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BBenenue

Juciunnuna «MaTepuaioBeIeHUE U TEXHOJIOTHUSI MAaTepUaiOB» OTHOCUTCS K
YUCTy OCHOBOTIOJIATAIOIINX YU€OHBIX JTUCHUIUIMH. DTO CBS3AHO IMPEXKIE BCETO C TEM,
YTO TOJY4YeHHE, pa3pad0TKa HOBBIX MaTEpPHAIOB, TEXHOJOTHUYECKHE CIOCOOBI MX
00pabOTKH SBISIOTCSI OCHOBOW COBPEMEHHOT'O MPOM3BOJACTBA M YPOBHEM CBOETO
pa3BUTUS BO MHOTOM OIPEACISIIOT HAYyYHO-TEXHUYECKUA H SKOHOMHUYECKUM
NOTEHIIMANl CTpaHbl. [IpoeKkTHpOBaHKME pallMOHAIBHBIX, KOHKYPEHTOCIOCOOHBIX
W3MIeNTUi, OpraHW3anvs WX [POW3BOACTBA  HEBO3MOXHBI  0€3  JOJIKHOTO
TEXHOJIOTHYECKOTO OOECTEeUYEeHHs] W JOCTaTOYHOTO YPOBHS 3HAaHWUW B 00JacTh
MATEPUATIOBEICHUS U TEXHOJIOTUH MAaTEPHUAIOB.

MarepuanoBeieHue — 3TO HAayKa, M3y4darollas CBsI3b XMMHUYECKOrO COCTaBa,
CTPOEHHUS U CBOMCTB MaTEPUAJIOB MPU PA3JIUYHBIX TEPMOJIUHAMUYECKUX YCIOBUSIX.

OCHOBHOM TIEJIbI0 HAYKU MAaTEPHATIOBEICHNE SBIISICTCS HAYYHO 00OOCHOBAHHAS
pEeKOMEHJAIMsg W ONTHUMaJbHBIA BBIOOP (WM pa3pabOTKa) TOrO WJIM HWHOTO
KOHCTPYKIIMOHHOTO WJIM MHCTPYMEHTAJILHOTO Marepuaia JJjisi KOHKPETHBIX AeTajein
TEXHUYECKUX OOBEKTOB M  COOPYXKECHHMH, paloTalolmmMX TP  Pa3IudHBIX
TEMIIEPATYPHBIX U HATPY30UHBIX PEKUMAX B PA3JIUYHBIX CpPEAaXx.

TexHoyorus MaTepuajioB SBISETCS KOMIUIEKCHON Y4eOHOM IUCHUIUIMHOW, B
KOTOPOM pacCMaTpUBAIOTCS OCHOBHBIE CBEACHHS O CIOCO0axX IMPOM3BOJICTBA
MaTepHaIOB PA3IMYHOTO HA3HAYCHHUS U UX OOPaOOTKU C IENBI0 TOJYYCHHUS U3 HUX
JeTaNel onpeaeéHHON KOH(DHUTypauu ¢ 3aJaHHBIMU CBOMCTBAMU, MIPUTOIHBIX IS
WCMOJIb30BaHUS B PA3JIMYHBIX MAIIMHAX, MEXaHU3MAX U KOHCTPYKIUAX.



MeToaunueckue PEKOMCHIALUMMA 110 U3YUYCHUIO TEM NUCIHUILJIHHDBI

Tema 1. Kpucrasuinyeckoe cTpoeHre MaTepuajioB

Bomnpoc 1. HecoBepieHcTBa KPUCTANIMYECKOTO CTPOEHUS

MerTasibl U CIIaBbl, MOJYYEHHBIE B OOBIYHBIX YCIOBUSIX, COCTOSIT U3 OOJIBIIOTO KOJUYECTBA
KpUCTAJIJIOB, TO €CTh, MMEIOT MOJUKPUCTAIUIMYECKOE CTPOECHHE. ODTH KPHUCTAUIbl Ha3bIBAIOTCA
3épHamMu. OHHM HUMEIOT HENpaBUWIbHYI0 (OPMY M pa3IU4YHO OPHUEHTUPOBAHBI B IPOCTPAHCTBE.
Kaxxnoe 3epHO HMEET CBOW OPUEHTHPOBKY KPUCTANIMYECKOW PpEHMIETKH, OTJIMYHYIO OT
OPUEHTHUPOBKH COCEIHUX 3EpPEH, BCIEACTBHE Yero CBOMCTBAa peajbHBIX METalIOB (Kak
KPUCTAJUTNYECKUX TEJ) YCPETHSIIOTCS, U SIBICHUS aHU30TPONIUU HEe HAOIIOAAeTCsl.

B kpucraminueckoil pemérke peaJbHBIX METaNIOB HMEIOTCS pPa3IMyHble Je(eKTh
(HECOBEpILIEHCTBA, HApPYIIEHUs CTPOrOro pACIOJIOKEHUS aTOMOB), KOTOPHIE HapylalOT CBS3U
MEX/1y aTOMaMU M OKa3bIBAIOT BIUSHUE HA CBOMCTBA METAJUIOB.

ITo reomMerpuyeckMM  NPH3HAKaM  pa3jn4yalT  CleIylOlHe  CTPYKTYpPHBbIe
HecoBepIIeHCTBA (T1edeKThl) KPUCTAINYECKOT0 CTPOEHHUS:

1) moueunvie — maiible BO BceX TPEX U3MEPEHUSX;

2) nunetinble — MaJjible B ABYX U3MEPEHUSX U CKOJIb YTOJIHO MPOTSHKEHHBIE
B TPETHEM;

3) nosepxnocmmusie — Manble B OJHOM U3MEPEHUH.

ToueuHnsble nedexTbl

Toueunble nedeKxThl SBIAIOTCA OJHUMHU M3 HauboJiee PacHpOCTPAHEHHBIX HECOBEPIIEHCTB
KPUCTAUINYECKOTO CTpOeHHs] MeTauioB. K  TodeyHbIM JedekTaM OTHOCATCA: BaKaHCHUH,
MeXYy3elbHbIe (IUCIOUPOBAHHbIE) aTOMbI, HAIMUUE B Yy3JlaX KPUCTAJUIMYECKON PEemETKH aTOMOB
npumeceit (puc. 1).

Bakancuss — 3TO OTCyTCTBHE aTOMOB B y3JlaX KpPUCTAUNIMYECKOW PEUIETKH, «IBIPKU»
(He3aHsATBIE aTOMaMH MECTa B STYEHKaX KpUCTAJUITMUECKO perméTku) (puc. 1a).

OO6pa3yroTcsi BakaHCHH MIPU MEepexo/ie aTOMOB € MIOBEPXHOCTH B OKPYXKAIOLIYIO Cpey WIH U3
Y3JI0B PEHIETKH Ha TMOBEPXHOCTh (IpaHHIBI 3EPEH, MyCTOTHI, TPEUIMHBI U T. 1I.), B pe3yJbTaTe
iacTUyeckoil nedopmanuu, mpu OOMOapaupoOBKE Tela aTOMaMHM WM YacTHUIAMH BBICOKUX
sHepruil (00siyuyeHHe B LUKIOTPOHE MM HEUTPOHHOE OOJIydeHHE B SEpPHOM peakTope). YUmcio
BaKaHCHU YBEJIMYMBAETCA C MOBBIIIEHUEM TEMIEPATYPhI, pU 00pabOTKe NaBlIeHUEM, OOIYUEHUN U
ApYyrux BUJax Bo3aencTBus. CKOIMJIEHHE MHOTHX BaKaHCUN MOXET MPUBECTU K 00pa30BaHUIO MOP U
MyCTOT.

segasefezat

H
)
d

Puc. 1. Toueunsie nedeKTHI.

Amomer  npumeceri (IpPUMECHBIE aTOMbI) BCEerjJa MPUCYTCTBYIOT B MeTallle, TaK Kak
MPAKTUYECKH HEBO3MOXKHO BBIIIABUTH XUMUYECKU YHCTHIN MeTaul. OHU pacroiaraioTcs B y3lax
PEMIETKH WM MEXKAOY3IHUIX U MOTYT UMETh pa3Mepbl OOJIble WM MEHBIIE Pa3MEpOB OCHOBHBIX
aTomoB (puc. 16, 1s).

Jlucnoyuposannwiii (Medcy3envbHulll) amom — ITO aTOM, BBIMICAINIANA U3 y3Jla PEmETKH U
3aHSIBIIMKA MECTO B Mexaoysiue (puc. 18). Mexy3enbHble neeKThl 00pa3yloTcs B pe3yibTare
nepexo/ia aToMa U3 y3j1a B MEeXKY3JIMe KPUCTATHYECKON PEeIETKH.
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Todeunsle neeKThl BBI3BIBAIOT BHYTPEHHUE HAIPSDKEHHUS W HE3HAUUTENbHBIC HCKAKCHUS
KPUCTAIJINYECKON PEIIETKH, YTO MPUBOAUT K MU3MEHEHUIO (PU3MKO-MEXaHMYECKHX CBOMCTB Tela
(IpOYHOCTH, ANEKTPONPOBOIHOCTH, MATHUTHBIX CBOMCTB U T. 1I.).

JIuneiinbie 1eeKTbl

OCHOBHBIMU JIMHEWHBIMH JIe()EKTaMU SBISIOTCS JUCIOKAIUH.

Jucnoxayuu — 3T0 nuHEWHbIE Ne()EKThl KPUCTAJUIMUECKOTO CTPOCHHS, NMPEACTaBISAIONINE
co00i JMHUM, BIOJIb M BOMU3M KOTOPBIX HAPYIIEHO XapaKTEpHOE IS KPUCTAIIA MPaBUIHHOE
PaCIOJIOKEHUE aTOMHBIX TIOCKOCTeH (puc. 2). g AWCIOKAMi XapakTEPHO HAIMYMUE JIMIITHUX
aTOMOB, HaXO/SIINXCS B MEXKIOY3IHSIX.

PaznuuaroT 1Ba Bua TUCIOKALMI — Kpaesble U 6uHmogwvle (CM. puc. 2).

Kpaesas oucnoxayus npeacTaBiseT co00 MECTHOE UCKAKEHUE KPUCTALUTHISCKON PEeIIETKH,
JIUHUIO, BJIOJIb KOTOPOH BHYTPH KpHCTAJIJIa OOPBIBACTCS Kpal «JIMIIHEH» MOTYIUIOCKOCTH (puc. 2,).
HenonHast TUIOCKOCTh HAa3BIBACTCS HKCMpaniockocmoio (puc. 20).

- '-_‘LHH.-—' b
-
—.l ™
a%\:m____
a) kk"""'-
&)
Puc. 2. Jlucnokanuu: a- kpaesas; Puc. 3. MexanusMm o0pa3oBaHHsI BUHTOBOM
0- BKCTPAIIOCKOCTb. JMCIIOKALINN.

Bunmosas oucnokayus oOpa3yeTcss HNpH IOMOIIM YacTUYHOIO CIBUTa KpUCTaUIa IO
wiockoctd  (  Bokpyr nuHuu EF (puc. 3) Ha moBepxHocTH KpucTaiia oOpa3yercsl CTyIEHbKa,
npoxonsmias OT TOo4ukd FE 10 Kpasg Kpuctauia. Takod 4YacTUYHBIA CHABUT HapylaeT
[apaJUIEIbHOCTh aTOMHBIX CJIOEB, KPUCTAJIJ IIPEBpAIIAECTCs B OJHY AaTOMHYIO IUIOCKOCTb,
3aKpy4YCHHYIO0 [0 BHHTY B BUJE IOJIOTO TEIMKOUAA BOKPYI JIMHUM EF, KOTOpas HpeICTaBiseT
IpaHulLly, OTJENSIIOIIYIO YacTh IJIOCKOCTH CKOJIBXKEHUS, II€ CABUT YK€ IPOU30LIEN, OT YacTH, IAe
CIIBUT HE HAYMHAJICSL.

Jucnokauun oOpa3yroTCsl MPH TEPMUYECKOH M XUMHKO-TEPMHUYECKOH o00paboTkax, B
nporecce KpUCTAJUIM3ALMM, IUIACTMYECKOHW JepopMallud W JpYyruxX BHAAX BO3ACHCTBHS Ha
CTPYKTYpPY METAJJIOB U CILJIABOB.

Bonpoc 2.BausiHMe HecOBepHIEHCTB KPUCTAJIMYECKOT0 CTPOEHMST HAa MeXaHU4YeCKHe
CBOMCTBA MAaTepPHUAJIOB

JlucnokalMoHHAasl CTPYKTypa MaTepHaja XapakTepu3yercsi niomuocmuio oucioxkayuu. OHa
SBIISICTCS  XapaKTEPUCTUKOW, HEMOCPEICTBCHHO BIIMSIONICH Ha CONMPOTHUBIICHUE Marepuasa
TJIACTUYECKOH ehopMaIinu.

[TOTHOCTh MUCIIOKAIMK B 3HAYUTEILHOW MEpe ONpeAeisieT Takhue MEXaHWYeCKHe CBOWCTBA,
KaK IJIJACTUYHOCTD U MPOYHOCTH MaTepuaa.

Jlucnokanuu BIMSIFOT HE TOJIBKO HA MPOYHOCTh W TUIACTUYHOCTh, HO M Ha JIPyrUe CBOWCTBA
kpuctamioB. C yBeIMYEHHEM ITUIOTHOCTH JUCIIOKAIMI BO3pacTaeT BHYTPEHHEE TPeHUE (BSI3KOCTB),
M3MEHSIOTCSl ONITUYECKHE CBOWCTBA, TOBBIMIAETCS AJIEKTPOCONPOTHBIICHUE MeTauia. Jlucimokamuu
YBEIIMYMBAIOT CPEAHIOI CKOpOCTh AU(Py3unm B KpUCTaUIE, YCKOPSIOT CTapeHHEe U Jpyrue
MIPOIIECCHI, YMEHBIAIOT XUMUYECKYIO CTOMKOCTh, TOITOMY B Pe3yibTaTe 0OpabOTKU MOBEPXHOCTH
KpHUCTaJla CIIeUAIbHBIMU BEIIECTBAMU B MECTaX BBIX0/1a AUCIOKAIUI 00pa3yloTcs SIMKH.

Jucnokamuu o0OpasyroTcsl mpu 00pa30BaHUM KPUCTAUIOB W3 pacijlaBa WM Ta3000pa3HOM
(a3bl, Ipu cpacTaHnyu OJOKOB C MAIBIMH YIJIaMU Pa30PHEHTUPOBKHU.



Tema 2. MexaHn4yeckue CBOMCTBa MATePUAJIOB

Bonpoc 1. Biunsinue TemnepaTrypbl Ha H3MeHeHHe MeXaHHYeCKHUX CBOMCTB MAaTepHaJIoB

[ToBbilIeHHBIE TEMIEPATYPhl OKA3bIBAIOT CYIIECTBEHHOE BIMSHHME HAa TaKUE€ MEXaHUYECKHE
XapaKTePUCTUKU KOHCTPYKIIMOHHBIX MATEpPHANIOB, KaK IOJ3y4ecTh W JJIUTENbHAS MPOYHOCTD.
Ilonzyuecmovio Ha3bIBAlOT MEJIEHHOE HEMPEPHIBHOE BO3pACTaHME IJIACTUYECKOM (OCTaTOYHOM)
nedopMaluu MoJl BO3JIEHCTBUEM MOCTOSHHBIX HArpy3oK. /[numenvHot npouHOCmblo Ha3bIBaeTCs
3aBUCHMOCTDh Ppa3pyLIAOUX HANPSKEHUH (BPEMEHHOI'O COINPOTUBIIEHUS) OT JJIUTEIBHOCTH
sKkcrTyaTanuu. CBOMCTBAa MOJM3YYECTH U JJIUTENLHOM MPOYHOCTU MPOSBISIOTCS y YIIEPOAUCTHIX
cranedt npu T >300°C, nns nerupoBaHHbIX cTaned npu T>350°C. 1id alfOMMHHMEBBIX CIUIABOB MpU
T>100°C. HekoTopsie MaTeprasbl MPOSBISIOT 3TH CBOMCTBA U MTPU OOBIYHBIX TEMIIEpaTypax.

Mepoii OLEHKH MON3YyYecTH MaTepuana SBISETCS Hnpeoel noazyyecmu — HANpPsSHKEHHUE, MpU
KOTOpOM IuTacTuyeckas JedopMmaius 3a OIpeIelIeHHbIH MPOMEXYTOK BpEMEHH JOCTUTAeT
3aJIaHHOM BEJIMUMHBI. B HEKOTOPBIX Cllydasix CONPOTHUBIIECHUE MOJI3YUYECTH OLICHUBAETCS BEJIMUYMHON
CKOpocTH JedopManuu IO MPOIIECTBUU 3aJaHHOrO BpeMmeHu. llpu oOo3HaueHuu mnpenena
MOJI3YYECTH YKa3bIBAETCS BEIMUMHA JAedopMaliy, BpeMs U TemIieparypa ucnbiTanuid. Hampumep,
st xaporpounoro cmiaBa XH77THOP mpu temmeparype 700°C 3a Bpems 100 dacoB u
nepopmaruu  nomzydectd  0,2%  mpemen  momsydectm  coctaBiser 400 MIla:

[IpouHocTh Marepwalia MPH TOBBIIMICHHBIX TEMIIEPATYpax OICHHUBACTCS Mpeoeiom OAUmenbHOU
npoyHocmuy — HaNpsHKEHUEM, IIPU KOTOPOM MaTepuall pa3pyliaeTcsl He paHee 3aJaHHOTO BPEMEHH.
IIpu oOo3HaueHMM TIpenena JUIMTEIbHONH TMPOYHOCTH  YKAa3bIBAECTCS  MPOJOIKUTEIBHOCTD
HarpyXeHusi ¥ Temriepatypa ucnbeitanus. Tak, ais craBa XH77THOP npu temneparype 700°C u

. T (700) = 330011
Bpemenn 1000 yacoB Tpees JUINTEIbHON IPOYHOCTH COCTABIACT X .

Bomnpoc 2. Hepa3pymaromnue MeToAbl HCCJACI0BAHUS MEXAHUYECKUX CBOMCTB METAJLIIOB U
CILUIABOB.

OnpenesieHne TBEPAOCTH MATEPHATIOB

Teépoocmb — PTO MEXaHMUYECKOE CBOMCTBO MaTepuasia, MOKAa3bIBAIOIIEEe €ro CIIOCOOHOCTh
COTPOTHUBIISATHCS TIPOHUKHOBEHUIO B HEro Apyroro, Oosnee TBEpaoro marepuana (tena). bonee
TBEPIIOE TEJIO SIBIISICTCSI CTAaHAAPTHBIM U HA3bIBAeTCs uHoenmopom. unentop He aeopmupyercs
IIPU UCIIBITAHUH.

TBEpmoCTh MaTepHasia OTPAKAET €r0 IMPOYHOCTh U IJIACTUYHOCTD. VcnbITanue Ha TBEPAOCTD
CUMTAETCSI CaMbIM JOCTYIHBIM M pPAacHpOCTPaHEHHBIM BHJIOM MEXaHUYECKUX HCIBITaHUM.
HauGonbiiee npuMeHEeHHE TONYYWIM CTAaTUYECKUE METONbI HCHBITAHUS Ha TBEPAOCTh MPH
BIABJIMBAHUU HHAEHTOpAa: Meton bpunemnsa, meron Bukkepca u meron Poxsemna. Cxemsl
WCIIBITAaHUSI MaTePUAIOB Ha TBEPJIOCTH MO IAHHBIM METO/IaM MpECTaBIEHbI Ha puc. 1.

[IInpokoe pacrnpoCTpaHEHHE ITU METOJIbl UCIIBITAHNUN MOJYYUSIM B CHILY TOTO, YTO JJISI 3TOTO
HE TpeOYIOTCs cCrHeuuanbHble 00paslbl. DTO Hepa3pyIIAOIUe METOAbl KOHTPOJS, OCHOBHBIE
METOABl OIEHKHM KauecTBa TPOBEIEHHONW TEPMUYECKOH OOpabOTKH W3ACINM, KOHTAKTHOMN
MPOYHOCTH M H3HOCOCTOMKOCTH TOBEpXHOCTEH neraneid mamuH. O TBEPAOCTH CyIAT MO0 MO
qUaMeTpy OTInedaTka OT BAaBIMBaHUsA mapuka (Merox bpunemns, puc. la), nubo mo riayOune
BJIABJIMBAaHUS B Marepwall ajaMma3Horo koHyca (meron Poksemna, puc. 16), uam mo auaroHaiu
oTmeyaTka aJiMa3zHoi mupamuasl (Mmetoa Bukkepca, puc. 16). KonmndecTBeHHOH OIIeHKON TBEPAOCTH
SBIISICTCS YMCIIO TBEPIOCTH, PABHOE OTHOIICHUIO NpUKIIaabiBaeMoil Harpy3ku P (H, xI') k rutomaau
MOBEPXHOCTH OTIeuaTka F (MM?).
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Puc. 1. Cxembl onpeneneHus: TBEPIOCTHU:
a — 1o bpunemmo; 6 — no Poksemny; 6 — no Bukkepcy
Bo Bcex ciydasx HCHOBITaHUS NPOUCXOAMT IUIACTHYECKoe AeOpMHUpPOBAHHME MaTepHaa.
CoOTBEeTCTBEHHO, YeM O0JIblIe COMPOTUBIICHHE MaTepraa MIacTUYecKoi aedopmaliui, TeM BhIIIe
€ro TBEPIOCT.
Omnpenenenne TBEpAOCTH MaTepHaIoOB 10 MeToay bpunesns

HcnpiTanue maTepuanoB Ha TBEPAOCTh MPOBOAIT Ha TBepaoMepe bpunemts. TBEpmocTb
MaTepHala orpenensercs MyTéM BIaBIMBaHUS B MaTepuall oOpaslia CTaJbHOIO 3aKaJ€HHOTO WU
TBEPIOCTUIABHOTO IIApHKa, CIYXKAIETo B KAYECTBE WHIAEHTOpa — Oosiee TBEporo Tena (puc. 1a).

Teépnocts 1o Bpunenmo HB (8 H/mm?> wiu B kI/MM?) ompesensercs Kak OTHOIIEHHE
MPUIIOKEHHON HArpy3ku P K tuiomaau chepruiecKoi MOBEpXHOCTH OTIIeuaTka F mapuka:

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

F Dx(D—D*—d?)

rae d — muamerp chepuuecKoro OTredyaTrKka, U3MEPEHHBIN MOCie CHSATUS Harpy3ku, mMm; D —
TUaMeTp mapuka (MHJICHTOpPA), MM.

Puc. 2. Cxema onpeneneHus TBEPAOCTH
P 1 o Meroay PokBena npy BoaBiInBaHUY B
HCIIBITYeMBIH 00pasel] aiMa3Horo Konyca: /o
— yray0JeHne KoHyca Mo JeiHCTBUEM
npeaBapuTeNbHOM Harpy3ku Po = 100 H; A
— yray0JeHre KoHyca Mo JeiHCTBUEM
. oOmeit Harpy3ku P = Py + Py;
7/ - < h — rmyOWHA OCTaTOYHOTO BIABIMBAHUS
. WHJICHTOpA MOCJEe CHATUS Harpy3ku P; N —
/ v CuJia peakIiuu OMOpkl OT ACUCTBUS
M MpUKJIaJAbIBAEMOMN Harpy3ku P; 1 —
UHIEHTOP (KOHYC); 2 — HUCIIBITYEMBbIi

obpaszerr.

1z

heo

»
>

h1

Uewm TBEpKE MaTepuai, TeM BhIe Yucio TBEpaoctu HB (Hardness Brinelle).

Juametp mapuka D MOXeT ObITh pa3iIU4yHbIM, B 3aBUCHMOCTH OT TOJIIIMHBI HUCIBITYEMOTO
oOpa3ua. [[ns ompeneneHuss TBEPAOCTH METATMYECKHX MAaTEpUaJIOB PEKOMEHAYETCS MPUMEHSThH
CTaJIbHbIE IIApUKH CIENYIOIMX AuaMeTpoB — 2,5; 5 u 10 MM U1 UcIIBITaHUST HA TBEPAOCTH
00pa3moB TOJIIMHON COOTBETCTBEHHO 70 3; 6 m Oonee 6 MMm. JIJisl IapuKOB pa3HOTO AHAMETpPa
BBIOMPAIOT OTIPeNIeNIEHHYIO0 HAarPYy3Ky BIAABIUBAaHUS P 1 BpeMsl BBLACP)KKH 7 TIOJ] 3TOH Harpy3Koi.
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Onpenenenne TBEépaocTy MaTepuanos no meroay Poxsesia

[Ipn ompenenennn umcna TBEPAOCTH N0 MeTony PokBemsra B IMOBEPXHOCTh MaTepHalia
UCTIBITYyeMOro  oOpaslia BIABIMBAIOT HAKOHEUYHUK (MHAEGHTOP) TMOA  JCHCTBHEM JIBYX
MOCIEN0BATEbHO TpWJIaraéMbiXx Harpy3ok — npenasaputenbHol 100 H u  ocHoBHOM
(mpenBapurenbHas + ocHoBHas = obOmas 600, 1000 umu 1500 H). CormacHo 3TomMy Meronay, 3a
YCIIOBHYIO Mepy TBEPAOCTH IPUHUMAETCS TIyOMHA OTIeYaTKa.

B kauecTBe HAKOHEUHMKOB JUIS TBEPIABIX MAaTEPUAIOB IIPUMEHSIOT AJIMAa3HbIM KOHYC C YIIIOM
npu BepmuHe 120° mas markux matepuanoB (mo HB 230) — cranbHOW 3aKajJeHHBIN IIapHUK

muamerpom 1/16" (“21,588 mm). TlocieoBaTeNLHOCTS UCTIBITAHME TIPU PA3HBIX MHACHTOPAX OHA
U Ta Xe.

