTIMYAsACh OT He€ yBeIMYeHHbIMU pa3zMepamu. HeoOxoaumocThb
M3rOTOBJICHUSI MOJEIM YBEJIMYEHHBIX PAa3MEpPOB BbI3BaHA YCAJKOW MeTaula OTIMBKU IPU €ro
KpUCTAJNIM3allMd M OXJIAXKJEHUHU, a TaKXke AajbHeiIIed MexaHuyeckoil o0paboTkoil pabouux
MOBEPXHOCTEN OTIIUBKH.

ITo KOHCTPpYKIMHU MO/Ie/IH MOTYT OBITh:

1) Hepa3beMHBIMH; Pa3bEMHBIMH; C OTbEMHBIMH YACTSIMU U T. II.
MacTep Moaes M U3roTaBJIMBAIOT U3 CJIeAYIOIINX MATEPHAJIOB:
1)u3 nepeBa (eMMHUYHOE M CEPUMHOE TTPOU3BOJICTBA);

2) yyryHa, aJllOMHHHUS, IJIacTMacc (MaccoBO€ MIPOU3BOJCTBO).

Cmeporcnesvle awuxu (puc. le, 16) cmyxar s HM3TOTOBJICHUS CTEP)KHEH 8, KOTOpHIE
yCTaHaBIMBaOTCI B (GopMy | ¢ Ienbl0 CO3/1aHUs TOJOCTU WM OTBepcTus B oTiuBke. [lo
KOHCTPYKLIMU CTEpXKHEBBIE SIIUKU TMOJPA3AESAIOTCS Ha LeJbHble, pa3béMHble (puc. ls, 1s),
BBITPSIXHBIE U Ap. M3roTOBISIIOT MX U3 TEX K€ MaTepHalioB, 4YTO U MOJEIH.
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Puc. 1. JIuteiinas monens (0), CTEpKHEBOU AIIUK (6), OTIUBKA (2) UyT'YHHOU BTYJKH (a).

Haznauenue npyrux a3jieMeHTOB JUTEHHON (popmbl cocTout B cienyromeM. COBOKYITHOCTh
KaHAJIOB W PE3epBYapoOB, CO3JaBaEMbIX JUTHUKOBON BOpoHKO# 10, crtosikom 11, 3ymmdom 13,
nutakoyiaoButenem 12 u  muratensimu 14, 15 (puc. 3), Ha3BIBAIOT JUMHUKOBOU  CUCTEMOI.
JluTHUKOBAs cucTeMa MpeAHa3HauYeHa /s 1MOJBOJIA KUJKOTO MeTalla U3 JIMTEHHOro 3aJIMBOYHOTO
KOBIIA, B KOTOPbIM pacIUIaBICHHBIM MeETaul MOCTyNaeT U3 IUJIaBWIBHOIO arperara Wiu
pa3gaToyHOro KOBIIIA, B MOJOCTH (OpMBI 1.

Jlumnukoeasa eoponka 10 (puc. 3), npenHa3HayeHHas JUIsl IpUeMa paciulaBa U 3aJeprKaHus
[IOTIa/IAI0IIEro BMECTE C HUM IIIJIaKa.

Cmosx 11 (puc.3) mpexacraBisieT Cco00OM BEPTUKAIBHBIA KaHAI, dYepe3 KOTOPBIA
pacIUIaBIEHHBIN METalI IOCTYNAET OT JIMTHUKOBOM BOPOHKH 10 K ApyruM 3j1eMeHTaM JINTHUKOBOM
cucteMbl. KonycHocTb 2...4% crosika o0ecnieunBaeT yo0cTBa mmpu (GOpMOBKE M HATOp pacriiaBa.

3ymngh 13 (puc. 3) mnpemoxpaHseT HUXKHIOO TMOIyhopMy OT pa3mblBa W TOMAJaAHUS
IIPOJIyKTOB pa3MbIBa (TJIaBHBIM 00pa3oM — yacTHl] (JOPMOBOYHON CMECH) B HOJIOCTH (DOPMBI, a,
CJIEJOBATENIbHO — B OTJIUBKY.

LInaxoynosumens 12 (puc. 3) HEOOXOUM ISl IPEAOTBPAICHUS TOMAIAHUS IIIJIaKa U APYTUX
YacTHUI B [IOJIOCTh (POPMBI.

Ilumamenu 14, 15 (puc. 3) npenHasHadeHsbl IS TUIABHOM TO/Ia4M PACIUIAaBICHHOTO METalia C
OTpeIeIEHHON CKOPOCTHIO HETIOCPEACTBEHHO B MOJIOCTH (DOPMBI.

Ilpubvinvio 7 (puc. 3) HA3BIBAIOT TEXHOJOTHYECKH TPUIIUB, KOTOPBIM, 3aTBepjieBas B
MOCIIETHIOI OYepesb, IpeAoTBpaiiaeT oOpa3oBaHUE YCaJOYHBIX DPAKOBUH B TeJle€ OTJIMBKH.
YcanouHast pakoBUHA P 3TOM (HOpMHUPYETCSt B TPUOBLIH.

Uepes gvinop 5 (puc. 3) BBIXOAUT BO3AYX M APYTHE Tasbl, KOTOPbIE 00Pa3yrOTCs B MOJIOCTH
¢dopMbl BO BpeMsl €€ 3aJlUBKM pAacIUIaBJICHHBIM METauIoM. Bblmop Takke mnpeaHazHadyeH s
YMEHBIIECHHUS JAWHAMHUYECKOro JaBJIeHHs MeTauia Ha ¢opmy. [a3pl BO3HUKAIOT B MOpax
($hopMOBOUHOI U cTepkHEBOM cMecu 2. Ecnu ux He yaanarh, TO OHU MOTYT MPONTH Yepe3 IpaHully
«hopma — MeTai» U MomnacTh B OTJIMBKY, 00pa3ys Tak Ha3blBaeMble ra30Bble pakoBUHBL. [loaTomy
JUIS JIy4lIero yAajieHus ra3oB B Hojiypopmax Bepxa M HH3a, a TaKKE B CTEPXKHSAX YCTPAaUBaIOT
BEHTUJISIIUOHHBIE KaHAJIbI 6, CIIOCOOCTBYIOILIME BbIXO1Y Ia30B U3 JTUTEHHON (POPMBI.

B nuTHUKOBYIO cHCTEMY MOTYT BXOJIUTh JOMNOJHHUTENbHbIE NMPUObIIM U MUTAIOIINE BHIIOPHL,
yCTpauBaeMble JUIsl YTOJIIEHHBIX OTJIMBOK U3 CTAJIM U IBETHBIX CIIABOB.

VYmnotHenue (OpMOBOUHON CMECHM B BEPXHHUX W HIKHUX MOIypopMax, Kak IPaBHIIO,
BBITIOJIHAIOT B ONOKax 3, 4, MpeCTaBIAIOMUX COO0M OTKPBITHIE C IBYX MPOTHUBOMOJIOXKHBIX CTOPOH
MeTtamndeckue suuku. [locne m3roroBneHus noiayhopMm HuU3a, Bepxa M CTEPHKHEH IPOU3BOIAT
onepanuy cOOpku GOpPM U UX 3aTHMBKH JKUJIKUM METAILJIOM.

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

Breiburtas u3 ¢opmbl OoTIMBKAa mHojBepraercs oOpyOke (OTHENeHMIO JUTHUKOBOM CHCTEMBI,
npuObLIEH, 3ayCeHIIEB U T. JI.) U OYMCTKE, 3aTeM, eciid HeoOxoaumo — TepmooOpadoTke. Ilepen
clayeil B MEXaHMYECKUH 11eX BCE OTIMBKU MPOXOASIT HEOOXOAMMBIH KOHTpOJb. IIpu 3TOM yacthb
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OTJIMBOK MO>KET OBITh OTIPABJIEHA HA yCTpaHeHue /1e(eKTOB (3aBapKy, MPOIUTKY ClEeLHUaIbHbIMU
coctaBaMH U Jip.). OCHOBHBIMHM NpPUYMHAMH Opaka OTJIMBOK SIBJISIFOTCSI TPEIIMHBI, YCaJOYHBIE U

Ta30BbBIC paKOBI/IHBI.
1
]

Puc. 2. Dcku3 nutoii 3arotoBkH (@),
Mo/ienH (6) U CTEPKHEBOTO AITUKA (8).

iy

- Iy
@ I

i
- A S )

Puc. 3. Ocku3 nureitHoi Gopmbl: 1 — coOCTBEHHO 1M0I0CTH GOPMBI; 2 — POPMOBOYHAS
CMECh; 3 — OIOKa HWKHEHN norypopMbl; 4 — oroka BepxHel moJ1ypopMbl; 5 — BBINIOD;
6 — BEHTWJISIIUOHHBIN KaHall; 7 — MpHUObLIb; § — CTEPIKEHb; 9 — IIIOCKOCTh pazbéma
dbopmel (1axg); 10 — nmuTHUKOBAs BOpOHKA; 11 — cTosik; 12 — muIakoynoBHUTENb;

13 — 3ymndg; 14, 15 — nuraTenu.

®opMOBOUYHBbIE MATEPHUABI

Marepuanbl, U3 KOTOPBIX H3TOTOBJISIOT JUTEHHBIE (OPMBI, HCKIIOYas MeETAIIMYECKUE,
Ha3bIBAIOT POPMOBOUHBIMU MAMEPUATAMU.
Buabl popMOBOYHBIX MATEPHAJIOB: UCXOHbIE; POPMOBOYHBIE CMECH (U1 U3rOTOBIIEHUS (POpM);
CTEpXKHEBbIE CMECH (IJI1 U3TOTOBJIEHUS CTEPKHEW); MaTepHUalbl OKOHYATEIbHOW OTAEIKU (popM U
CTepxHeil; oTpaboTaHHbIE — OBIBIINE B YIIOTPEOJICHUH CMECH.

Hcxoonvimu SBIAIOTCA MaTepHalibl, U3 KOTOPBIX IPUTOTOBIISIOT (POPMOBOUHBIE B CTEP’KHEBbIE
CMECH, a TaKXKe MaTepualbl OKOHYATENIbHOM OTAEIKU (GOPM U CTEPHKHE.

DopmogouHvle U cmepoicHesble  cmecu  TIPEICTABIAIOT  COOOM  NpeABApUTEIBHO
MOATOTOBJICHHbIE, B3ATble (B 3aBUCHUMOCTH OT HA3HA4YeHHs]) B ONPEIEIEHHON MPOMOPLHH,
PaBHOMEpPHO IMEpeMEIlaHHble MEXJay Cco00l ucxoaHple MaTepuanbl. CTepKHEBbIE CMeECH
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MOJIBEPraloTCsl 3HAYUTENHFHO OOJBIIUM TEPMHUYECKUM M MEXaHWYECKHUM BO3JICHCTBHSIM, YeM
(GOopMOBOYHBIE, TaK KaK CTEP)KEHb IPAKTHYECKH CO BCEX CTOPOH OKPYXKEH pacIuIaBICHHBIM
MeTayuioM. s ymydimeHusl MeXaHU9eCKUX, TEXHOJIOTUIECKUX U JIPYTUX CBOWCTB B ()OPMOBOYHBIC
U CTEP)KHEBBIE CMECH BBOJST BCIIOMOTATeIbHBIE (DOPMOBOUHBIE MATEPHAIIBL: CBS3YIOIINE (CMOJIBI,
KHJIKOE CTEKJIO), MPOTUBOIIPHUTapHbIe (MTBUICBUIHBIA KBapll, KAMEHHOYTOJIbHAS TBUIb), 3alIUTHBIC
(Gopnast kuciota, (ropucras mnpucanka) u ap. Ilepen ycraHoBkod crepxkHed B (OpPMBI HX
0053aTeNbHO MPOCYILINBAIOT.

CoctaB ¢GopMOBOYHBIX cMeceii:

1) [Tecox popmosounsiit ('OCT 2138).

ITecokx (hopMOBOUHBIN — 3TO AUCIIEPTUPOBAHHBIN FTOPHBIM MUHEpAJL.

B cocras necka Bxoaut kpemae3ém (Si02), KOTOpbIH 00IagaeT TEMIIEPATYPOH IJIABJICHUS
pasHoii 1713 °C u mioTHOCTBIO 2,5+2,8 T/cM’.

B mecke Takxke comepikarcsi BpeAHbIe IPUMECH, TAaKUE KaK: CI0A, OJICBOU IIIAT, OKUCIIBI
KeJe3a M MIeIOYHO3EMEIIbHBIX METAJUIOB, KOTOPBIE HMEIOT 00JIee HU3KYIO TEMIIEPaTypy IJIaBICHUS
Y TIOATOMY CHIDKAIOT OTHEYIIOPHOCTH ITECKa.

OCHOBHBIM TIOKa3aTeJeM KayecTBa MecKa SBISETCS MOKa3aTelb CONCPKaHMs TIIMHBI U
IIpUMECEH.

OrHeynopHocTh MeCKOB
[To orHEeYOPHOCTH MECKH MTO3BOJISIOT OTJIMBATh B IECYAHOTIIMHUCTHIC CMECH BCE I[BETHBIC
METaJUIBI, & TAKXKE CTAh ¥ YyT'yH. [IOBBICHTH OTHEYITOPHOCTH TIECKa MOYKHO ITyTeM BBEICHHUS B HETO
OTHEYITOPHBIX MaTEPHAJIOB.
Buabl orTHeYyNOPHBIX MaTEePHAJIOB:
Hupkon (ZrO>+Si0;); Maruaesut (MgCO3); XpomucTsiii xkene3nsk (FeOCr203).

Mamepuanamu 0115 oKoHUAMENLHOU OMOENKU (YOpM U cmepicHell SIBISIIOTCS OTHEYOpPHBIE
JUTEWHBIE KPacKd, 3aMa3Kd, KJIem ¢ T.I. MaTephalibl, KOTOpPhIE YacTO HAa3bIBAIOT
BCIIOMOTaTEIbHBIMH.

OcHoBHBIE CBOIICTBAMU (P)OPMOBOYHBIX H CTEP/KHEBBIX:

1) mpoyHOCTH Ha CXXKaTWe ¥  pa3pblB, TOBEPXHOCTHAS MPOYHOCTh WM  OCHIIAEMOCTb;
2) ra30MpoHUIIAEMOCTh (CIIOCOOHOCTh CMECH MPOMYCKaTh Ta3bl); 3) Ta30TBOPHOCTH (CIOCOOHOCTH
HarpeTou cMecu BBIIEIATH ra3bl); 4) THIPOCKONMYHOCTD; 5) (popMyeMocTh; 6) TEKY4ECTb;

7) yIIOTHSIEMOCTh; 8) BBIOMBAEMOCTb U Jp.

Bce 9T cBoliCTBa KOHTPOJUPYIOTCS CTaHAAPTHHIMH METOJUKAMH Ha  CIICIUAIBHBIX
npubdopax.

CoctaBpl W YypOBHH CBOWCTB CMecedd Ha3Ha4yalOT B 3aBHCHMOCTH OT Xapakrepa
TEXHOJIOTUYECKOTO TIpoIlecca, B CBOIO OdYepenb, SBISIOmEerocss (QyHKmuend OO0NbIIOro Yucia
(dakTopoB (MacmTaba MPOW3BOJCTBA, MaTepuaia, MACChl, CTENIEHU CJIOKHOCTH, TOHKOCTEHHOCTH
OTJIUBOK U JIp.).

Bomnpoc 2. IIpou3BoacTBO YyryHa

Yyeynamu Ha3bIBalOTCS cIulaBel Ha ocHoBe kenesa (Fe) m yrmepona (C) ¢ comepkanuem
yriepoaa 6oinee 2,14% (mac.). Oxono 80% Bcero KOIMYECTBA BBHIMUIABISIEMOTO YyT'yHa COCTaBJISET
MepeNeIbHBIA YYTYH, SBISIONUNACA HMCXOMHBIM MPOIYKTOM JUIS IPOM3BOJCTBA cranmu. Jlis
MIPOM3BOJICTBA (DACOHHOTO JTUThS HA MAIIMHOCTPOUTEIHHBIX 3aBOJIaX UCIIOJIB3YIOT JTUTCHHBIA YyT'yH
(15 — 20%), a B kauecTBE JETHPYIONIUX M00ABOK M PACKHCIUTENEH NpPH BBHIIUIABKE CTAIH —
deppocmassl: heppomapranen u dheppocunuimii (1 — 2% macc.).
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HUcxoaHbie MaTepUaJibl IJId IPOU3BOACTBA YyIryHa

B TOBEpXHOCTHBIX CIIOSIX 3€MHOH KOPBI JKElle30 PEIKO BCTPEYAeTCs B YHCTOM BHJE.
bnaronaps 60JbIION CKIOHHOCTH jKelie3a K OKUCIIEHUIO, B 3¢€MHOM KOpe OHO HaXOAWUTCS B BUJE
OKHCJIOB B CMECH C OKHCIIAMH JPYIHX XUMUYECKUX FIIEMEHTOB.

Kenesnas pyoa — 3T0 ropHasi Mmopoja, cojepialias >Kejae30 B TaKUX KOJIMYeCTBax, Mpu
KOTOpPbIX €€ TEeXHMYECKH BO3MOXXKHO M SKOHOMMYECKHU IiesiecooOpa3sHo mnepepabarbiBaTh. Pyna
COCTOUT M3 CMECH XKEJIe30CoAepKalluX MUHEPAIOB C IyCTOM MOPOJOH, B COCTaB KOTOPOI BXOAAT
pa3auuHble  COEQMHEHMs, TMpexae Bcero KpemHe3éM (Si02), rauHo3EM (ALO3), oxcua
kanpius (CaO) wu  okcup wmaraus (MgO). Pexe B cocTaB  MyCcTOW TMOPOJBI  BXOIUT
marHe3ut (MgCO;) u nonomut (MgCO3-CaCO:s).

Ilycmoii nopoodoii pyowsi Ha3bIBaeTCs Takasg €€ COCTaBJAIONIAsA, KOTOpas HE BHOCHT
CYIIECTBEHHBIX TEXHOJOTHYECKUX OCIOKHEHHH B METAJUTYPTHUECKYIO MEpepadOTKy PYyIbl M JIETKO
OTJIEINSETCST OT PYIHBIX MHHEPAJIOB WM B Ipolecce 00OTAIleHUs] WM MEPEeXOAUT B IUIAKH TPU
IJIaBKe.

[IpuroaHoCTh KeNe3HOM pybl /UIs JOMEHHOM IUIaBKH 3aBUCUT OT cojiepkaHus xenesa (Fe),
coCTaBa IYCTOM MOpOJbI U KOHILIEHTpAIMM TaKuX BpeIHbIX mpumecel, kak cepa (S), docdop (P),
MBIIIBSK (AS) ¥ 1p. BpeaHble mpuMecH OCIOXKHSIOT METAJUTYPrHUECKUE MPOIECCH, U, 3arpsi3Hsis
OCHOBHOM MeTaJljl, CHUXKAIOT €r0 CBOMCTBA.

B 3aBUCHMOCTH OT KOJMYECTBA PYTHOTO BEIIECTBA pAa3IMYaOT OoraThle W OCIHBIC PYIIBI.
XKenesnpie pyapl TPUHATO Ha3bIBaTh OOTAaThIMH, €CIIM OHH COJEpKaTh 0Oojiee TOJOBUHBI
xene3a (Fe); HO »95TO moHATHE MeHseTcs cO BpeMeHeM. Takke BaXHYI0 pOJIb HWIpaer
BOCCTAHOBUMOCTh PY[bl, KOTOpas ONPENENIEeTCs CKOPOCThIO BOCCTAHOBJIEHHUS M3 HEE JKeie3a U
3aBHCUT OT IMPHPOJBI OKCHIA JKele3a, IUIOTHOCTH M TOPHCTOCTH pyAbl. Uem mioTHee W MeHee
MIOPUCTA pyJa, TEM Xy»Ke €€ BOCCTAHOBUMOCTb.

K ocHOBHBIM pynooOpa3yromuM MuHepajgaMm, HauOoJieeé 4YacTO HCIOJIb3YyeMBbIM st
IIPOM3BO/ICTBA YYT'YHA, OTHOCSTCS CIEAYIOIINE JKEIEe3HbIE PY/AbIL:

1) Macnumnwiii scenesuax (maenemum). Conepxut xemne3o B kosmuectse 40 — 70% B Buae
okcuaa FesO4 (3aKucCh-OKHMCH JKene3a) W 00JalaeT XOpoOIIO BBIPAKEHHBIMU MAarHUTHBIMU
CBOWCTBAMM.

2) Kpacnuwui sorcenesnax (ecemamum). Cogepxkut 45 — 65% sxene3a B Buie 0€3BOJHOTO OKCHJIA
Fe;03. B kauecTBe mycToi MOpo sl reMaTUT COAECPKUT KpeMHe3EM (Si102).

3) bypwiii ocenesnax (aumonum). COHCPKUT >KEIIE30 B BHUAEC BOJHBIX OKHUCIOB THIIA
nFe>O3-mH>20 ¢ nepeMeHHbIM KOJIMYECTBOM FUAPATHON BJIary.

4) Illnamoeuwiii scenezusx (cuoepum). Cogepxut 30 — 40% xene3a B Bujae kapoonata FeCOs.

Kpome xene3HbIX pyn, Ads8 METaUIyprMUecKoro IpOU3BOJCTBA 4YyryHa TpeOyroTcs
CIIEYIOINE UCXOOHble Mamepuansl: MapraHieBas pyaa, (UIIOCchl, TOILIMBO U Bo3ayX. Jlamum
KPaTKYI0 XapaKTePUCTUKY 3TUM MaTepHajaMm.

Mapeanyesvie pyobi — TOpHBIE TIOPOIBI, coaepxamiue mapranen (Mn) B BUAC pa3IMUHBIX
okucioB MnOz, Mn304, Mn2O3 ¢ obmuM coxepkanueM mapraniia B npenenax 25 — 40% (mac.).
Mapranern (Mn) npu BIIIJIABKE YyryHa HCIIOJIB3YETCS B IEPBYIO O4Yepe/ib KaK PACKUCIHTENb.

@Dnrocvl — Matepuansl (BEIIECTBA) ONMPEAeIEHHOTO XUMHYECKOTO COCTaBa, CIIOCOOCTBYIOIINE
[IPEBPALCHUI0O B NUIAK IIyCTOW MOpOJBI, BPEAHBIX IIpUMEcEed M 30Jibl ToIuIMBa. JlaHHOE
OTIpEeJIeNIEHUE CIPABEJIMBO TOJIBKO JJIi METaJUIypruueckoro mpou3BojcTBa. JloMeHHbIe (IIrOChI
TaKKe BBOJSTCS B JOMEHHYIO TI€Ub C IIeIIBI0 MOHIMKEHHUS TEMIIEPATYpPhl TUIABICHHUS ITyCTOW ITOPOIBI
YKEJIE3HOU PY/IbI.

OCHOBHBIM BHJIOM TOIUIMBA, WMCIOJIB3yeMBIM IIPH BBIIUTABKE YYr'yHa B JIOMEHHBIX IMEYax W
BarpaHkax, SBJSIETCS KOKC.

Koxc (kamennoyzonvHulii kokc) — npeacTaBisieT co00il TBEPIYIO NOPUCTYIO MacCy, KOTOPYIO
MOJIy4aloT CyXoil meperoHkoi (mpoxanuBanuem) npu temieparype 1000 — 1200°C 6e3 nocrtyma
BO3/[yXa HEKOTOPHIX COPTOB KaMEHHBIX YIJIEH, Ha3bIBAEMbIX KOKCyOmUMUCS. CpemHss TeIuioTa
cropanus kokca coctabiysiet 29,3 Mx/kr (7000 kkai/kr).
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B coBpeMeHHOM 10MeHHOM NPOU3BOACTBE KOKC UTPaeT ABe BajKHbIE POJIU:

1) CiykuT OCHOBHBIM BHJIOM TOIUIMBA, OoOecreuuBas HarpeB paboueld 4YacTu JIOMEHHBIX
nevei 1o HeoOX0IMMOI TeMIlepaTyphbl;

2) OGecnieunBaeT BOCCTAHOBJICHHE XKeJle3a U3 €ro OKCUIOB (CM. HIKE).

biaromapss cBoell BBICOKOM MEXAaHMYECKOM IPOYHOCTH, MOPUCTOCTH U BBICOKOU
TEIUIOTBOPHON CIOCOOHOCTH OH CTall MPUMEHATHCS HAa BCEX METATYPIHMUECKUX MPEeANPUATHAX
4EPHOU METAJUTYPTHH, BBITECHUB IPUMEHABIIMICA paHee JAJIs OTUX LeJIeN JPEBECHBIN YT OJIb.
COBOKYITHOCTh MaT€pUaIOB UCXOJIHOTO CBHIPbS, B3ATHIX B OIPEIEIEHHOM MAacCOBOM COOTHOIIEHHH,
IIpeIHa3HAYEHHBIX JJIs MOJIy4YE€HUsl METaJUIOB, Ha3bIBaeTCs wiuxmou. IMEHHO IIMXTa MOCTYIAeT B
IUIaBUJIbHBIE arperaThl JUIsl TOJIy4E€HUS! METAJIIIOB.

IToaroroBka MCXOAHBIX MaTEepUuaJioB K IIJIABKE

[lepen mmaBkoOi pyabl MNPOXOAAT CHEUHAIBHYHO TOArOTOBKY, KOTOpas IOBBIIAET
MMPOU3BOJUTCIIBHOCTE JOMCHHBIX rneueit u YMCHBIIACT pacxoa TOILIMBA. OCHOBHBIMH onecpanusaMu
MOATOTOBKH PYA K IUIaBKe SIBISIIOTCS: 1) npoGiienue; 2) copTUpoBKa; 3) oboraimieHue; 4) 00xwur;
5) arnomeparnus (criekanue) 00oTameéHHON Py/Ibl.

Bomnpoc 3. IIpou3BoacTBo craau
IIpousBoacTBO cTa N

Cmanavu Ha3bpIBalOTCS cIIaBbl Ha ocHoBe xkenesa (Fe) m yraepoxa (C) ¢ conepkaHuem
yriaepoga 1o 2,14% (mac.). llpakTudeckoe NPUMEHEHHE HAILIM CTAIM C COJEpKaHHUEM
yraepoaa (C) mo 1,5% (mac.). [loCTOSITHHBIMM TIpUMECSMH B CTaJsIX SIBJSIOTCS Mapranerl (Mn),
kpemHunii (Si), ¢ocdop (P) u cepa (S). Kpome yriepoaucteix crajieid, B MaIIMHOCTPOCHUU U
CTPOMTENHCTBE HIMPOKO NPUMEHSIOT JISTHPOBAaHHBIE CTAllM, B COCTaB KOTOPBIX IUISl YIyUIICHUS
(U3NKO-MEXaHUYECKUX M OKCIUTYaTallMOHHBIX CBOWCTB JIOTIOJHHUTEIIFHO BBEICHBI DPAa3IUYHBIC
xumuueckue aeMeHTsl (xpoM (Cr), Hukens (N1), Mmomubaen (Mo) u ap.

B mocnmemHue TrOmBI  MIMPOKO  TPUMEHSIIOTCS — DIIEKTPOMETAJUTYPTHYECKHE  CIOCOOBI
MIPOU3BOJICTBA CTAJIH, MTO3BOJISIONINE MOJTyYaTh HauOO0JIee CII0KHBIC U BRICOKOJIETHPOBAHHBIE CTAJIH.
Hwmxe paccMOTpuUM Tpu OCHOBHBIX CIOCO0a MPOU3BOJICTBA CTAJH, MPUMEHSEMBIX B COBPEMEHHOM
METaJUTYpPrHUeCKOM TIPOM3BOJICTBE: B KHCIOPOIHBIX KOHBEPTOpaX; B MAapTCHOBCKHX IeYax, B
AIIEKTPUUYECKHX TIeUax.

VcxomupiMu MaTepualiaMu ISl TIOJTYYEHHsl CTalH CIY)KaT TepeleNbHbId (Oenblil) 4yryH,
CTaJIbHOH JIOM U (eppociiaBbl. UyryH Mo CpaBHEHHUIO CO CTaIbIO COAEPXKUT OOJIblIee KOJIUYECTBO
yriepoaa (C) u mpumeceir. Iloatomy ocnosnas 3adaua nepedena wyeyna 6 cmaib COCTOWT B
ynasiennn u30biTKa yriepona (C) w mpuMeceid ¢ TOMOINBI0 OKHUCIUTENBHBIX IPOIIECCOB,
MPOTEKAIOIINX B CTAJICIUIABAJIBHBIX arperaTax.

KonBepTopHOe NMPOH3BOACTBO CTAJIH

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

B ocHOBe KOHBEPTOPHBIX MPOILECCOB JIEKUT OOpadOTKa KUAKOTO YyryHa razooOpa3HbIMU
OKUCIUTENSIMU O€3 TMOJBOJAa W3BHE JOMOJHHUTEIbHOro Termiaa. lIporecc BbIIIABKUA CTad B
KOHBEpPTOpaX OCYLIECTBISETCS TOJIBKO 3a CUET XUMMUYECKON TEIUIOTHI 3K30TEPMUUYECKUX peakLuid
OKUCIICHUS TpUMece ¢ y4€ToM (U3UYECKON TEeIIOTHl JKUIAKOro 4YyryHa. l[IpomyBka dyryHa
MIPOM3BOJIUTCS CBEpPXYy WJIM Yepe3 JHMINE B CIEUUalIbHBIX arperarax — KOHBEPTOpaX.
KoHBepTOpHYyI0 MIaBKy XapakTepu3yeT BbICOKas MPOU3BOAUTENBHOCTh 3a CYET OO0JIbLION
peaKMOHHON MOBEPXHOCTU METAJUI-OKUCIUTENb U BBICOKOM CKOPOCTH OKUCIIEHUS TPUMECEH.

Konsepmop mnpencrasisier coboil OOJBIIYI0 pPETOPTY, HapyXHasi MOBEPXHOCTb KOTOPOM
BBITNIOJIHEHA U3 JINCTOBOM CTaIM 3HAUUTEJIHHOM TOJIMHBI, @ BHYTPEHH:S (yTepoBaHa OrHEYIIOPHBIM
MarepuagoM. BHellHe KOHBEPTOp HANOMMHAET CcoCyA TrpymeBuaHoNd (opmbl. Bmectumoctsb
COBPEMEHHBIX KOHBEpPTOPOB cocTasiseT 250 — 400 T.
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Kucnopoono-xonsepmopmwiii  cnoco6 ewvinnaeku cmanu. Pa3zpaboTka mgaHHOTO crocob6a
BBIIJIABKU CTaJM SIBUIOCH HOBBIM Ba)KHBIM O5TallOM B COBEPIICHCTBOBAHUHU CTAJICIIJIABUIHLHOTO
MIPOM3BOJICTBA. 3aME€Ha BO3JAYLIHOTO JyThsS KHUCIOPOJHBIM IIOCTaBHJIO KOHBEPTOPHBIH CHOCOO
MIPOM3BOJICTBA CTalld HA COBPEMEHHBIM ypOBEHb M O00ECHEUYMSIO €My IOBCEMECTHOE IIMPOKOE
MIPUMEHECHHE.

[IpuMeHeHne TeXHUYECKH YUCTOTO Kuciopoaa (He menee 99,5% O) mis mpoAyBKH 4YyryHa
MO3BOJIMJIO 3@ CU€T CHIDKEHUs cojepkaHus azora (Nz) ylydlIuTh KadecTBO KHCIOPOJHO-
KOHBEPTEpPHOM CTanu. B Hameld cTpaHe B HACTOAILIEE BPEMsI MCHOJB3YIOTCS KHCIOPOIHBIE
koHBepTephl EMKOCTHIO 100 — 400 T. OOBEM BBHITUIABIIEMON KHCIOPOTHO-KOHBEPTEPHON CTalld B
Hameld cTpaHe cocTaBisieT okoyio 35% oT obmero o0péma e€ mpousBojcTBa. Ha GonbpmmHCTBE
METAJUTyPrUuecKuX MPearnpusITHil A KHUCIOPOIHO-KOHBEPTOPHOTO CHOco0a BBILIABKU CTaIH
HCIIOJIB3YIOT KOHBEPTOPHI C TIIYXUM JHOM (CM. puc. 1).