HarpyxxeHnue ocymectBisgercs B JBa dTana. CHauyana NPUKIAABIBACTCS IPEIBapUTENIbHAs
Harpy3ka Po =100 H (10 krc) s TJIOTHOTO CONPHKOCHOBEHHUS HAKOHEYHUKA C HMCIBITYEMBIM
obpasuom. Ilox geiictBuem 3Toil Harpysku (Po) MHACHTOP BIABIMBAeTCS Ha TIyOuHy /o (puc. 2).
3areM MPUKJIAABIBAETCS OCHOBHAs Harpys3ka P, U B TE€YEHHE HEKOTOPOTO BPEMEHM JIEHCTBYET
obmiast (okoHyarenpHasi) pabodas Harpy3ka P = Po+ Pi. Ilog neiictBuem oOmieit Harpysku P
WHJIEHTOD BIAaBIUBaeTcsa Ha rryouny /1 (puc. 2). [locne cHATHS OCHOBHOM Harpy3ku Pi OCTaBIISIOT
npeaBapuTeNbHy0 Harpysky Po. Ilpu sTom mopn neiictBueM ympyroil nedopmanvu HHIASHTOP
MMOAHUMAETCSI BBEPX JIO YPOBHSA /1, HO HE JOCTUTAET ypOBHSA ho. PazHocTs riybun (A — ho) 3aBUCUT
OT TBEPIOCTU MaTepHala; 4eM TBEP)KE MaTEpHal, TEM MEHBIIIE 3Ta Pa3HOCTb.

3HaueHue TBEPIOCTHU OIPENESIOT MO TyOMHE OCTATOYHOIO BIABIMBAHUS HAKOHEUHHKA /1
noj Harpyskoit P (puc. 2). I'myOuny oTmedarka HW3MEpSIIOT HHIMKATOPOM 4YacoOBOTO THIIA,
YCTaHOBJICHHOTO Ha mpubope ¢ nenoit aenenus 0,002 mm.

Yucno TBEpIOCTH, OnpenenéHHoe MeToIoM PokBeria, o6o3Hauaetrcst cumBosioM HR. OxHako
B 3aBUCUMOCTHU OT ()OpMBI MHJIEHTOPA, 3HAUEHUI HArpy30K BJIaBIUBAHUS U MPUPOABI UCIIBITYEMOIO
MaTepuaia CUMBOJNY nobaBnserca OykBa A, wnu C, wiu B, 0003Hayaromas COOTBETCTBYIOUIYIO
HIKaTy U3MEPEHHUS.

Tema 3. Teopus criiaBoB

Bonpoc 1. KomnonenTs! 1 (pa3bl #xKej1e30yriaepoaucThbiX CIVIaBOB

KommoHeHTamMu  Kene30yrepoaucThiX CIuiaBoB sBistoTest skeneso (Fe), yrmepon (C) u
nemeHTut (FesC).

Kenezo (Fe) —wmerann cepeOpucTo-cBeTsioro 1BeTa. lIMeeT BBICOKYIO TeMIlepaTypy
mnaBieHus — 1539°C + 5°C.

B TBEpIOM COCTOSHUM Kelle30 MOXKET HaXOAUThCs B NBYX Moaudukauusx. [lomumopdubie
npeBpauieHus npoucxomar npu temneparypax 911°C u 1392°C. Ilpu temnepatype Huxke 911°C
cymectByeT a-xene3o (Fe,), obmanaromee 00bEMHO-IIEHTPUPOBAHHON KyOWdeckoi pemérkon. B
uHTepBasie Ttemmeparyp 911+1392°C ycroiiuuBbiM siBisiercst  p-xene3o (Fe,), obnanaromiee
IPaHEIICHTPUPOBAHHON KyOuueckor pemérkoi. Berime 1392°C xeme3o wumeer 00BEMHO-
LEHTPUPOBAHHYIO KyOMUECKyIO pemETKy U Ha3bIBaeTcs d-kene3o (Fes) ninm BeIcOKOTEMIIepaTypHOe
o-xene3o (Feg).

[Tpu Temneparype Huxe 768°C xene3o GpeppoMarHuTHO, a BIIE — HapamMarHuTHO. Touka
Kropu xeneza — Temreparypa M3MEHEHHs] MAarHUTHBIX CBOMCTB Kejie3a, COOTBETCTBYET 768°C u
obo3Hayaercs Az.

Kenezo TeXHWYECKONW YUCTOTHI 00amaeT HEBBICOKOW TBEPAOCThIO (80HB) M MPOYHOCTHIO
(mpenen mnpouHoctd oz — 250 MIla, mnpemen Ttekyuect or — 120 MlIla) u BbIcOKMMU
XapaKTepUCTHUKAMHU IUIACTUYHOCTH (OTHOCUTeNbHOE yanuHeHue 0 = 50%, a OTHOCHUTENIbHOE
cyxenue y = 80%). CBoliCTBa MOTYT H3MEHSATHCSI B HEKOTOPBIX IpEAeNaX B 3aBUCUMOCTH OT
BEJIMYMHBI 3€pHA.



10

Keneso (Fe) xapakTepusyercsi BHICOKUM MOJAYJIEM YIPYTrocTH E, KOTOPBIM XapaKTEpU3YIOTCs
U CIUIaBbl Ha €ro OCHOBE, Oyiarojgaps 4emy oOecleyuBaeTcCsl BBICOKAs KECTKOCTh U MPOYHOCTD
JeTajiel U3 3TUX CILIABOB.

Xene3o co MHOrMMH 31eMeHTaMu 00pa3yeT pacTBOPHL: ¢ MeTaJlJIaMH — TBEPIbIE PACTBOPHI
3amerenus, ¢ yriepoaom (C), asorom (N) u Bogopoaom (H) — TBEpabie pacTBOPHI BHEAPEHUS.

Yznepoo (C) otnocutcs k Hemeramiam. OH o01amaet sBiIeHrueM noauMmopduszma. B
3aBHCHMOCTH OT ycJoBHI 00pazoBanus yriepos (C) MoXeT cymecTBoBaTh B hopMe rpaduta ¢
TeKCaroHAJIbHOW CJIOMCTON KPUCTAJUTMYECKOM perméTkon (Temmneparypa miasienus — 3500°C,
IJIOTHOCTh — p = 2,25 T/cM?) uimu B hopMe anmasa co CIOKHON KyOudeckoi perméTkoii
(temneparypa miasienust — 5000°C). I'padut sBisieTcss MATKUM MaTepyagoM B 001a1aeT HU3KOH
NPOYHOCTHI0. OIHAKO C yBETMYEHUEM TEMIIEPaTyphbl MPOYHOCTH rpaduTa aHOMAIBHO PAaCcTET: IpU
20°C o5 =20 Mlla, a mpu 2500°C g5 = 40 MIla. ITpu 2500°C rpadut npouHee BCeX TYTOIIaBKUX
METAaJUIOB.

B cnmaBax ¢ kenezom yriiepoa oOpaszyeT nauOO0 TBEpABIE PACTBOPHI BHEAPEHHS, JTHOO
xumudeckoe coequHeHne — 1eMeHTUT (FesC). Taxxe yriepon (C) MOXET HaxXxOIUThCA B
CBOOOJTHOM COCTOSIHWH B BHU7E rpaduTa (B CEPhIX UyTyHaX).

B cucreme «xkeneso (Fe) — yrmepon (C)» cymecTBytoT crneayromume ¢asbl: xuakas ¢asa,
dbepput (D), aycrenur (A4), uemeHtut (1), rpadur (C).

Kuokaa ¢paza. B xunkom cocrosHun sxenes3o (Fe) xopomo pactBopsier yriepoxa (C) B
JOOBIX MMPOTOPIHUSX ¢ 00pa30BaHUEM OJTHOPOIHOM KUJKOU (Da3bl.

@eppum (@) — tBEPABII pacTBOp BHeApeHus yrieposa (C) B a-xenese (Fey).

@DeppUT HMeEET MEPEMEHHYIO MpelelbHYI0 PAacTBOPUMOCTh YIJIEpoJia: MHUHUMAIbHYID —
0,006% npu xoMHaTHOH Temmeparype (Touka (J), makcumanbHyto — 0,02% mnpu Temmeparype
727°C (touka P). Yraepon (C) pacnionaraercs B 1eekrax KpucTauimueckon peméeérku xenesa (Fe).

[Tpu Temnepatype Boimie 1392°C cymiecTByeT BBICOKOTEMIIEpATYpHBIA QPEeppHUT C peneTbHON
pactBopumocthio yraepoza (C) B o-xkenese (Fes) — 0,1% npu temnepatype 1499°C (touka H).

CaoiictBa (eppura 613k Kk cBoiicTBam xkenesa (Fe). On msarok (tBépmocts — 130 HB,
npenen npouyHoctd — oy = 300 MIla) u mnactuuen (oTHocuTenbHOE yanuHeHHe — O = 30%),
o0JaiaeT MarHUTHBIMH CBOMCTBaMHU 110 Temiieparypsl 768°C.

Aycmenum (A) — tBEPABIIA pacTBOp BHeapeHus yriepoaa (C) B y-xkenese (Fe)).

B aycrenute yriepon (C) 3aHMMaeT MECTO B LEHTPE I'PAaHEICHTPUPOBAHHOW KyOHUYECKOM
STYCUKU. AYCTECHUT UMEET MEPEMEHHYIO TTPEACIIbHYI0 pacTBOPUMOCTH yriiepoa (C): MUHUMATbHYIO
— 0,8% npu Temnepatype 727°C (Touka S), makcuManbHyto — 2,14% npu temneparype 1147°C
(Touka E).

Aycrenut umeer TBEpHocTh 200...250HB, mnacthuueH (OTHOCHUTENBHOE YIIMHEHUE €ro
cocraBisieT 0 = 40...50%), obnagaeT napaMarHUTHBIMU CBOMCTBaMH.

U B deppute U B ayCTEHUTE MOTYT PacTBOPSATHCS MHOTHE JIETUPYIOIIHME AJIEMEHTHI, 00pa3ys
TBEPABIE PACTBOPHI 3aMEIICHHSI U PE3KO M3MEHAs UX cBoiicTBa. Kpome Toro, nernpoBaHne MOXKET
3HAYUTEIBHO U3MEHSTh TEMIIepaTypHbIC TPAHUIIBI CYIIECTBOBAHUS (a3.

Hemenmum (I]) — xummdeckoe coeaumHenue xenes3a (Fe) ¢ yrmepomom (C) (kapoua
xenesa (FesC)), conepxkamree 6,67% yraepona (C).

Hementut (Fe3C) He wucHbIThIBaeT MNOMMMOP(HBIX MPEBpaAlllEeHUH NpU HU3MEHEHUU
temneparypsl. Kpucramnnueckass pemeérka nementura (Fe;C) cocTtouT M3 psaa OKTa’aApoB, OCH
KOTOPBIX HAKJIOHEHBI IPYT K IPYTY.

Temneparypa nnasnenus nementuta (FesC) Touno He ycTaHOBIIeHA (110 pa3HbIM JJAHHBIM OHA
cocrapmsier 1250°C wmm  1600°C). Tlpm Hm3kux Ttemmeparypax memeHTHT (FesC) cmabo
¢deppomaruuTeH. MarHUTHBIE CBOMCTBA OH TepseT MpH Temreparype okono 217°C.

Hementut (Fe3C) umeer Bricokyro TBEpaoCThH (Oonee 800 HB, nmerko mapamaer crekio), HO
OYeHb HM3KYIO, NMPAKTHYECKU HYJIEBYIO, IJIACTUYHOCTh. Takue CBOMCTBA SBISIOTCS CIEICTBHEM
CJIOXKHOTO CTpOeHUs Kpuctaumueckon pemérku nemeHTuTa (FesC). C xuMuueckuMu 3J1eMeHTaMu
reMeHTHT (Fe3C) crocoOeH oOpazoBbIBaTh TBEPABIE pacTBOPHI 3aMenieHus. ATombl yriaepoaa (C)
MOTYT 3aMellaTrhcsi aromamMu HemetaioB: azoroM (N), kuciaopoaom (O); aromsr xenesa (Fe) —
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MeTtaamu: Maprauiem (Mn), xpomom (Cr), Bonbdppamom (W) u ap. Takoit TBEpbIA pacTBOp Ha
6a3e pemérku nementuta (FesC) monyuns Ha3BaHUE 1e2UPOBAHHBII YeMeHmMUm.

Hementur (FesC) — coenuHeHne HEYCTOMYMBOE W TMpU HArpeBe pacmagaercs ¢
oOpaszoBannemM cBoOoaHoro yriepona (C) B Bume rpadura. DTOT TNPOIECC HMEET BaXKHOE
MPAKTUIECKOE 3HAYCHHE MIPH CTPYKTYPOOOPA30BAHUU UYTYHOB.

B xene3oyrinepoaucThiX ciiiaBax BbLAeNsoT Tpu Buja nementura (FesC) B 3aBucumocTtu ot
TEMIIEpPaTypbl OOpa30BaHUS: IIEMEHTUT NEPBUYHBIN ([]1), IEMEHTHT BTOPUYHBINA (L{1), IEMEHTUT
TpeTudHbIA (L{in).

Jeoeoypum (JI) — mexaHn4ecKasi 9BTEKTUUYECKAst CMECh (IBTEKTHKA) KPUCTAILJIOB ayCTeHUTA A
u niementuta [/ B uHTepBasie Temneparyp 727 — 1147°C, u nepnura I1 (cM. u nieMentura 1] npu
teMneparypax Hwxke 727°C, conepxamas 4,3% yriepoaa (C).

Tema 4. Kesie30yriiepoaucrbie CIJIABBI
Bonpoc 1. JlerupoBaHHbIe CTAIH, HX KJIaccHPUKALUS, MAPKHPOBKA M 00/1aCTh NPUMEHEHUS

JlerupoBaHHbIE CTanu KIAaCCU(PUIMPYIOTCS MO CTPYKType B PABHOBECHOM COCTOSIHUM, IO
CTPYKTYpE IOCIE OXJaXJECHUS Ha BO3AyXe, IO KOJHYECTBY JETHUPYIOIIUX HJIEMEHTOB U IO
Ha3HAYCHHUIO.

ITo paBHOBeCHOIi CTPYKTYpe J1erHpOBAHHBbIE CTAJH Pa3/1e/sAI0T Ha:
1) 103BTEKTOMHBIE (COAEPKAT N3OBITOUHOE KOJIMUECTBO (heppHTa B CTPYKTYPE);
2) HBTEKTOMAHBIE (MMEIOT NIEPIUTHYIO CTPYKTYPY);
3) 3a3BTEKTOUIHBIC (C U30BITOUHBIMU KapOUIaMH B CTPYKTYPE);
4) neneOypuTHBIC CTAMH (B CTPYKTYPE MPUCYTCTBYIOT MIEPBUYHBIC KapOUIbI, BHICIUBIITUECS U3
KUIKOU (hassl).
ITo cTpykType nmocJjie oxXJaskaeHust Ha BO3ayXe (HOPMAJTHU3AMUN) PA3JIHYAKOT CJeayolue
JIerHpOBaHHbIE CTAJIN:
1) mepnuTHBIE CcTamu  (XapaKTEPHU3YIOTCS HEBBICOKOW YCTOMYMBOCTBIO —IEPEOXIIAXKAEHHOTO
ayCTEHUTA);
2) MapTEHCUTHBIE CTAIH (XapaKTEPU3YIOTCS BHICOKON YCTOMYHUBOCTHIO AyCTEHUTA);
3) aycTeHUTHBIE CTANIU (COXPAHSIOT ayCTEHUTHYIO CTPYKTYPY TP KOMHATHOM TeMIleparype).
I1o xKoMYecTBY J1erHpyHOUIMX JIEMEHTOB Pa3IN4Yal0T CTAIHU:
1) Hu3KONETUpPOBaHHBIE (CoAepKaT 10 2,5% JIETUPYIOMIUX SJIEMEHTOB);
2) cpenHenerupoBanHble (conepxkar 2,5 — 10% nerupyronmx 3J1eMeHTOB);
3) BeICOKOJIETUPOBaHHKIE (comepkat 6onee 10% merupyrommux 31eMEeHTOB).
Ilo Ha3HAYeHUI0 PA3/IMYAIOT TPU IPYNIIbI JJETHPOBAHHBIX CTaJIei:
1) KOHCTPYKIIMOHHBIE (MAIIMHOCTPOUTENBLHBIE U CTPOUTEIBHBIE);
2) MHCTpYMEHTAaJIbHBIE (IIITaMITOBBIE, JJISl PEKYILET0 U U3MEPUTEILHOTO MHCTPYMEHTA);
3)cranmu ¢ 0coObIMM (U3UYECKUMH U XUMHUECKUMH CBOWCTBAMH (KOPPO3MOHHOCTOMKHE,
KapOMPOUHBIE, FTTEKTPOTEXHUYECKUE, MATHUTHBIE U JIP.).

MapkupoBKa JIerHPpOBaHHBIX CTaJei

B namreit crpane npunsta OykBeHHO-IIM(POBasi CUCTEMa MapKUPOBKH JISTUPOBAHHBIX CTaJICH.

Kaxxnas Mmapka cTaimy coiepKuT onpeaenéHHoe coueTanue OykB u nudp.
B MapkupoBke JEerMpOBAaHHBIX CTajlel NPUHATHL Cleaylolne OyKBeHHbIE 0003HaueHUs

JIETUPYIOIINX 3JIEMEHTOB:

A — a3zot (N); T — Tturan (Ti); C — xpemuuii (Si); @ — Banagwmii (V); X — xpom (Cr); K
— kobainbt (Co); I — mens (Cu); IT— docdop (P); B — Bonsdpam (W); H— nukens (Ni); HO
— amomunuii (Al); E — cenen (Se); 1l —uwupkonnii (Zr); M — wmomubaen (Mo), ' —
mapranen (Mn); P — Gop (B), b — nuo0wuii (Nb). Ot OykBBI B coueTannu ¢ nuuppamMu o0pa3yroT
MapKy CTaJH U Jal0T €€ XapaKTePUCTHKY.
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Jlis MapoK KOHCTPYKIIMOHHBIX JIETMPOBAHHBIX CTaliel MepBbIe NBE IHMUQPPHI MMOKA3BIBAIOT
coJiep>KaHue yTriiepojia B COTHIX JOJsiX MporeHTa. HayaneHyto nudpy ynyckaroT, ecliu coiep kaHne
yraepoaa C oxono 1% u 6onee. Ecnu copeprkanue jierupyromniero snemMenrta 6ombie 1%, To mociue
OYKBBI, yKa3bIBalOUIeH XMMHUYECKUN HJIEMEHT, YKa3bIBaeTCsl €ro CpeJHee 3HAYeHHE B ILIEJBIX
nporeHTax. Eciu conepaHue JETHPYIOIIETO 3JIEMEHTa MeHbIne win okoio 1%, To mocie
COOTBETCTBYIOIICH OYKBBI IM(ppa HE cTaBUTCI. bykBa A B KOHIIE MapKHPOBKH 00O3HAYaeT, UTO
JlaHHAas CTaJlb BBICOKOKAYECTBEHHAs, COJAEpIKallas MEHbIIE BpPEOHBIX INpumecell (cepsl S u
docdopa P). Hampumep, 12X2H4A — »>To nerupoBaHHas CTallb, BBICOKOKAUYECTBEHHAs, C
conepxkanuem 0,12% C, 2% Cr, 4%Ni; ctans ['13 — nerupoBanHas ctaib ¢ cogepxanuem 1% C u
6oxee, 13% Mn. [Ins rpynn cnenuaibHbIX cTajeil, 0003HAYeHHBIX B Hadajle MapKUPOBKU OIHOMN
oyksoii P, 111, E, D npunaThie npaBuia MapKUPOBKH HE oAxoa4T. O HUX Oy/eT paccka3zaHO HIDKE.

Pacnpenesienne JierupyoImmx 3J1eMeHTOB M UX BJUSIHHE HA CBOICTBA cTaJIel

JlerupoBaHHble CcTanyM, Ojaromaps HAJMYUIO JIETUPYIOIIMX  3JIEMEHTOB, 00JanatoT
LIEHHEUIIMMH CBOMCTBAMH, KOTOPBIX HET y YIJIEPOJUCTBIX CTAJIEH, U HE UMEIOT UX HEJOCTATKOB.
IIpuMeHeHNEe JIETUPOBAHHOM CTalM AKOHOMUT MaTrepHall, IMOBBIIIAET JOJIFOBEYHOCTb W3JEIHH,
CHMKAET MaccCy, YBEIMYMBAET MPOU3BOJUTEIBHOCTb. B IpPOrpecCMBHON TEXHUKE JIETUPOBaHHBIE
CTaJIi UMEIOT peLIalolee 3HaueHue.

Jlerupyromuye 37€MEHTBl OKa3bIBalOT CIEAYIOIIEE PA3HOCTOPOHHEE BIMSHHE Ha CBOMCTBA
CTaJIN.

Xpom (Cr) — comepxurcs B cransix B konmuectse 0,8...1,2% wu sgBiaseTcs OCHOBHBIM
JCTUPYIOIIAM 3JIEMEHTOM. XpPOM TOBBIIAET MPOKATMBAEMOCTh, CHOCOOCTBYET MOJIYYCHHIO
BBICOKOW M PaBHOMEPHOW TBEPIOCTHU CTAIIM, MOBBIMIAET TBEPAOCTh U KOPPO3UOHHYIO CTOMKOCTb.
ITopor xsnagHOIOMKOCTH XpOMHCTBIX cTaned — 0...—100°C;

Hukeasb (Ni) — npuga€r BbICOKYIO MPOYHOCTH, MJIACTUYHOCTh U KOPPO3UOHHYIO CTOMKOCTD
cTalsiM. BBeleHue B XpOMHCTBIE CTadd HHKENsS 3HAUYUTENbHO IOBBIIIAET MPOYHOCTH U
MIPOKAJIMBAEMOCTh, CHMKAET MOPOT XJIAJHOJIOMKOCTH, HO IPH 3TOM IOBBIIIAET CKIOHHOCTh K
OTITYCKHOHM XPYNKOCTH (3TOT HEJOCTATOK KOMIICHCHUPYETCs BBEICHHUEM B cTaib MonubieHa (Mo)).
XpOMOHHKEJEBbIE CTATH, 00JIaJal0T HAUIYYIIUM KOMIUIEKCOM CBOMCTB. OHAKO HUKENb SIBISIETCA
Ae(QUIUTHBIM METAJUIOM, U NMPUMEHEHHE TaKUX CTaJlell OrpaHUYeHO. 3HAYUTEIHHOE KOJIUYECTBO
HUKEJSl B CTalsiX MOKHO 3aMeHUTh Menbio (Cu), OJHaKO 3TO HE MPUBOAUT K CHUKEHHUIO HUX
YIapHOH BA3KOCTH;

Boabsdpam (W) — yBenuuuBaeT TBEPIOCTh U KPACHOCTOUKOCTH (TEPMOCTOUKOCT ),

Banammii (V) — NOBBILIAET MIIOTHOCTh, IPOYHOCTD, CONPOTUBIIEHUE YAAPHBIM Harpy3kam U
MEXaHMYECKOMY H3HOCY. BaHaguii, BBEIEHHBII B COCTaB XPOMHCTBIX CTaj€dl B KOJIUYECTBE
0,1...0,3% crnocoOGCTBYET U3METBUEHUIO 3€PHA, MOBBIIIAET MPOYHOCTh U YIAPHYIO BSI3KOCTb;

Kob6aabT (Co) — mOBBIIAET XKAPOMPOUYHOCTh U MATHUTHYIO TPOHUIIAEMOCTb;

Moiubaen (Mo) —  yBeIMYMBAET KPAaCHOCTOMKOCTb, MEXAHUYECKYIO  IPOYHOCTb,
COIMPOTHBIIEHUE OKHCJICHHMIO MPH BBICOKHX TemIlepaTrypax; BBeineHue monnbaeHa B HEOOJBLIMX
koimaectBax (0,15...0,46%) B XpOMHCTBIE CTalll YBEIMYUBAET UX MPOKAITMBAEMOCTh, CHUXKACT
nopor xyagHonoMkoctu 10 —20...—120°C. MonubneH crmocoOCTBYET YBEIMUYEHUIO CTATUYECKOM,
JUHAMHAYECKOM U YCTAJIOCTHOM MPOYHOCTU CTajl€H, YCTpPaHSAET UX CKJIOHHOCTb K BHYTPEHHEMY
okuciieHnt0. Kpome Toro, OH CHMKAeT CKJIOHHOCTh K OTIYCKHOW XPYNKOCTU CTallel, COAEpKaINX
Hukens (Ni).

Maruuii (Mg) — npu coaepxaHuu cBbilie 1% yBeaM4MBAET TBEPAOCTb, H3HOCOCTOMKOCT,
COMPOTHUBIICHUE yIapPHBIM Harpy3kam;

Mapranen (Mn) — yBeJIMYMBAET MPOKAIMBAEMOCTh CTald, OJHAKO COJCHCTBYET POCTY
3€pHa, U MOBBIIIAET MOPOT XJagHoIOMKOCTH A0 +40...—60°C;
Turan (Ti) — BBoautTcs B cranb B HeOombmux KonuuectBax (~0,1%), cmocoOGCcTByeT

MOBBIIICHUIO TPOYHOCTH U KOPPO3UOHHOM CTOMKOCTH; B XPOMOMAPIaHIIEBbIE CTAIM BBOJIUTCS ISt
U3MEeNbYCHHUS 3EpHa;
AmomMuHui (Al) — NOBBIIIAET OKATTUHOCTOUKOCTD;
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Bop (B) — BBOAUTCA B CTalh B HEOONBIINX KOJIUYECTBAX, YBEIHMUMBACT MPOKATHBAEMOCTH
CTaJju, MOBBIIIAET MOpor xjaagHonoMkocTu +20...—60°C;

Huo6uii Nb — moBsIaeT KHCIOTOCTONRKOCTS;

Menpb (Cu) — yMeHbIIAeT KOPPO3HUIO;

Kpemunii (Si) — noBblIaeT yAapHyr0 BSI3KOCTh CTaJIEN M TEMIIEpaTYpHBIN 3arac BA3KOCTH.
[Ipu nerupoBaHMM XpPOMOMAPTraHUEBBIX CTATEH KPEMHHEM IOIY4YalOT, CTaIM — XPOMAHCHJIb
(20XT'C, 30XI'CA) (cm. HUWXKE). DTH CcTamu OONAMAIOT XOPOIIMM COYETAaHHWEM MPOYHOCTH U
BSI3KOCTH, XOPOIIIO CBAPUBAIOTCS, IITAMITYIOTCSI 1 00pabaThIBAlOTCS pe3aHUEM.