Puc. 1. Kucnopomusiii kouBeprop Ha 100 —
130 : 1 — omopHas craHuHa; 2 — OIOpHbIE
MOAIIMIHUKY; 3 — KOpIyc KoHBepTopa; 4 —
My(Ta COETUHEHHS] C MEXaHU3MOM IIOBOPOTa; S5
—  MeXaHu3Mbl  (peoyKTOpbl)  IOBOpPOTa
KOHBepTOpa; 6 — D3JeKTpoABUTaTenb; 7 —
OTBEpCTHE Ui BbINlycka cTanu (1€rka), 8 —
OTBEMHOE JTHHUILE.

o——

0I00d

CxeMma ycTpoicTBa KHCJIOPOJIHOTO KOHBEPTOpPA B pa3pe3e mpeiacraBiieHa Ha puc. 2.1. Kopmyc
KOHBepTepa / M3roTaBIMBAIOT M3 CTAIBHBIX CBAapPEHHBIX BCTBIK JIMCTOB TOJMMMHOW 10 100 mm.
Kopnyc umeer cpeaHIO0 HUIMHIPUYECKYIO YacTh, IIyXO0€ JIHO U CUMMETPUYHYIO CYXKarOIIYIOCs
ropJioBUHY 2. Y OCHOBaHHUS T'OPJIOBHUHBI PACIIO0KEHO OTBEPCTHE JUIsl BbIITycKa cTainu 3 (JIETKA).
Takoe pacnosoxeHue JETKHM CHOCOOCTBYET JydllIeMY OTACJIEHHUIO CTaId OT IUJIaKa U yMEHbLIAeT
omacHOCTh BoccTanoBieHus docdopa (P) npu ciuee meramia. Pabodee mpocTpaHCTBO KOHBEPTOpA
(GyTepoBaHO CMOJIOJOJIOMUTOBBIMHU KHPIIMYOM, & CTAJEBBIITYCKHOE OTBEPCTHE — MAarHE3UTOBBIM
WIM MarHe3uTo-XpOMHUTOBBIM KHUpIU4YoM. KOHBEpTOp MOXKET NOBOpAauMBaTHCS B BEPTUKAILHOM
IUIOCKOCTU Onarojapsi ONOpHOMY Hosicy 4 ¢ narndamu, pacrnojoKE€HHbIMUA B MOALIMIHUKAX OIMOP.
Opna wnu o6e nandsr aeustorcs npuBoAHbMU. Kucnopon (O2) momaércs B KOHBEPTOP CBEPXY
4yepe3 BOJIOOXJIKIaeMyo Gypmy 5, omryckaeMyro B TOpJIOBHHY 2 KOHBepTopa. Cxema ycTpolcTBa
HAaKOHEYHHMKA BOJOOXJaxaaeMond ¢ypmbl 5 s mojgaun  kuciopona (O2) B KOHBEPTOP
npeacraBieHa Ha puc. 2./1. [logada cBepxy oOycioBieHa 00pa3oBaHWEM BBICOKOTEMIIEPATYPHOM
peakuoOHHON 30HBI B MecTe BAyBaHuUs Kucioposa (O2) B MeTal U He0OXOUMOCThIO COXPaHEHHUS
¢yrepoBku nHuUIIA KoHBepTopa. @ypma 5 crocoOHa mepemeliarbcs BBepX-BHU3. llpu monaue
KHCJIOPOJIHOTO IyThs OHa Haxomutcss Ha pacctossHuH 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 MeETajlyla 3aBUCUT OT EMKOCTH
KOHBEpPTOpa U MHTEHCHUBHOCTH MpOoayBkH. Tak, pacxon kucioponaa (Oz2) MOXKET cOCTaBIATh 2,5 —
4 M*/T metanna B 1 mun. IIpof0IHKUTENLHOCTD TJIABKM B COBPEMEHHOM KHCJIOPOJHOM KOHBEPTOpE
cocrasiseT 35 — 50 MuH.
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t“! Puc. 2. [ — Cxema ycTpoiicTBa KHCIOPOIHOTO
KOHBEpTOpA:! 1 — xoprmyc KOHBEpPTOpPA;

‘ z 2 — TOpPJOBHHA; 3 — OTBEPCTHE IS BBITYCKa
4 cranmu (n€rka); 4 — ONOpHBIA mosic; S5 —

dbypma  BojoOXJaxgaemas  Juid  [OJauu

KHCIIOPOJIa; II — Cxema ycTpoicTBa

f HAaKOHEYHHMKA BOJOOXJAXIAaeMoil ¢GypMbl s
MoJIaYu  KUCJIOpoJa: a — KaHalbl IS

UPKYISIAN BOJBI, O — KaHaJ JUIs TOJa4H

L o
T
ry _‘l-‘_%‘_“, ..‘.ﬁ -

o

KHCJIOPOJIa B HAKOHEUYHHUKE (DYPMBL.

Takum oOpazom, kuciopoa (O2) mpu JaHHOM cHocoO€ BBHIIUIABKU HE BAYBAeTCs IMOJ 3€pKajio
MeTaia (Kak BO3JlyX B 0ecceMepOBCKOM M TOMAacOBCKOM IPOIIECCax), a MOJAETCs Ha MOBEPXHOCTh
3aJIUTOr0 B KOHBEpTOp MeTayuia. OAHAKO M MPH TaKOM croco0e Mojadyu KUCIOopoJa Mpolecc
BBIIUIABKU  CONPOBOXKJAETCS HMHTEHCUBHBIM  TEIUIOBBIIEICHHEM. OTO Ja€T BO3MOXKHOCTb
nepepadbaThIBaTh YYr'yHbI C pa3IMYHBIM COJIEP)KAHUEM MIPUMECEH, a TaK)K€ BBOJUTH B KOHBEPTOP HE
TOJIBKO KMJIKHM MeTayl, HO U J00aBIsATh K HEMY Ul OXJaXICHHUS CKpan (MEeTaiojoM) WU
xenesHyo pyay. KonuuectBo 1o0aBisieMoro ckpama Ha HEKOTOPBIX METAJULyprU4ecKHX
MPEANPUATHIX MOXKET cocTaBATh A0 30% oT Macchl MeTaia.

VcxomupiMu MaTepuasiaMd Il  KOHBEPTEPHOM IUIABKH  SIBIISIOTCS  JKUAKHA — YYTYH,
METAJUTMYECKUH JIOM (METaJTMYecKass 4YacTh IHXThI) H IIJIAKOOOpa3yroIliHue, OKHUCIHTEIN
(HeMeTaJTHYecKasi 4aCTh ITUXTHI).

Packucnenue cranu B xoBile — 00s3aTeNibHas 3aBepuiatoniast oneparus. OKUCIUTEIbHBII
XapakTep IUIaBKM TPUBOJUT K BBICOKON KOHIeHTpauuu 3akucu xkenes3a (FeO) B wmeramie,
BBI3BIBAIOIIEH B CTaM KPACHOJOMKOCTH TPHU TOpsUeH IeGopManny U yXyAIieHHe MEXaHUIECKIX
CBOMCTB. Packucnenuem Ha3bIBaeTCsl Ipolecc BoccraHoBieHus »xeneza u3 FeO. Ilpu pasHbix
croco0ax MoJy4eHHs! CTaJlU PaCKUCICHUE BEAETCS Pa3IMuHO.

OObIYHO packucieHHe NPou3BOAAT Mapraniem (Mn), kpemuuem (Si) u amoMmunueM (Al) mo
peaKusam:

FeO + Mn — Fe + MnO;
2FeO + S1 — 2Fe + Si0Oy;
3FeO + 2Al — 3Fe + A120s.

Kpemuuii (Si) m wMapranen (Mn) BBOASAT B BHAE COOTBETCTBYIOIIMX (HeppOCILIaBOB,
amomuanil (Al) — B uuctom Buge. Mapranen (Mn), kpemuuii (Si) u amomunuii (Al) HazpIBaroOT
packucaumensmu cmanu. JIaHHbIE PAaCKUCIUTENM BBOJATCS B PACIUIABICHHYIO CTallb IOcCle €&
BTOPUYHOU MpoayBKu KuciopoaoM (Oz). Obpasyrommuecs okuciasl (MnO, SiO2, Al1203) gaHHBIX
packucnuteneit obpasyror ¢ okuciamu xkene3a (FeO) xuakyro mnuiakoByro ¢asy, MOMOTAIOUTYIO
BBIBECTHU MPOJYKTHI pacKUCIIEHUs1 U3 MeTaia. VHoria yacTh pacKuciauTenell BBOAAT B KOHBEPTOP
3a HECKOJIbKO MUHYT JIO Pa3jMBKU B KOBII. 3aBepIIaeTCs PACKUCICHHE OOBIYHO B Pa3IMBOYHOM
koBire. O0muii pacxoa TexHuueckoro kucioposa (O2) Ha mosrydeHue 1 T. cTaqyd B KUCJIOPOIHOM
KOHBepTope cocTasiseT 50 — 60 M>, 4TO HE3HAUMTENHLHO IIPEBBILIAET TEOPETHUECKU HEOOXO0UMOE
KOJIMYECTBO.

B 3aBucuMocTH OT CTENEHU PACKUCICHHOCTU pa3IMyaroT KunAwjue, HOLYCHOKOUHble W
CNOKOUHblE CIATU.

K nocrouHcTBaM KHCJI0pOIHO-KOHBEPTEPHOIO criocofa cjieayeT OTHeCTH:

1) Bonee Hu3Kas O CpaBHEHUIO C MAPTEHOBCKOM c€0€CTOMMOCTD KHCIOPOHO-KOHBEPTOPHOM
ctanu, OJarogapsi MEHbIITUM 3aTpaTaM Ha nepenen Ha 20 — 30% mpu cormocTaBUMONM CTOMMOCTH
[INXTHI;

2) KonBepTepHblii IIpo1iecc Jierde moiaéTcsi KOMIUICKCHOW MEXaHU3alMi M aBTOMATHU3aI1H;
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3) CTpouTensCTBO KUCIOPOIHO-KOHBEPTOPHOTO II€Xa OJMHAKOBOW IPOU3BOAUTEIBLHOCTH C
MapTEHOBCKHM TPeOYeT MEHBIINX KAIIUTAIBHBIX 3aTparT.

[lepeuncieHHbIE TPEHMYIECTBA KHCIOPOIHO-KOHBEPTEPHOH CTalld TIO3BOJIAIOT B psijie
pPa3BUTHIX CTpaH MOJHOCThIO (SAnonus) umm B ocHoBHOM (CLHA, I'epmanus, BenukoOpuranus)
3aMEHUTh MApTEHOBCKHE II€YH KHCIOPOJHBIMHA KOHBEPTOpaMHU. B oTedecTBEHHON MeTayurypruu
TaKKe IPOUCXOJUT TIIOCTENIEHHOE BBITECHEHHE MAapTEHOBCKOTO TIpoIecca  KHCIOPOHO-
KOHBEPTOPHBIM.

HenpoctaTkoM KHCJIOPOAHO-KOHBEPTOPHOIO Croco0a TMOJYyYeHUs] CTaJdd SIBJIsAETCHA
0ob110€ NbUIe0Opa3zoBaHue, 00YCIOBIEHHOE OOUIBLHBIM OKHCIIEHUEM U MCIIApEHUEM Kelle3a; yrap
MeTaiia cocTaBisieT 6 — 9%, 4To 3HauMTENbHO OOJIbIIE, YEM MPU APYIHMX CHOCOOAaX MPOU3BOJICTBA
CTami. OTO BBI3BIBACT HEOOXOIMMOCTH O0OS3aTENBHOTO COOPYKEHHsI IMPH JTUX KOHBEPTOpax
CIIO’KHBIX M IOPOTHX IBUICOYUCTHTEIBHBIX YCTAHOBOK.

KonBepropHass cranmb  UMeeT  OrpaHUYEHHBIH  Kpyr  moTpeOuTenei, Tak  Kak
BBICOKOKAQYeCTBEHHbIE, a TeM O0oJiee JIETHPOBAaHHBIE CTajlHM, KOHBEPTOPHBIMH CIIOCOOAMH HE
MIPOU3BOIATCSI.

MapTeHOBCKOC MPOU3BOJCTBO CTAJIA

MapTeHoBCcKHil coco0 MpoM3BOACTBA CTainu ObLI paspabotan B 1865 rogy Bo Dpaniun
unxeHepom I1. Maprenom. [Ipu pa3paboTtke nanHoro cnocoba MapTteH [uis craieriaBUuIbHON eun
MPUMEHWI MPUHIUI pEereHepaluy TeIla OTXOJIIMX NEYHbIX ra3oB JJs IOJ0TpeBa TOIUIMBA U
BO3]lyXa, M0JaBaeMbIX B 1neyb. COBpeMEHHbIE MAPTEHOBCKUE M€Y CTPOAT Pa3HOW BMECTUMOCTU U
npoun3BoauTenbHOCTH — OT 10 10 500 — 900 T.

MapreHoBcKas 1eub SBJISETCs INIaMEHHOW pereHepaTuBHOM neubto. B pabouem npocTtpaHcTBe
MeYM CKUTaeTcs razoo0pa3Hoe WM KHUJKoe ToIuMBOo. HeoOxoaumasi BblcOKas TemrepaTypa Juis
MOJIyYEHUS CTaJld B *KUJKOM COCTOSIHUM OOECIeunBaeTcs 3a CYET pereHepaluy Teria OTXOIAIIuX
razoB. CxeMa pabOThl MapTEHOBCKOM ME€YH MPECTaBICHA Ha PHC. 3.

Puc. 3. Cxema paboTbl MApTEHOBCKOM
reun: | — ras3oBble pereHeparopsl; 2
— BO3JIyLIHBIE pereneparopsl; 3,4 —
BO3JIyILLIHBIE U Ta30Bbl€ BEPTUKAIbHbBIE
KaHaJIbI; 5 — roJioBKa; 6 — pabouee

i M T rh %  TIPOCTPAHCTBO T€YH; 7 — MOJMHA
T UEE iE LW T L e LY AfrE  leUn, 8 — cBoa; 9 — paboune OKHa;
- E Al R E T s =HER G ATF 10 — nacanka pereneparopa; 11 —
- AT T > "
o I A e : OopoBa.
3 — n_.—-- — ..
il = i
r = _E_
Il'ﬂ-_ — ._-*- — -FF‘
At

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 (pabOYMMM) OKHaMHU 9, 3a7JHEM CTEHKOM C BBIIYCKHBIM OTBEPCTHEM, CHU3Y
— IOJUHOM 7 U OTKOCAMH, CBEPXY — CBOJOM &, C TOPLIOB — TOJOBKaMH J. Uepe3 3aBaslouHbIE
OKHa 9 B Meub 3arpykarT IIUXTY U JOTOJHUTEIbHbIE MaTEpUajbl MO XOIy IUIABKH, YAAJISIOT U
HaBOJAT LUIAK, OepyT MmpoObl MeTaia ¥ 1ulaka. BeIyck roToBOro Merauuia u Ijiaka IpoU3BOISAT
4yepe3 OTBEPCTHE B 3aJHEH CTEHKE (JIETKY), HaxoAsIeecss Ha ypoBHE moauHbl /. Ha BpeMs miaBku
OTBEPCTHE 3aJEJIBIBAIOT MAarHe3UTOBBIM ITOPOIIKOM U OTHEYIIOPHOU TJIMHOM.

PaGouee mnpocrpaHcTBO meuu 6 (pyrepoBaHO OrHEYHOPHBIM KupnuuéM. B coBpemeHHOM
CTaJICIUIaBMIIBHOM TMPOU3BOJACTBE JUISl KJIAJKU CTEH W MOJUHBI 7 MAPTEHOBCKUX IMe€UYell MPUMEHSIOT
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U KHCJIbIE U OCHOBHbBIE OTHEYIOpHbIE MaTepuaibl. [loaTomMy, B 3aBUCMMOCTH OT BUAa (yTEpOBKH,
Pa3INYarOT OCHOBHbIE U KUCTblE MAPMEHOBCKUE NeYU.