Bonpoc 2. Cnioco0bl mosiydyeHUs YyryHOB Pa3JIMYHbIX THIIOB M UX MapkupoBka. [Ipouecc
rpagpurusanuu.

Yyeynamu HazbIBaloTCs cruiaBkl xkenesa (Fe) ¢ yrmepogom (C), ¢ conepxanunem yriaepoaa (C)
ot 2,14% no 6,67% (macc.).

[To cpaBHEHHUIO CO CTANAMU YYT'YHBI OOJNaJalOT MOHMKEHHOW TeMIIepaTypol IJIaBJICHHUS H
XOpOLIUMH JINTEHHBIMH CBOWCTBaMHU. 3a CYET 3TOr0 U3 YYIr'yHOB MOXKHO JeNaTh OTIUBKH
3HAYUTENBHO O0Jiee CIOKHOU (DOPMBI, YEM U3 CTaJeH.

BbImumaBnsioT 4yryHel B JIOMEHHBIX IeyaX W BarpaHkax. B nuTeliHOM 4yryHe OOBIYHO
conepxurcst He Oonee 4,0% yrinepoxaa (C). Kpome yriepoaa o0s3aTelbHO TPUCYTCTBYIOT IPUMECH
S, P, Mn, Si, npuuéMm B 3HAUUTETHHO OOJBIIEM KOJMYECTBE, YeM B YIJEPOIUCTON cTanmu. B
OTJIMYHE OT CTaJed YyryHbl 3aKaHYMBAIOT KPHUCTALIM3AIMIO OOpa30BaHHMEM 3BTEKTUKU
(menebypuTa), ONMpeNeNsIomed WX TEXHOJOTUYECKHE CBOMCTBA (XOPOIIYIO KXUIAKOTEKYYECTh), H
00J1a71at0T HU3KON CIIOCOOHOCTBIO K TUIACTHUECKON eopmanuu. B 0OBIYHBIX yCIOBUSAX YyTyHBI HE
MOJJAIOTCS KOBKE.

Benvimu uyeynamu Ha3bIBAIOTCS YyTyHBI, KpUcTaJuIM3ytomuecs o auarpamme «Fe-FesCy, B
KOTOPBIX BECh yriepo (Win OOJbIIasi €ro 4acTh) HAXOAUTCS B XUMHUYECKH CBSI3aHHOM C YKEJIE30M
cocrossHuu B Buae nemeHtuta (FesC). X mnomydaroT mpu BBICOKOM CKOPOCTH OXJIaKIEHUS U
HaJU4IuH Kapoumooodpasyromux nemMeHToB — Mn, Cr, S, W. B cTpykType OeNbIX 4yTYHOB UMEETCS
BBICOKOYTJIEpOIUCTast 3BTeKTUKAa — sedebypum (C=4,3%) — mMexaHuyecKkas SBTEKTHYECKas
CMECh ayCTEHHWTa W TEpPBUYHOTO LeMeHTHTa (I];) B mHTepBasie Temneparyp 1147°C — 727°C, u
MEXaHMUYEeCKasl 3BTEKTUUECKAsl CMECh IIEPJIUTA U LIEMEHTUTA IIpu Temneparypax Huxke 727°C. CBoé
Ha3BaHHe OeJble YyTryHbl MOJYYHJI 1O BHAY H3JIOMa, KOTOPBHIH HMMEET MAaToBO-O€Nblii LBET U
obnazgaer MeTaJuIMYecKUM OneckoM. benble 4yryHel u3-3a MPHUCYTCTBUS B HHUX OOJIBIIOTO
konuyecTBa memeHTuTa FesC obnamaror Beicokoi TBEpAocThi0 (HB 450 — 550) m xpymkocThio,
MPAKTUYECKH HE MOJAIOTCS 00paboTKe pexyIMM MHCTPYMEHTOM. B 3aBUCHMMOCTH OT coaepKaHus
yraepoaa C Oenble 4YyryHbl [0 PaBHOBECHOW CTPYKType pas3AeisioT Ha JI0IBTEKTUYECKHE,
HBTEKTHUECKUI U 329BTEKTHUYECKHE.

benble uyryHbl UCHIONB3YIOTCS B OCHOBHOM KakK nepeodenbHble — B KadecTBe Mmoiydadbpukara
JUISL IPOM3BOJICTBA CTAJIM M CEPOTO KOBKOT'O UyT'yHA.

Cepvimu yy2yHamu Ha3bIBAIOTCS YYTYHBI, KPUCTAJUIM3YIOIIKECs o quarpamme «oxeneso (Fe)
— rpadur (C)», B KOoTOpbIX OOmpmias yacTh yriaepoaa (C) HaxomUTCA B CTPYKTYPHO-CBOOOTHOM
cocrossHny — B Buje BKItoueHud rpaduta (C). I'padut (C) sBasercs HeMeTaummueckor (a3oi,
MO03TOMY Tpa(UTHbIE BKIIOUYEHHUS PE3KO IMOHMKAIOT MPOYHOCTh (OCOOCHHO NMpPU PACTSDKEHHM) U
IJIACTUYHOCTh YYT'YHOB, TaK KaK HApYyIIAIOT CIUIOIIHOCTh METaUIMYecKoil OCHOBBL. CTeneHb
MOHMKEHUST MEXAaHMYECKUX CBOWCTB OOYCIIaBIMBAETCS KOJUYECTBOM U (OpPMOIl BKIIOUCHHI
rpadura, a Tak’ke UX pa3MepaMH U PaBHOMEPHOCTBHIO pacpe/IesICHNUS.

I'pagpumuzayueli Ha3bIBaeTCS TpOIECC BBIACIEHUS rpaduTa MpPH KPUCTALIM3ALUHM WIN
oxnaxaeHuu criaBoB kenesa (Fe) ¢ yrmepomom (C). I'padur MoxeT 00pa3oBBIBaThCS Kak U3
KHUIKON (a3pl MpU 3aTBEpACBAaHMM YyryHa, Tak W u3 TBEPAOH (azpl. OOpa3oBanHue rpadura
MPOMCXOAUT corytacHo auarpamme «xkene3o (Fe) — rpadur (C)».

Tak kax rpagut conepxkur 100% yrnepoxna (C), a uementur (FesC) — 6,67%, To xunkas
daza m aycreHHT mO coctaBy Oomee Omm3ku kK uemeHtury (FesC), wem x rpadury (C).
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CrnenoBarenbHO, 00pa3oBaHUE U3 XKUIKOHN (Pa3bl IEMEHTUTA U AyCTEHUTA JOJDKHO MPOTEKAaTh JIerye,
yem rpadura. [TorTomy Oenbie 9yryHbl 00pa3yrOTCs IPU OBICTPOM OXJIXKIECHUU.

C npyroit croponbl, mpu HarpeBe ueMeHTHT (FesC) pasmaraercs Ha xene3o (Fe) u
yraepon (C). CnenoBaTtenbHO, rpaduT ABIsETCs Oosiee CTaOMIBbHOM (Pa30ii, yeM IIEMEHTHT.

Bo3mo:xHbI 1Ba myTH 00pa3oBaHusi rpaduTa B 4YyryHe:

1) HemmocpencrBennoe oOpazoBanue rpadura wu3 xuakod (asel. Takoe oOpazoBaHue
BO3MOXKHO TpH HAJIMYMM B IKUIKOM (haze ULEHTPOB KpHCTALIM3alMU Tpadura (LIEHTPOB
rpadUTH3alNN) ¥ IPU OYEHb MEIJICHHOM OXJIaXK/IEHUH pacIuiaBa.

2) Ilpu paznoxenuu panee odopazosasuerocs nementura (FesC).

Bnusinue ckopocTH OXJaXXIEHUS Ha TMpouecc rpaduruzanuu 0OYCIOBIEHO TeM, 4YTO
rpaduTH3anKA YyTyHA ABIseTCs AM(PPY3MOHHBIM MIPOILIECCOM U MPOTEKAET MEIJICHHO.

Boabmasi IMTENBbHOCTH MNpouecca rpadpurusanuum 00ycj0BJIeHA He00X0AMMOCTbIO
NPOTEeKAHUS CJIeIYIOIUX CTATUI:

1) oOpazoBaHusi 1EHTPOB TpaduTH3aMK B XKUIKOW (daze wiau aycteHute; 2) nuddy3un aToMOB
yraepona (C) x neHTpam rpaduTHzanuy; 3) pocTta BbAEICHUN Trpadura.

CTpyKTypa 4yryHOB 3aBHCHUT OT CTENEHU TpauTH3alUH, T. €. OT TOT0, CKOJbKO YIiiepoja
HAXO/UTCS B CBA3aHHOM U CBOOOHOM COCTOSIHUH.

Tema 5. Tepmuueckasi 00padoTka MaTepHaIOB

Bonpoc 1. CtpykrypHO-a30oBbie NIpeBpalieHusi B CTAJIH B pe3yJibTaTe TePMHUYECKOH
00padoTkH

Jlroboli BUA TepMUYECKOH OOpPabOTKM COCTOMT U3 KOMOHWHAIIMM YETHIPEX OCHOBHBIX
CTPYKTYpHO-()a30BbIX MpeBpallleHuil, B OCHOBE KOTOPBIX JIEKAT CTPEMIICHHUS! CUCTEMbI K MUHUMYMY
CBOOOTHOM SHEPTUH.

K 3TuM npeBpaimeHusiM OTHOCSITCSA:

1) IlpeBpamienre npu HarpeBe nepiura B aycTeHMT (/1 — A), mpoucxopsiee Npu Harpese
BBIIIIE KPUTUUECKOU Temmepatypsl A1 (Boimie uanu PSK), Tpy KOTOPOH MUHUMAIBHOM CBOOOTHOM
sHepruei odnanaer aycTeHuT 4

Fe,(C) + FesC — Fe,(C).

2) IIpeBpatieHue Ipu MEUIEHHOM OXJIaXIEHUU ayCTeHUTa B NepiauT (4 — 1), npoucxondiiee
MpU  OXJIAXKIACHUU HIDKE TeMmrepatypbl A (Hmwke imHuH PSK), Tmpu KOTOPOM MUHUMAILHOMN
CBOOOTHOM 2HEprueil obaanaeT nepiur:

Fey(C) — Fe,(C) + FesC.

3) IIpeBparenue npu OBICTPOM OXJIAXKIEHUH ayCTEHUTa B MapTeHCHT (4 — M), mpoucxosiiee

pH OBICTPOM OXJIAXKICHUU HIKE TeMIepaTyphl HECTAOUILHOTO PaBHOBECHS
Fe,(C) — Fe (C)'.

4) TlpeBpaieHue MapTeHCUTA B MEPIAUTHBIE CTPYKTYpbI (M — [1), mpoucxosiiee mpu JTHO0BIX

TEeMIIepaTypax, T. K. CBOOOHAS SHEPTHUsI MapTEHCUTA OOJIbIIE, YeM CBOOOIHASI YHEPTHS TIEPIUTA
Feu(C) — Feq(C) + FesC.

IIpeBpamieHue nmepauTa B ayCTEHUT

CornacHo JiIeBOM HMKHEHW YacTu JuarpaMMbl JKeJe30yIJIEpOJIUMCTHIX CIJIAaBOB IPU HarpeBe
CTalld TPEBpAIllCHHE TMepiIuTa B AYCTCHHT MPOUCXOTUT mpu Ttemreparype A1 (muHus PSK,
temmneparypa 727°C). IlpeBpanieHue nepanra B ayCTEHUT B TOYUHOM COOTBETCTBHH C JAHArpaMMOi
cocrosiHus «Fe-Fe;Cy» nponcxoauT nuie IpyU 04€Hb MeAJIEHHOM Harpese. IIpeBpalieHre ocHOBaHO
Ha auddy3un yraepona (C), conpoBoxkaaercs noauMopdHBIM IpeBpaiienueM xenesa Fe, — Fe,, a
TaK K€ paCTBOPEHUEM IIEMEHTHUTA B AyCTEHUTE.

[Ipu HarpeBe MOIBTEKTOMIHOM CTanm (MCXOMHAS CTPYKTypa (EppHUT + MEpIUT) U Mepexojie
yepe3 KPUTHYECKYI0 TOUKY A1 MEPIUT MpeBpallaeTcs B ayCTEHHT, T. €. 00pa3yercsi CTPyKTypa
depputr + aycrenut. Ilpu ganpHeleM TMOBBILIEHUH TeMIIEPaTypbl (GEpPPUT TMOCTEIEHHO
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IIpeBpallacTcs B AyCTEHUT, U IO JOCTH)KEHUU TEMIIEpATyphbl, COOTBETCTBYIOIIEH KPUTHUYECKOU
Touke A3 (iuHus GS), CTpyKTypa cTajal COCTOUT U3 OJHOPOIHOIO ayCTEHUTA.

Ha ckopocTh mpeBpamieHus NepiauTa B ayCTEHUT BIMSIOT MHOTHE (DakTOpbl: TemmepaTypa
HarpeBa, CKOpPOCTb HAarpeBa, JUCIHEPCHOCTh MCXOAHOW CTPYKTYpHI, IJACTUHYATAs WIM 3EPHHUCTAs
¢dbopma leMeHTHUTa, XUMUYECKHI COCTaB CTAJIH.

TemnepaTypa HarpeBa ompenessieT BpeMs NPEBPALICHUs, TaK KaK C YBEJIWYEHUEM CTEIEHHU
IeperpeBa yMEHbBILIAETCS pa3Mep KPUTHUECKOIO 3apoibllla ayCTEHUTA, YBEJIMYMBAIOTCS CKOPOCTh
BO3HUKHOBEHHMS 3apPOJIBIIIEH U CKOPOCTh UX POCTA.

MexaHu3M npeBpalleHus NepanuTa B ayCTEHUT IIPEICTaBlIeH Ha puc. .

PocT 3epHa aycTeHHUTa NIPH HarpeBe

[Ipu wnHarpeBe cTayiu BbIlIE TeMmmepaTypsl A1 3€pHAa ayCTEHUTA MOJIYYAIOTCS MEJIKUMU
(HauanbHOE 3epHO aycTeHUTa). B mpoliecce OMONMHUTEIHLHOTO HarpeBa WK JTUTEIbHON BBIICPKKU
MpU JaHHOM TeMmmeparype MPOUCXOAUT POCT 3epHa aycTeHuTa). POCcT BenmuunHbl 3€peH ayCcTeHUTa
MIPOMCXOAUT TEM B OOJIBIIICH CTEMEHU, YeM BBIIIE TeMIlepaTypa HarpeBa. [IBHKyIeld CUioi pocta
ABIISICTCS PA3HOCTh CBOOOJHBIX SHEPTHM MENKO3epHUCTOM (OOsblIas CBOOOAHAS SHEPrUs) H
KPYITHO3EPHUCTOM (MEHbIIIasi CBOOOHAS DHEPTHSI) CTPYKTYPhI ayCTECHUTA.

Hauanvhas eéenuuuna 3epna — BEIWYMHA 3€pHA, ONpPEIENsieMas pa3MEpOM 3€pHa B MOMEHT
OKOHYAHUS MEPIUTO-ayCTEHUTHOTO MTPEBPALIICHHUSL.

[Ipu HarpeBe 40 JOCTATOYHO BBHICOKON TEMIEPATYphbl HACIEACTBEHHO MEIKO3EPHHUCTAs CTallb
MOJKET UMETh Jlaxe 0oJiee KPYIMHOE 3€PHO ayCTEHUTA, YeM HACIEACTBEHHO KPYITHO3EPHUCTAsI CTab.
[ToaToMy BBEAEHO NOHATHE IEVCTBUTEIBHON BEIMYUHBI 3€PHA.

Heticmeumenvnas eenuyuna 3epHa — pa3MeEp 3€pHA NPU KOMHATHBIX TeMIeparypax,
MOJTyYCHHBIM TOCTe TOM WM WHOW TepMmHuueckoi oOpaboTku. OHa Tem Oojblue, yeM OoJblie
HUCXOJHOE 3€pHO ayCTeHUTa, T.€. 3aBUCUT OT TeMIlepaTypbl TIOCJEIHEro HarpeBa H
MPOJIOKUTENIBHOCTU BBIICPKKH MPU 3TOM Temmeparype.

HenpaBunbHbIi pexxuM HarpeBa (HarpeB CTajeil 3HAYMTENbHO BbIlie TUHUU GSE nuarpaMMbl
«Fe-Fe3sCy») Moxer mpuBecTH 100 K nepeepesy, nubo K nepescoey cranu. CleICTBUEM 3TOTO
ABIIAETCS 00pa3oBaHKUe KPYMHOTO JEHCTBUTENHLHOTO 3€pHA.

Ilepecpee monydaercs, KOTJa HAarpeB JO3BTEKTOMJHOM CTalM 3HAYUTEIBHO BBIIIE
temriepatypsl A3 (muauu GSE nuarpammel «Fe — FesCy») nmpuBoIuT K MHTEHCUBHOMY POCTY 3€pHa
aycreHuTa. Takas CTpPYKTypa Ha3bIBaeTCsl euomManwimemmosa cmpykmypa (10 UMEHH Y4YEHOTO
A. Bunmanmrerrena cM. puc.10) u xapakTepusyeTcs MOHWKEHHBIMA MEXaHUYECKUMH CBOMCTBaMHU.
[leperpeB MOXHO HCNPABUTH IOBTOPHBIM HAarpeBOM 1O ONTUMAJIbHBIX TEMIIEpaTyp C
MOCJIEAYIOIIUM MEIJICHHBIM OXJIAXKICHUEM.

Puc. 1. MukpocTtpykTypa yriaepoaucToll ctaju 35 B 3aBUCMMOCTH OT TeMIIEpaTypbl Harpena
(x100): @ — 6e3 meperpeBa; 6 — MEPETPeB; 6 — MEPEKOTTO

Ilepeoicoc vmMeeT MecTo, KOrja TemIepaTypa HarpeBa MpUONMKAeTCsl K TeMIleparype
IUTABJIEHUS M METAUl B T€YEHUE JUIMTEIBLHOIO BPEMEHM HAXOJMJICS IIPHU BBICOKOM TemImepaType B
OKHUCIUTEIbHOU aTMocdepe neun. [Ipu 3TomM HaOMIOJAETCS] OKMCICHHE M YaCTUYHOE OIJIaBJICHUE
rpaHul 3€peH, YTO PE3KO CHUXKAET MPOYHOCTh cTaiu. M3510M Takoil cTanm KaMHEBUIHBIHN (puc. 16).
[Tepexxor — HeucnpaBUMBINA OpaK, yCTPAaHUTh KOTOPBIA MOKHO TOJIBKO TEPETIABKOM CTaJIH.
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Bonpoc 2. Juddy3uonnas Merainzanusa kak Bua XTO, eé Buabl, pe:kMMbI M1 HA3HAYEHH e

Juggysuonnas memaniuzayus — XUMUKO-TEpMHUYECKass 00pabOTKa, B OCHOBE KOTOPOM
MOJIOKEH Tmpouecc TU(P(Gy3HOHHOTO HACHIIIEHUS TOBEPXHOCTHBIX CJIOEB CTAJNbHBIX W3JAEIUN
pasnmuuHbiMH  MeTayuiamu:  amomuHueM (Al),  xpomowm (Cr), 1uumHkoM (Zn), Gopowm (B),
MonubaenoMm (Mo) u ap., a Takke KpemMHuEM (Si).

[IpoBoautcs nuddy3noHHas MeTauM3alMs JUIsl 3alIUThl  U3AETUI  OT KOPpPO3UH U
MOBBILIEHUS UX KapOCTOMKOCTH, N3HOCOCTOMKOCTH U TBEPAOCTU. OCYIIECTBIISIETCA OHA B TBEPABIX,
KHUJKUX U Ta3000pa3HbIX Cpeliax.

Juddy3noHHyl0  MeTaTM3alus  MOAPA3NENIeTCs  Ha:  meeépoyi  Ough@y3uonHyo
Memaniu3ayuro, yazosyr Ou@@y3uoHuyro Memaiiuzayuo u AHCUOKYIO  OUpPy3uonHyIO
Memaniuzayuio.

Cpenn wmeronoB mudGy3nOHHOW METATU3AMK HAWOOJbIIee NPUMEHEHHE TOTYYUITN
AIUTUPOBAHHUE, XPOMHUPOBAaHWE, CHIMIMPOBaHWE, OOpupoBaHue u aAp. I[lpu HachIIEeHUN
MMOBEPXHOCTHBIX C0EB neraneit xpomom (Cr) mpouecce audPy3MoHHONW METaIU3aIllid Ha3bIBAIOT
Xpomuposanuem, amomuHuem (Al) — anumuposanuem, kpemuueMm (Si) — cunuyupogaruem,
6opom (B) — bopuposaruem. PaccMoTpumM Kaxkaplid U3 3TUX TPOLIECCOB.

Anumupogarue — TOBEPXHOCTHOE HACHIIIEHNE HU3KOYIIIEPOIUCTON cTasu anmomMuaneM (Al)
JUIl  TIOBBIIIEHUSI €€ KOPPO3MOHHOW CTOMKOCTH. AJIMTUPOBAHHBIC JIETAIM  COXPAHSIOT
xapocToikocTh 10 Temnepatypsl 900°C. Ilpu anutupoBanun amomunuii (Al) nupdynaupyer B
cTaib W oOpa3yeT TBEPAbIM pacTBOp c kene3oM (Fe). IloBbimeHne KOPpO3MOHHOW CTOWKOCTH
MPOUCXOMUT  Oyarojgaps  OOpa3oBaHHMIO  IUIOTHOW  TUI€HKH  okuch  amomuHus (ALO3),
MPEOXPAHSIONICH METAT OT OKUCICHHS. B 3aBUCHMMOCTH OT Cpelibl, B KOTOPOH MPOU3BOIUTCA
nporece, pasinyaroT aJUTHPOBAaHUE B TBEPIOW, JKUAKOW M Tra3000pa3sHON cpene, a TaKxke
ANEKTPOIIUTUYECKOE ATUTUPOBAHHE.

Xpomupoeanue — TpoIECC MOBEPXHOCTHOTO HACHIIIEHHUS MOBEPXHOCTHOIO CJIOSI CTalld
xpomoM (Cr) ¢ 1Eenpl0 TOBBIMIEHUS TBEPAOCTH, H3HOCOCTOMKOCTH U MPUIAHHUS €H BBICOKUX
KHUCJIOTOYIIOPHBIX, AHTUKOPPO3HUOHHBIX U  JKAPOCTOMKUX CBOMCTB. Ilpm XxpomupoBaHuun
oOecrieunBaeTcsi BBICOKAss CTOMKOCTh MPOTHB ra3oBod kopposuu a0 800°C, a Takke CTOHWKOCTH
IPOTHB KOPPO3MHM B BOJE, MOPCKOM BOAE€ M KHCIOTaX. XPOMHUPOBAHUIO IOABEPraroT

HHU3KOYIJIEpOJAUCThIE U JierupoBaHHble crtamu npu 950 — 1150°C B Teuenume 10 — 154 B
3aBUCUMOCTH OT TpeOyeMOil TOJIIUHBI YIIPOYHEHHOTO CIIOSI.
Cunuyuposanue — TIPOIECC TIOBEPXHOCTHOTO HACHIIIEHUS CTaIM KpemHHEM (Si),

o0ecreynBaOUil MOBBIICHHE €€ KUCIOTOYITOPHOCTH (B COJITHOM, CEPHOM M a30THOM KHUCIIOTaX),
XKApPOCTOMKOCTH  (OKaIMHOCTOMKOCTH) W  yBEJIIMYEHHWE YCTOWYMBOCTH TPOTHB  HM3HOCA.
CunMuupoBaHHUIO TOABEPTaloT ACTalH, NPUMEHSIEMble B XUMHUYECKOW, OyMasKHO-IEIUTIOJIO3HOH,
HE(QTSIHON M JPYIMX OTpPACisIX HPOMBIIUICHHOCTH (BJIMKHM HAcoOCOB, TPYOOIPOBOIBI, AETaIU
TEINIO0OOMEHHUKOB, KJalaHbl, apMaTypa U T. 1.). ToimuHa ciost nocie cuiauuupoanus — 0,3 —
1,0 Mm.

CunuuupoBaHre OOBIYHO MPOBOJAT MpPH HAarpeBe B Ta30BOW cpejne, B PETOpPTax, Mpu
pasznokenuu mapoB xjopuga kpemuus (SiCls). HarpeB ocymectBisiercs no temmeparyp 950 —
1050°C ¢ BelIepkkoil B TeueHHe 2 — 5 yacoB. B pesynbrare CHIMLIMPOBAHMS MOIY4aeTCs CION
tonuuHon 0,6 — 1,4 mm ¢ TBEpaocTRIO H 200 — 300. XKapocroiikocts aetanu a0 800 — 850°C.

Bomnpoc 3. [loBepxHOCTHAsI 3aKaJIKa, Ja3epHasi TePMUYECKasi 1 XUMHKO-TePpMHUYeCKast
o0paboTka

IToBepxHOCTHAs 3aKaJIKa

[ToBepxHOCTHasI 3aKajka — 3TO MPOIECC TEPMHUUECKOM 00pabOTKH, KOTOPBI COCTOHMT B
Harpese IOBEPXHOCTHOIO CJIOSI CTAJBHOTO HM3AEIUS O TEMIIEpaTypbl BBILE JIUHUHU Ac3 UL
JO3BTEKTOMIHOMN CTAJIM U 10 TEMIIEPATYPhI BBILLIE JIMHUU Ac1 U1l 3a3BTEKTOUTHOM.
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[ToBepxHOCTHas 3aKajika MpeIHA3HAYCHA JUIS MOBBILIEHUS TBEPIOCTH, U3HOCOCTOMKOCTH U
npeiena BHIHOCIMBOCTH TOBEPXHOCTHOIO €0 0OpabaTbiBaeMbIX u3lenuil. B pesynbrate Takoii
3aKaJIKM CEpJIEBMHA OCTAaéTCs BSI3KOW, Onaromapss d4emy H3JeTUe BOCHPUHHUMAET YyAapHbIC
Harpy3Ku.