B ocnoenbix neuax moguHy 7 M OTKOCHI BBIKJIAJIbIBAIOT OCHOBHBIM MarHe3UTOBBIM KUPIHUYEM,
a CBEpXYy HAaBAapWBAIOT CJIOM MAarHe3WTOBOTO WM JOJOMHUTOBOro mnopomka. IloxsecHoit cox &
BBINIOJIHAIOT U3 XPOMOMArHe3uToBOro Kupnuya. Vcrnonab3oBaHue OCHOBHOW (DyTEpOBKH MO3BOJISET
3arpyxarb B neuyb B kadectBe (uroca u3BecTh (CaCO;s), mosydaTb OCHOBHOM LUIAK U yOAJIATH,
BpenHbie mpuMmecu — cepy (S) u pocdop (P).

B kucnvix neyax moguny 7 M oTKOCHI (DyTEpYyIOT KHUCIBIM JMHACOBBIM KHPIHUYEM Ha OCHOBE
KpeMHe3EMa, a BEpXHUH CJIOM HaBapUBAIOT M3 KBapIeBOro mecka. CBoJ meun § Takke BBIOJHSIOT
u3 auHaca. M3-3a HeBo3MOXKHOCTH yaaneHus cepsl (S) u ¢pochopa (P) uz meramna kuciplil mporecc
MPUMEHSIOT 3HAYUTENIBHO PEXe OCHOBHOIO. B KUCIIBIX MeyaxX B Ka4e€CTBE IIUXTHI JTUOO HCIOIb3YIOT
qucThie N0 cepe U (ochopy UYryH U CTaJIbHOM JIOM, JMOO NEPEIUBAIOT >KMJKYIO 3arOTOBKY M3
OCHOBHOI Ie4yM MOCie yJaleHus U3 He€ BPEOHBIX NpuMeceil (IyIiieKc-Npoliecc: OCHOBHAs —»
KHCTasi MapTeHOBCKas Iedb). Cralb, BBIILJIABICHHAs B KHCIIBIX MAapTEHOBCKHUX II€Yax, COACPIKHUT
MEHbLIEE KOJIMYECTBO PACTBOPEHHBIX TIa30B, JydIlle PACKUCIICHA, XapaKTEpPU3YeTCs MEHbIIUM
COJIep’)KaHNEM HEMETaJUIMYECKUX BKIIIOUEHUH, Oosiee OnaronpusaTHol ux GopMoit U paBHOMEPHBIM
pacnpezeneHueM B 00bEMe MeTasa.

Banna neun, ynep)kuBaroniasi pacijiaBieHHbIE MaTepHalibl, UMeeT (GopMy Yaliu, U €€ JUIMHY U
IIMPUHY OOBIYHO OIpPEAESIOT Ha YpPOBHE IIOPOTOB 3aBAJIOYHBIX OKOH 9, uepe3 KOTophle
IIPOM3BOJIUTCS 3arpy3ka B Ieub TBEPABIX UCXOIHBIX MaTrepuanoB. CoBpemenHas 500-ToHHas medb
MMEEeT BaHHY JIMHOU 16,4 M, mmupuHOM 5,9 M u rimyouno# 6omnee 1 M. [IpousBenenue 3Tol JJIUHBI
Ha IMHUPUHY TIPUHATO HA3BIBATh YCIOBHOM IUIOMIAABIO 012 MAPTEHOBCKOM neuu. [yOnHOM BaHHBI
CUMTAIOT pa3Mep B caMmMoOd TIiyOokoill €€ dYacTu, KOTOpas pacloyioKeHa OKOJIO BBIITYCKHOI'O
OTBEPCTHS, OT IOJIUHBI, 10 YPOBHS MOPOrOB 3aBAJOYHBIX OKOH 9.

BbokoByo kiaiKy U 1oj 7 MapTEHOBCKOM MEYH CHAPYXH YKPEIUISIOT MPOYHBIMU CTAJIbHBIMU
Oankamu. Jlo HenaBHEro BpEMEHH CBOJbI 8§ MapTEHOBCKUX I€Yell Jienajud apoyYHbIMH U
BBIKJIAJIBIBAJIM U3 JUHACOBOTO KHpIH4a. Takue CBOJbI HE Momyckanu ux Harpes Boimie 1700°C, uro
TOPMO3UJIO MPOU3BOIUTENBHOCTh MAapTEHOBCKUX Ieyeil. Takue cBoabl 00bIYHO BblAepkuBanu 200
— 250 mmaBok. Temepp B OCHOBHBIX I€Yax CBOABI 8 JE€NAIOT W3  TEPMOCTOMKOIO
XpOMOMArHe3UTOBOro Kupnuua. M3MeHunach M KOHCTPYKLHsS caMmoro coja. OTaenbHble OJ0KH
CBOJAa NOJIBEUIMBAIOTCA Ha TAraXx K IONEpeYHbIM OajkaMm Kapkaca He4Yd U CBOJ IOJIydaercs
nojaBecHbIM. [IpuMeHenne XxpoMoMarae3uTa 1 HOBOM KOHCTPYKILIMU CBOJA ITO3BOJISIOT MPOU3BOUTh
HarpeB 10 1800°C. Takue moaBecHbIE XpOMOMArHe3UTOBBIEC CBOIBI BhIZIEPKHUBAIOT 710 500 maBok.

B topuax paGodero mpocTpaHCTBa MHeud 6 PacHOJIOKEHBI TOJIOBKH 5, B KOTOPBIX CXOJATCS
KaHaJbl JJIs MOJBOJIa TOIUIMBA, BO3AyXa M OTBOJA MPOIYKTOB rOpeHHs. ['0JIOBKM 5 COETUHEHBI C
HIDKHEW 4acThIO TIeYM BEPTHKAIBHBIMHU KaHajgamu 3, 4. IMEHHO B TOJI0BKax 5 oOpaszyercs razoBoe
wiaMsi. BHyTpb CTEHOK roJioBOK 5 0ObIYHO BCTaBJISIFOT KECCOHBI, B KOTOPBIX HUPKYIUPYET BOJA IS
COXPAaHEHHUs OTHEYHNOPHOTO MaTrepHaljia TOJOBOK OT paspyiieHus. HipkHssS yacTh MapTEHOBCKOM
MeYu pacrojiokeHa moj padodeil tuiomaakoi. OHO COCTOWT W3 IUJIAKOBUKOB (Ha puc. 3 HE
MIOKa3aHbl), pereHepaTuBHbIX Kamep /0 u 60poBoB // ¢ MEepPEeKUAHBIMU KiIaaHaMu (MEepeKuTHbIMU
ycrpoiictBamu). lllnakoBuKkM ycTaHaBIMBAIOTCS NEpe] pereHeparopamu /, 2; B HUX NMPOUCXOJUT
OTJIEJIEHHE OT JBIMOBBIX T'a30B YACTHI] IIJIAKa U MbUIK, IOCTYMAIOLUX U3 pabodyero npocTpaHcTBa 6
neyn ¢ orxoadamumu razamMud. OCHOBHOE Ha3HAU€HUE IIJJAKOBUKOB — IPElIOXpaHEHHE
pereHepaTopoB OT ObICTPOTO 3arps3HEHUS.

Ha puc.3 mnpencraBiena cxema paOOTbl MapTEHOBCKOW I€YM, Ha KOTOPOM IOKa3aHO
MOCTYIUIEHHE TOIUJIMBA W BO3AyXa C IMPaBOil CTOPOHBI, MPH STOM JBH)KEHHE Ta30B IMOKAa3aHO
cTpenkamu. B paGoueM mpocTpaHCTBE Me4H 6 TOIIMBO CMEIIMBAETCS C BO3AYXOM M CTOPaeT ¢
obpazoBanuem (akena miamenn c temmeparypoir 1800 — 1900°C. T'azooOpa3Hbie TPOTYKTHI
rOpPEHUs] MOCTYNAIOT B KaHaJlbl MPOTUBOINOJOXKHOM JI€BOW TOJIOBKHM 5, 3aT€M B BEPTUKAJIbHBIC
KaHaibl (3, 4), LIIaKOBUKHU U perenepatopsl (/, 2). Temneparypa JbIMOBBIX ra30B, IOCTYMAIOIIUX B
perenepatopsl, coctasiuseT 1500 — 1550°C.
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Pereneparopsl /, 2 mpeacTaBiIsIFOT COO0M KaMephl ¢ BbUIOKEHHBIMH KJIETKOW Hacajakamu /0 u3
OTHEYIIOPHOI'0 LIaMOTHOro Kupnuuya. MapTeHOBCKuE meud, JUIsi paboThl KOTOPBIX HCIOJIB3YETCS
ra3oo0pa3Hoe TOIIMBO, 000PYIYIOT YEThIPbMS pereHeparopami (Io JBa ¢ KaXkJI0il CTOPOHBI ME€YN).
[Ipu npoxoxkaeHnn ABIMOBBIX Ira30B Hacaiaku /() OJHOW Mmapbl PEreHEPATOPOB, B HAIIEM CIIy4ae —
neBbIX (cM. puc. 3), HarpeBatorcsi 10 1300 — 1400°C. Ilocne mepekuIku KIanaHOB JBUYKEHHE
TOIUIMBA, BO3JyXa U Ta30B MEHsSETCd Ha NPOTUBOINONOXKHOE. Yepe3 OAMH M3 HarpeTbix
perenepaTopoB B padouee MpOCTPAaHCTBO MedH 6 MONAET ra3000pa3HOE TOIUIMBO, Yepe3 Ipyron —
Bo3ayX. IIpoxonas uepe3 Hacaaky /0, onu HarpeBatorcs 10 1100 — 1200°C. B sto Bpems apyras
rapa pereHepaTopoB HarpeBaercs, aKKyMYyJIHpys TEIUIO OTXOJAIIMX M3 padouero mnpocTpaHCTBa
neun 6 raszoB. [locrme oxyaxkaeHUsT HacaJoK IEPBOM Mapbl PEreHEepaTOpPOB 10 OMNPEACIIEHHOU
TEMIIepaTypbl MIPOUCXOIUT OuepeHas MepeKuaKa KiIamaHoB (IEPeKUJIHbIX YCTPONCTB) M MPOLECC
noBTOpsieTcsi B oOpaTHOM HampasieHuu. M3 perenepatopoB /, 2 JbIMOBBIE Ta3bl HAYT 110
6opoBam // B IpIMOBYIO TpYOy, 110 IIyTH IPOXOJAT Yepe3 KOTEN-YTHIN3ATOP U Fa300YUCTKY.

MapreHoBckuil cnoco® NOIY4YHJI HPOU3BOACTBA CTAIM MOJYYMJI IIUPOKOE NPUMEHEHHE
Onmarojapsi BO3MOKHOCTH HCIIOJIb30BAHUS PA3IMYHOIO ChIpbS W pa3HOOOpa3HoOro TomiuBa. B
3aBUCHUMOCTHU OT UCHOJIb3YEMOI'O ChIpbs B HACTOALIEE BpeMs MapTEHOBCKYIO IUIaBKY BEIYT OJHUM
U3 JIByX CIIOCOOOB: CKpan-npoyeccom Uil CKpan-pyoHulM NpOYeccoM.

[InaBKy cTayii B OCHOBHBIX MapTEHOBCKHX II€YaxX CKpan-npoyeccom BEAYT Ha TEX 3aBOJAX,
I/Ie HeT JIOMEHHBIX Me4Yeil W KUJIKUM YyryH He NMpou3BOAUTCs. OCHOBHOW CKpar-mnpouecc 0ObIUHO
MPUMEHSIOT B nevyax mMaynod éMkocTH (1o 100 T) Ha MaIMHOCTPOUTENBHBIX 3aBojax. McxoaHpIMU
MarepuajgaMu SBISIOTCS CTalIbHOM JIOM (CKparm), pacxoj KoToporo coctarisier 60 — 70%,
yymKoBbIi nepenenbHbld 4yryH (30 — 40%) u usBectsh (CaCOs) B konmuectBe 8% OT Macchl
MeTajuia.

Ckpan-pyonslii npoyecc NPUMEHSIOT Ha OOJBIIUX METAJUTyPrUYECKUX 3aBOJaX, WMEIOIIUX
JIOMEHHOE MPOU3BOICTBO KHUJIKOTO YyryHa. [11aBKy 0ObIYHO BEyT KakK B CpeiHuX, EMKOCThIO 150 —
400 T, Tak ¥ B KPYMHBIX MapTEHOBCKUX Tedax EMKocThio A0 900 T. B kauecTBe MUXTHI B MEUYn
3arpyxarT ctasibHOU JIoM (20 — 40%) u 3anmBarot xuakuid ayryH (60 — 80%).

HpOI/BBO)ICTBO CTaJIM B 3JICKTpoIeyax

DneKTporiaBka — HauboJiee COBEpIICHHBIM Crnoco0 MOJyueHUs CTald, HUMEIOLUN psij
MPEUMYILECTB 10 CPAaBHEHHUIO C MPOU3BOJICTBOM CTallM B KOHBEPTEpaX M MapTEHOBCKUX II€YaXx.
[IpocTtoTa pEryaupoBKH TEIJIOBOTO pPEKMMa U BBICOKME TEMIEpaTyphl Ipolecca MO3BOJISIIOT
HCII0JIb30BaTh IIJIAKK BBHICOKON OCHOBHOCTH, YTO oOecreyrBaeT 0oJiee MOJTHOE YAaJeHUE BPEIHBIX
npuMeceil. BoccranoButenpHas atMocdepa meun CrmocoOCTBYET TITyOOKOMY PACKHCICHHIO CTallH.
B onekTpuueckux =~ medax — BBIUIABISIIOT ~ BBICOKOKAUECTBEHHBIE  KOHCTPYKIIMOHHBIE,
HMHCTPYMEHTAJIbHbIE, KOPPO3UOHHOCTOMKHE, )KAPOCTOUKHUE U JPYrue CHelHallbHbIE CTaIH U CIUIaBBL.

Jljig BBIMJIABKU CTAJIM NMPUMEHSIOT 3JIEKTPOAYTrOBbIE U MHIYKIIMOHHBIE 3JIEKTPUUECKUE MEUH.
EMKkocTh Hanbosee MUPOKO IIPUMEHAEMBIX IYTOBBIX Meueil Kojie6ercs B UpOKHUX mpesenax 0,5 —
360 1. Ileun cpeaneil U 6oJybIION EMKOCTH OOBIYHO HCHOJB3YIOT Ha METATyPrUYECKUX 3aBOJaX
JUIS TIOJTy4EeHMsI CIIMTKOB, a €Y MaJloll EMKOCTH — Ha MalIMHOCTPOUTENbHBIX NPEANPUITUIX IS
MIOJIy4Y€HUS CTAJIbHBIX OTJIMBOK.

Bomnpoc 4. [Ipou3BoacTBo meau

Conepxxanne meau (Cu) B 3emHoi kope cocrasisier 0,01%. Kak npeBneimuii metami, Meanb
CTajla MCIIOJIb30BAaThCA YEJIOBEKOM OY€Hb JaBHO. B mpuposie BcTpeyasnch CaMOpPOAKU MEAU, U3
KOTOPBIX H3rOTaBIMBAIMCH YKPALIEHUS M IMPOCTEHIINe OpyKus MyréM oOpabOTKH KaMEHHBIMU
OpYIUSIMHU.

Haubonee BaxupiMu cBoiictBamu Mmeau (Cu), obecrneuyMBIIMMH €l LHIMPOKOE MPUMEHEHUE,
SBJIIIOTCSL BBICOKHE JJIEKTPONPOBOJHOCTh U TEIUIONPOBOJHOCTb, BbICOKAsl IUIACTUYHOCTh H
CIIOCOOHOCTh 0OpPa30BBIBATH TEXHOJIOTMYHBIE CIUIaBbl, KOTOpPHIE XOpOILIO 00padaTbiBalOTCA U
00J1a/1a10T XOPOIIMMHU MEXaHUYECKUMH CBOMCTBAMHU.
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B nacrosmee Bpemsi camoponnas menn (Cu) BcTpedaercss peako, M TJIaBHBIM MPUPOIHBIM
HCTOYHUKOM JUIs €€ MPOU3BOACTBA SABJISIIOTCS CyAb(UIHbIE PY/Ibl (CEPHUCTBIE MUHEPAJIBI MESIN), HA
KOTOpPBIE TPUXOUTCs 0K0JI0 80% €€ MUPOBOM JOOBIUN.