[ToBepxHOCTHAs 3aKaIKa OCYIIECTBISETCS OUY€Hb OBICTPO M TIOITOMY Ha MOBEPXHOCTHU JIETAIIN
He o0pa3yeTcsi OKHCICHHOTO CJIosi (OKaJWHBI). Tak Kak MPU 9TOM HArpeBaeTCs M OXJIAXIACTCs
MOBEPXHOCTHBIN CJIOH JeTau, KopoOJeHHe AeTali He3HAYUTEeIbHOE.

HarpeB moj moBepXHOCTHYIO 3aKajKy NMPOM3BOAAT CIEAYIOIMMHU crocoOamu: 1) Tokamu
BbIcOKOH yacToThl (TBY); 2) B pacmiiaBlieHHBIX METaJlJIaX WJIU COJAX; 3) IJIaMEHEM Ta30BbIX WIIU
KHCIIOPO/I-alleTHIIEHOBBIX TOPEJIOK; 4) Ja3epHbIM U3TydCHHEM.

HauGonbiiee pacnpocTpaHeHHE TMONYYUTI METOJ TMOBEPXHOCTHOW 3aKalKU IPH HarpeBe
ToKaMmH BeIcOKoOU yacToThl (TBY).

IIpu narpese TBY wucnosb3yercs sBI€HHE UHAYKIMH U IOBEPXHOCTHOI'O pPaCIpeIeICHUs
MHIYIUPOBAHHOTO TOKAa B JieTanu. Tak, eciu B MepeMEHHOE 3JIEKTPOMAarHUTHOE I0JIe TIOMECTHUTD
3aMKHYTBIM TPOBOJHHUK DJIEKTPUUECKOrO TOKa, TO B TMPOBOJHUKE BO3HHUKAIOT IE€PEMEHHBIE
(BUXpeBbIe) TOKU. XapaKTEpHBIM SIBISIETCS paclipe/ielieHle ToKa M0 CeYeHMIO MpoBoaHuKa. Eciu
MOCTOSIHHBIM TOK TpPH MPOXOXKICHUU IO MPOBOJHUKY PACHPEIEISIETCs PaBHOMEPHO IO €ro
CEUEHHUI0, TO pachpejeliecHne IMEePEeMEHHOI0 TOKa IO CEYEHHIO IPOBOJHHKAa HEPaBHOMEPHOE.
[110THOCTh MPOTEKAIOIIETO MEPEMEHHOTO TOKAa 3HAYUTENHHO OOJBINE Yy TMOBEPXHOCTH, YEM BO
BHYTPEHHUX CIIOSIX MPOBOJHUKA. Takoe HEpaBHOMEPHOE paclpeiesieHne MEePeMEHHOTo TOKa B
MIPOBOJHUKE HA3BIBACTCS MOGEPXHOCMHBIM d¢hhekmom. BcenenactBue moBepxHOCTHOTO 3 dexra
MIPOBOJHUK HarpeBaeTcsi Ha OMPEeNIEHHYIO IITyOUHY OT TOBEPXHOCTH.

IIpenmyLiecTBaAMHM IMOBEPXHOCTHOM 3akajaku TBY siasirores:

1) perynupyemast ri1yOrHa 3aKajJ€HHOTO CIIOS;

2) BBICOKAsI MPOU3BOAUTEIBLHOCTh M BO3MOXKHOCTh aBTOMATH3aLIUH;

3) OTCYTCTBHE Ha MIOBEPXHOCTH JIETAIH 00€3yTIepOKUBAHUS U OKATMHOOOPa30BaHMUSI;

4) MUHUMAIbHOE KOPOOJIEHUE IeTaNH,

5) Mo cpaBHEHHIO ¢ OOBIYHOM 3aKaJKOW CTalb, 3aKaléHHas npu HarpeBe TBY, umeer crienyromue
npeuMyIiecTBa: 0Ooyiee MEITKO3EpHUCTAs CTPYKTypa; Oosiee BhICOKasi TBEPAOCTh, OoJiee BBICOKast
M3HOCOCTOMKOCTh; 0oJiee BhICOKAsk MPOYHOCTh MPHU OTHOCUTEIHHO MEHBIIIEM MOHMKEHUH BA3KOCTH;
0o0J1ee BRICOKHI Mpeiesl BRIHOCIHBOCTH (TIpeAes yCTaTO0CTHOW MPOYHOCTH).

K Heocrarkam noBepxHocTHo# 3akanaku TBY caeayer oTHecTH:

1) BbICOKast CTOUMOCTh TEXHOJIOTHYECKOTO 00OPYIOBaHMsI, B YACTHOCTH MHIYKTOPA, SBISIOMIETOCS
WHIUBUAYAIBHBIM JJI51 KaXXA0W JAeTau;

2) Manasg NpUMEHUMOCTh 3akanku TBY k ycloBUSM €IMHHYHOTO IPOU3BOJICTBA, UTO BBHI3BAHO
MEPBBIM HEJAOCTATKOM.

JlazepHas TepMuueckasi 00padoTka

Jlazepnas mepmuueckas oopabomxa (JITO) Takxke NpUMEHSIETCS [JIsi TTOBEPXHOCTHOTO
yrnpouHeHus netaneil. JlazepHas TexHONOrus 0o0eCreurBaeT MOBBIINIEHHE MPOU3BOIUTEIHLHOCTH
TpyJa, TOYHOCTH U KadecTBa 0OpabOTKH, MPEACTaBIsAET MPAKTHUYECKU 0€30TXOAHYI0 TEXHOJOTHIO,
YIOBJICTBOPSIOIIYIO TPEOOBAHHSIM IO SKOJIOTHYECKOH 3aIIUTe OKPYKAIOIICH CPeIbl.

Jlazeppr — onTtudeckue kBaHTOBble TeHepaTopbl (OKI'), mo3Bossronye moJydarh
ANIEKTPOMAarHUTHbIE M3IY4YEHMsI YpPE3BbIYAIHO BBICOKOM KOHILIEHTpPAlMM 3HEpruu. JlnumHa BOJH,
reHepupyembix OKI', HaXOauTCs B CBETOBOM JAMana3zoHe OT yAbTpadroJIeTOBONH 00JIACTH CIIEKTpa
no uHopakpacHoii (a=0,1 — 70 mxm). JlazepHOe H3ITydYeHUE PACIPOCTPAHAETCS OYECHb Y3KUM
MYYKOM U XapaKTepHU3YyeTCS BBICOKOW KOHUEHTpauued 3Hepru. VICTOUHMKaMu TeHEepupyeMou
SHEPIUu CIIy>KaT TBEpAbIE Tena (pyOuHBI, aTIOMHUHHUEBbIE TPAaHUTHI, UTTPUH, cTéKia) u ra3sl (He, Ar,
Ne, CO»).

[TpumeHeHue ma3epoB A1 TEPMUUIECKOH 00pabOTKKM OCHOBAHO Ha MPeoOpa3oBaHNUU CBETOBOM
SHEPrUu B TEIJIOBYI0. B OCHOBY palOTHl J1a3epOB MOJOXKEHO YCHJICHHE SJIEKTPOMArHUTHBIX
Kose0aHui CYET WHAYLHMPOBAHHOTO W3JIyYCHHs] aTOMOB. BbICOKas KOHIIGHTpalusi SHEPTUU B
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ceeroBoM motoke OKI' mo3BOisieT Harperh MOBEPXHOCTh JO TEMIIEpaTypHOrO Iuara3oHa
TepMOOOPaOOTKH 32 OUEHHh KOPOTKOE BPEMHI.

I'my6buna ynpounéHHoro cnos npu HarpeBe Ha COz-mazepe (mpu MomHOCTH 5 KBT)
koneosercs ot 0,3 1o 1,0 MM, a Ha ummysibecHOM Jazepe — 0,1 — 0,15 Mm.

Tema 6. IIBeTHBIE METAJJIBI U CILJIABBI
Bonpoc 1. Komno3nunoHHbie MaTepHaJIbI

Komnosuyuonnvimu mamepuanamu Ha3pIBalOT MaTEpUabl, COCTOSIINE U3 IBYX KOMIIOHEHTOB
u Oosiee, 0OOBEIMHEHHBIX PA3JIUYHBIMU CIIOCOOAMH B MOHOJHUT U COXPAHSIOIIMMHU IIPH 3TOM
WHIUBUAYaIbHBIE OCOOCHHOCTH.

Komno3unmonHele MaTtepuasibl 00J1aAal0T KOMIUIEKCOM CBOMCTB, OTJIMYAKOIUXCA OT
TPaJULIMOHHBIX KOHCTPYKIIMOHHBIX MaTepHajioB, YTO M MPEAONPENEIWIO HX YCIEIIHOE
INPUMEHEHHE JJIs1 COBEPIICHCTBOBAHUS COBPEMEHHBIX M pa3pabOTKU NPUHLIMIINAIBHO HOBBIX
KOHCTPYKLIUH.

JJ1si KOMIIO3UIMOHHBIX MAaTEPHAJIOB XapAKTePHa CJIeAYIOIIas COBOKYITHOCTD NIPU3HAKOB:

1) coctaB, hopMma u pacrpeieieHue KOMIOHEHTOB MaTepHaja onpeiesieHbl 3apaHee;

2) marepuanabl COCTOST M3 JBYX KOMIIOHEHTOB M 0ojiee pa3jIMYHOIO XMMHUYECKOI'O COCTaBa,
pa3enEHHBIX B MaTepuale rpaHuLIeH;

3) cBoiicTBa Marepuana ONPENENSIOTCS KaXJbIM U3 €ro KOMIIOHEHTOB, COJAEP)KaHUE KOTOPBIX B
MaTepHae 10CTaTOYHO OO0JIbIIOE;

4) marepuan 06sa1aeT CBOMCTBAMHU, OTIIMYHBIMHU OT CBOMCTB KOMIIOHEHTOB, B3SITHIX B OTJEJIHOCTH;
5) Marepuan OHOPOJIEH B MaKpoMacIiTabe ¥ HEOJHOPOIEH B MUKpOMAcCIITaoe;

6) MaTepuan He BCTpEYaeTcs B IPUPOJIE, & CO3JaH YETIOBEKOM.

KOMITOHEHTBI KOMIIO3MLIMOHHOTO MaTepuaja pa3iuyHbl 10 T€OMETPUYECKOMY IIPU3HAKY.
KomnoHeHT, KOTOpbIil 0051a7aeT HENpephIBHOCTBIO 1O BCEMY OOBEMY, SIBIAETCS Mampuyei.
KomnoHeHT ke mpephIBHBIN, pa3feleHHbl B 00bEME KOMIIO3MIIMOHHOTO MaTepuana, CUUTaeTCs
apmupyrouwium WIA yOpouHsromuM. [IpumMepoM KOMIO3HMIIMOHHOTO MaTepuana sBISETCA
’KeJIe300€ToH.

B kauecTBe MaTpull B KOMIIO3UIIMOHHBIX MaTepHagax MOryT ObITh HCIOIb30BAHBI METAILIBI U
UX CIUIABbl, a TAK)KE€ IOJUMEPHI OPIraHUYECKUE U HEOPTAaHUUYECKUE, KEPAMUUECKUE, YIJIEPOIHbIE U
npyrue Marepuainbl. CBONCTBA MaTPHIBI ONPENCIAIOT TEXHOJOTHYECKHE IapaMeTpsl Ipolecca
MIOJIyYEHUSI KOMIIO3MLIIMM M €€ OKCIUIyaTallMOHHBIE XapaKTEPUCTHKU: IIJIOTHOCTb, YJIEJIBbHYIO
IIPOYHOCTb, PA0OUYI0 TEMIIEpPaTypy, COMPOTUBICHUE YCTAIOCTHOMY Pa3pyLICHUIO U BO3JAEHCTBUIO
arpeCcCUBHBIX CPEL.

Apmupyromye MM YINPOYHSIOIUE KOMIIOHEHTBI PAaBHOMEPHO PAaCIpPElENICHbl B MaTpPHIIE.
OnHu, Kak IpaBUiIO, 00JaAIOT BBICOKOW MPOYHOCTBIO, TBEPAOCTHIO U MOAYJIEM YIPYTOCTH U TIO
9THUM IIOKa3aTeasiM 3HAYUTENbHO IPEBOCXOAAT MaTpully. bosiee IIMPOKUM IOHATHEM, 4YEM
apMUPYIOIIUKA WIM YIOPOYHSIOUIMI KOMIIOHEHT, SIBISIETCS TEPMHUH «HAIIOJHUTENb), IMOCKOJBKY
HaIlOJIHUTENIb B MATPHUIEC IIOMHUMO HM3MEHEHHMS INPOYHOCTH OKA3bIBACT BIUSHUE M HA JPYIrHe
XapaKTEPUCTUKU KOMIIO3ULIMH.

Bonpoc 2. Ilnactmaccbl, HX 0011251 XapaKTePHUCTHKA, KIacCH(PUKALMA, H HA3HAYCHHE

Cpenn HOBBIX KOHCTPYKLIMOHHBIX MaTEpHUaoB, HEOOXOAUMBIX JUIsl YCKOPEHUS TEXHUUECKOTO
mporpecca BO BCEX OTPACISIX HAPOJHOTO XO3SHCTBa, 0CO00E€ MECTO MPUHAMICHKHUT IIacCTMAcCaM U
CUHTeTHYeCKUM cMosiaM. CerojaHsi MpOM3BOACTBO PAa3IMYHON TEXHHWKH M MAllUH HEBO3MOXHO
MPEICTaBUTh 0€3 MCIOJIb30BaHUS TuTacTMacc W pe3uH. OHU SBISIOTCS HE TOJBKO 3aMEHUTEIISIMU
NePUIUTHBIX LBETHBIX METAJIJIOB, HO U CaMOCTOSITENIbHBIMH  MalIMHOCTPOUTEIbHBIMU
MaTepuaIaMH.

Cunmemuyeckumu noaumepamu Ha3bIBAIOT HEMETAINIMYECKHE MaTepuanbl (TIacCTHYECKHe
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MacChl, PE3WHBI, XUMHYECKHE BOJOKHA, IUIEHKU, JIAKH, KJIEH, TePMETUKH U [p.), OCHOBOM
MIPOU3BOJICTBA KOTOPBIX SIBIISIETCS CHHTE3 BHICOKOMOJIEKYJISIPHBIX OPraHHYECKUX MPOAYKTOB Ha Oaze
MOJIMMEPHBIX COSTMHECHUH.

[TomumepHBIE BBICOKOMOJICKYIISIPHBIE COCTUHEHHS COCTOSIT W3 COTEH W THICSY aTOMOB.
['uranTckue MOJEKYIbI 3TUX COSAMHEHUN HA3BIBAIOT MAKPOMOIEKVIAAMU.

B 3aBucuMocti 0T (HOpMBI MaKpOMOJIEKYJT TMOJMMEPHBIE COSAMHEHUS TOAPA3ICISIOTCS Ha
JIUHeliHble, pa3eemenénnvlie U cemuamvle (npocmpancmeentule) (puc.l).

&)
Puc.1. CtpoeHne BBICOKOMOICKYIISIPHBIX COSTUHEHNUN: @ — JTMHEHHBIX; O — pa3BETBIEHHBIX; 6 —
CeTUaThIX.

VY numelimvix noaumepog MaKpOMOJIEKYNbl TMPEACTABIAIOT COOOW COTHH WM ThICSYU
JJIEMEHTAPHBIX 3BEHHEB MOHOMEPOB, COCAMHECHHBIX BHYTPHUMOJCKYJISIPHBIMU CBS3SIMH B
O0eckoneunsle 1enu (puc. la). Y pazsemenénuvix noaumepos 1enu o0pa3ylOT OTBETBIICHHUS,
COCTOSAILIIME TaK K€ U3 OJJIEMEHTapHBIX 3BEHbEB MOHOMEpoB (puc. 10). VY cemuamoix
(npocmpancmeennvix) noaumepos enu o0pa3yroT MPOCTPAHCTBEHHYIO CETKY (puc. 16).

JluHeitHbIe ¥ pa3BETBIICHHBIC MTOJIMMEPBI OTHOCSTCS K MEPMONIACMUYHBIM, & CETYAThIE — K
MepMopeakmusHulM  noaumepam. TepMoIIacTbl B OTIMYME OT PEAKTOIIACTOB CIIOCOOHBI
MHOTOKPAaTHO TIOJIBEPraThCs TUIACTUIECKON JedopMaIiu.

Bce cunTeTHYECKHE MOJTUMEPHI MO THILY CHHTE3a JIeJISIT Ha:
1) monumepu3anuoHHbIe (MU COMOJIMMEPU3AIHOHHBIC);
2) MOJIMKOHICHCAIIMOHHBIE BEICOKOMOJICKYIISIPHBIE COSTMHECHHUS.

Ionumepusayuonnvle noaumepvl — 3TO TOJHUMEPBI, KOTOpble 00pa3oBaHbl MpU
B3aMMOJICICTBUM MOHOMEPOB 0e3 H3MEHEHHS IePBOHAYAIBHOTO cocTaBa. K HUM OTHOCATCS
MOJIUATHIIEH, OJUMPONIIIEH, TOTUCTUPOJI, TOTUBUHIIXJIOPU, TOIUTETPAPTOPITUIIEH.

IlonukonoencayuonHvle noauMepsbl — 3TO TMOIUMEPHI, KOTOPhIE 00Pa3yIOTCS U3 HECKOJIBKUX
MOHOMEpPOB B pe3yJbTaTe MpOTEKaHUs Mpolecca (peakuuu) modukoHAeHcanuu. IIporece
COMPOBOXKIACTCS BBIIECIEHUEM IMOOOYHBIX MpoaykToB (Boawel (H20), yraekucmoro raza (CO»),
ammuaka (NHz)). B pesynbrare coctaB nmojaumMepa He OTBEYAET COCTaBY NMEPBOHAYAIIbHBIX BEILIECTB
(MOHOMEPOB).

OcHOBHbBIE CBeJeHHS 0 IJIACTMACCaX

[TnacTuyeckne wmacchl (IJIACTMACCHI) 3aHUMAIOT O0CO00€ MECTO CpEeIH CHHTETHYECKHX
MoJIMMEpHBIX MatepuanoB. lllupokoe mpuMeHEHHE IUIaCTMACC OOYCIOBIEHO HAIMYUEM Y HUX
IIE€HHEBIX CBOWCTB.

InacTMaccebl MIMPOKO MPUMEHAIOTCS B MAIIMHOCTPOEHUH §J1aroaps BLICOKUM
NMOKA3aTeJISIM CJIeIyIIIHUX HeHHbIX CBOICTB:

1) xopowas yoenvnas npounocmo;

2) ¢ppuryuornnwvie ceoticmea (HEKOTOPHIE TTACTMACCHI 00JIa/Ial0T BEICOKUM KOA(DPHUITMEHTOM TPEHHS
Y MaJbIM U3HOCOM);

3) anmugpuxyuonnvie ceoticmeéa (HEKOTOpPbIE BUJIbI IJACTMAcC, HANpUMEp TEKCTOJIMT, KallpoH
YCTEIIHO 3aMEHSIOT OPOH3Y B MOAITUITHUKOBBIX Y3JIaX MAIIUH);

4) onmuueckue ceoticmgea (HEKOTOpble HEHANOJIHEHHbIE IUIACTUYECKHE MacChl (OpraHu4yecKoe
CTEKJIO, TMOJIMCTUPON W JIp.) TMPO3pauHbl W OECIBETHBI, CIIOCOOHBI MPOIyCKaTh JTy4d CBETa B
IIMPOKOM JHara3oHe BOJH, B TOM 4YHCIIE€ U YIbTpa(HOIETOBYIO YacTh CHEKTpa 3HAYUTEIHHO
MPEBOCXO/Is1 B ’TOM OTHOIICHUU CHUTMKATHBIE CTEKIIA);
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4) xopowias 21eKmpou3oNAYUOHHOCY;
5) xopowias menyo38yKous0IAYUOHHOCTb;
6) svicokas xumuyeckas cmotikocmy (IIACTMACCHl HETIOABEPIKEHBI KOPPO3UU, & MHOTHE M3 HUX U
arpecCUBHBIM cpefiam);
7) manas nromuocms (Hanpumep: miaoTHOCTS neHomIacTa coctasiseT 0,015 — 0,8 r/em?);
8) mexnonocuunocms (TpynOEMKOCTh H3TOTOBJICHHUS CAMbIX CIIOXKHBIX JeTaled U3 IUIacTMacc
HUYTOXHA 110 CPABHEHUIO C TPYAOEMKOCTHIO U3TOTOBJICHUS JETallel U3 APYTrUX MaTepPHAIIOB);
9) Oewesusna colpwsi.

OaHOBpEeMEHHO ¢ YKa3aHHBIMHM [OCTOMHCTBAMH IJIACTHYECKHE MAacChl 00J1a1a10T
cJIeyIOIUMHU HEJOCTATKAMMU:
1) oepanuuennas  mennocmouxocms  (OCHOBHBIE  BUIbl  IUIACTHUYECKUX  MacC  MOTYT
YIOBJIETBOPUTENILHO padOTaTh JIUIIL B CPAaBHUTEIBHO HEOONBIIOM HHTEpBasie TemnepaTyp (ot -60
10 +200°C);
2) Huzkas menionposooHocms (TEIUIONPOBOMAHOCT IacTUYeckux macc B 500 — 600 pa3 Huxe
TEIUIONPOBOJHOCTH METallJla, YTO CO3MaéT TPYAHOCTH MPU WX MPUMEHEHWU B y3JlaX M AETalsX
MaIlTiH, TJIe HeJ0XO0UM OBICTPBIA OTBO OOJBIINX KOJUYESCTB TEIUIA);
3) nuskas meepoocmu (6 — 60 xI'/cm? o Bpunenmo);
4) noazyuecmsv (3TO CBOMCTBO OCOOCHHO SIPKO BBIPAXKEHO y TEPMOILTIACTOB (pHC.3);
5) manas oscecmxkocms (MOIYIb YIPYTOCTH CaMbIX JKECTKHX IUIACTMACC - CTEKIJIOIUIACTUKOB Ha
OJIMH — JIBa TIOPSAKA HIKE, YEM y METaJJIOB);
6) cmapenue (IIacTMacchl TEPAIOT CBOM CBOMCTBA MOJ JEHCTBHEM CIEAYIOUMX (aKTOPOB:
TEeMIIEpaTyphl, BIaXXHOCTHU, CBETA, BOABI, IJTUTEIILHOTO MPeObIBAHUS B aTMOC(EPHBIX YCIOBUSIX.
7) HegbicOKas 8A3KOCMb.

KomMmnoneHnTsl miacrmace

OOBIYHO TITACTMACCHI TMPEACTABISIOT COOON CIIOKHBIE KOMIIO3HUIIMH, COCTOSIINE W3
HECKOJIbKUX BelIecTB. TpedyemMbie dKCILTyaTallHOHHBIE CBOMCTBA TIACTMACC IMOJIyYaloT Onarojaps
HO,Z[60py OTACJIbHBIX KOMIIOHCHTOB U UX OIPCACICHHBIM COUYCTAHUAM.

B OosbmmHCTBE CIy4aeB IUIACTMACCHI COCTOST M3 CMOJIBI, HANIOJHHUTENS, TuacTudukaropa,
KpacuTens U APYrux J00aBOK, YIYYIIAIOIIMX TEXHOJIOTHYECKHE U SKCIUTyaTallMOHHBIE CBOMCTBa
TUTACTHKA.

Casa3yoliee BeecTBO

OCHOBHBIM  KOMIIOHEHTOM  BC€X  IUIaCTMacC  SIBISIETCS  c@A3yloujee  BEILECTBO
(BBICOKOMOJIEKYJISIPHOE OpPraHMYECKOe COEAMHEHUE), KOTOPOE NMPUAAET MJIaCTMAcCcaM IIACTUYHOCTh
U CIOCOOHOCTH (POPMOBATHCS, a 3aTEM 3aTBEP/AEBATh, COXpaHss MoyydeHHylo ¢opmy. Hexoropsie
IUIACTMACChl COCTOAT TOJIBKO M3 CBS3YIOLIETO BEILECTBAa (HaIpUMep, MOIMMETHIIMETaKpuiaaT —
oprcrekio). B kadecTBe CBS3YIOIIEro BeHIECTBAa B IUIACTMAccax IMPHUMEHSIOT TNIAaBHBIM 00pa3oM
CHUHTETHUYECKUE CMOJIBI.

JUisi TOBBIIIEHUST MEXAHWYECKOH MPOYHOCTH, TEIIOCTOMKOCTH, 3JEKTPOU3OSAIMOHHBIX H
APYTUX CBOMCTB B COCTaB OOJIBLIIMHCTBA IIACTMACC BBOAT JIPYTroil BeCbMa BayKHbI KOMIIOHEHT —
HanonHumenb, KOTOPBIM TOCIE€ TPOMHUTKH CBA3YIOUIMM BELIECTBOM CIPECCOBBIBACTCS B
OJHOPOAHYI0 Maccy. Kpome CBs3yloOIMX BELIECTB HAMOJHUTENEH B COCTAB IUIACTMACC BBOJISAT
IUTACTU(HUKATOPHI, MUTMEHTHI U IpyTrue 100aBKH.