K cynbbunaeiM 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 conepxkutcs MHoro nupura (FeS), a
MHOTJAa M CyAb(UIBl pa3IUYHBIX LBETHBIX JOCTATOYHO LIEHHBIX MeTauloB. To ecTh MHOrue
cyabGUIHbIE PYIbl SBJISIOTCS MOJIMMETANIMYECKUMH U KpoMme Menu Cu B HUX JOBOJIBHO 4acTo
conepkarcs 1IMHK (Zn), cBunen (Pb), Hukens (Ni), momuOaen (Mo) u 1. 1. Taxxke, Hepeako B
cynbGUAHBIX pynax comepkutcs cepedpo (Ag) u 3050710 (Au). Ilycras mopona cynbPUAHBIX Py
0OBIYHO COCTOUT U3 NMECUYAHUKOB, INIHMHBI, n3BecTHsKA (CaCO3) u APYyrux COCTABIISAIONINX.
N3BievyeHue Meau U3 pyA MOKeT MPOU3BOAUTHCH ABYMS CIIOCO0AMMU:

1) euopomemannypeuweckum (cnocod COCTOWUT B BBINIEIAYUBAHUU MEIU W3 PyI CEpHOM
kucnotoit (H2SO4) unu HamateipasiM ciuproM (NH4OH));

2) nupomemannypeudeckum (CIoco0 COCTOUT B IIAaBKE HA MEIHBIN IITEHH C MOCICTYIOIICH
BOCCTAaHOBUTEIILHOM TIIIABKOM ).

HaubGonee 1mmpokoe pacnpocTpaHeHHE TMOJY4YMJl [HUPOMETAUIYPrUuecKuid  crmocod
U3BJICYEHUS MENIU U3 PYI.
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IInpomerannyprudyeckuii crnocod noay4eHuss Meu BKIOYAET CJeAylolHe onepanmnu:
1) onepanuu oboramieHus py ¢ MOIy4eHUEM MEIHOTO KOHIIEHTPATa;
2) 00XHUT MOJTYYEHHOTO MEAHOTO KOHIIEHTPATa;

3) mIaBKy MEIHOTO KOHIIEHTpaTa Ha MeOHblll wimelH — CIUIaB, COCTOSIIIUA B OCHOBHOM W3
cynepunoB memu (CuzS), cynmbdpumoB xeneza (FeS) m cynpdumoB HeOOJBIIOTO KOJIMYECTBA
IIPUMECEN;

4) nosyyeHue 4epHOBOU MeH;
5) papuHMpOBaHUE YEPHOBON MEIHU C LIEJIBIO MOIYYEHUS XUMUYECKH YUCTOM.

VYopouiéHHas cxema MOJY4EeHHUs MeIu U3 CYIbQUAHBIX pPyd MNHPOMETALTYPrUYeCKUM
criocoboM mpezcTapiieHa Ha puc.l. Peanuszanus 3Tol cxembl Ha pazIUYHbIX 3Tanax nepepaboTKu
pPyIbl, OCOOEHHO 10 MOJY4YEHUS] MEIHOTO LITEeHHA, MOXET IPOBOAUTHCA B Pa3IMYHBIX Ie€Yax U B
Pa3IMYHbIX TEXHOJIOTMYECKUX BapuaHTax. B mpencraBieHHON cxeme MEpBbIi mepeaen MenHOM
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pynel — 310 oboramieHune. OmHako OBIBAIOT Cllydad, KOTJa MEIHBIE py.bl, Ooratbie cepoil (S)
(cprme 35%S), mnaBar u 6e3 oOoramieHus 1Js U3BJICYEHUsT U3 HUX HE Toiabko meau (Cu), HO U
cepsl (S) (Hampumep, MeTHO-CepHast TJIABKa).

Bomnpoc 5. OcHOBBI IOPOIKOBO METAJLIyPIrUH

Iopowkosvle mamepuanvl (nopowikogvle cniagvl) TPEACTABISAIOT CcOO00W MaTepuaisbl,
MoJlydaeMble W3 METaUTMYeCKUX MOPOUIKOB (Ha OCHOBE jKeJle3a, W3 I[BETHBIX METAJUIOB, B
HEKOTOPBIX CIyYasx ¢ J0O0aBKOH rpaduTa WM OPYruxX MPHMECcei), TOABEPraeMbIX MPECCOBAHUIO
IpH BBICOKOM JIaBJICHWH C II€NBI0 TPUAAHUS ONPEACIEHHON KOH(PUTYpalluu 3aroToBKE H
MOCIIEAYIONEMY CIEeKaHuio. Takoil crmoco® TMOJMyYeHHsT MOPOUIKOBBIX CIUIABOB HAa3bIBACTCS
NOPOWIKOBOU MEMANTYPUEU.

[TopomrkoBbie CIJIaBBI HA3BIBAIOT TAK)KE METAJUIOKEPAMHUYECKUMH B CBSI3U CO CXOJICTBOM HX
M3TOTOBJICHUS C U3TOTOBIICHHEM KEPAMHUYECKHIX H3/ICITHHA.

[TopomrkoBbie CIaBBI MIMPOKO NPUMEHSIOTCS B PAa3UYHBIX OTPACISAX MAIIMHOCTPOCHUS
Omaromapst BBICOKOH S5KOHOMUYHOCTH TEXHOJIOTHH WX U3TOTOBJICHUS (IT0 CPAaBHEHHUIO C Pa3IMIHBIMU
METO/IaMH JIUThSl U IITaMIOBKH). Oco0eHHO 3P PEeKTUBHBI MOPOIIKOBBIE CIIJIaBbl HA OCHOBE JKe€Je3a
KaK 3aMEHUTEIN IIBETHBIX METAJLJIOB.

TexHOMOTHYeCKUH TPOoIecC MPOU3BOJICTBA MOPOIIKOBBIX MAaTEpUANIOB (CIJIABOB) BKIIFOYAET
CIIEAYIONINE COCTaBISIOMMKE: 1) IMOJTydeHHe METaUTMYeCKUX MOPOIIKOB; 2) MOJIrOTOBKA IIUXTHI;
3) npeccoBanue; 4) CriekaHWe MOJTYYCHHOU 3aroToBKH. VHOTIa M3/1e1sl U3 TIOPOIIKOBBIX CIUIABOB
MO/IBEPraroT JAOMOJIHUTEIbHON 00paboTKe — KanuOpOBaHMIO, TOpsYeil JOMPECCOBKE, TEPMUUECKOM
¥ XUMHUKO-TEPMUYIECKOI 00paboTKe, HAHECEHUIO AEKOPATUBHBIX U 3aIIUTHBIX MTOKPBITHA.

Ionyuenue memannuueckux nopowkos. V3BecTHBI creayromue crnocoObl IMOIy4EeHUS
METAJUIMYECKUX TOPOIIKOB: 1) MEXaHMYECKHMM H3MEJIbUCHUEM KEJIE3HOW M CTaJIbHOW CTPYKKH B
[IAPOBBIX, MOJIOTKOBBIX M BHXPEBBIX MEIBHHIAX; 2)BOCCTAHOBIIEHMEM M3 OKHCJIOB TYrOIUIABKU
MetamioB (Bosibdpam (W), monubaen (Mo), sxeneszo (Fe) m nap.); 3) pacmbuieHHEeM >KUAKOTO
MeTajjla CXaTbIM Bo3ayxoM wind napom (amomunus (Al), megu (Cu), omnosa(Sn) u np.);
4) snexktponuTrdeckuM ocaxkaennem — meau (Cu), omosa (Sn), xenesa (Fe) u np.

lloocomosxka wuxmei. [lOpOIIOK TMOJBEPralOT OYMUCTKE OT 3arps3sHEHHU, CYIIKe,
JOTOJTHUTEIPHOMY HM3MENbYCHNI0, OTXKHTY JIUISl CHATHS HakKiIE€ma W IOJy4eHHs OJIHOPOTHOU
CTPYKTYphl (B 3allMTHOM WM BOCCTAHOBUTENLHOM aTrMocdepe), pacHpelesIeHHuI0 IO CTENeHU
JHUCIEPCHOCTH (C TOMOINBI0O Habopa CTaHJAPTHBIX CHUT), CMEIIMBaHHIO (B CIELHUAIbHBIX
CMECHUTEIISX).

IIpeccosanue. IlpeccoBanue Mpou3BOJAT B ClELUANIbHBIX IITaMnax — mnpecc-popmax. [Ipu
MIPECCOBAHUM TPOUCXOJAUT MEXAHWYECKOE CIICTUICHHE YacCTHIl METAUTMYECKOTO IMOpOIIKa H
o0pa3oBaHUE 3ar0OTOBKH OIPEeIEHHON KOH(DUTYpauu.

Cnexanue 3a2omoeok. CriekaHue MpeACTaBIseT cO00N CHelHalbHbI OTKUT CIIPECCOBAHHBIX
3aroToBOK. Ero mTpOM3BOMAT C IENbI0 TOBBIMICHUS MEXaHUYEeCKHX CBOMCTB CIPECCOBAHHBIX
3aroTOBOK.

B mpomecce criekaHusi TPOWCXOJUT BOCCTAHOBJICHHE OKHCIOB METAILTMUECKUX YacTHUI] U
o0pa3oBaHHE TPOYHOTO METAIMYECKOTO KOHTAKTA, CHATHE BHYTPEHHHX HANpSHKCHUH U
UCKQKEHUN KPUCTAJUIMUECKON PpEIETKH YacTul MeTailia, pekpucraumsanus, aupdysus. B
pe3yibTare CIEeKaHUs MaJONPOYHBbIE MEXaHWYECKHE CBSI3M MEXKIY YaCTHIAMH METaUTHYECKOTO
MOPOIITKA 3aMEHSOTCS 00JIee TPOYHBIMU MEKXATOMHBIMU CBSI3SIMH.

CrniexaHue OCyIIECTBIISIFOT B TIeUax ¢ 3alIMTHOH atMochepoit. [IpoaomKuTeIbHOCTh CTIeKaHUs
00bI4HO cocTaBisieT 1 — 3 u.

Temmeparypa CIeKaHHsT 3arOTOBOK, CIPECCOBAaHHBIX W3 TMOPOIIKAa OJHOTO METajia,
coCTaBjsieT mpuMepHo 75% OT TeMmmeparypbl IUIaBIEHUS NaHHOTO MeTaiuia. Hampumep, mist
xenesa (Fe) ata Temneparypa cocrasiser 1100 — 1200°C, gnst meau (Cu) — 800 — 900°C, s
mommbaena (Mo) — 2100 — 2300°C.

CrnexaHue 3aroTOBOK M3 METAJUTMYECKHX IMOPOIIKOB, B COCTaB KOTOPBIX BXOJSAT YACTHIIBI
METaJUIOB ¢ OOJBIION pa3HUIEH B TeMmIeparypax IUIABJICHUS, MPOU3BOAAT IPH TEMIIEPaType,
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MIPEBBIIIAIONICH TeMIlepaTypy IUIaBJICHUs HauOoJiee JIETKOTUIABKOTO KOMIOHEeHTa. [Ipu criekaHuu
obOpasyercsi >kunkas asza, CBA3BIBAIONIAS YACTHIBI OOJee TYroruiaBKOTO KOMIIOHEHTa. Tak,
HampuMmep, TemIeparypa crnekaHusi nopoimkoB kenes3a (Fe) m memau (Cu) cocraBiaser 1100 —
1200°C, menu (Cu) u osoBa (Sn) — 700 — 800°C.

[IpeccoBanne W CIIEKaHWE MOXXHO COBMECTHTH B OJIHY TEXHOJOTHYECKYIO OIepaIlyio,
HA3bIBACMYIO 20pAYUM HpeccogaHuem. B STOM cilydae NPUMEHSIOT 0ojiee HU3KOE JaBJICHUE,
coctasistoniee 5 — 10% maBiieHus 0OBIYHOTO MTPEcCOBaHMSI U OoJiee HU3KUE TemnepaTypsl (Ha 10 —
30% Hmxe TeMIiepaTypbl ClIeKaHUS XOJIOJHOIIPECCOBAHHBIX 3ar0TOBOK).

Haubosee pacmpocTpaHEHHBIME BHIAMH Opaka IPH CHEKAaHWH SBIISCTCS IEPEkKOr, IUIOXO
nporneuéHHasi CeplIeBUHa, HEpaBHOMEpHAasl IJIOTHOCThb, YCaJO4YHBIE MaKpOTOpPHI, KOpOOJIEHHE,
TPELIUHBI, PACCIOCHUE, HECOOTBETCTBUE 3aJaHHBIM CBOMCTBAM M pa3Mepam.

HpuMeHeHue MOPOIIKOBBIX MaTepHUaJIOB

B 3aBucuMocTHM OT Ha3Hau€HUs MOPOLIKOBBIE CIUIABBI JENSAT Ha: 1) aHTU(PPUKIHMOHHBIE;
2) ppukunoHHble; 3) IUNIOTHBIE; 4) TYrOIUIaBKUE; 5) 3JEKTPOTEXHUUYECKUE; 6) TBEPIbIE CILIaBBL.

Aumugppuryuonnsie cniagvl. ITU CIUIaBbl MOJIY4YarOT W3 IOPOLIKOB Kak YEPHBIX, TaK U
LUBETHbIX MeTayuioB. Ilpu Hamuuum mop, B KOTOPBIX YAEPKUBAETCS CMA304HbIA Marepual, U
Hamuunu rpaduta (C), SBIAIOMETOoCsS XOPOIIMM TBEPAOCMA30YHBIM MATEPUATIOM, TOIIIUAITHUKA
CKOJIbJKEHHUS OTIIMYAIOT MajbIM U3HOCOM, MaJIbIM KO3((UIUEHTOM TPEHUsI, MOTPEOIISAIOT MEHbIIIEe
KOJIMYECTBO CMAa30YHOT0 MaTepualia, XOpoIlo NpupadaThIBatOTC.

DpuxyuonHvle cniagvl. ITU CIUIABbl MPUMEHSIOTCA JI1 TOPMO3HBIX YCTpOMCTB. B cBsizu ¢
Ha3HAYEHUEM OHU JOJDKHBI MMETh BBICOKHI KO3()QUIHMEHT TpeHusl, 00Ja1aTh W3HOCOCTOMKOCTHIO,
BBICOKOW TEIJIONPOBOJIHOCThIO, XOpollel mnpupabdaTeiBaeMocThio. Harmpumep, Ha ceroJHSIIHUMA
JI€Hb B IPOMBIIIJIEHHOCTH IIMPOKOE MPUMEHEHHWE HAllIM cIuvlaBbl, cocrosimue u3z 60 — 75%
menu (Cu), 5 — 8% csunna (Pb), 5 — 8% omnosa (Sn), no 22% nuxens (Ni), no 22% xenesa (Fe),
0,5% xpemueszéma (Si02), 4 — 8% rpaduta (C) u mo 0,3% acOGecta. DOPHUKIIUOHHBIE CIUIABBI
OTJINYAIOTCSI HEBBICOKOM MPOYHOCTBIO, M, NIOATOMY, Yallleé BCEro, OHU HCHOJIb3YIOTCSI B KaueCTBE
TOHKOTO CJIOSl, KOTOPbI COENUHSETCS (Yalle BCEro CIEKaHHEeM IOJ JaBJIEHHEM) CO CTaJIbHOU
OCHOBOM (ZMICKOM, JICHTOM).

Ilnomnvle cnaasvi. ITH CIUIaBBl TOJydarOT u3 mopoimkoB xkene3a (Fe), cramu, memu (Cu),
OpoH3bl, naryHu. OHU NPUMEHSIOTCA JJIsS M3TOTOBJICHUS JAETajell MallMH U H3MEPUTEIHHOIO
UHCTPYMEHTA.