CuHTeTH4Yeckre CMOJIbl MCIONIB3YIOT B KaueCTBE CBA3YIOLIETO BellecTBa B IulacTMaccax. Mx
MOJTy4aloT W3 BEUIECTB C HU3KUM MOJIEKYJSIPHBIM BECOM, a TaKXKe M3 NPHUPOAHBIX WM paHee
IIOJyYEHHBIX BEIIECTB C BBICOKOMOJEKYISIpHBIM BecoM. IloiydeHune BBICOKOMOJIEKYIISPHBIX
CHHTETHYECKUX CMOJ MOXET OBITh OCYIIECTBICHO METOJaMHM  HOJUMEpPHU3alMH WU
MOJIMKOHICHCALINY.

Hanonnumenu — 3TO OpraHUYecKHMe W HEOPraHWYECKHE BEIIECTBA B BHJE IOPOIIKOB,
BOJIOKOH, JIUCTOB.

HamoJiHUTe 1M BBOAAT B IJIACTMACCHI C HeJIbI0: YIyUYlIeHUs (PU3NKO-MEXaHUYECKUX CBOWCTB,
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TUDJIEKTPUYECKUX CBOKMCTB, (PUKIMOHHBIX ¥ AHTU(DPUKIHUOHHBIX CBOWCTB, TOBBIIICHHUS
TEIJIOCTOMKOCTH, YMEHBIIEHUS TEIUIOCTOMKOCTH, YMEHBIICHUS YCAIKH, CHUKEHHUS CTOMMOCTH
T1acTMace.

HamnoJsiHuTe M AenATCsl HA: OpraHUYECKHe U HEOPraHUYECKUE.

Opeanuyeckue Hanoinumenu - 3TO MaTepUalbl Ha OCHOBE ULEIUIONO3bl. OHHM CHHXKAIOT
XPYIKOCTh CMOJI M COXPAHSIOT MaJbIil YAETbHBIM BEC, OJJHAKO YBEIMUMUBAIOT TUTPOCKOMUYHOCTD U
YMEHBIIAIOT TEPMOCTOMKOCTH IJIACTMACC.

Heopeanuueckue Hanonnumenu - 3TO MaTepuaibl, KOTOPbIE YBEIMYMUBAIOT XPYIKOCTb
IUTACTMACC, HO TOBBIMAIOT TEIUIOCTOMKOCTh M YIIYUIIAIOT JIEKTPOU3O0JSAIMOHHBIE cBocTBa. [lpn
dbopMOBaHUM Yy IUIACTMAcC C HEOPraHWYECKUMHU (MHUHEpaibHBIMU) HAMOJIHUTEISIMU ycajKa
3HAYUTEIILHO MEHBIIIE, YeM Yy MIACTMACC C OPTaHUYECKUMU HATIOJTHUTEIISIMHU.

B HekoTOpBIX ciydasX HM3rOTOBISIOT IJIaCTMAcchl O€3 HaIlOJHUTENEH, MpeACTaBISIONINe
co0OH wiM Tmpo3pauHble (THUMA OPraHUYECKOro CTEKJa) WIM OTAEIbHBIE HENpO3pavyHble
KOMITO3UIUH.

IInacmugpukamopsr  — 3TO  BELIECTBA, KOTOPbIE  YMEHBLIAIOT  MEXMOJIEKYJIAPHOE
B3aMMOJICIICTBME M XOpOLIO COBMeINAlTCAd ¢ noiaumepamu. llnactudukaropsl BBOAATCA B
mactMaccel B KoiudecTBe 10-20% muisi MOBBIMIEHHUS 3JACTUYHOCTH, YMEHBIICHHUS XPYMKOCTH
rOTOBOro  u3Aenusi  (yJIydllaloT MOPO30CTOMKOCTB) M MPEAOTBpALEHUS  MpUITUIAHHE
npeccMmarepuaia K cTeHKaM rnpecc-Gpopmbl. B kauecTBe miacTu(UKaTOPOB MPUMEHSIOT pPa3IMuHbIe
OpraHMYEeCKHEe BEIeCTBA: CT€apHH, KacCTOPOBOE MAacio, OJEHMHOBYIO KHUCIOTY, NUOYTUI(TalaThI,
Tpukpe3udochaTs 1 Ip.

Cneyuanvhvie 000a8Ku — 3TO CMa304HbIE MaTepUaibl, KPaCUTENH, T0OABKHU ISl yMEHBILICHUS
CTaTUYECKUX 3apsAOB W TOPIOYECTH, ISl 3aIIUTHl OT IUIECEHH, YCKOPUTEIHM M 3aMeUIUTENN
oTBepxkaeHusa u Ap. CrenuanbHble 100aBKU CIy>KaT JUIsi U3MEHEHUs WU YCUJIEHUS! KaKoTo-JIn0o
CBOMICTBA.

Cmabunuzamopbl — 3TO BEIIECTBAa, MPENOTBPALIAIONINE PA3JI0KEHUE IMOJTUMEPHBIX
MaTepHajioB BO BpeMs HUX TNepepabdOTKU M HKCIUIyaTallMd II0J] BO3JEHCTBHEM aTMOC(hEpHBIX
YCIIOBUH, MOBBIIIEHHBIX TEMIEPATyp U IPYrux (pakTopos.

B kadecTtBe CTaOMJIM3aTOPOB HCHOJB3YIOT apOMAaTUYECKHE aMHHBI, (DEHOJBI, CEPHHCTHIC
COEIMHEHMS, TA30BYIO CAXKY.

Kpacurenn

B xomno3unuu miactMacce A MpUAaHus ONpeeIeHHON OKPacKu BBOIST COOTBETCTBYIOLINE

KpacsiIue BEeIeCTBa — NUSMEHMbI.

Buabl kpacureseii:

1) muHepanbHble (MyMHs, OXpa, yMOpa, JIUTOIOH, KPOH U Jp.); 2) OpraHu4eckue (HUTPO3MH,
pOIaMuH).

Jlnsi  yCKOpEeHHsI OTBEP)KICHHMS TEPMOPEAKTUBHBIX IJJaCTMAacC B HMX COCTaB Iepea
(hopMOBaHUEM BBOIAT Kamanuzamopsl (IEPEKUCH, KUCIOTHI HIIA COJIH).

ITpu mpou3BOACTBE IUIACTMACC C MOPUCTHIM WIIM SYEHCTHIM CTPOCHHEM B UX COCTAB BBOMST
CHelHalIbHbIE BELECTBA — NOpOoobpazosamein.

Kaacecndpukanmusa niaacrmace

Kaaccudukanusa mniaactMace mo NPOUCXOKAEHHMIO: OpPraHMYECKOrOo TPOUCXOXKICHUS H
HEOPTaHUYECKOTO MPOUCX 0K ICHUSI.

Haubonbiiee npuMeHeHHe B MAIIMHOCTPOCHHM TMOJYYMIIM IUIACTMAcChl OPraHUYECKOTO
MIPOUCXOXKICHHUS.
Knaccupukanus njiactMace B 3aBUCHMOCTH OT IJIACTUYeCKOi JedopMannu Npu Harpese:
1) TepMmormacTUYHBIE (TEPMOILIACTHI) MJIACTMACCHI;
2) TepMOpeaKTHBHBIC (PEAKTOIIIACTHI) TJIACTMACCHI.

Knaccudukanus miacTmMace no JudJeKTPUYECKHM CBOICTBAM:
1) HemosIpHBIC; 2) MOJSPHBIE.
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Kaaccupukanma minactmace mno  (pU3MKO-MEXaHMYECKMM CBOMCTBAM NP OOBLIYHOM
TemIeparype:

1) arcécmiue, sBnsromvecs TBEPABIMU YIPYTMMH BEIIECTBAMU C BBICOKMM MOJYJIEM YIPYroCTU U
MaJIbIM YAJUHEHHUEM IIPU Pa3pbIBe, COXPAHAIOLINE (OPMY IPU BHEIIHUX HAMPSHKEHUSAX B YCIOBHIX
OOBIYHBIX WJIM MOBBIIIEHHBIX TEMIIEPATYp;

2) nonyscécmkue, sBIAOLMECS TBEPABIMU YIPYTMMHU BEIIECTBAMH CO CPEIHUM MOAYJIEM
YIPYTOCTH, BBICOKMM OTHOCUTEJIBHBIM U OCTaTOYHBIM yJUJIMHEHUEM IIPU Pa3PbLIBE;

3) mazkue, SBIAOLIMECS MATKUMHU U AJIaCTUYHBIMU BELIECTBAMHU C HU3KMM MOJYJIEM YIPYTOCTH,
BBICOKMM OTHOCHUTEJIBHBIM YJIMHEHUEM U MAJIBIM OCTATOYHBIM YUIMHEHUEM;

4) mazkue WU Inacmuunble, SBISAIONMECS MATKAMU M 3JaCTUYHBIMHU BEIIECTBAMH, C HHU3KUM
MOJyJIeM YIPYTOCTH, MOJIAIOUINECs 3HAYUTEIbHBIM 00paTUMbIM JieopMalusIM MPH PacTsHKEHUN
— IUIACTUKATHI (JTUCTHI, JICHTHI).

Kaaccudukanus miacrMace no Ha3HA4YeHUIO:

1) KOHCTpYKIIMOHHEBIE; 2) GpUKIHOHHBIC; 3) aHTU(PPUKITMOHHBIC, 4) CTICIUATBHBIC; 5) XUMUUECKH
CTOMKHE;  ©6) 3JMEKTPOU3OISMOHHBIC, 7) Ipo3payHble; &) TEIJO- W 3BYKOM3OJSILMOHHBIC,
9) ymiotHuTensHbIE (MpoKIaaouHbie); 10) nekopaTUBHEIE.

Knaccudukanus miacTMace no BUay HamoJHUTENS:

1) ¢ mopomKoOOpa3HbIM HAMOJHUTEIEM; 2) C BOJOKHUCTHIM HAIMOJIHHUTENIEM; 3) C CIOHUCTHIM
HanoJHuTeNeM; 4) 6e3 HaOJTHUTEIIS.

Bomnpoc 3. Pe3unbl, ux 0011asi XapaKTePUCTHKA, KJIaccu(PUKANMs M Ha3HAYEHHUEe

CoBpeMeHHas TEXHMKAa HE MOXKET CYIIECTBOBaTh 0€3 pe3NHOTEXHUYECKUX u3aenuil. Pesnna
UCIONIb3YETCsl Ui TPOU3BOJCTBA ABTOMOOWJIBHBIX IIHMH, M30JSIUH IPOBOAOB, BOJOJIA3HBIX
KOCTIOMOB, OaJIJIOHOB a3pOCTATOB, HIJIAHTOB, HAAYBHBIX JIOJIOK, TPOTHBOTa30B U MHOTOTO JIPYTOTO.

Pe3unbt — 3TO TmIacTMacchl € PEAKOCETYATOM CTPYKTYpOH, B KOTOPBIX CBSA3YIOUIUM
BBICTYIIAET MOJIUMEDP, HAXOASIIUICS B BBICOKOIUIACTUYECKOM COCTOSTHUU.

Pe3una B oT/INYHE OT APYTUX MATEPHAJIOB 00/1a1aeT PAJIOM HEHHbIX CBOMCTB:

BBICOKAsI AJIACTUYHOCTD; BBICOKOE COIPOTUBIIEHUE UCTUPAHUIO; BBICOKOE CONPOTUBIIEHUE Pa3phIBY;
ra3o- U BOJIOHENPOHHUIIAEMOCTh; XMMHYECKass CTOMKOCTh; XOpOIIUE IAUAIECKTPHUUECKHE CBOWCTBA;
HeOOoJIbIION yAETbHBIN Bec.

B pesunax cBszyromum sBistoTcs kKayuyku HatypanbHble (HK) nnn cunatetnyeckue (CK).
Kayuykam, npenctaBiasionuM co0oil JTUHEWHbIe MOJUMEphl, MPUCYIIa BBICOKAs IIACTUYHOCTD,
o0yCIIOBJIEHHasE OCOOEHHOCTAMHU CTPOEHUS UX Mojekyd. JIluHeliHble U crabopa3BeTBIEHHbBIE
MOJICKYJIBl Kay4yyKOB HMEIOT 3Mr3arooOpasHyl0 MM CIUPAJICBHIHYIO KOHQHUIypaluio u
OTIIMYAIOTCS OONBINONW THOKOCTHIO. UMCTBIM KaydyyK MOJ3ET NMPU KOMHATHOW TEMIlepaType Hu
0COOEHHO TpHU MOBBIIICHHOW, XOPOIIO PACTBOPSIETCS B OPraHUYECKHX pacTBOpUTENAX. Takoi
Kay4yK HE MOKET MCIOJIb30BaThCS B TOTOBBIX U3/IETHIX.

JUist TOBBIIIEHUS YIIPYTHX U IPYTUX (PU3UKO-MEXAHUYECKHX CBOMCTB B KaydyyKe ()OPMHUPYIOT
PEAKOCETYATYI0 MOJEKYJISAPHYIO CTPYKTYpy. OTO OCYIIECTBISAIOT BYyJIKaHM3AlMe — MyTéM
BBEJICHUS B KaydyKM XHMMHUYECKHUX BEIIECTB — BYJIKAaHU3aTOPOB (Kak MpaBuio, cepys),
o0pa3yloIux MOMepeyHble XUMHUYECKHE CBSI3M MEXAY 3BEHBbSIMH MaKpOMOJEKyNl Kaydyka. B
3aBHCHMOCTH OT YMCJIa BO3HUKILIUX NPU BYJIKaHU3ALUHU IONEPEUHBIX CBA3CH MOIy4arOT PE3UHBI
Pa3IMYHON TBEPIOCTH.

Kaaccndukanus pesun

Knaccupukauusi pe3uH 1o TBepA0CTH:
nopucteie (Tyouatsie); msrkue (< 5%S); ocobo anactuunele; cpeaneit TBEpaoctu (10 — 15%S);
TBEPABIE; BBICOKOU TBepAOCTH; xKecTkre (DO0HUTHI (= 30%S)).

Knaccudukanusi pe3uH no Ha3HAYEHUIO:
1) yHUBepcaJbHEIC,
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2)  croenualibHBIE: a) MACJIO- M TOTUIMBOCTOUKHE; 0) XUMUYECKH CTOMKNE; B) CBETOCTOMKHUE;
I) MOpPO30- H TEIJIOCTOWKHUE; J) Ta30HENPOHUIIAEMBbIE; €) AMDJICKTPUUECKHE; JK) CTOWKHE K
pajuaIuu.

Knaccudukauus pe3vH no TeXHOJIOTMHA U3TrOTOBJIEHHS:
KJIeeHbIe; (DOPMOBaHHBIC; ITAMIIOBAHHEIC; JTUTHIC.
Knaccupukanus pe3svH no Ty ¥ KOHCTPYKUMH H31eTHii:

LIUHHBIC; KAMEPHBIE; PYKABHBIC; IPOTEKTOPHBIC; TPAHCIIOPTHBIC; aMOPTU3ALIUOHHBIE U JIP.

Biausinue ycJIOBHH IKCILUIyaTAllMH HA CBOMCTBA Pe3UH

HarpeB, kak mpaBuiio, CHI)KAeT MPOYHOCTHBIE CBOMCTBA pe3uH. TepMuueckas cTabMIbHOCTh
pPE3UH OMNpENeNsieTCs] MPOYHOCTHI0O XMMHYECKUX CBSI3€H B MAaKpPOMOJIEKYJIaX M HMX CTPYKTYpPOH.
HaubGonee WHTEHCHMBHO, NPOYHOCTh YMEHBIIAETCS Y PE3WHbI Ha OCHOBE XJIOPOIpEHa.
Opranunueckue pe3unsl nocie Harpesa (150°C) B reuenue 1 — 10 94 TepsOT IPOYHOCTB.

OnHOBpeMEHHOE [JEHCTBHE HAa PE3WHBI TeMIIePaTypbl, 030HA, KHCJIOPOAA, HAIrPy3KH,
YAbTPaQUOIeTOBBIX JIydeill HMHTEHCHQUUUPYET pa3BUTHE NPOIECCOB cTapeHHs. Pe3uHbl Ha
ocHoBe CKT crniocoOHBI JyUTebHOE BpeMsl paboTaTh NP 3TOM TeMreparype. Jleranu u3 pe3suH Ha
ocHoBe CK® u CKT — yIUIOTHUTENU MOJABUKHBIX M HEMOJBUXKHBIX COCIMHEHHM, MPOKIIAJIKH,
KOJITIAYKH U T. Tl. — CIIOCOOHBI pab0TaTh JTUTEIIBHOE BpeMs Ipu Temmeparypax 1o 250 — 300°C.

[Ipy HU3KHUX OTPHUIATENBHBIX TEMIIEPATYpPaX PE3UHBI MPAKTUUYECKU MOTHOCTHIO YTPAuYMBAIOT
BBICOKO?JIACTUYECKUE CBOWCTBA M MEPEXOIAT B CTEKIO00pa3HOE COCTOSHUE. YPOBEHb MOTEpH
CBOMCTB OOJIbIIIE MPOSIBISIETCS B YCIOBUSIX CIBUTA, YEM CXKATHS WIIA PACTSKEHUSI.

[Ton neficTBUEM MOHU3UPYIOIIETO U3JTYYEHUS PE3UHBI CTAPEIOT.
CTOHKOCTH Pe3UH K PaAUAlMHN 3aBUCHT OT: MIPUPOJIBI KaydyKa; CpEIbl; COCTaBa pe3UH (HaTHIUs
AHTUPAJIOB).

HauGonbimass CKOpoCTh CTapeHHsl MOJA ACHCTBHEM paaualliid OTMEYEHA Y PEe3UH Ha OCHOBE
CKH, CKBb, Hauputa u nposiBJISIETCS B MOBBIIICHUU UX TBEPAOCTH U YMEHBIIEHUH BSI3KOCTH. boee
HU3Kasg CKOPOCTb cTapeHHst HaOmojaercs y pe3suH Ha ocHoBe HK, CKHU-3. CkopocTh crapeHus
CaMbIM CYIIECTBEHHBIM 00pa30M 3aBHCUT OT MOIIHOCTH J103bl 001y4YeHus. B snepHoit TexHuke ass
W3TOTOBJICHUS YINIOTHUTENbHBIX JAeTallel yalie npuMeHstoT pe3unbl Ha ocHoBe CKU u HK.

Tema 7. Koppo3ust meTanion

Bonpoc 1. IToBenenne maTepuaaoB B 0CO0BIX yCJIOBHUSIX.
PaGora maTepuaJjioB B YCJOBUSIX HU3KHUX TeMIIEPaTyp

Bo3zaeiicTBuio HM3KMX TeMmIepaTryp MOJBEpPraloTcs O4eHb MHOTHE Marepuaibl U U3AENus,
Hampumep TpyObl Uis ra3o- U HePTEenpOAYKTOB, MOCTBI, JKEJIE€3HBIE JIOPOTHU, aBTOMOOWIIH,
JIeTaTeNbHBIC almaparsl U T. 1. B ceBepHBIX pailoHax OXJIaKIECHUE MAaTEPUAIIOB MOXKET JOCTUTATh —
60°C, xopmyca caMOJIETOB M KOCMHUYECKHX allapaToB MOTYT OXJIaXJIaTbCsl A0 TeMIepaTypbl
xuakoro kuciopoaa (—183°C). [leranu u OTAeNbHBIE y3JIbl XOJOAUIBHON U KPUOTEHHON TEXHUKH,
KOTOpbI€ HCHOJB3YIOTCS JJsi TOJYYEHUs, XpaHEHHS, TPAHCIOPTUPOBKU CXKUKEHHBIX TIa30B,
OXJIAKJAIOTCS 10 TEMIIepaTypsl xKuakoro renus (—269°C).

Ilpy HM3KHX TeMIepaTypax y MeTa/LUIOB HaOJwIalTCsi: 1) moTeps MIaCTUYHOCTH;
2) noteps BA3KOCTH; 3) MOBBIIICHHAS! CKJIIOHHOCTb K XPYNKOMY Pa3pyLICHHUIO.

OcHoBHOe TpeOoBaHMe K MaTepuaiaM, pabOTaIOLUIUM B YCIOBUSX HU3KUX TEMIIEpaTyp, — 3TO
OTCYTCTBUE XJIaJHOJIOMKOCTH.

Jnst  HapéxHOW paboOTHl  MaTepuasia HEOO0XOIWMO, YTOOBI TEMIEPATYpPHBIA MOPOT
XJIATHOJIOMKOCTH OBUT HUXe paboueld TemmepaTypbl. Ha CKIOHHOCTH K XPYNKOMY pa3pylIeHUIO,
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KaK U TpU HOPMAIBHBIX TeMIIepaTypaxX, BIHUSIOT KOHIIEHTPATOPHI HAMPSDKEHUNW M MaCHITaOHBIHA
(dhakTop AeTaNei.

Marepuanst ¢ I'LIK pemérkoii, a Takke TUTaH M €ro cruiaBbl, oonagaromue ['TIY pemérkoi,
HE MMEIOT SIBHO BBIPAXKEHHOTO MOPOra XJIAJHOJIOMKOCTH, U yJlapHas BA3KOCTh Y HUX YMEHBIIAETCS
TIJIABHO.

Kpome kputepueB XIJaJOCTOMKOCTH OCHOBaHHMEM [UIsi BbIOOpa MaTepuana CIykaT
MIPOYHOCTHBIE XapaKTEPUCTUKH (002 U 03), PU3UUECKUE U TEXHOJIOTHUECKUE CBOICTBA.

W3 ¢usnueckux CBOMCTB MaTepuaioB MpU HU3KUX TEMIIepaTypax HHTEpeC MPeICTaBiSIOT
TEIUIONPOBOAHOCTE M TEIUIOEMKOCTh. CKOPOCTh 3aXOJaKMBaHUS MaTepuana 3aBUCUT  OT
TEII0EMKOCTH M TEIUIONPOBOAHOCTH METajlIa, a MPU HU3KUX TeMIlepaTypax, OJU3KUX K KHUIKOMY
a30Ty (—196°C) 3Tu xapakTepucTUKH yMeHbInatTcs oonee yeM B 10 pa3. CKOpOCTh 3aX0IaKUBAHUS
Marepuaisa OpU  TEPMOLMKIMPOBAHMM  IO-pAa3HOMY  3aBUCHT  OT  TEIUIOEMKOCTH U
TEIUIONPOBOAHOCTH. YeM MeHbIe TeIUIOEMKOCTh M OOJbIlIe TEIJIONPOBOJHOCTh, TEM Jierde
3aX0JIaXKUBAETCSI KPUOT'€HHOE 000pYyI0BaHKe U OBICTPEE BHIXOAUT Ha 3aJaHHBIA PEKUM.

Haubonee pacnpocTpaHeHHBIMH CpelaMHU B KPHUOT€HHOH TEXHUKE SBISIOTCS KHCIOPOA U
BOJIOPO/I, TOATOMY HEOOXOAUMO YUUTHIBATH COBMECTUMOCTH C HUMHU UCIOJIb3YEMbIX MaTEPHAJIOB.

OcHOBHBIE MaTepualbl, KOTOPbIe HCHOJI3YIOTCS MPH KPUOTE€HHBIX TeMIeparypax, — 3TO
yraepoaucteie ctanu ¢ OLK pemérkamu, amomunuii U ero criaBbl (AMu, AMr, AMr5 u ap.),
tutad u ero cmnassl (BT1, BTS5, OT4 u np.).

HepxaBeromue cranm nepexogHOro M MApTEHCUTHOIO KIIACCOB HE OXPYMUMBAKOTCA 10 —
196°C. HeprkaBeronye cTall ayCTEHUTHOTO KJlacca IUIaCTUYHbBI U BA3KU 110 Temreparyp —253°C.

7KapocToKOCTh U METO/IbI, €¢ MOBbINICHUSA

Kapocmoiikocms — CIOCOOHOCTh METAJUIOB M CIUTABOB COIPOTHUBISATHCS OKUCICHHIO U
ra3oBOi KOPPO3WHU MPH BBHICOKUX TeMmmeparypax. JKapocTOHKOCTh 3aBUCUT OT MHOTUX BHEIIHUX U
BHYTpEHHUX (aKTOpOB. B OCHOBHOM 3a KapOCTOWKOCTh OTBEYAIOT IMMOBEPXHOCTh METallla H
yucToTa (KauecTBO) e€ 00padoTku. [lomupoBaHHBIE MOBEPXHOCTH OKUCISIOTCS MEJICHHEE, TaK KaK
OKCHJIBI pacIipe/ie]IeHbl PaBHOMEPHO M 0oliee MPOYHO CIEIJICHBI C MOBEPXHOCTHIO METalia.
dopmupyromiasicss Ha TOBEPXHOCTH OKCHUJHAS IJIEHKA JOCTATOYHO XOPOIIO 3allUIAeT METal OT
OKHUCJICHUS B TOM CJy4yae, €CJIM OHA IUIOTHAS U HE MPOIMYCKAEeT HOHBI KMCIOPO/a, XOPOILIO CIEIIeHa
C TONJOXKOM M HE OTCIauBaeTcsi MpH MEXaHWYECKUX HchbITaHusX. K Merannam, KoTopbie
oOpa3yroT Takue TI€HKH, oTHocaTcsa XxpoM (Cr) m amomunuii (Al). OkcuaHble TUIEHKH THIIA
mmuHean Cr2O3 u AlO3 XopoIo 3anuiaT OT OKUCIEHUS P BRICOKUX Temmeparypax. Ecim Ha
MOBEPXHOCTU 00pa3yeTcs PhIXJIbIA OKcug, kKak y Maraus (Mg), TO OH HE CTOEK U HE 3alluIIacT
MeETaJlJI OT AaJIbHEHIIIET0 OKUCICHUSI.

[ToBbIIIIEHNE KAPOCTOMKOCTH CILIABOB JOCTUTAETCS JiernpoBaHueM 3neMeHTamu (xpoM (Cr),
amromunnid (Al), kpemuutii (Si), 6epummii (Be)), oOpasyromumu Ha MOBEPXHOCTH HETIPOHHUIIAEMBIC
JUII MOHOB OCHOBHOIO MeTajula M KHCIOpOJA OKCUIHbIE IUIEHKU. Takke Mg 3TUX ULeJel
WCIOJIb3YIOTCSl 3alUTHBIE MOKPBITHS, COCTaB KOTOPBIX BHIOMpAETCs C y4€TOM YCIOBUN pabOThI
W3NSl M COCTaBa arpeccuBHOM cpenpl. CTpyKTypa KapOCTOWKOrO Marepwaia JOKHA ObITh
OJTHOPOJTHOM M 0/THO(ha3HON (YMCThIC METAJUTBI UJIU TBEPABIC PACTBOPHI).

Tepmudeckass 00paboTka MEHSET CTPOCHHE CIUIABOB U, CIEIOBATEIbHO, UX KOPPO3UOHHYIO
CTOMKOCTh. OTXKHUT W HOpPMaJIM3aIUs TPHUBOAAT K (OpMUpOBaHUIO OMHO(DA3ZHOW CTPYKTYpHl H
CHOCOOCTBYIOT YBEIIMUYCHHIO )KAPOCTONKOCTH MaTepHana.

[Inactuueckas nedopmanus yXyAllaeT *KapOCTOMKOCTb, TaK KakK MPUBOAUT K TOSBIICHUIO
IpaJMEHTa HAIPSDKECHUHN B CTPYKType MeTajula. BennurHa 3epHa I KapOCTOMKOro MaTepuaia He
CYLIECTBEHHA, TO3TOMY 3Ta XapaKTEPUCTUKA SBISETCS CTPYKTYPHO HEUYBCTBUTEIHHOM.

/Kaponpo4yHocTh 1 MeTO/bI €€ NOBbILICHNSA. SIBJIeHHEe M0JI3y4ecTH

Kaponpounocms — CcIOCOOHOCTH MaTepHualia JUIMTEIbHOE BpPEMS CONPOTUBISATHCS
neOPMUPOBAHUIO U PA3PYLICHUIO MPU BO3ACHCTBUM MEXAHWYECKUX HATrPy30K U TOBBIIICHHBIX
TEeMIIeparTyp.
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XKaporpouHocTh BakHa NMpU BBIOOpE MaTepuana, Korja padouue TemrepaTypbl W3JIEIHid
npesbimaoT 0,3 Temneparypbl T1uiaBiaeHUS Tny. MHOTrME AeTalu COBPEMEHHBIX MapOCUIIOBBIX
YCTaHOBOK, METAJUTypTrHYeCKUX TMeYeid, JBUraTelield BHYTPEHHETO CropaHus, ra3oBBIX TYpOUH H
IpYTUX MallMH Mpu padoTe pa3orpeBaroTCs 10 BBICOKUX TEMIEPATyp W HCIHBITHIBAIOT OOJIBIINE
Harpy3ku. YcioBus paboTel geraneil paznudyabl. OCHOBHOE 3HAYCHHE MPH BBHIOOpPE Marepuaa
UMeIT: 1) Temmeparypa; 2) JUIMTEIBHOCTh PabOTHI MO/ HArPY3KOoM; 3) 3HaYCHUE HANIPSIKCHUSI.

[Tpu BBICOKMX TemriepaTypax yckopsitoTcs nuddy3noHHbIC TPOIECCHI, U3MEHSIOTCS HCXOIHAS
MUKpPOCTPYKTYpa M MeEXaHHYecKue cBoiicTBa MarepuasoB. C TOBBIIIEHHEM TeMIIepaTyphl
3HAYUTEIBHO BO3PACTaeT YMCIIO BAaKAHCUMW, YBETUYHMBACTCS MOJBIIKHOCTh TOYEUHBIX JE€(EKTOB.
Kpome Toro, nmuddysus cmocoOCTByeT mepemMenieHuIo AUCIOKAUi (JTMHEHHBIN nedeKT) myTém
MePeroN3anusi, 9YTo JaET UM OOJBIIYI0 «CTEMEHb CBOOOBD», HO TaKkKe HAOIIONAIOTCS YaCTUYHAS
QHHUTWJISIOUS  UCJIOKAaUMKA  (IMCIOKAllMM — pPa3HOr0  3HaKa  B3aMMHO  YHUYTOXKAIOTCS),
nepepacipeieieHue MX, YTO KOPEHHBIM 00pa3oM MEHSET MEepPBOHAYATIBHYIO IUCIOKAIMOHHYIO
CTPYKTYpYy MeTajlia.

JlnurenbHOE BpeMsl BO3JCUCTBUS TEMIEPATyphl MPUBOAUT K CYIIECTBEHHBIM CTPYKTYPHBIM
W3MEHEHUSAM: TEpsSEeTCS TMPOYHOCTh, TMOJy4YeHHAs TpH TepMHUYECKol oO0paboTke (3aKaika,
CTapeHue), a TaKKe MPOUCXOAUT TMOTEPsl YIIPOUYHEHUs, BEI3BAHHOTO TIACTUYECKON aedopmainmeii,
M3-3a TaKUX MPOIIECCOB, KaK BO3BPAT U PEKPUCTAIITU3ALIUS.

Kak yxe ObUTO CKa3aHO, MPH BBICOKUX TEMIIEpaTypax OcCIaOeBAIOT MEXATOMHBIE CBSI3U Y
METAJIJIOB, YMEHbBINAIOTCS MOAYJIb  YOPYroCTH £, BpeMEHHOE CONpOTUBIEHHE (Ipenen
IIPOYHOCTH) 03 U IIPENIEN TEKYUECTH Or.

Yem Hmxke TeMmIiepaTypa IUIaBJ€HMs CIllaBa, TeM HWXKe U pabouas Temneparypa. llpu
Harpy>KeHWU MaTepuaia JIUTEIbHOE BpeMs B YCIOBHUSX MOBBIIICHHBIX TEMIEPATyp HAOIOAaeTCs
nporiecc (SIBJICHHE) NOI3yUechu.

Ecnu npu moOCTOAHHOM TeMmmeparype IOj IEHCTBHEM IIOCTOSSHHOM HAarpy3kd BbI3BaTb B
MeTallJie HamnpshKEHUE Jaxe HIDKE Mpelena TEeKY4ecTH or M OCTaBUTh €ro B AITHX YCIOBHSX
JUTUTENIEHOE BPEMs1, TO METAJIII CO BpeMeHeM OyJeT 1e)OpMHUPOBATECS C ONPEAETIEHHON CKOPOCTHIO.
D70 sIBIIEHNE TOTYYUIIO HA3BAHUE 1OA3yYecmuy WA KpUIa.

OCHOBHBIMH ~KPUTEPUSMHU JKAPOMPOUYHOCTH METAIIOB SIBISIIOTCA  Hpeoen  OnuUmenbHOU
npouyHocmu W npeoen noasydecmu. Takue TOHATUSA, KaK MOJI3Y4ECTh M KAPOMPOUYHOCTh, TECHO
CBSI3aHBI MEXKY COOOM M OTACIUTH UX APYT OT Jpyra He MPEICTABISIETCS BOSMOXKHBIM.

Bonpoc 2. Ctajau 1 cii1aBbl ¢ 0CO0bIMH (PHM3MKO-MEXaHMYECKMMH CBOMCTBAMH
Craau u ciiiaBbl ¢ 0c00bIMU PU3MYECKMMHU CBOHICTBAMH

K cramsm ¢ ocoObiMu (U3MUECKUMU CBOWCTBAMHU OTHOCATCS: MAarHUTHAs; HEMarHUTHAs;
CTallb, 0O0Jafaromas BBICOKUM  DJEKTPUYECKUM  CONPOTHUBIEHUEM; CTalb C OCOOBIMHU
TerI0()U3NIECKUMH CBOHCTBAMH.

TyromiaBkue MaTepuaJibl

Tyeonnasxkue mamepuansi. TyrominaBkue METaJUIBl M CIJIAaBBl HA UX OCHOBE MPHUMEHSIOT IS
pabotsl ipu Temneparypax 6osee 1000°C.

TyromnaBkUMH HA3BIBAIOTCS METAIUIBI, HMCIOIIME TEMIEpaTypy IJIABICHHS BBIIIE, YeM Y
xene3a. HaumOomnpliee mNpUMEHEHWE B TEXHUKE HAXOMAT TYrOIUIABKHE METaUTbl, WMEIOIINe
crenytomue Temreparypbl miasneHus: xpom (Cr) — 1900°C, wnuoOwmit (Nb) — 2415°C,
monmubien (Mo) — 2620°C, TanTan (Ta) — 3000°C, Bonsppam (W) — 3410°C.

Pacmmpenue mpous3BOICTBA M MPUMEHEHHE TYrOIUIABKMX METAJUIOB M CIUIABOB CBSI3aHO C
pa3BUTHEM aTOMHOW TETIOIHEPTETUKN U PAKETHO-KOCMUYECKON TEXHHUKH.

Crmnasel Ha ocHOBe HHOOUS (Nb) 1 Monubaena (Mo) umerotr Hanboliee yAOBIETBOPUTEIBHBIE
TEXHOJIOTUYECKHE CBOMCTBA. KpoMe TOro, OHM OXpPYIUUBAIOTCS MpPH CPAaBHUTEIBHO HHU3KUX
temmneparypax (+100) — (=100)°C. Bonbdpam (W) mepexoguT B XpyIKOE COCTOSHHUE MIPH
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temmneparype 600°C. bnaromapss CpaBHUTEIBHO BBICOKOM IUIACTUYHOCTH CIUIaBbl HUOOWS H
MOJIHOJIeHa UMEIOT O0JIee IMUPOKOE PACTIPOCTPAHCHHE.

Bce TyromiaBkue MeTaniabl UMEIOT HU3KYIO KapOCTOMKOCTh. /[ 3alMThl KX OT OKUCJIEHUS
MPUMEHSIIOT pa3uyHble MOKPbITHs. 11 MONMOACHOBBIX U BOJb()PAMOBBIX CILIABOB MPUMEHSIOT
paznuaHbie TepMoau () y3MOHHBIC CHITHIIATHBIC TTOKPBITHSI.

B kauecTBe MaTepuana A BKJIAJBIIICH COMEN B PEaKTUBHBIX JIBUTaTelsiX, pabOTaOIUX Ha
TBEPJIOM TOIIMBE, MPUMEHSIOT rpaduT, UMeroLii Temnepatypy miasineaus 3900°C. Temnepatypa
miaMeHn B Takux jaurarensx npocturaetr 3500°C. HemocratkoMm rtpaduta sBISICTCS HH3Kas
9PO3UOHHAs CTOMKOCTh, MPUBOJAIIAS K M3HOCY COIUIAa M3-3a TBEPIBIX YACTHUI, COJEPKAIIUXCS B
OTXOJSAIINX ra3ax.

MarHuTHble ¥ HEeMATHUTHBIE CTAJIM M CILIABBI

MarauTtHble CTalMu HIMPOKO MPHUMEHSIIOTCS B AJIEKTpOHHKE. B 3aBHCHMMOCTH OT Ha3HaueHUs
pa3nMYa0T MAarHUTHOTBEP IBIC U MATHUTHOMSITKUE CTLIABHI.

Maenumomeépovle cmanu CiIyXat, TIaBHBIM 00pa3oM [JIsi HM3TOTOBJIEHUS MOCTOSIHHBIX
MarauToB. OHM JTOJDKHBI UMETh BBICOKHE 3HAYCHUSI KOIPIIUTHBHOW CUIIBI M OCTATOYHON WHIYKIIUSL.

Koapyumuenoii cunoti Ha3piBaeTcs HANPsSHKEHHOCTh MAarHUTHOTO TOJII OOpaTHOTO 3HAaKa,
KOTOpasi JOKHA OBITh PUJIOKEHA K 00pa3Ily Uit €r0 pa3MarHMUUBaHUS.

OcmamouyHoti uHOyKyueti Ha3bIBalOT MAarHUTHYIO MHAYKLHIO, OCTAIOILIYIOCS B 00pasiie mocie
€ro HAMarHUYMBAHUS U CHSATHS MAarHUTHOTO TTOJISI.

Haubonee u3BectHbie Mapku MarHUTOTBEpABIX craieil: 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
XapaKTEePU3yeT MAarHUTHYIO CTallb (JIEKTPOTEXHUYECKYI0). B aToit cramu comepkarcs xpom (Cr),
kobanbT (Co), Mmomubaex (Mo).

MarautoTBEp/Ible CTaU MOABEPraioT 3aKaJke Ha MapTEHCUT U MCKYCCTBEHHOMY CTapeHHIO
npu 100°C.

OpHMM U3 JNy4IIUX MaTepUajoB JJIi MarHUTOB sBiseTcs ciuiaB anbHUKO (8% Al, 14% Ni,
24% Co, octranmpHoe Fe). MarHuTbel W3 aJbHUKO HM3TOTOBJISIOT JUTHEM, TaK KakK OHH ILIOXO
00pabaThIBAIOTCSI PE3aHUEM.

Maenumomsekue cmanu UCTIONB3YIOTCS I PaOOTHl B TIEPEMEHHBIX MOJISX, T. €. B YCIOBHUIX
HEMpPephIBHOIO NepeMarHuuuBanus. [103ToMy OHM MPUMEHSIIOTCS JIJIs1 U3TOTOBIICHUSI CEPJICYHUKOB
TpaHcGopMaToOpoOB, POTOPOB, CTATOPOB, MATHUTOIIPOBOIOB, SIEKTPOUZMEPUTEILHBIX TPUOOPOB.

Hcxons u3 (QyHKIMOHAIBHOTO Ha3HAYEHHMs] MAarHUTHOMSATKHE MaTepHalibl JTOJKHBI HMETh
Majioe 3Ha4YeHHE KOIPIUTHBHOU CHIIBI U BBICOKYIO MAarHHTHYIO IIPOHUIIAEMOCTh. JTUM CBOMCTBAM
OTBEYAIOT HU3KOYTJIEPOAUCThIE cTalu ¢ AobaBienueM 1 — 5% kpemuus (Si).

O6o3HauaroTcss MarHuToMmsrkue crtanmu OykBoi O (D1, 311, D21, D41 w T1.1.) U
XapaKTEepU3YIOTCsl BHICOKUM MpPOLEHTOM cojepxkanus kpemuus (Si) (1 — 5%). Kpome MarHuTHbIX
cTajeil mpuMeHsoTcsl MarHuTHBIE criaBbl Ha «Al — Ni— Co» u «Fe — Al» ocHoBe.

BbICOKYI0 MarHUTHYIO IPOHUIIAEMOCTh MMEIOT CIEIMAIbHBIE JKEI€30HUKENIEBbIe CIUIaBbl —
NepMaJJION C OMNpENEeNIeHHBIMUA Y3KMMM Tpeaenamu cozepkanust Hukens (Ni) (okomno 78,5%).
MarnuTHas TPOHHUIIAEMOCTh IMepMauioeB MmodyTd B 10 pa3 Oomblne, 4yeM HHU3KOYIJIEPOAUCTOTO
TEXHHYECKOTO JKeJie3a, YTO IMO3BOJISIET UCIOIB30BaTh MX I MPUOOPOB, pabOTAOIMUX B CcIaObIX
noysix (paguwo, tenedon). Jms Tex ke meneidl pazpaboTaH 3aMEHUTETh JOPOTHX IMEPMaUIOeB —
cruiaB anbcudep, comepxkammii 5,4% Al, 9,6% Si, octanbHoe xene3o (Fe). Hegocratkom craBa
SBIIETCS €r0 TOBBIIIEHHAs XPYMKOCThb. Ayibcudep OOBIYHO HCMONB3YIOT B BUIE MOPOIIKA WIH
TOHKOCTEHHBIX (DACOHHBIX OTJIMBOK.

Hemaenumnoie cmanu u cnaasor, Hanpumep SSHOT'9 m H2S5, 3amenstor noporue IBETHBIE
MeTaiel. OHU TPUMEHSIOTCS B TpUOOpax, TIe MarHUTHBIE MaTepHalbl MOTYT MOBIHITH Ha
TOYHOCTbH IMOKa3aHUM.
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Tema 8. TexHos10rusi NPOU3BOACTBA METAJIOB M CILIABOB

Bomnpoc 1. IIpou3BoacTBo 4yyryna

Yyeynamu Ha3BIBAIOTCS CIUIaBhl Ha ocHoBe kene3a (Fe) m yriepoma (C) c¢ comepkanuem
yraepoaa 6omee 2,14% (mac.). Oxono 80% Bcero Koau4yecTBa BBIILIABISEMOTO YyT'yHa COCTABIISIET
MepeenbHbId YyTyH, SBISIONUNCS HMCXOMHBIM TPOAYKTOM [UIsl TMPOU3BOACTBA cramu. Jlns
MIPOU3BOJICTBA (DACOHHOTO JTUThSI HA MAIIMHOCTPOUTENBHBIX 3aBOJIaX MCIIONb3YIOT JINTEHHBIA YyTryH
(15 — 20%), a B kauecTBe JIETHMPYIOMIMX A00aBOK M PACKUCIHUTENECH NMpHU BBIJIABKE CTalIU —
deppocmnassl: peppomapranen u dpeppocunuimii (1 — 2% macc.).

Hcxoanbie MaTepuabl 1Jis1 IPOU3BOACTBA YYI'yHa

B TNOBEpXHOCTHBIX CIIOSIX 3€MHOH KOpBI JKENE30 PEAKO BCTPEUYACTCS B YHCTOM BHJIEC.
brnaronapst 60710 CKIOHHOCTH jKelie3a K OKUCIICHHIO, B 36MHOW KOpPE OHO HAXOIHUTCS B BHUJIE
OKHCJIOB B CMECH C OKHCJIAMH JPYTHX XUMHUYECKUX dJIEMEHTOB.

Kenesnas pyoa — 5TO TOpHas MOpoOJa, COAEpXKaIas *Kelle30 B TaKUX KOJMYECTBaX, MPHU
KOTOpBIX €€ TEeXHHYECKH BO3MOXXHO M SKOHOMUYECKH IIelIeco00pa3Ho mepepadaTeiBaTh. Pyna
COCTOMT U3 CMECH KEJIe30COIepKAIUX MUHEPATIOB C MYCTOM MOPOJIOM, B COCTaB KOTOPOH BXOJIAT
pa3NUYHbIE COEAMHEHHWs, Tpexae Bcero kKpemHe3éM (Si0z), rauHO3EM (Al203), okcua
kanprus (CaO) wu  okcug wmarams (MgO). Pexe B cocTaB  MycTOM  TOPOJLI  BXOIUT
marae3ut (MgCOs) u gonomut (MgCO3-CaCOs).

Ilycmoii nopoooii pyost Ha3bIBaeTCA Takas €€ COCTaBISIONIAs, KOTOpas HE BHOCHUT
CYIIECTBEHHBIX TEXHOJOTUYECKUX OCIIOKHEHUIN B METALTyprHUECKYIO TIepepaboTKy Pyl U JETKO
OTHeNsieTCd OT PYAHBIX MHHEpAIOB WJIM B Ipollecce 0OOralleHusl WIK MEpeXoauT B LUIAKU MpU
TJIaBKe.

[TpuromHOCTH KEJNe3HOW Pyabl AT JOMEHHOM TUIaBKH 3aBUCHUT OT coieprkaHus kenesa (Fe),
COCTaBa MYCTOW MOPOJbI U KOHIIEHTPALUMU TaKuX BPEAHBIX NMpumecei, kak cepa (S), doctop (P),
MBIIIBAK (AS) U Ip. Bpeanble npumMecu OCIOXKHSIIOT METaUTypru4ecKue MPOLECChl, U, 3arps3Hsis
OCHOBHOI MeTaJlll, CHUKAIOT €ro CBOMCTBA.

B 3aBucuMocTH OT KOJMYECTBa PYIHOTO BEUIECTBA pPa3lIMyaroT OoraTble W OeAHbIE PYIBI.
JKenesubie pynbl TPUHATO HA3bIBaTh OOTAaTHIMH, €CITHM OHHU COAEpXKAaTh O0Jiee IOJOBUHBI
xene3a (Fe); HO »TO mMOHATHE MeHsETCS CO BpeMeHEeM. Takke BaXHYI0 pOoJib HIpaer
BOCCTAaHOBUMOCTh PYJbI, KOTOpasi OMPEIENIIeTCs CKOPOCThIO BOCCTAaHOBIICHUS M3 HEE jkele3a H
3aBUCHUT OT NPUPOAbl OKCHIA Xelie3a, MIIOTHOCTH W MOPUCTOCTH pyAbl. UeM IJIOTHEe U MeHee
MOPHUCTA Pyia, TEM XyKe €€ BOCCTAaHOBUMOCTb.

K ocHOBHBIM pynooOpa3yloImUM MHHEpanaM, HauOojiee 4YacTO HCHOJb3YEMbIM IS
MIPOU3BOJICTBA UYT'YHA, OTHOCSTCS CIEIYIOIINE XKEIC3HbIC PYIbL:

1) Macnummusiii orcenesusix (macnemum). Coneput xene3o B koiauuectse 40 — 70% B Buae
okcuga FesOs4 (3aKuCh-OKMCH JKeje3a) M 00JajaeT XOpOIIO BBIPAKCHHBIMH MAarHUTHBIMU
CBOMCTBAaMH.

2) Kpacwnwiii sicenesnax (eemamum). Conepxut 45 — 65% sxene3a B Buje 0€3BOJHOTO OKCHJIA
Fe>O3. B kadecTBe mycToi OPOIbI FTEMATUT CONECPKUT KpeMHe3EM (S102).

3) Bypwiii  oicenesnax  (aumonum). COIOEPKUT JKeIe30 B BUAC BOJHBIX OKHCIOB THUIA
nFe>O3-mH>0 ¢ mepeMeHHbIM KOJMYECTBOM THAPATHOM BJIarH.

4) [Inamosviii scenesusx (cudepum). Conepxut 30 — 40% xenesa B Bune kapoonara FeCOs.

Kpome xene3Hbix pyn, A METaUTyprUueckoro IPOMU3BOJCTBA 4YyryHa TpeOyroTcs
CIIEAYIOIINE UCXOOHble MAmepudnvl: MapraHieBas pyna, (Irochl, TOIIMBO M Bo3ayX. Jlaaum
KpaTKyI0 XapaKTepUCTUKY 3TUM MaTepuajam.

Mapeanyesvie pyosi — TOpHBIE TIOPOIBI, coaepxkamue mapraden (Mn) B BUIE pa3sTUYHBIX
okucioB MnO2, Mn304, Mn203 ¢ oOuum conep:kanneM Maprasua B npezaenax 25 — 40% (mac.).
Mapraner; (Mn) mpu BBITUIABKE UyT'YHA HCIIOIB3YETCS B IEPBYIO OYePeIb KaK PACKUCITHTENb.
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@niocbl — MaTepualsl (BEIIecTBa) OMpeAeIEHHOTO XHMHUECKOTO COCTaBa, CIIOCOOCTBYIOIIHE
MPEBPAIICHUI0O B IIJAaK IyCTOH TMOPOABI, BPEAHBIX NpuUMece W 30ybl TomuMBa. JlaHHOE
OIMPCACIICHUC CIIPAaBCAJIMBO TOJIBKO JISI MCTAJLIIYPrudcCKOro Hnpou3BOJCTBA. I[OMGHHBIC q)HIOCBI
TaK)Xe BBOJSTCS B JOMEHHYIO I1€4b C II€JIbI0 TOHWKEHHS TeMIepaTyphl IIaBICHHs TyCTOW MOPOIbI
YKEJIE3HON PYIbI.

OCHOBHBIM BHJIOM TOIUIMBA, MCIOJb3YEMbIM MpPH BBIJIABKE YyTryHa B JOMEHHBIX Ie4ax U
BarpaHkax, SABJIACTCA KOKC.

Koxkc (kamennoyzonvubiii KOKkc) — TPENCTaBIseT co00i TBEPIYIO MOPUCTYIO MacCy, KOTOPYIO
MOJIYYal0T CYyXOH MeperoHkoi (mpokanuBanueM) npu Temneparype 1000 — 1200°C 6e3 moctyma
BO3[lyXa HEKOTOPBIX COPTOB KaMEHHBIX YIJIeH, Ha3bIBaeMbIX KoOKcyromuMmucs. CpeaHss TerioTra
cropanus kokca cocrasinser 29,3 MJIx/kr (7000 kkain/kr).

B coBpeMeHHOM 10MeHHOM NPOU3BOACTBE KOKC UTPAET ABe BasKHbIE POJIHU:

1) Cay>)XUT OCHOBHBIM BHMJOM TOIUIMBA, oOecreunBas HarpeB pabouell 4acTh JOMEHHBIX
neyeit 10 HeoOXOAMMOM TeMITepaTyphl;

2) OGecrieunBaeT BOCCTAHOBIICHHE JKEJI€3a U3 €ro OKCUIOB (CM. HUKE).

bmarogapss cBoeld BBICOKOM MEXaHUYECKOM TMPOYHOCTH, TMOPUCTOCTH U  BBICOKOU
TEIUIOTBOPHOM CHOCOOHOCTH OH CTall MPHMEHSATHCS HAa BCEX METAJUTYPrHUECKUX MPEANPHITUIX
YEPHON METAJTYPTUH, BBITECHUB MPUMEHSIBIIUKCS paHEe JJIsl 3TUX LIEJI€H APEBECHBIN YTOJib.
COBOKyHHOCTb MaTCpraJIOB UCXOOHOI'O CBIPbS, B3ATHIX B OHpC,Z[G.HéHHOM MaCCOBOM COOTHOIICHUH,
MpeHa3HAuYeHHBIX JJIs MOJIyYeHUsl METaJJIOB, Ha3bIBaeTCsa wiuxmou. IMEHHO IIKMXTa MOCTYIMaeT B
IJIaBUJIBHBIC arperartsbl 1JIA MOJTYUCHUA MCTAJJIOB.