Tyeonnasxkue memannvl u cnaagvl. Ot MeTaliel — Bodbdpam (W), momubaen (Mo),
tutal (T1) u gp., npumeHsiemble B BUJE MPYTKOB, IPOBOJIOKHU U JIHCTA, MOJY4YalOT MPECCOBAHUEM
MIOPOIIKOB B XOJIOJHOM COCTOSIHUM B OpHKETBI, CIIEKaHHEM B atMocdepe BoJopoja (BoibppaM U
MOJIMO/ICH) WM B BaKyyMe (TUTaH).

Boasdpam (W) npuMeHSIOT A1 U3rOTOBJICHUS HUTEH Hakaja B AJIEKTpoJiaMIiax, Juls JeTayien
paauvonamm, JUIsl 3JEKTPUUECKHUX KOHTAKTOB, JJIeKTpoHarpeBatened u ap. Monubaen (Mo)
MPUMEHSIOT U1 HYXK][ 3JIEKTPOJIAaMIIOBOTO M 3JIEKTPOBAKYYMHOTO IPOU3BOJCTBA (TIOJABECKHU, CETKH,
aHOJBI U Jp.).

Kpome 4MCTBIX MeTasIoB METOJOM MOPOIIKOBONH METAJIyprUuy MOJY4aroT —CIUIaBbI
TYrOIUIaBKUX MeTauioB. Hampumep, cmmaBel Bodbdpama (W) ¢ mommbaenom (Mo)  mmst
AJIEKTPOBAaKYyMHOM ammapaTypsl, ciuiaBbl Bosbdpam (W) — wmonubaen (Mo) — Hukens (Ni)
MPUMEHSIIOTCS 1711 U3TOTOBJICHUS U3/IEIHM, CIAaUBAaEMbIX B CTEKIIO.

Onekmpomexnuueckue  cnaiagvl. ITH  CIUIABbl  NPUMEHSIOTCA  JJI  M3TOTOBJICHUS
ANIEKTPUYECKUX KOHTAaKTOB, MAarHUTOB, CEPACYHUKOB HHAYKIMOHHBIX Karymek. [lomyuator
ANEKTPOTEXHUYECKUE CILIaBBI U3 MoporkoB xenesa (Fe), Boasdpama (W), 6ponssr u rpadurta (C),
xene3a (Fe) u aukens (Ni) 1 cienmaibHBIX CIUTABOB.

Ckomp3siliue KOHTAKThl Ul 3JEKTPOABUIATEICH M3rOTaBIMBAIOT M3 OpOH30TpapUTHBIX U
MEIHOTpaQUTHBIX CIUIaBOB. [lOCTOSIHHBIE MarHMTHl HM3rOTaBIMBAIOT M3 MOPOILIKOB METAJIJIOB
amomunus (Al) — nukens (Ni) — menu (Cu) (crtaB Annu), amomuHus (Al) — Huxens (Ni) —
koOanbTa (Co) — meau (Cu) (crmaB AJTHHUKO).
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B BbicokonpouHoM HauOoiiee JETMPOBAHHOM allOMUHHEBOM cruiaBe B95 B pesynbpraTe
IIPUMEHEHHSI METOJa IOPOIIKOBOM METAUIypruy YBEIWYEHAa KOHUEHTpALMs JETHPYIOLIUX
3JIEMEHTOB. BpeMeHHOE CONpOTUBIECHHUE 0z 3TOr0 cruiaBa Bo3pactaer a0 700 — 750 MIla.
OHHOBpeMCHHO MOBBIITACTCY MIACTUYIHOCTD U ITPOYHOCTH IIPHU MOBBIIIIEHHO M TEMIICpATypE.

Tema Ne 9 OcHOBBI TEXHOJIOTMH MOJYYeHHUS HEPA3bEMHBIX COCAUHECHUI
Bomnpoc 1. [Iaiika meTa/1j10B, €€ 0011as XapaKTepPUCTHKA U (PU3NYecKas CYyIIHOCTD

llauxa — »93TO TEXHOJIOTUYECKHH TMPOLECC COCAMHEHUS METAUIMYECKUX JeTallei
MIOCPEJCTBOM IPUCAJOYHOTO MaTepuaia (MeTaula WK CIjlaBa), OCHOBaHHBIA Ha U y3nOHHOM
B3aMMOJICICTBUN MaTE€pUAIOB COCIMHAEMBIX ACTANEH M MPUCaJA0YHOTO MaTepuana. [Ipucagounslit
MaTepuai Ha3bIBACTCS NpUnoem.

B npornecce auddy3noHHOr0 B3auMoaeHCTBUS (CLETIIICHUS MastHOTO B ¢ MaTEPUATIOM
COEJIMHSEMBIX JieTajeil) 00pa3yroTcsi XMMUYECKUE COETUHEHUS U TBEP/IbIE PACTBOPBI.

[To KOHCTPYKTUBHBIM OCOOEHHOCTSIM NasiHbIE COETMHEHUS I0JOOHBI CBAPHBIM U KIICEBBIM.
JlaHHbBIE COEMHEHMS HALLUIM IIMPOKOE MPUMEHEHUE B MPpUOOpOCTpoeHnU. B MalinHoCcTpoeHNH
pUMepaMy IPUMEHEHUS NasHbIX COEAUHEHUM MOTYT CIYKUTh PaJuaTopbl aBTOMOOWIIEN 1
TPaKTOPOB, TOHKOCTEHHbIE TPYOOTIPOBOABI U MPOUNE KOHCTPYKIIUH.

B ortnmume oT cBapku maika IO3BOJISIET COCIUHATH KaK JETAIM W3 OJHOPOJHBIX, TaK M U3
Pa3HOPOAHBIX MaTepHayioB. [IpuMepom 3TOMYy MOXKET OBITh COCTUHEHHE CTATBHON M ATFOMUHUEBON
netand. Kpome Toro, umeercs BO3MOYKHOCTbh NAsATh JETAIM C TOHKOCTEHHBIMHU JJIEMEHTaMH, IIe
MIPUMEHEHHE CBAPKU HEAOIMYCTUMO M3-3a OMACHOCTH MEPEXKOTa U KOpOoOIeHUSI.

TexHonmoruss malkum CcOCTOMT B cieayromeM. llepen maiikod crianmBaemMple INOBEPXHOCTH
neraneil 00e3KUPUBAIOT U OYMILAIOT OT OKHUCIOB. /[l mpenoxpaHeHUs NasHBIX MOBEPXHOCTEH
JeTajneil OT OKHUCIIOB, OOpa3yloIIMXcs NpU MNaike, HCHOIb3YIOT ¢uitochkl (KaHu(oab, Oypa,
XJIOPUCTHIN LIUHK).

[locne MOATrOTOBKM COENMHSEMBIX JeTallell K Naiike M Mocieayroled cOOpKH HUX OOBIUHO
MIOJOTPEBAIOT JI0 TEMIIEpaTypbl IUIABJICHUS TPHUIOS M B 3a30pbl MEXIY HUMH BBOJIAT
pacIUIaBI€HHBIA MPUIIOW, KOTOPBIM TMOCJHE OXJAXIACHUS COeAuHsAeT neranu. [{nsg nosydeHus
KayeCTBEHHOT0 IMAasHOTO COEAMHEHUs TeMIlepaTypa IUIaBJICHUS MPUIOS JOJDKHA OBbITh HUXKE
TEMIIEPATYPHI IIJIaBJICHUS METAJUIOB COCAUHAEMBIX JIETaICH.

Tak kak mailka OCYyLIECTBIISIETCS NpU TEMIIepaType 3HAYUTENbHO Oojiee HU3KOM, 4eM Mpu
CBAapKe IUIABJICHUEM, TO IIasHbIE JETadd [0 CPAaBHEHUIO CO CBAPHBIMU MEHEE IIOJIBEPKEHBI
KOpPOOJICHHIO M CO3JAI0TCSl YCJIOBUSI, OJaronpusTCTBYIOIIME IaliKe TOHKOCTEHHBIX JeTajeil,
OTJIMYAIOIIMXCS [0 TOJIIMHE, a TAaKXKE MOJTYYEHUIO KOHCTPYKUUH CIIOXHOU (popmbl. OaHako, 1O
CPAaBHEHHUIO CO CBAPHBIMU COECIMHEHUSIMU NASHBIE MEHEE TIPOYHBI.

[Ipy M3roTOBIEHNM MASTHBIX COCAMHEHUM Pa3IMYarOT BAa BUJA MPUIIOEB — JIETKOIUIABKUE U
TYTOILIaBKHE.

Jleckonnasxkue (msaekue) npunou tnaBsarcs npu temmeparype mo 350°C. K vHum oTHOCSTCS
CBHHIIOBBIE U OJIOBSIHHO-CBHHIIOBBIE CILJIABBI.

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

[TasiHple MIBBI U3 MATKUX MPUIIOEB MAJIONPOYHbIE, TO3TOMY MSITKUE NMPUIOU IPUMEHSIOT IS
COEJIMHEHUS! HEHArpy)XEHHBIX, MAaJOHAarPY)KCHHbIX, HE TOJIBEP)KEHHBIX JEHCTBUIO YAAapHBIX
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 PACIPOCTPAHEHUE B TPUOOPOCTPOCHUH.

TBEpnbple MpuUIOM NPUMEHSIOT A COCAUHEHMH, Hecyllux Harpy3ku. Ilpu cratuueckux
Harpy3kax IpPUMEHSIOT IPUIIOM HAa MEJHOW OCHOBE, a Ul COECIMHEHWH, BOCIHPHUHUMAIOIINX
yIapHbI€ Harpy3Ku, — MPUIION Ha cepeOpsiHOM OCHOBE.
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Pacuér Ha mpoYHOCTH MasTHBIX COCTMHEHHM OCYIIECTBIIIIOT IO COOTBETCTBYIOIIUM (hOpMyIJIamMm
CONPOTHBIICHUSI MAaTEpUAJIOB, KaK M JJIs OJHOTUITHBIX CBApHBIX M KIICEBBIX COCAMHEHUH.
Jlomyckaemoe HampspDKEHHE Ha Cpe3 MOXKHO NPUHHUMATh JJIS IIBOB W3 OJIOBSIHHO-CBHHIIOBBIX
npurnoes [z¢] = 20 +30 MIla; u3 MeTHO-IIMHKOBBIX TIpUTIoeB [7¢] = 175 + 230 Mlla.

Bomnpoc 2. I'a3okucjiopogHast peska MeTa/IOB, €€ 001Iasi XapaKTePUCTHKA, (PU3NYeCKas
CYLIHOCTh

CyllIHOCTb nmpounecca 1 OCHOBHBIC YCJIOBUA ra301cnc.110p021n0ﬁ PE3KH

B TexHHMYECKHM YHCTOM KHCIOpOJE TPH TeMIleparype, HeOOXOIUMOM JUIsl Hadala PEeaKIlvH,
WHTEHCUBHOCTH OKHCJICHHSI METaJJIa CTAHOBHUTCS HACTOJBKO OOJIBIION, YTO TICPEXOTUT B TOPECHHUE.

Jli1st HeTIPEPBIBHOCTH TpOIiecca TOPEHUsST HEOOXO0MMO COOIIOZCHUE CIIEAYIOIINX YCIOBHUI:

1) MOCTOSIHHBIN KOHTAKT OKUCITHTENS ¢ HEOKUCIICHHBIM METAJIIIOM TIOBEPXHOCTH;

2) HeNIPEePBIBHBIN MOIOTPEB HEOKHCIEHHOTO METaslIa JI0 TeMIIepaTyphl BOCIUIAMEHEHUS;

3) HOCTaTOYHO BHICOKAs KOHIIEHTPAIHs KHCIOPOAa B Ta30BOM (haze, BCTYMAIOIICH B KOHTAKT
(B XUMHUYECKOE B3aUMO/JICHCTBUE) C METAJJIOM.

Takum o00pa3oMm, TIpoLecC Ta30KHUCIOPOJAHON PpE3KH SIBIISETCS TPOIECCOM CKBO3HOTO
MPOKUTAHUS TBEPJOTO METaJla CTPYEH YUCTOTO KUCIOPOIa.

JUis mosydeHusl KauyecTBEHHOM (TJIafKkoil) TOBEPXHOCTH pe3a HEOoO0XOAUMO, YTOObI
pa3pe3aeMblii METaJlT yOBIECTBOPSUT CICAYIOIMINM TEXHOJIOTHIECKAM TPEOOBAHHSIM:

1) Temmieparypa ropeHuss MeTajia JOJDKHA OBITh HIDKE TEMIIEPATyphl €ro IUIABJICHHUS, YTO
CBSI3aHO C TeM, YTOOBI ITPH TOPSHUH CaM METAJIT HE IIaBUJICS;

2) NPOyKTHl TOPEHUS MeTajlla JOJDKHBI OBbITh JKHJIKAMH JUISS TOTO, YTOOBI OHH JIETKO
VAAISUTACh U3 30HBI pe3a, OroJisis MOBEPXHOCTh METa/UIa JUIS HENPEPHIBHOIO KOHTAKTa CO CTPYEH
KHCJIOPOa MPpH NEpEeMEIICHIH pe3aKka BJI0JIb JIMHUH pe3a.

Kpome »3TUX JBYX OCHOBHBIX TEXHOJOTHYECKHX TpPEOOBAHWM, MPEIBABISEMBIX K
paspe3aeMoMy MeETaJLly, CJeIyeT YYHUTHIBaThb M JONOJHHUTEIbHBIE TpeOOBaHUS, HWMEIOIINE
OIIpeAeIEHHOE 3HAYCHUE.

Tak, ciemyer MMeTh B BHUAY, YTO JIJII WHTCHCHBHOTO TOPCHHS METa/UIa HEOOXOIUM €ro
MMOCTOSIHHBIM KOHTAKT (XMMHYECKOE B3aWMOJICHCTBHE) C YHUCTBIM KHCIOPOJOM, a oOpa3yromuecs
ra3000pa3HbIe OKCHIBI CIIOCOOCTBYIOT CHUKEHHUIO KOHIICHTPALMA CBOOOJHOTO KHCJIOPOJa B 30HE
peza. Orcrooma BBITEKAaET MEpBOE TpeOOBAaHWE — HEIOMYCTUMOCTh OOpa3oBaHMs OOJIBIIOTO
KOJIMYECTBA Ta3000pa3HBIX MPOTYKTOB TOPEHUSI.

BTOpBIM JOTIOJIHUTEIBHBIM TPEeOOBaHUEM, KOTOPOMY JIOJDKEH YIOBJICTBOPSATH pa3pe3aeMbIid
METaJul — JOCTaTOYHO BBICOKAs )KUIKOTEKY4ECTh 00pa3yIOIIUXCsl OKCHIIOB.

Tperbe AONMOJHUTENBHOE YCIOBUE — JOCTATOYHO BBICOKUN TEIIOBOHW 3(PQEeKT peaxiuuu
OKHCIICHUS METaJlJIa, a TETUIOMPOBOIHOCTh METAJIa HE I0JDKHA OBITh OY€HB OOJIBIION C TEM, YTOOBI
HE MPOUCXOMIIO0 HHTECHCUBHOE OXJIAXKICHHE 30HBI pe3a.

BceM 3THM TpeOOBaHUSAM YIOBJICTBOPSIOT JKEJIE€30, YIIIEPOIUCTHIC W HHU3KOJICTHPOBAHHBIC
KOHCTPYKIIMOHHBIC CTAJIA IIPH HEBBICOKOM COJICPKaHHUH YIIIepo/Ia; TeMIIepaTypa IUIaBIICHUS Kele3a
1539°C, ropenuss — 1200°C, temmeparypa miaBiienus okcuaa xeneza — 1370°C. TemmoBoit
3¢ deKT peakiuii OKUCICHUS T0CTATOYHO BBICOK:

Fe + 0,50, — FeO + 64,3 kkaj/r MoJb,
3Fe + 202 — Fe304 + 266,9 Kkan/rMoJb,
2Fe + 1,502 — Fex03 + 198,5 kkan/r-MoJb,
a TETUIONIPOBOTHOCTH JKeJIe3a SABISETCS OrPaHUICHHON.

XyAIUMU  TEXHOJOTUYECKHMMH  XapaKTEPHUCTHKAMHU OO0JIaJal0T HHKEIb M Meldb, Tak
teMmiieparypa 1uiaBienuss menu — 1083°C, oxcuna meau — 1230°C, tennoBoii 3peKT okuciaeHus
— 37,5 KKan/r-MoJib, a TEIUIONPOBOIHOCTH MEN OYEHBb BEJIUKA.

CoBepIIICHHO HE YIAOBIICTBOPSIIOT TEXHOJOTHYECKUM TPEOOBAHUSAM ATFOMUHUM, MarHUH, XpOM
u muHK. Tak, temmeparypa rturaBieHus amomunaus Al — 658°C; okcuma amromunus ALOsz —
2050°C; maraust Mg — 651°C, okcuna maraus MgO — 2500°C.
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EctecTBeHHO, 4YTO mpuMecHM B CTalsX TaKXKE OKAas3blBalOT BIIMSHHUE HA CIIOCOOHOCTH
MOJIBEPraTbCsi KUCIOPOJIHOW pe3Ke, MpUYEM pa3HbIE JJIEMEHTHl B pPAa3HOW cTeneHu. BiusHue
yriiepojia CKa3bIBaeTCs MpH cojaepkanuu ero cbime 0,25%; mapraHen, HUKEIb U MEIb B TEX
KOJINYECTBAX, B KOTOPBIX OHU COJAEPHKATCSA B CTAIAX, HE MEIIAOT BBINOJHEHUIO Ta30KUCIOPOJIHON
pe3ku. KpeMHMi, aTtOMUHUI U XPOM, 110 MEPE UX YBEJIMYEHHUS B CTAIH, YXYALIAIOT IIPOLECC PE3KHU.

ITonorpeBartesbHOE IUIAMS M KHCJIOPOJ PeKyleii cTpyn

JIyisi BOBMOJKHOCTH Hayaja Mpolecca pe3Kd M YCTOMYMBOTO €ro MPOTEKaHUs HEoOXO0IUMO
MOJIOTPETh METAJJl B HY>)KHOM MECTE IO TeMIIepaTypbl ero BocriameHeHus. C 3TON Lenblo pe3ak
JOJDKEH HMETh KaHall Ul IOJAayd TOpIOYEro rasa B CMECH C KHCIOPOJOM Ul CO3AAaHHUS
[I0I0TPEBATENBHOTO IUIAMEHU U KaHaJl, 0 KOTOPOMY MOJAETCs CTPYys PEXYIIETo KUCIOpoa.

HecmoTps Ha TO, 4TO peakuusi rOpeHus >Keje3a MPOTEKaeT C BbIACJIIEHUWEM Terula, s
co3gaHMsl HeoOXOOUMOM TemIepaTrypbl B 30HE pe3a HYKHO M IIOC]e Hayala Ipolecca He
BBIKJIIOYATh MOJIOTPEBATENILHOE TUIaMs, TaK KaK TEIJIOBOW 3HEPruu, o0pa3yrouencs: TOIbKO 3a CUET
rOpEeHUs JKeJe3a, 0Ka3bIBaeTCs HE J0CTATOYHO.

CxeMa ycTpoWCTBa aleTUICHO-KUCIOPOIHOTO pe3aka mpuBeAeHa Ha pwuc. 18.39. [lns
[I0IOrPeBa MeCTa Hayvaja pe3a 0 TeMIIepaTypbl BOCIUIAMEHEHUSI MeTaljla MPU 3aKPbITOM BEHTHIIE 3
JIPYTUMU BEHTWISIMU 4 U 9 OTKpBIBAIOT noaady kuciopoaa (O2) u anermiena (CoHo) nnst cozmanms
HarpeBaTejIbHOIO IUIAMEHHU, TOPSIIEr0 Ha BBIXOAE CMECH 3THX Tra30B M3 KOJIBLEBOIO KaHala,
00pa3yeMoro 3a30poM MEX/ly HApyKHbIM U BHYTpeHHUM MyHmtykamu /4 u /5. Tlocne pazorpesa
MecTa Hayaja pe3a J0 HEeoO0XOAMMON TeMIepaTypbl OTKPBHITUEM BEHTWIA 3 MOAAIOT CTPYIO
PEXYIIEro KUCIOpoa.

Puc. 18.39. Cxema ycTpoiicTBa aleTHJICHO-KUCIOPOAHOTO pe3aka: | — rojioBka pe3aka;, 2 —
TpyOKa pexyiiero kuciopoaa; 3,4, 9 — BeHTwin; S, 6 — HUNIEIN A7 IUTAHTOB; 7 — PYKOSITKA;
8 — kopnyc pe3aka; 10 — umxkekrop; 11 — HakunHas raiika; 12 — cMecuTelnbHas KaMepa;
13 — nHakoHeuHUK; 14, 15 — BHYTpEHHUN U HAPYKHBIA MYHIITYKA

MoIIHOCTh MOJOTPEBATENBHOTO IJIAMEHH, a, CJIEeI0BaTelIbHO, M PACXOJ] TOPIYEro rasa
3aBUCST OT TOJIIMHBI pa3pe3aeMoro MeTajuia:

Bomnpoc 3. IIpouecc 00padoTKu MaTepUAIOB pe3aHreM: 001Iasl XapaKTepUCTUKA, BU/bI,
00J1acTh NPUMEHEHUA

OcCHOBHBIMH BHJaMH OOpabOTKM MaTepuajoB pe3aHueM sBIAIOTCSA (puc. 1): Touenwue (a);
ctporanue (0); monbieHue (6); cBepieHUE (3EHKEPOBaHME, Pa3BEPTHIBAHHUE M 3CHKOBAHUE) (2);
dpesepoBanne (0) u nummdoBaHue (¢), — TPOU3BOJAMMBIE HA METAUIOPEKYIIUX CTAHKAX
COOTBETCTBYIOIIEH TPyNIbl. B 3aBUCHMOCTH OT BHUA BBIMOJHICMBIX TEXHOJOTHYCCKUX OICpAIIHiA
pa3IuyaloT CTAHKH TOKApHOW TPYMIbI, CTPOTAIBHOM, MOJOEKHOW, CBEPIHIIBHOW, PACTOYHOM,
(bpesepHoi, nuM(OBATLHON U AP.

[Ipu oOpaGoTke MaTepuasoB PE3aHUEM HCIOJB3YIOT Pa3IUYHBIN PEXKYIINH HHCTPYMEHT:
pe3Lbl, cBEpPIA, 3eHKepa, pa3BEPTKU (Ppe3bl, KOTOPbIE UMEIOT CHELMAIBHO 3aTOUYEHHYIO PEXYIILYIO
4acTh, a TaKKe MNPUMEHSAIOT NUIM(OBaIbHBIC a0pa3uBHBIC KPYyrd, 3EpHA KOTOPHIX OOIaarOT
OCTPBIMH TPaHSIMHU M yriamMu. Pexymuii MHCTPYMEHT M3rOTABIMBAIOT U3 MaTepraja MOBBIIICHHOM
TBEPIOCTH, IPOYHOCTH, TEPMO- U U3HOCOCTOMKOCTH, Pa3IMUHBIX (POPM U pa3MepoB.

Touenme. [Ipr TOYCHHUN TIIABHBIM JIBUKCHHEM PE3aHUS SIBJSICTCS BPAMIaTEIIbHOE JIBIKCHUE
3arOTOBKH, a JBWKCHHE TMOJA4Yd — MPSMOJUHEHHO-TIOCTYyNaTeNbHOE ABMKEeHne pesna (puc.la). K
napameTrpam (pexuMam) pexxnuMa pe3aHus Mpu TOUSHUU OTHOCSTCS:

1) ckopocms pezanusi v — nUHEHHAs CKOPOCTh TOYKH, JIeXxalleld Ha oOpabaThiBaeMOit
MMOBEPXHOCTH, M/MHH;
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2) nooaua s — MepeMEIICHNE Pe3lia 3a OJIMH 000POT 3aTOTOBKH, MM;

3) enyouna pesanus t — paccTOSHUE OT 00padaThIBaeMOW MOBEPXHOCTH J0 00OpabOTaHHOM,
M3MEPEHHOE MEPIICHINKYIISIPHO OCH 3aTOTOBKH, MM.
Puc. 1. Cxembl OCHOBHBIX BHUJOB O00pabOTKHU
MaTepHAIIOB pe3aHNEM:
a — TOYEHHE; O — CTpOTaHHe; 8 — JOJIOJICHHE;
2 — CBepJIeHUE, 3eHKEpPOBaHME, pa3BEPTHIBAHHE
W 3€HKOBaHWE; O — (Qpe3epoBaHue; e —
uuidoBanue

+o

ToueHne Mpou3BOAAT HA CTAaHKAX TOKAPHOW TPYyNIbI C MCIOJb30BAaHUEM PE3LOB, KOTOPHIE

BBI6I/IpaIOT B 3aBUCUMOCTH OT BHJa OIICpaluu. OcHOBHBIE TOKApPHBIC OIICpalluu IPCACTAaBJICHBI HAa
puc. 2.

&) T“- o) Tu_

H]

Puc. 2. Cxembl OCHOBHBIX TEXHOJIOTHYECKUX OTepaIuii TOKapHO 00padOTKu:

a - TOYEHHE HAPY>KHOM LIMJIMHIPUYECKON MOBEPXHOCTH; O - OJIpe3aHue MIIOCKUX TOPLEBbIX
MIOBEPXHOCTEN; B - TOUEHHUE KAHABOK; T - OTPE3Ka; 1| - TOUEHUE METPUUECKON pe3bObl pe3loM; € -
To4YeHHE (PaCOHHBIX TIOBEPXHOCTE; K - pacTayuBaHHE BHYTPEHHUX IOBEPXHOCTEH; 1
- oOpabartbiBaeMasi IOBEPXHOCTD; 2 - MOBEPXHOCTb pe3aHus; 3 - 00paboTaHHAs TOBEPXHOCTb.

ITo BuAY BBHINOJIHSIEMBIX ONlEPANMiA PA3THYAIOT CJIeYIOIIHe TOKAPHbIE Pe3Ibl:

1) mpoxoiHble, MPOXOAHbIE YIOPHBIE; 2) MOJApe3HbIe; 3) MpOpe3Hble U OTpe3Hble; 4) pe3bOOoBHIE;
5) pactounsie; 6) GacoHHbIE. 7) pE3IIbI Il YUCTOBOM 00paOOTKHM 3aroTOBOK (3) 1 Jip.

B 3aBucHMOCTH OT HampaBIeHHS IMOJA4YH PE3Ibl PA3/ENAIOT Ha IMPaBbIe U JIEBEIC; 1O (opMe
PEeXYIIEH YacTh — Ha MpsIMbIe, OTOTHYTBIE M OTTSHYTHIC U M30THYTHIE; [0 XapakTepy o0paboTKH
— Ha YEPHOBBIE, MMOJIyYHCTOBBIC U YNCTOBBIC; 10 KOHCTPYKIIUN — Ha IeJIbHBIC U COOPHEIE.

Jlnst m3rotoBieHWs: W 0OpaOOTKH OTBEPCTHH IMPH TOUYEHHH TPHUMEHSIOT TakXke CBEpIa,

3CHKCPBI U pa3BépTKI/I, a JJId HapC3aHUusa p€3136bl — MCTUYHMKH, IIJIAIOKKA W Pa3JIUYHBIC IO TUITY
pe3pOoHape3HbIe TOJIOBKH (puc.3).



Puc. 3. Pe3nOonapesnoit
WHCTPYMEHT:

a - METUYMKH;

0 - IIaIKa;

B - peryimpyemas pe3bOoHape3Has
TOJIOBKA C TIOCKUMU
(cTep>KHEBBIMU ) TPEOEHKAMH.

Ctporanue. [Iponecc crporanus (cM. puc. 16) — BHI MEXaHMUECKOM 00paOOTKH TIIOCKUX
MIOBEPXHOCTEH pe3aHueM, MPU KOTOPOM TJIABHOE ABMKEHHE (CKOPOCTh pe3aHus v) cooOliaercs
pe3Lly WM 3arOTOBKE U SIBJISIETCS BO3BPATHO-IIOCTYNATENIbHBIM, a IBUJKEHUE MOJAa4uu § cOOOIIaeTcs
3aroToBKE WM pe3ly U sBhsercs npepelBUCTbIM. Ha puc. 20.16 rnaBHBI BUJ JABHXKEHUS
OCYIIIECTBIISIET 3aroTOBKAa, a pe3ell — JABIKeHHe nojgadu. CTaHKH, Ha KOTOPBIX IMPOU3BOISTCS
olepaluy CTPOTaHUsl Ha3bIBAIOT MPOJIOJIBHO-CTpOranbHbIMU. Ecian Ha cTaHkax pes3ell coBeplIaeT
TJIABHOE JIBIDKEHHE, a 3aTOTOBKAa — JBIDKEHHE TOJAaYd, TO TAaKHE CTAHKH SIBIISIOTCS TIOMEPEYHO-
CTPOTAIBHBIMU. B HEKOTOPBIX CITy4asx pe3er MOKET OCYIIECTBIIATh KaK IIABHOE JBIDKEHHUE V, TaK
W JIBIDKCHHWE Tojayu s. BceiemcTBue TOro, 4to peser; coBepriacT pabodyuii M XOJOCTOM XObI,
MpOIeCcC PEe3aHMs MPHU CTPOTAHUH MPEPBIBUCTHIA. CHITHE CTPYKKH MPOUCXOTUT TOJBKO BO BPEMsI
npsimoro (pabouero) xona. [Ipu oGpaTHOM (X0JI0CTOM) X021 pe3el padoTy pe3aHus HE MPOU3BOINT,
YTO CHOCOOCTBYET €T0 OXJIAXKICHUIO.

Takke cTporaHueM MOXHO IPOBECTH 00pabOTKY (PaCOHHBIX MOBEPXHOCTEH U BBIOOPKY IA30B
Y KaHaBOK.

Joabsenune. Dra omnepainus SBISETCS Pa3HOBUAHOCTHIO CTPOTAHHS U IPOU3BOAMTCS Ha
NONO&KHBIX CTaHKax. Ha HWX TIaBHBIA BUA JBWKEHHUS vV  (BO3BPATHO-TIOCTYIIATEIBHBIH )
OCYILIECTBJISIET pe3€l] B BEPTUKAIbHOM IUIOCKOCTH, a JIBUKEHHE IIOJauh s — 3aroToBka B
TOPU3OHTAIBHON TUIOCKOCTH (CM. puc. 1g). JlonbmeHue NPUMEHSIOT Ui TOJYYCHHsS] KaHABOK,
TUIOCKUX W (AaCOHHBIX MOBEPXHOCTEH HEOOJBIIOW BBICOTHI, HO 3HAYUTEIBHBIX MOMEPEUHBIX
pa3MepoB.

Csepaenne. Ilpu cBepieHuM (3€HKEPOBaHUH, pPa3BEPTHIBAHUM, 3C€HKOBAHWUW) OOBIYHO
[JIAaBHOE JIBMDKCHHE V M JBIDKCHUE TMOJA4d § COOOIMAIOT PEeXyIeMy HHCTpYMeHTy (puc. 1e).
CaepiieHHE TPUMEHSIOT JIISI TTOJTyYSHHSI CKBO3HBIX M TUIYXHUX IFJIMHAPHYECKUX OTBEPCTHH.

3enxkeposanue — TPUMEHSETCS U1l YBEJIMYEHHS TUaMETpa OTBEPCTHS, IPEIBAPUTEIHHO
MOJIy4CHHOTO JINTHEM, INTAMIIOBKOW WM CBEpJICHHEM, W TpPHIAHUS €My Oojee MpaBHIbHOU
reOMETPUIECKON (OPMBI, TOCTH)KCHHS HAMMEHBIICH MIEPOXOBATOCTH ITOBEPXHOCTH, YeM IIPH
CBEpJICHUU WJIN PacCBEPIMBaHUMU.