HO[{FOTOBKa HCXOAHBIX MAaTCPHUAJIOB K IIJTABKE

Ilepen maBKOM pyAbl MOPOXOAAT CHEIHMAIbHYIO IOATOTOBKY, KOTOpas TOBBIIIAET
POM3BOANTEIHLHOCTD JOMEHHBIX NeUei M yMEHBINAeT pacxo ToriBa. OCHOBHBIMHU ONEpaLUsIMU
MOJrOTOBKH PYIl K IUIaBKe ABISIOTCA: 1) npoOnenue; 2) copTHUpoBKa; 3) oboramieHue; 4) o0xur;
5) arnomMeparnus (criekaHue) 00oranmEHHON Py/Ibl.

Bomnpoc 2. IIpou3BoacTBo cTanu
IIpou3BoacTBO cTAIH

Cmansamu Ha3bpIBaIOTCS CIlaBbl Ha ocHoBe jkenesa (Fe) m yrmepoma (C) ¢ conepkanuem
yraepoga 10 2,14% (mac.). IlpakTuueckoe NpHUMEHEHHME HAIUIM CTalld C COJEp)KaHHEM
yraepoaa (C) no 1,5% (mac.). IlocrossHHBIMU TpUMECSAMU B CTalAX SIBIAIOTCS Maprasen (Mn),
kpemuuii (Si), dochop (P) u cepa (S). Kpome yrimepoaucTsix crasiedl, B MalIMHOCTPOSCHUH U
CTPOMUTENHCTBE IIMPOKO MPUMEHSIOT JIETHPOBAaHHBIE CTajll, B COCTaB KOTOPBIX JJISl YIYYIIEHUS
(U3NKO-MEXaHWYECKUX M OSKCIUTYyaTallMOHHBIX CBOWCTB JIOTIOJHUTEIBHO BBEICHBI pPa3IUYHBIC
xumudeckue demMeHTsI (xpoM (Cr), Hukens (Ni), monubaen (Mo) u np.

B nmocnemHume roapl  MIMPOKO IPUMEHSIIOTCA  JIEKTPOMETAJUTYPIHMUYECKHE  CIOCOOBI
MIPOM3BOJICTBA CTAJIM, MO3BOJIAIONINE MTOJIy4aTh HauboJee CI0KHbBIE U BBICOKOJIETUPOBAHHBIE CTAIH.
Hwmxe paccMOTpUM TpH OCHOBHBIX croco0a MPOM3BOJCTBA CTAIM, IPUMEHSEMBIX B COBPEMEHHOM
METAJITypPruueckoM MPOU3BOJCTBE: B KHUCIOPOAHBIX KOHBEPTOPAaX; B MAapTEHOBCKUX Ieyax, B
AJIEKTPUUYECKUX TIeyax.

HcxoaupiMu MaTepualiaMu JJi MOJYYEHUs CTajd CIY)KaT IepeneibHbld (Oenblii) uyryH,
CTaJILHOM JIOM | (eppocIuiaBbl. YyryH 1Mo CpaBHEHHUIO CO CTANIBIO COACPIKUT OOJIbIIEe KOTHMUECTBO
yraepona (C) u mpumeceid. [losTomy ocunosnas 3adaua nepedena uyeynHa 6 cmaib COCTOUT B
ynaneHun wu30biTka yriepoaa (C) u mpuMecedl ¢ TMOMOUIbIO OKUCIUTEIBHBIX IPOIECCOB,
MPOTEKAOIINX B CTaJEIIaBUJIbHBIX arperaTax.

KonBepTopHOoe NpOM3BOJACTBO CTATH

Cranp B KOHBEpTEpax BBIIUIABISIIOT OECCEMEPOBCKHM, TOMACOBCKAM U  KHCIOPOIHO-
KOHBEPTOPHBIM CIIOCOOAMHU.
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B ocHOBe KOHBEPTOPHBIX MPOLECCOB JIEKHUT O0pabOTKa KHUIKOTO YyryHa Ia3000pa3HBIMH
oKUCIUTENsIMU 0Oe3 TMOoABOJAa HM3BHE JOMOJHHUTENbHOro Teria. [Ipoliecc BBIMIIABKM CTaau B
KOHBEPTOpaX OCYILECTBIISETCS TOJIBKO 3a CYET XMUMHUUYECKOM TEIUIOTHI 3K30TEPMUYECKUX PEAKIIMM
OKHUCJIEHHs TpuMeceil ¢ ydé€TroM (U3NYECKOM TemIoTsl Xuakoro uyryHa. IlpogyBka uyryHa
IIPOU3BOJMUTCS CBEpPXy WJIM 4Yepe3 JHULIE B CHEUUAIBHBIX arperarax -— KOHBEpPTOpax.
KouBepTopHyt0 MaBKy XapaKTepH3yeT BbICOKAas MPOU3BOAUTENBHOCTh 3a CYET OOJBIION
PEaKUHOHHOW MMOBEPXHOCTH METAJI-OKUCIUTEIb U BBICOKOM CKOPOCTU OKUCIIEHUS IPUMECEN.

Koneepmop mnpencrapnser co0oil OONBIIYI0 PETOPTY, HapyKHas TOBEPXHOCThH KOTOPOM
BBINOJIHEHA U3 JIUCTOBOW CTAJIM 3HAYUTEIHHON TONIINHBI, @ BHYTPEHH:S (pyTepoBaHa OTHEYTOPHBIM
MarepuajioM. BHelmHe KOHBEPTOpP HANOMHUHAET COCYyH TpymeBHAHOW ¢opMbl. BmectumocTh
COBPEMEHHBIX KOHBEPTOPOB cocTasiseT 250 — 400 T.

Kucnopoono-xonsepmopmwiii  cnoco6 evinnaéku cmaiu. Pa3zpaboTka mgaHHOTO crocoba
BBIIUIABKM CTAJIM SIBUWIOCH HOBBIM B@)KHBIM JTallOM B COBEPLIEHCTBOBAHMM CTaJIEIIABUIBLHOTO
MPOM3BOJICTBA. 3aMEHa BO3AYIIHOTO AYThs KHUCIOPOAHBIM IOCTaBHJIO KOHBEPTOPHBIM Crocod
MIPOU3BOJICTBA CTAJIM HAa COBPEMEHHBIH YPOBEHb W OO0ECIEUMIIO €My IMOBCEMECTHOE LIMPOKOE
IIPUMEHEHUE.

[IpuMeHeHHe TEXHUYECKH YHCTOTO Kuciopoaa (He meHee 99,5% O2) s mpoayBKU 4yryHa
MO3BOJIMJIO 32 CYET CHIDKEHUs cojepkaHusi a3ora (N2) yIydlmIuTh KadecTBO KHUCIOPOIHO-
KOHBEPTEpHON CTanv. B Hamen crTpaHe B HACTOALIEE BpeMs HCIOIB3YIOTCS KHUCIOPOIHBIC
koHBepTephbl EMKOCThIO 100 — 400 T. OOBEM BBITIIABIAEMON KHUCIOPOAHO-KOHBEPTEPHOM CTaau B
Halei crpaHe cocraBisieT okoio 35% ot oOmiero oOvéma e€ mpousBoiacTBa. Ha GonbiimHcTBE
METATYPrUUeCcKUX MPEeNNpUsITH A KHCIOPOIHO-KOHBEPTOPHOTO Croco0a BBIIUIABKU CTalH
HCIOJIb3YIOT KOHBEPTOPBI C IIIYXUM JTHOM (CM. puc. 1).

Puc. 1. Kucnopoxnnsiii xonseprop Ha 100 —
130 T: 1 — omopHas craHuHa; 2 — OMOPHbBIC
NOJALIMIHUKY; 3 — KOpIyc KOHBepTOopa; 4 —
My(dTa COEJMHEHUsI ¢ MEXaHU3MOM IIOBOPOTA; 5
—  MexaHM3Mbl  (peAyKTOphl)  MOBOPOTa
KOHBepTOpa; 6 — BJIEKTpoABUraTeNb;, 7/ —
OTBEpPCTHE I BBIIIyCKA cTanu (JI€Tka); 8§ —
OTBEMHOE JHUIIIE.

Cxema ycTpoicTBa KHCIOPOJAHOTO KOHBEPTOpPA B paszpese mpeacrapiieHa Ha puc. 2./. Kopmyc
KOHBepTepa / M3rOTaBIMBAIOT M3 CTAJbHBIX CBAPEHHBIX BCTBHIK JIMCTOB TOMMMHOM A0 100 mm.
Kopnyc nmeer cpeHio0 IMWIMHIPUYECKYIO YacCTh, TNIyX0€ JTHO M CHMMETPUUHYIO CY)KAIOIIYHOCS
TOpJIOBUHY 2. Y OCHOBaHHUS TOPJIOBUHBI PACIIOIOKEHO OTBEPCTHE I BbINyCKa cTanu 3 (IE€TKa).
Takoe pacnonoxeHue JETKH CIOCOOCTBYET Jy4IIeMYy OTJAEICHHUIO CTalIM OT IIJaKa U YMEHbIIAeT
OIacHOCTh BoccTaHoBIeHUs ¢ocdopa (P) mpu cnuse meramna. Pabodee mpocTpaHCTBO KOHBEpTOpa
(GbyTepoBaHO CMOJIOIOJIOMUTOBBIMU KUPIUYOM, @ CTaJeBBITYCKHOE OTBEPCTHE — MarHe3UTOBBIM
WM MarHe3UTO-XpPOMHUTOBBIM KHUpIUYOM. KOHBEPTOp MOXET MOBOPAYMBATHCS B BEPTUKAIBHOMN
IJIOCKOCTH Oyiarojiapsi OomopHOMY Tosicy 4 ¢ namndamu, pacrloiloXKeHHbIMUA B MOALIUITHUKAX OTOP.
Onna nimm o6e mandsr sBstoTes npuBogHbIMU. Kucnopon (O2) mongaércss B KOHBEPTOP CBEPXY
4yepe3 BOAOOXJIaKIaeMyo Gpypmy 5, omyckaeMyio B TOPJIOBUHY 2 KOHBepTopa. Cxema ycTpoicTBa
HAaKOHEYHHMKAa BOAOOXJaxnaeMoi ¢ypmblS s monaud  kucioponaa (O2) B KOHBEPTOP
npeacTaBieHa Ha puc. 2./1. Tlomaua cBepxy o0yciioBieHa 00pa30BaHMEM BBICOKOTEMIIEPATYPHOM
pEaKIMOHHON 30HBI B MeCTe BAyBaHUs Kuciopoaa (O2) B METaI U HEOOXOJUMOCTHIO COXPaHCHHUS
¢dbyTepoBkH nHMINA KoHBepTOpa. dypMmMa S crmocobHa mepemeniaThes BBepx-BHU3. Ilpm momade
KHUCJIOPOJIHOTO AYyThid OHa HaxoauTcss Ha paccTossHuu 300 — 2000 MM OT MOBEPXHOCTHU BaHHBI.
Kucnopon (O2) nomaércs moa gasnenuem 0,8 — 1,0 MIla. Pacxox kucnopomaa (O2) u pacnosioxkeHHe
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BO3JIyXONYBHOW ()ypMBbI 5 HaJl MOBEPXHOCTHIO PACIUIABIEHHOTO MeETaJlJia 3aBUCUT OT EMKOCTH
KOHBEPTOpa U MHTEHCUBHOCTU TpoayBKu. Tak, pacxom kuciopoaa (O2) MOXKET COCTaBIsATh 2,5 —
4 v3/T meTanna B 1 MuH. [Ipof0IKUTENLHOCTD TIABKA B COBPEMEHHOM KHCIIOPOJHOM KOHBEPTOpE
cocraisieT 35 — 50 MuH.

t"! Puc. 2. I — Cxema ycTpoiicTBa KUCIOPOJHOTO
KOHBEpTOpa: 1 — Kkopmyc KOHBEpPTOpA;
‘ 2 — ropyioBHHA; 3 — OTBEpPCTHUE JJIS BBIITYCKa
cramu (n€rka); 4 — OMOpPHBIM mosiC; 5 —
dypma  Bomooxyaxkmaemas Ui TOJAuU
KHCJIOPOJa; II — Cxema ycTpoKcTBa
f HAKOHEYHHUKA BOJOOXJaXaaeMoil (ypmbl s
MOJaUM  KUCJIOpOJa: a — KaHanbl JUIs
MUPKYISIUU BOIBI, 6 — KaHAI JUIS MOJa4Yu

KHCIIOpO/1a B HAKOHEUHUKE (DYypMBI.

Takum o6pazom, kuciopon (O2) mpu gJaHHOM crioco0e BBHIIUIABKH HE BAYBAaeTCS IMOJ 3€pKajo
MeTasuta (Kak BO3IyX B O€CCEMEPOBCKOM U TOMACOBCKOM IpOIleccax ), a MOAaéTcs Ha MOBEPXHOCTh
3aJIUTOTO B KOHBEpPTOp MeTayuia. OIHAKO M MPH TAaKOM CIOCOO€ IMOJauyud KHUCIOpOAa Ipolecce
BBITUIABKH  COMPOBOXKAAETCS HMHTEHCHUBHBIM  TEIUIOBBIIEICHHEM. OTO Ja€T BO3MOXKHOCTb
nepepadbaThIBaTh YYT'YHBI C PA3IUYHBIM COJIEPIKaHUEM MIPUMECEi, a TAaK)Ke BBOJIUTH B KOHBEPTOP HE
TOJIBKO KHJIKHM METalJ, HO U J00aBIATh K HEMY IS OXJIXKICHHS CKpanm (METayioioM) WM
xenesHyro pyny. KommuectBo ngoGaBissieMoro ckpama Ha HEKOTOPBIX —METaJUTyprHYECKHX
NPEINPUITUIX MOXKET COCTaBIATH 10 30% OT Macchl MeTalIa.

HcxomupiMu  MaTepualaMM  JUIss  KOHBEPTEPHOM IIIABKM  SIBJIAKOTCSA  JKUJIKUM YYT'yH,
METAIMYECKUI JIoM (MeTajinyeckass 4YacTh MIMXThI) W IUIAKOOOpas3yrollue, OKHCIHUTEIN
(HEemMeTaIMYecKast 4acTh LIUXTHI).

Packucnenue cranu B KoBile — oOs3aTenpHas 3aBepliaromas onepanus. OKUCIUTENbHBIN
XapakTep IUIaBKA TPUBOJAMT K BBICOKOW KOHIEHTparuu 3akucu xenesa (FeO) B wmeramre,
BBI3bIBAIONIEH B CTalM KPACHOJIOMKOCTH IIPH ropsyeil gegopmanuu U yxyJIluleHHe MeXaHUYeCKUX
CBOMCTB. Packucnenuem Ha3bIBAaeTCs Ipoliecc BoccTaHoBieHus skenesa u3 FeO. Ilpu pasHbIx
croco0ax MoJy4YeHHs CTau pacKUCIEHUE BeIETCS pa3InyHO.

OOBIYHO pacKUCIICHHE MPOU3BOAAT MapraniieM (Mn), kpemauem (Si) u amomunuem (Al) mo
peaKIusIM:

FeO + Mn — Fe + MnO;
2FeO + Si — 2Fe + SiOy;
3FeO + 2Al — 3Fe + A120:s.

Kpemnuunii (Si) u wmapraner; (Mn) BBOOST B BHJIE COOTBETCTBYIOUIMX (hEppOCIUIABOB,
amromuuanii (Al) — B uuctom Buzae. Mapranen (Mn), kpemuuii (Si) u amomunuii (Al) Ha3zbpIBaOT
packucaumenamu cmaiy. JJaHHblE PACKUCIMTENN BBOAATCA B PAaCIUIaBIEHHYIO CTalb IOCIE €€
BTOPUYHOU MpoayBKu kuciopoaoM (O2). Obpasyromuecs okuciasl (MnO, SiO;, A1,03) maHHBIX
packucnureneii oopaszyror ¢ okuciamu skenesda (FeO) xuakyro murakoByro (asy, MOMOTAIONIYIO
BBIBECTH MPOJYKTHl PACKUCICHUS U3 MeTaia. VlHoraa yacTh pacKuUciIUTeNel BBOAAT B KOHBEPTOP
32 HECKOJIbKO MUHYT 10 Pa3JIMBKU B KOBII. 3aBEpIIAeTCS PACKUCICHHE OOBIYHO B PA3THBOYHOM
koBire. OOmuii pacxoa TexHuueckoro kucioposaa (O2) Ha moiydeHue | T. cTaiyd B KHCIOPOJIHOM
KOHBepTOpe cocTapiseT 50 — 60 M, YTO HE3HAUMTENIBHO TIPEBHIAET TEOPETUYECKH HEOOXOIUMOE
KOJIHYECTBO.

B 3aBuCHMMOCTHM OT CTENEHM PACKUCICHHOCTH pa3iuyvaloT KunAwue, HOLYCNOKOUHblE W
CHOKOLIHble CIAU.
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K nocrouncTBamM KHCJI0POIHO-KOHBEPTEPHOIo0 crocoda cjiegyer OTHeCTH:

1) Bonee HU3Kas 1O CPaBHEHUIO ¢ MAPTEHOBCKON CEOECTOMMOCTD KHUCIIOPOIHO-KOHBEPTOPHON
cTaju, 6aroapst MEHbIINM 3aTpaTaM Ha nepenen Ha 20 — 30% mpu cormocTaBUMON CTOUMOCTH
IIUXTHI;

2) KonBepTepHblii mipoliecc Jerye noaaaéTcss KOMIUIEKCHON MeXaHU3allud U aBTOMAaTH3aluu;

3) CTpouTeabCTBO KHUCIOPOAHO-KOHBEPTOPHOTO II€Xa OJMHAKOBOW MPOWU3BOJUTEIBLHOCTH C
MapTEHOBCKUM TPeOyeT MEHBIITNX KalmUTaIbHBIX 3aTparT.

[lepeuncnennble NPEUMYILECTBA KHUCIOPOAHO-KOHBEPTEPHONW CTalM TO3BOJSIOT B pAle
pa3BUTHIX cTpaH MONHOCTHIO (Smonust) wnm B ocHoBHOM (CIIA, I'epmanus, BenukoOpuranus)
3aMEHUTh MapTEHOBCKHE €YU KHUCIOPOAHBIMU KOHBEPTOpaMU. B oTeuecTBEHHOW MeTamypruu
TAaK)K€ IPOUCXOAUT IIOCTENIEHHOE BBITECHEHME MAapTEHOBCKOIO IIpOIEcca  KHCIOPOIHO-
KOHBEPTOPHBIM.

HemocTtaTkoM KHCJIOPOJHO-KOHBEPTOPHOIO0 CHOco0a MOJYy4YeHMsl CTajdu sBJsieTCs
00JIBIIIOE TIELIE0Opa3oBaHNe, 00YCIOBICHHOE OOMIILHBIM OKHCIICHHEM W MCTIAPCHHUEM XKele3a; yrap
MeTajuia cocTaBisieT 6 — 9%, 4To 3HAYUTETHHO OOJIbINE, YEM MPHU APYTUX CIOCO0axX MPOU3BOJCTBA
CTalii. OTO BBI3BIBAET HEOOXOJUMOCTh O053aTEIbHOIO COOPYKEHHSI MPH STUX KOHBEPTOpax
CJIOHBIX U JOPOTHX MbUIEOYUCTUTEIBHBIX YCTAHOBOK.

KouBepTropHass craqb  WMEET  OrpPaHMYCHHBIM  Kpyr  TOTpeOuTeneil, Tak  Kak
BBICOKOKQUECTBEHHBIC, a TeM Oojiee JEerHpOBaHHBIC CTalld, KOHBEPTOPHBIMH CIOCOOAMH HE
MIPOU3BOJISATCSI.

MapTeHoOBCKO€e MPOU3BOACTBO CTAJIH

MapTeHOBCKHI coco0 TPOW3BOACTBA CTayM Obul pazpabotan B 1865 romy Bo ®DpaHiuu
umxenepom I1. Maprenom. Ilpu pazpaboTke naHHoro croco6a MapTeH /uis CTajeIIaBIIIbHOM Neun
IIPUMEHWI NPUHIMII PEreHepaluy TEIUla OTXOAAIIMX INMEYHBIX Ta30B JJIs MOJOTPEBa TOIUIMBA H
BO3/lyXa, N10JaBacMbIX B 1eyb. COBpEMEHHBIE MaPTEHOBCKUE NIEUYM CTPOSAT pPa3HONM BMECTUMOCTH U
npousBoauTeabHOCTH — OT 10 70 500 — 900 T.

MapTeHOBCKas Ieub SBISIETCS INIAMEHHOM pereHepaTHBHOM 1eublo. B pabouem npocTpaHcTBe
IeYn CIKUTaeTcsl ra3oo0pa3sHoe WM KUAKoe TomimBo. HeoOxonumasi BeIcOKas TemmepaTypa Ajs
MOJTyYeHHUS CTAJM B KHUJKOM COCTOSHHUHM 00€CIeunBaeTCs 3a CUET pereHepanuy Teria OTXOISIINX
ra3zoB. Cxema pabOTHI MapPTECHOBCKOH NE€YH MpeCTaBIeHa Ha puc. 3.

Puc. 3. Cxema paGoThl MapTEHOBCKOMN

Xy N S . -{ﬂ neun: 1 — ra3oBble pereHepaTopsl; 2
v o N R i L s 2 — BO3/YIIHEIE pEreHepaTopsl; 3, 4 —
Spatma P it % ATEED s H [ et BO3/IYIIHBIC U Ta30BbIC BEPTHKAIbHBIC
AT e e ) ™ KaHaJbl, 5 — rojoBka; 6 — pabouee
LAt T TR %  IOPOCTPAHCTBO NEYH; 7 — HOIUHA
— U'EE iE L P L ol iy Iedn; 8 — cBox; 9 — pabouune OKHa;
?F__':;; E 5o BAE ,;;--, | ! AGIIESAE 5 10 — nacanka pereHeparopa; 11 —
s I 4 - ' Ooposga.
[ — e e
i :
ey — "
e .

BepxHsis yacTh MapTEHOBCKOHM TEYM COCTOWT W3 IUIABHIJIBHOTO (pabodero) mpocTpaHCcTBa 6,
TOJIOBOK 5 M BEPTUKAJIbHBIX KaHaNoB 3, 4. IlnaBuipHOE IPOCTPAHCTBO 6 OrpaHUYEHO NEpEeAHEN
CTEHKOH C 3aBAJIOYHBIMH (pabounMK) OKHAMH 9, 3aIHEH CTEHKOH C BBIMTYCKHBIM OTBEPCTHUEM, CHU3Y
— IOJMHON 7 U OTKOCaMH, CBEPXY — CBOJAOM 8, C TOpLOB — rojoBkamu 5. Uepe3 3aBaiouHble
OKHa 9 B Meub 3arpyXaroT IIMXTY U JONOJHUTEIbHBIE MAaTEPHUAIbl 110 XONy IUIABKH, YIAISAIOT U
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HABOJAT NUIAK, OepyT MPOoOBl MeTallIa U MUIaKa. BRIMYCK TOTOBOrO METalia M [UTaKa MPOU3BOMST
yepe3 OTBepCTUE B 3a/iHel CTeHke (IE€TKY), Haxoslieecsl Ha ypoBHE MOAUHBI 7. Ha Bpems miaBku
OTBEPCTHE 33/€JIbIBAIOT MAarHe3UTOBBIM MOPOIIKOM U OTHEYIIOPHOU TITMHOM.

PaGouee mpocTpaHCTBO Tieuu 6 (yTEpOBaHO OTHEYNMOPHBIM KHpNUuéM. B coBpemeHHOM
CTaJICTNIaBUJIBHOM MPOU3BOCTBE JJI KJIAJIKK CTEH U MOAWHBI / MAPTEHOBCKUX IMeUel MPUMEHSIOT
U KHCIIbIE U OCHOBHBIE OTHEYIMOpHbIEe Marepuanbl. [loaToMy, B 3aBUCUMOCTH OT BHAa (PyTEpOBKH,
pa3INyalOT OCHOBHbIE U KUCIble MAPMEHOBCKUE NeYl.

B ocnosnvix neuax nonuHy 7 U OTKOCHI BBIKJIAJbIBAIOT OCHOBHBIM MAarHe3WTOBBIM KUPIHYEM,
a CBEpXY HaBapUBAIOT CJIOM MarHe3uTOBOTO WJIHM JOJOMHUTOBOro mopoiika. IlogBecHoi cBoj 8
BBITIOJHSIOT U3 XPOMOMArHe3UTOBOro Kupnuya. Vcrnonb3oBanue OCHOBHON (DyTEpOBKU MO3BOJISIET
3arpyxarb B medb B kadecTBe (uroca m3BecTh (CaCO3), momydaTh OCHOBHOM NUIAK W YIAlATh,
BpenHbie mpuMmecu — cepy (S) u pochop (P).

B xucnvix nevax moguHy 7 ¥ OTKOCHI ()YTEPYIOT KHUCIBIM JTUHACOBBIM KUPIMUYEM HA OCHOBE
KpeMHe3EMa, a BEpXHUM CJIOW HaBapUBAIOT M3 KBaplLeBOro necka. CBoj nevu § TakKe BBIMOJHSIOT
u3 nuHaca. M3-3a HeBo3MoxHOCTH yrnaneHus cephol (S) u pocdopa (P) u3 Meranna KUCIBIA mporiece
MPUMEHSIOT 3HAYUTEIHHO PeXe OCHOBHOTO. B KHCIIBIX Meyax B Ka4eCTBE IIUXTHI JINOO UCIIONb3YIOT
qucThIe TI0 cepe U (ocopy UyryH U CTAIBbHOHN JIOM, OO MEpEeNuBaAIOT JKUAKYIO 3arOTOBKY U3
OCHOBHOI Me4M Mocie yAaleHus U3 He€ BpeOHBbIX NMpUMecel (AyIuieKc-mpoliecc: OCHOBHAs —
KHCJIasi MapTeHOBcKas meyb). Crasb, BBIIUIABICHHAS B KUCIBIX MapTEHOBCKUX I€YaX, COACPKHUT
MEHBbIIIEE KOJIMYECTBO PACTBOPEHHBIX Ta30B, JIydllle PACKHUCIICHA, XapaKTepU3yeTCs MEHBbUIUM
COoZIep)KaHUEM HEMETaJUNIMYECKUX BKIIIOUEHHM, OoJiee OmaronpusaTHON UX (HOpMOi U paBHOMEPHBIM
pacnpezeneHueM B 00bEMe MeTaslia.