Paszeepmuvisanue obGecrnieunBaeT MOJIyd€eHUE OTBEPCTUH C BBICOKONW TOYHOCTBIO Pa3MEpPOB U
BBICOKAM Ka4eCTBOM IIOBEPXHOCTH; €0 MPUMEHSIOT B OCHOBHOM JUIsI OKOHYATEIHHONH 00paboTKH
OTBEPCTHII.

3enkoeanue — TOJY4eHHE OTBEPCTUN TOJ MOTAMHBIC W TOJYNOTAalHBIE TOJIOBKUA OOJTOB U
3aKJIETIOK.

CBepiieHHE SIBISIETCS CAMBIM PACIPOCTPAHEHHBIM CIIOCOOOM TOJTYYEHUS! CKBO3HBIX M TITyXHX
OTBEPCTHUH B 3arOTOBKE.

Paznuuaror obwviunoe w enybokoe cmepienue. llpu OOBIYHOM CBEpPIEHUU ISl TIOJTYYCHHS
CKBO3HBIX WJIHM TIYXHX OTBEPCTHH NPUMEHSIOT CHHpAIbHBIE CBEPIA C KOHHUYECKUMH WU
[WIMHAPUYECKUMH XBOCTOBHKAaMH. B 3aBUCHMOCTH OT BEIWYHMHBI MapTHH 00padaThIBaeMbIX
Jeraneil  cBepJeHHE MPOU3BOJAT HO pazmemke WIM B KOHOYKmopax  (CIeualbHbIX
MPUCIIOCOOIEHUSIX, U3TOTOBISIEMBIX 110 opMe 00pabaTbIBAEMOM AETANHN).
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[Ipu 06paboTke OONBIIMX MApTUH JAeTane CBepieHUE MPOU3BOAIAT B KOHAyKTOpax. OHu
MIO3BOJISIFOT BECTH CBEpJieHUE 0€3 MpeBapUTEIbHON pa3METKH JETall U MOoJydaTh 00Jiee BHICOKYIO
TOYHOCTH 00pabOTKH.

[Ipu riyOokoM cBepiieHUH, KOI/la JUIMHA OTBEPCTHs MPEBBIIIAET €ro AuaMmeTrp B Spa3 u
0oJiee, 0OBIYHO TPUMEHSIOT CTICIIUATBHBIC CBEpJIa:

1) pyxeiiHble A5l CBEpIJIEHUS OTBEPCTUH IUaMETPOM /10 25 MM B CILJIOLIHOM MaTepHale;

2) nyue4yHble 0JJHOCTOPOHHETO Pe3aHusl /ISl CBEpIICHHS OTBEPCTHH TuameTpom Oosiee 25 MMm.

Paccseeprusanue — npuMeHSIOT 11 OTBEpCTU quamerpom Oosiee 25 mM. CBEpiia OOJIBIITNX
IMaMETPOB HMEIOT TMEPEMBIYKM 3HAYUTEIbHBIX pPa3MEPOB, IOATOMY MpU HX MPUMEHEHHUH
HE0OX0IMMBbI yBeJIMUEHHbIE yeuius nojaaun. Kpome toro, Takue cBépia 4acTo OTKJIOHSIIOTCS OT OCH
CBEpJICHUS.

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

3enkeposanue n pazeépmuléanue — 3TUM IIpoLieccaM MOBEPraloT OTBEPCTHUS, OJTyYCHHbBIE B
3aroTOBKax CBEPJIEHUEM, JINTHEM, HITAMIIOBKOMN C LIEJIBIO MOJYyYeHHs OOJIbIIEH TOUHOCTH pa3MepoB
U YUCTOTHI TIOBEPXHOCTH. 3€HKEPOBAHUE MPUMEHSETCS JIJIsl OKOHYATEIbHOU 00pabOTKN OTBEPCTHI
WM JUISL IpeIBapUTEIbHON 00paboTKU MO pa3BEPTHIBAHUE.

®pesepoBanue. [Ipu ppezepoBaHuM TIaBHOE JBUKEHHUE V COOOIIAETCS MHOTOJIE3BUHHOMY
peXYIIEMY HHCTPYMEHTY — ¢pe3e, a IBUKEHHUE nojaun s — 3arotoBke (puc. 20.10). CymecTByror
cxeMbl (pe3epoBaHMs, KOTJa IJIaBHOE JIBIKEHHE U [BIDKEHHME IMOoJauud cooOuaoT Qpese.
®pe3epoBaHue TMPUMEHSIOT TpPH O0OpPaOOTKE TOPU3OHTAIBHBIX, BEPTUKAIHHBIX M HAKIOHHBIX
IJI0CKOCTEH, (PaCOHHBIX MOBEPXHOCTEH, Ma30B M KaHABOK PA3JIMYHOTO MPOQUIIL, IPU U3TOTOBIECHUU
3y0uatsix kojec. OcoOeHHOCTh Tporecca Gpe3epoBaHus 3aKII0YACTCS B MPEPHIBUCTOCTH PE3aHUS
KaKIbIM 3yOoM ¢pe3bl. 3y0 ¢pe3bl BCTYNAeT B KOHTAKT C 3arOTOBKOM M BBINOJIHSIET pabOTy TOJIBKO
Ha HEKOTOPOW YacTH cBoero obopora. 3arem 3y0 ¢pe3bl, MpoAoJDKas IBUKCHHE, HE KacaeTcs
3aroTOBKH JI0 CJIEAYIOLIEr0 BPE3aHHS; B 3TOT MOMEHT OH OXJaXKIAETCs, YTO YBEJIUYMBAET CPOK
cityk0bl ppe3bl. Kaxapiil 3y0 ¢pe3bl UMEeT TaKue jK€ JIEMEHTBI U YIJIbl, YTO M TOKapHbIN pe3ell.
[TosTomy (hpe3y MOKHO paccMaTpuBaTh Kak HA0Op TOKAPHBIX PE3IOB.

B 3aBucumocTy OT Ha3HAYEHUS U BUIA
o0pabaThIBaeMbIX IOBEPXHOCTEHN pa3anyaoT
cieyronre Haubosee pacpoCTpaHEHHbIE
Tunsl Gpes (puc. 4): unIHApUYECKUe /;
TOpLEBBIE 2; TUCKOBBIE 3, 4; NMCKOBBIC MBI J;
KOHIIEBBIE 6; OTHOYTJIOBBIE 7; IBYXYIJIOBBIE &;
nazoBble 9; ¢haconusle /0; MOIyIbHbBIE
IIMCKOBBIC [ /; TaabIeBbIe /2.

¥ g

Puc. 4. Haubonee pacnpocTpaHEHHbIE TUIIBI
¢pes.

lingosanue. [Ipouecc mmudposanus (puc. le) NpUMEHSIOT KaK OTIEIOYHO-/I0BOJIOUYHYIO
OTIEpAIMI0 C TIOJy4YEeHHWEM pPa3MepoB JI€Talel ¢ TOYHOCThIO MO 6 — 7-My KBamuTeTaM |
IEPOXOBATOCTHIO MOBEpXHOCTU R, = 0,08 — 0,32 MKM.

Kak o6aupounyto onepanuio numpoBaHUE UCIIONIB3YIOT IPU OYUCTKE JINThS, IOKOBOK U T. 1.

lInugposanue — 310 00pabOTKa TMOBEPXHOCTEH H3ACIUS NUTH(POBATHLHBIMU a0pa3uBHBIMU
Kkpyramu. Jjig 061upoyHOit 06pabOTKN NPUMEHSIOT KPYITHO3EPHUCThIE a0pa3uBhl, a JUIsl YUCTOBOTO
nuii@oBaHUg — MeNIKO3epHUCThe. VIcronb3yloT abpa3uBbl €CTECTBEHHbIE — HaWOOJIbIIee
MPUMEHEHHE MOJYYUJIM MUHEpall KOPYHJ M ajiMa3, M HCKYCCTBEHHbIE — JJIEKTPOKOPYHI C
pa3IMYHbIMU JOOaBKaMU, KapOua KpeMHHUsI, HUTpU Oopa u Jip. AOpasuBHbIe 3€pHa B 3aBUCUMOCTH
oT uXx pasmepa aemnsatcs Ha numd3épaa (Ne 200-16, pazmep 3epna 2500 — 160 Mxm), IITUGITOPOIIKI
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(Ne 12-4, pazmep 3epHa 160 — 20 mxMm) n mukponopomku (Ne M63-MS5, pasmep 3epHa 63 — 5 MKM).
3epHUCTOCTh ajiMa3HbIX nMopoukoB oT AMI1 (pa3mep 3epHa MeHee 1 MxMm) 10 AMS0 (pa3mep 3epHa
no 630 mxm). AOpasuBHBIE 3€pHa CKPEIUICHBI JPYr C JIPYroM C TOMOIIBIO IIEMEHTHUPYIOIIETO
BemectBa — CBs3KU. Llupoko mpuMeHSIOTCS NIIHQOBAIBHBIE KPYrd Ha KEpaMHUYECKOM,
0aKeInTOBOM U BYJIKAHUTOBOI (300HHUTOBOM) CBSI3KE.

DOU3NKO-XUMHYECKHE 1 MeXaHHYEeCKHE OCHOBBI nmpouecca pesanus

Pa3zButne Hayku O pe3aHMM MaTEpPUAIOB IOCTOSHHO  COIMPOBOXKIAJIOCh HOBBIMHU
TEOPETUYCCKUMH U IKCHEPUMEHTAIBHBIMH  TOJOXKEHUSIMH, OOBICHSIIONIUMHA  (DU3UIECKYIO
CYIITHOCTh MHOTOUYHCIIEHHBIX SIBJICHHA, COITPOBOKIAIOIIUX MPOIIECC PE3aHHUS.

Bausinue cMa3zouHo-oxjaaxaammmx texnojorundeckux cpea (COTC) na npouecc 00padoTkn
MaTepHajoB pe3aHueM

W3BecTHO, 4TO MNpH BO3JIEHCTBUU HA 30HY PE3aHUS PA3IMUHBIX TEXHOJOTUYECKUX CpeN
MPOUCXOJTUT PSAI  CIOXKHBIX B3aWUMOCBSI3aHHBIX M B3aUMO3aBUCHUMBIX (PU3UKO-XUMHUYECKUX
IIPOLIECCOB: aACOPOLUsI, KOPPO3HsI O] HANpPsLKEHHWEM, BO3SHUKHOBEHHE MOBEPXHOCTHBIX TPELIUH,
ra3oHachIlIeHUEe, U3MEHEHNE TEMIIEPATypHOTO MOJIS B 30HE pe3aHusi, oOIydeHHE JIEeMEHTapHBIMU
yacTULIAMHU, JJIEKTpUYECKUE U Apyrue sapiieHus u mp. CienoBaTesbHO, Cpella MOXKET OKa3blBaTh
3HAYMUTEJILHOE BJIIMSIHUE HAa MHTCHCU(UKAIMIO MPOIECCOB 00paboTku MaTepuanoB. C ATOM IENbIO
g Oonee 3ddexTuBHON 00paOOTKM pa3iaMYHBIX MaTEpUaJIOB MOTYT OBbITh MPUMEHEHBI
YIBTPa3BYKOBBIE KoJeOanus, mojanbl paznuuabie COTC, Takke MOXeT ObITh MPOU3BEIICHA
00paboTKa B AIIEKTPUYECKUX U MAarHUTHBIX TOJISAX, B BAKYYME U HEUTPAILHBIX cCpeaax u T. JI.

CnenoBarenbHo, COTC sBasiercst oaHUM U3 HauOoJsiee BaKHBIX IMEPEMEHHBIX (aKTOPOB
COCTOSIHUSI TEXHOJIOTHYECKON crucTeMbl. 3a cu€T m3meHeHus coctaBa u coctosinusg COTC moxHO
3¢(GEeKTUBHO OCYIIECTBUTh MHOTOCTOPOHHHE W3MEHEHHsSI MapameTpoB (YHKIMOHUPOBAHUS
TEXHOJIOTUYECKOM CUCTEMBI, UTO MO3BOJISIET ONTUMU3UPOBATH PEKUMBI 00PaOOTKU pE3aHUEM.
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Jlureparypa:

a) OCHOBHAs JIUTepaTypa

Jlaxtun, F0.M. Marepuanosenenue: yueonuk / FO.M. Jlaxtun, B.I1. JIeonTseBa. —
3-e u3x., nepepad. u gon. PenpuntHoe uznanue. — M.: Anbsiac, 2013. — 528 c.
Muropun, C.A. MarepuanoBeeHle W TEXHOJIOTHS MaTepuajoB: Y4eOHHK JJIst
oOyvaromuxcs B By3ax MUC Poccum 10 choenuasbHOCTSIM HaINpaBlICHUS
«besomacHocTs xusHeaestenbHoctu»/ C.A. lluropun, I1.B. I[Tyukos. - 1-e uzn. —
NBanoso: Meanosckuii unctutryt ['TIC MUC Poccun, 2012 r. — 542 c.: un. (I'pud
«Jomymeno» MUC Poccun).

0) IOTIOJTHUTENIbHAS JTUTEpATypa

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

[Tyuxos, I1.B. Koppo3us KOHCTpYKIIMOHHBIX MaTepraioB (MEXIUCIUIUIMHAPHBIN
7a00paTOPHBIM MPAKTUKYM): yuyeOHOe TmocoOue sl chylaTeneil, KypcaHTOB U
CTyIEeHTOB Bcex (QopM oOydeHuss no cneuuanbHoctu 280705.65 «lloxkapnas
O0e3omacHocTb» U HampabieHuto noarotoBku 280700.62 «TexHocdepnas
oezonacHoctby/ I1.B. IlyukoB, C.B. Tumodeena, J[.I'. Cuerupés. — MBanogo:
OOHU 1sU I'TIC MYC Poccun, 2012. - 214 C.

[Tyukos, I1.B. Meroasl 3amuTbl OT KOPpO3uUM: 3JIEKTpoHHOE mocobue. / I1.B.
[TyukoB, I.A. Viube, C.B. TumodeeBa. 379 MO, dopmar: exe, CHUCTEMHBIE
tpeboBanus: Windows 98, NT, 2000, XP, Vista, Seven; Adobe Flash Player; 256
M6 onepatuBHoil namsitu; bpaysep Internet Explore.

[IyukoB, II.B. MarepuanoBeaeHue W TEXHOJIOTHS MaTE€pUANOB: Yy4yeOHO -
METOMYECKOe TMOocoOHMe i CaMOCTOSATENbHON paboThl oOydYarommxcs IO
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cnenuanbHoct 280705.65 — «IloxkapHass 0€30MacHOCTb» W MO HaIpPaBICHUIO
noaroroBku 280700.62 — «Texunocdhepnas 6e3onacHocts» / I1.B. Ilyukos, B.B.
Kucenés, A.B. Tonopos, B.A. Iloneraes. — MBanoBo: OOHU 3KO ®I'BOY
BIIO UBU I'TIC MYC Poccun, 2014. — 106 c.

[TyukoB II.B., Mexanudyeckue CBOMCTBA MaTEpHAIOB: SJEKTPOHHOE Y4YeOHOE
nocobue/ Kponorosa H.A., [loneraes B.A. 313 Mb, dbopmart: exe, Oneparrionnas
cuctrema Windows XP-10, bpaysep Internet Explorer Bepcuu 8 u Bblllle, KOJIEKU
JUIsl BOcIIpou3BeAeHusl Buieo B popmatax mp4 u avi. [lpoueccop 2-x snepHblit
intel mmu Amd, 2I'6 O3V.

Ilyuko II.B., MarepuanoBenenue u TexXHOJOTHs MartepuainoB. Yacte 1.
«MarepuanoBeieHUE»: DJIEKTPOHHOE ydeOHoe mocobue/ Kucenes B.B.,
Kponoroa H.A., Ounnnuko B.B., I'pumuna E.}O. 348 Mb, dopmart: exe,
Onepanuonnas cucreMa Windows XP-10, bpaysep Internet Explorer Bepcuu 8 u
BbIIIIe, KOJIEKH ISl BOCIPOU3BeneHUs BUIeO B (popmaTax mp4 u avi. [Ipoueccop
2-x anepHbiit intel unmu Amd, 2I'6 O3V, 348 Mb.