Banna neuwn, yaep:kuBaroiias pacruiaBlieHHbIE MaTepHalibl, UMeeT (OpMY Yallu, U e€ JITUHY U
HIMPUHY OOBIYHO ONpENESIIOT Ha YpPOBHE TIOPOTOB 3aBaJOYHBIX OKOH 9, uepe3 KOTOphIe
MIPOU3BOJUTCS 3arpy3ka B Me4b TBEPABIX UCXOAHBIX MarepuanoB. CoBpemeHHass 500-ToHHas neyb
MMeeT BaHHY JiuHON 16,4 M, mmpuHOi 5,9 M u rimy6uHo# 6osee 1 m. [IpousBeaeHue 3Toi JAITMHBI
Ha [IMPHUHY IPUHATO HA3bIBaTh YCIOBHOMW IJIOUIAJBIO 110/1a MApPTEHOBCKOHN neun. ['myOrMHO BaHHBI
CUMTAIOT pa3Mep B caMoOM TIyOokoil e€ YacTH, KOTOopas pacHojio’)keHa OKOJO BBITYCKHOTO
OTBEPCTHS, OT MOJAUHBL, 10 YPOBHS MOPOTOB 3aBAJIOYHBIX OKOH 9.

BOKOBYIO KIaaKy M MOJ 7 MapTEHOBCKOM MEYM CHAPYKH YKPEIUIAIOT MPOYHBIMH CTAJIBHBIMU
Oamkamu. Jlo HemaBHEro BPEMEHHM CBOJABI 8§ MAapTEHOBCKUX II€YeH [enanu apoYyHbIMH U
BBIKJIaIbIBAIM U3 IMHACOBOTO KUpnH4a. Takue cBoabl HE Jonyckain ux Harpes Boimie 1700°C, yto
TOPMO3UJIO TTPOU3BOIUTEIILHOCTh MAPTEHOBCKUX Medeil. Takue cBonbl 00bIYHO BhIAEepkuBasid 200
— 250 mmaBok. Temepb B OCHOBHBIX Me4axX CBOABI S JETAOT U3  TEPMOCTOMKOTO
XPOMOMArHE3UTOBOTO Kupnuya. M3MeHunach u KOHCTPYKIMS camoro cBoja. OTaenbHbIC OIOKH
CBOJIa TMOJBEHIMBAIOTCS HA TArax K IMOMEpeYyHbIM OallkaM Kapkaca Meud M CBOJ IMOJIydaeTcs
noaBecHbIM. [IpuMeHeHne XxpoMoMarue3uTa 1 HOBOM KOHCTPYKIIMHU CBOJA MO3BOJISIIOT TPOU3BOAUTH
HarpeB 110 1800°C. Takue mogBecHbIE XPOMOMArHe3UTOBBIE CBOJIBI BhIAEPKUBAIOT 10 S00 mIaBoK.

B topmax pabodero mpocTtpaHCTBa MedYd 6 PACHOJIOKEHBI TOJIOBKH 5, B KOTOPBIX CXOMISTCS
KaHaJIbl JUIs MOJBOJA TOIUIMBA, BO3JyXa M OTBOJA MPOAYKTOB rOpeHHs. ['0JOBKM 5 COEAMHEHBI C
HUKHEHW 4acThIO MEeYM BEpTUKAIbHBIMU KaHanamu 3, 4. IMeHHO B TOJIOBKax 5 oOpasyercs ra3oBoe
wiaMsi. BHYTpbh CTEHOK rojIoBOK 5 0OBIYHO BCTaBJISIOT KECCOHBI, B KOTOPBIX HUPKYIUPYET BOJA IS
COXpaHEHHUs OTHEYNOPHOTO MaTepuaja roJIOBOK OT pazpyuieHus. HibkHssi yacTh MapTEHOBCKOU
MeYd PACTOJOKEeHa MMoj pabdoduei miomankoi. OHO COCTOMT W3 INUIAKOBUKOB (Ha puc.3 He
MOKa3aHbl), pereHepaTuBHbBIX Kamep /0 u 60poBoB // ¢ MEpPEeKUIHBIMU KiIanaHaMH (TIEpeKUIHBIMU
ycTporictBamu). [llmakoBUKHM ycTaHABIMBAIOTCS TIEpea pereHeparopamu /, 2; B HUX MPOUCXOIUT
OTJICIICHHE OT JBIMOBBIX Ta30B YACTHII MIJJAKA U MBLTH, TOCTYMAINX U3 pabodero mpocTpaHcTBa 6
meyn C OTXomsmuMu razamu. OCHOBHOE Ha3Ha4€HHE I[IJAKOBUKOB — IIPEIOXPAHECHHE
pereHepaTopoB OT ObICTPOTO 3arpsi3HEHUSL.

Ha puc.3 mnpencraBimeHa cxema paOOThI MapTEHOBCKOW I1€YM, HA KOTOPOM TIOKa3aHO
MOCTYIJIEHWE TOIUIMBA M BO3JyXa C MPaBOM CTOPOHBI, MPU 3TOM JABUKEHUE Ta30B IOKA3aHO
cTpenkamu. B pabGouem mpocTpaHCTBe Meuyu 6 TOIJIMBO CMEIIMBAETCS C BO3IYXOM U CrOpaeT ¢
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obpazoBanueM ¢akena riameHu c¢ temmeparypoir 1800 — 1900°C. T'a3000pasHbie HPOIYKTHI
TOpEHUs MOCTYMAKT B KaHaJbl IPOTHUBOIIOJOKHOM JIEBOW TOJIOBKM J, 3aTEM B BEPTUKAJIbHBIE
KaHausbl (3, 4), IUTaKOBUKHU U pereneparopsl (/, 2). Temmneparypa AbIMOBBIX ra30B, IOCTYMAIONINX B
pereneparopsl, coctasiser 1500 — 1550°C.

Pereneparopsl /, 2 mpeacTaBisioT cOO0I KaMephl C BBUIO)KEHHBIMU KJIETKON Hacaakamu /0 u3
OTHEYIOPHOT0 MIAMOTHOTO KUpnuya. MapTEeHOBCKUE TeuH, i paboThl KOTOPBIX HCIOJIb3YETCs
ra3oo0pa3Hoe TOIUIMBO, 00OPYAYIOT YETHIPbMS pereHepaTopamMu (T10 JBa ¢ KaX/10i CTOPOHBI MeUH).
[Ipu npoxokaeHnn ABIMOBBIX Ta30B HacaAku /() OHOW Mapbl pEreHEPATOPOB, B HAILIEM Cly4ae —
neBbIx (cM. puc. 3), HarpeBatotcs a0 1300 — 1400°C. Ilocne mepekuaky KIaraHOB IBUYKEHUE
TOIUIMBA, BO3JyXa W Ta30B MEHSETCI Ha NPOTUBOIOJIOXKHOE. Yepe3 OIMH M3 Harperhix
pereHeparopoB B pabouee MPOCTPAHCTBO MeUd 6 MOMAET Ta3000pa3HOE TOILTMBO, Yepe3 APYyrod —
Bo3ayx. IIpoxons vepe3 Hacanaky /0, onu HarpeBarorca q0 1100 — 1200°C. B sTo Bpemsi apyras
mapa pereHepaTopoB HArpeBaeTcs, aKKyMYJIHUPYs TEIUIO OTXOASIIMX K3 pabouero mpocTpaHCTBa
neun 6 raszoB. Ilocie oxnaxaeHus HacaoK IEPBOM Mapbl PEreHEpaTopoOB A0 ONPENeTEHHOU
TeMIIepaTypbl MPOUCXOJUT OuepeaHas MepeKuIKa KiIanaHoB (MepeKUuIHbIX YCTPOHCTB) U MPOIECC
MOBTOPSIETCST B 0OOpaTHOM HampasiieHuu. W3 pereHepaTopoB /, 2 IBIMOBBIE Ta3bl HIYT TIO
6opoBam // B IBIMOBYIO TpYyOy, MO MYTH MPOXOIAT Yepe3 KOTEN-YTUIN3ATOP U Ta3009HCTKY.

MapTreHoBCKUH €MOCO0 TMOMY4YHST MPOU3BOJACTBA CTAIM MOJYYUI HIMPOKOE MPUMEHEHHE
O6maronapss BO3MOKHOCTH HCIIOJIb30BAaHUS PA3IMYHOTO CBHIPbSI U Pa3sHOOOPa3HOTo ToIuiMBa. B
3aBUCUMOCTH OT HCIIOJIB3YEMOTO ChIPbS B HACTOSAIIEE BPEMS MAaPTEHOBCKYIO IUIABKY BEAYT OJHHM
U3 JIBYX CIIOCOOOB: cKpan-npoyeccom Wu cKpan-pyoHsiM NPOYeccoM.

[InaBKy cTanu B OCHOBHBIX MapTEHOBCKHUX II€YaX CKpan-npoyeccom BEAYT Ha TE€X 3aBOJaX,
IZle HeT JIOMEHHBIX Ie4Yel U XKUAKUHA 9yryH He npou3BoguTcsa. OCHOBHOM CKpan-mporecc 00bIYHO
MPUMEHSIOT B revyax mManon éMkocTH (1o 100 T) Ha MaIIMHOCTPOUTENBHBIX 3aBojax. Mcxomubimu
MaTepuajgamMH SBISAIOTCS CTalbHOM JIOM (CKpall), pacxon Koroporo coctasisger 60 — 70%,
gymKoBbld nepenenbHbii uyryH (30 — 40%) u usBects (CaCOs) B kommuectBe 8% OT Macchl
MeTaJla.

Ckpan-pyoHulii npoyecc NPUMEHSIOT Ha OOJBIIMX METAUTYPrHUECKHUX 3aBOJaX, MMEIOIINX
JOMEHHOE MPOU3BOJICTBO KUAKOTO UyryHa. [l1aBky 0OBIYHO BelyT KaK B CpeIHUX, EMKOCTBIO 150 —
400 T, Tak ¥ B KPYNHBIX MAapTEHOBCKHUX Medax €MKOcThio 70 900 T. B kadecTBe MIMXTHI B IMEUYU
3arpyxaroT craabHoi JoM (20 — 40%) 1 3anuBaroT kUK ayryH (60 — 80%).

Tema 9. TexHoJOrus JUTHA

Bonpoc 1. TexHo/10rust H3roTOBJICHUS OTJMBOK B IIeCYaHO-TJIMHUCTBIX (popmax

JluthéM B mecuaHble (QOPMBI U3TOTOBISAIOTCA OOJBUIMHCTBO OTJIMBOK B CEPUIHOM
npou3BojicTBe. CyITHOCTh €ro 3aK/II0UaeTcs B 3aJMBKE paciljiaBa B MecyaHyio (JIMTEiHy10) ¢hopmy,
MOJIOCTh KOTOPOM MMeEeT KOH(UTYypaluio OTAUBKH. [locie 4yero 3arBepleBIIMA U OXJIAKIEHHBIN
METAaJUI WX CIUIaB COXPaHSAET KOH(PHUTypaIMIO STON MOJIOCTH.

OcHOBHBIE OlEpalMy TEXHOJIOTHYECKOro IpoIecca H3TOTOBJIEHUS OTIMBOK B IECYAHBIX
¢dopmax MOTyT OBITh OOBETUHEHBI B TPH I'PYIIIIHL:

I. @opmoska. Bxirodaer B cebs omepanuy W3TOTOBJICHHS MOJAEIBHOTO KOMIUICKTA,
IPUTOTOBIICHHUSI (POPMOBOYHBIX U CTEP)KHEBBIX CMecei, H3rOTOBJICHHE 3JEMEHTOB (GOPMBI U
CTEp>KHEH U COOPKY JTUTEHHOMN (HOPMBI;

II. IInasxa u 3anuska. Bxiarodaer B ce0s omepany MOATOTOBKU W 3arpy3KH IUIABHUIIBHOM
MeYH, IJIaBJICHU, JOBOAKH U 3aJIMBKH pacIuiaBa B JUTEHHYIO hopMmy;

1. Buibuska u ouucmxa omausox. OCyIIECTBISETCS TOCTE 3aTBEPACBAHUS U OXJIAXKICHUS
OTJIUBKH, COCTOUT B BBIOMBKE OTJIMBOK M3 JIMTEHHBIX (OPM, OUHCTKE UX OT OCTAaTKOB (OPMBI U
CTEPXKHEM, a TAKXKE B YAAJIECHNUHU JIEMEHTOB JIUTHUKOBOU CUCTEMBI.

Jlisg CHATHS BHYTPEHHUX HaIPSHKEHUN, MOJYYeHHS 3a/laHHBIX CTPYKTYPhl U MEXaHHYECKHX
CBOWCTB MeTaJljla OTJIMBKU MOJBEPral0T COOTBETCTBYIOIIEH TePMUUECKONH 00paboTKe.
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Bri0op Buaa nureitHON (hopMBI ompenenseTcs MaTepuaioM, Maccoil M TOJIIMHOW CTEHOK
OTJIUBKH, a TAKKE TEXHOJIOTHEH U3rOTOBIIEHUS (OPMBI.

Ha3nauenue auTeiiHON (OPMBI COCTOUT B 00ecCIieYeHHN:

1) HeoOX0 MO KOH(UTYpALIUK U PA3MEPOB OTJIMBKU;

2) 3aJJaHHOM TOYHOCTH U KayeCcTBa IOBEPXHOCTH OTJIMBKHU;

3) onpenenéHHON  CKOPOCTH  OXJIAXACHHS 3aJIUTOTO  METallla, CIOCOOCTBYIOIIEH
(dhopMUpOBaHHIO TPEOYEMO CTPYKTYPHI CIIJIaBa U Ka4eCTBa OTJIMBOK.

DCKU3 OTJIMBKY TOKa3aH Ha (puc. 2a). sl U3roToBieHUsT MecyaHor (OpMBI 3TOW OTIUBKH
HE00XO0IMMO UMETh MOJICTHHBIA KOMIUIEKT U JPYTYIO JTUTEHHYIO OCHACTKY.

Jlumetinas ocnacmka — TPUCTIOCOOJIEHUS, TPUMEHSEMbIE IJIs1 U3TOTOBJIEHHS OTJIUBOK.
JluTeitHas OCHacCTKa COCTOMT W3 TEXHOJIIOTUYECKUX MPUCTOCOOICHUH, HEOOXOAUMBIX IS
noyiyueHuss B ¢opMe KOHTYPOB OTJIMBKH, W BKIIOYaeT B ceOsl MOAENbHBIM U (OPMOBOUHBIM
KOMIUICKTHI.

MoOoenvHulil Komniexkm BKIOYAET B c€0sl BCIO OCHACTKY ISl TOJIYYEHUS MOJI0CTH (OPMBI.

B paccmaTpuBaemMoMm ciiyuae MoJeIbHBINH KOMILIEKT COCTOMT M3:

1) Mogenu; 2) CTep)KHEBOTO SAIINUKA; 3) MOJENEH AJIeMEHTOB JINTHUKOBOW CHCTEMBI

4) npubbuIK; S5) BBITIOpA U AP.

[Ipy HEoOXOIMMOCTH MOJEIbHBIA KOMIUIEKT JOJDKEH BKIJIIOYATh TaKke MIabJOHbI s
KOHTpOJISL pa3MepoB U KoH(urypauuu ¢opmbl. Mmes BCcio HEOOXOIMMYIO OCHACTKY, MOXHO
M3TOTOBUTH JIUTEHHYIO (OpMY.

D®opMOBOYHBII KOMILIEKT COCTOUT M3:

OTIOK; TIOJIMOJCIIbHON TITUTHI, ITHIPEH; Ma0JIOHOB.

Mooens — mpucnocobiaenue, ¢ mnomouiblo kortoporo B ¢opme 1 (puc. 10) momyyaroT
OTIIEYaTOK, COOTBETCTBYIOMINMA KOH(UTYpAIIH OTJIUBKHU.

Mopenb KOMMpyeT OTJIMBKY, OTJIMYAsCh OT He€ YBETUYCHHBIMH pazMepamu. HeoOXoammocTh
W3TOTOBJICHUSI MOJIETM YBEJIMYEHHBIX pa3MEpoB BBbI3BAHA YCAJKOW MeTaula OTJIMBKUA MpPU €ro
KpUCTATU3AlMd M OXJIAXKJICHUU, a TakKe NajdbHEHIIeld MeXaHW4ecKor o0paboTkoi pabouumx
MOBEPXHOCTEH OTIIMBKH.

I1o KOHCTPYKIMU MO/I€JTH MOTYT OBITh:

1) Hepa3beMHBIMH; Pa3bEMHBIMH; C OThEMHBIMH YaCTSIMH U T. II.

MacTep Moe/ i H3roTABJIUBAIOT U3 CJIEIYIOIINX MATEPHAJIOB:

1)u3 nepeBa (eAMHUYHOE U CEPUIHOE TTPOU3BOJICTBA);

2) 9yryHa, alllOMHHHSI, IIacTMAcC (MaccoOBOE MPOU3BOICTBO).

CmepoicHesble awuku CIy>KaT NIl U3TOTOBIIEHUS CTEPKHEH , KOTOpbIE YCTaHABIUBAIOTCS B
dbopMy C MENbI0 CO3/IaHUsl MOJIOCTH WM OTBEPCTUS B OTJIMBKE. [10 KOHCTPYKIIMM CTEP>KHEBBIE
SIIUKY TTOAPA3JIEISIIOTCS Ha LeNbHbIe, pa3bEMHbBIC, BRITPSAXHBIC U Ap. M3roTOBISIOT UX U3 TEX XKe
MaTEepUajoB, YTO U MOJICIIH.

Ha3navenue npyrux sieMeHTOB JUTEHHOH (HOpPMBI COCTOMUT B ciemayronieM. COBOKYITHOCTh
KaHaJIOB M pPE3epBYyapoB, CO3JaBacMbIX JIMTHUKOBOW BOpoHKOH 10, crosikom 11, 3ymmdom 13,
nurakoyjaoButeneMm 12 u  muratensmu 14, 15 (puc. 3), Ha3BIBAIOT  JUMHUKOBOU CUCMEMOI.
JluTHUKOBAs cucTeMa MpeaHa3HaueHa IS MOABOJA KUIKOTO METalia M3 JTUTSHHOrO 3aTMBOYHOTO
KOBIIA, B KOTOPbII pacIUIaBI€HHBIM MeTalsl MOCTyMaeT U3 IUIaBWIBHOIO arperara WiH
pa3aaTOYHOTrO KOBIIA, B MOJIOCTH (DOPMHI 1.

Jlumnuxosas eoponxa 10 (puc. 3), nmpenHa3HadeHHas IS MpUEeMa paciuiaBa M 3aep>KaHus
MOTIA/IAOIIETO BMECTE C HUM IIIIAKA.

Cmosx 11 (puc.3) mnpencraBiser coOOW BEPTUKAIBHBIA KaHAI, 4Yepe3 KOTOPBIA
pacriaBIeHHBIA METaJUT MOCTYNAET OT JTUTHUKOBOW BOPOHKH 10 K JpyrUM 3JIeMEHTaM JTUTHUKOBOM
cuctembl. KonycHocts 2...4% crosika obecrieunBaeT yao0cTBa npu (opMOBKE U HAIoOp paciuiasa.

3ymngh 13 (puc. 3) mnpemsoxpaHseT HWKHIOK TOIypopMy OT pa3MblBa M IONAJAHUSL
MPOIYKTOB pa3MbIBa (IJIaBHBIM 00pa3oM — YacTHUIl (POPMOBOYHOM CMECH) B IMOJOCTHh (POPMBI, a,
CJIEIOBATETLHO — B OTJIUBKY.
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LInaxoynosumens 12 (puc. 3) He0OOXOAMM IS IPEIOTBPAILECHUS TONAAaHUs IIIJIaKa U IPYTUX
YaCTHI] B TIOJIOCTh (DOPMBI.

Iumamenu 14, 15 (puc. 3) npeaHazHadeHbl JUIs IUIABHOM MOJAa4YM pacIjIaBIeHHOTO METaslia C
onpeAeNnEéHHON CKOPOCTHIO HEMOCPEACTBEHHO B MOJIOCTh (DOPMBI.

IIpubvineio 7 (puc. 3) Ha3bpIBAIOT TEXHOJOTMUYECKUI NPWIMB, KOTOPBIH, 3aTBepieBas B
MOCIICAHIOI0 OYepe/ib, MpeAOoTBpamiaeT oOpa3oBaHHE YCAJAOYHBIX PAKOBHUH B Telleé OTIMBKH.
YcanouHast pakoBHHA TpU 3TOM (hopMupyercs B IpUOBLIH.

Uepes svinop 5 (puc. 3) BBIXOIUT BO3AYX M APYTHE Ta3bl, KOTOPhIE 00pa3yOTCS B MOJOCTH
¢dopMBl BO Bpemsi €€ 3aJMBKM pacIlIaBICHHBIM MeETaJUIOM. BBIop Takke MpeaHa3zHaueH yis
YMEHBIIIEHNS JWHAMUYECKOro JaBiieHusi MeTamia Ha ¢opmy. [a3pl Bo3HMKalOT B mopax
(bopMOBOUHOI U cTep)kHEBOW cMecH 2. Ecni ux He yAaisTh, TO OHU MOTYT MPOUTH Yepe3 IpaHuIly
«hopma — MeTay» U MONacTh B OTVIMBKY, 00pa3ys Tak Ha3blBaeMble ra30Bble pakoBUHBI. [loaTomMy
JUISL JIy4IIero yAaJeHus Ta3oB B ModydopMax Bepxa M HU3a, a TAKXKe B CTEPKHIX yCTPaWBaIOT
BEHTHJIAIIMOHHBIE KaHAJIBI 6, CHOCOOCTBYIOIINE BBIXOIY Ta30B M3 JTUTCHHON (POPMEI.

B 1UTHUKOBYIO CHCTEMY MOTYT BXOJHTbH JIOMOJHHUTEIbHbBIC MPUOBLIN U MHUTAIOIINE BHIIOPSI,
yCTpauBaeMble JIsl YTOJIICHHBIX OTJIMBOK U3 CTAJIM U I[BETHBIX CILJIABOB.

YmiotHeHue (GOPMOBOYHONH CMECH B BEPXHHUX M HIDKHHX NoJdy(dopMmax, Kak IMpaBHIIO,
BBITIOJHSIOT B OMOKax 3, 4, MpeACTaBIAIOMUX cO00I OTKPBITHIE C IBYX MPOTHUBOIOIOKHBIX CTOPOH
MeTajuIndeckue AuuKu. Ilocie M3roroBneHUs MoxyGopM HH3a, BepXa U CTEPKHEW MPOU3BOAAT
ornepary cOOpku GopM U UX 3aJIMBKH JKUJIKUM METAIIIIOM.

[Tocne 3amuBKM MeTajula, €ro 3aTBEPAEBAHUS M OXJAXKICHUSA J0 TpeOyeMoil TeMIepaTrypsl
MPOU3BOIAT BEIOMBKY (hOpM (U3BICYCHUE OTIUBKHU U3 (DOPMBI).

BeiOutast u3 ¢Gopmbl OTIHMBKaA MojBepraercs oOpyOke (OTAENEeHHIO JUTHUKOBOW CHUCTEMBI,
NMpUOBLIEH, 3ayCEHIIEB U T. I.) U OYHMCTKE, 3aTeM, €CIIM HeoO0XoauMo — TepmooOpabdoTke. Ilepen
clayeil B MEXaHMYECKUU IIeX BCE OTIMBKH MPOXOIAT HEOOXOAMMBINH KOHTPOJdb. [Ipu 3TOM HacTh
OTJIMBOK MOKET OBITh OTMpaBicHa Ha ycTpaHeHUe NedeKTOB (3aBapKy, MPOMUTKY ClelHaIbHbIMU
coctaBaMd U 1p.). OCHOBHBIMHM NpPHUYMHAMM Opaka OTIMBOK SIBJISIOTCS TPELIMHBI, YCaJO4yHBbIE U
ra3oBble PAKOBHUHBI.

Puc. 2. DOckuz nuTOM  3aroToBKH (a),
Moenu (6) ¥ CTEP>)KHEBOTO STITUKA (8).
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Puc. 3. Ockuz nmureitHon GpopMbl: 1 — coOCTBEeHHO TOJIOCTH (hopMBbI; 2 — GopMoOBOUHAS
cMech; 3 — omnokKa HWXHEH noiaypopmbl; 4 — omoka BepXHEH MoIypopMbl; 5 — BBINOD;
6 — BEHTWIALIMOHHBIN KaHai; 7 — mpuObUIb, 8§ — CTEpkKEeHb; 9 — TIOCKOCTHh pazbéMa
dopmel (1an); 10 — nuTHUKOBasE BOPOHKA; 11 — cTOsAK; 12 — MUTaKOYJIOBUTENb;

13 — 3ymnd; 14, 15 — nurareny.

@®opMOBOYHbIE MATEPHAJIBI

Martepuanbl, U3 KOTOPBIX HW3TOTOBJISIIOT JUTCHHBIE (OPMBI, HCKIIOYAs METAIHYECKHE,
Ha3bIBAIOT (hOPMOBOUHBIMU MAMEPUANAMU.

Buabsl popMOBOYHBIX MaTepHAJIOB: UCXOAHBIE; (JOPMOBOYHBIC CMECH (JIJISi M3TOTOBIICHUS
dhopm); CTEepKHEBBIE CMECH (11 M3TOTOBJICHUS CTEP)KHEH); MaTepHualibl OKOHYATEIbHOU OTIICITKH
(dbopM U cTepKHEI; 0TpaOOTaHHbIE — OBIBIIIKE B YIIOTPEOJICHUN CMECH.

Hcxoonvimu SBIAIOTCA MaTEpUalbl, U3 KOTOPBIX IPUTOTOBISIOT (POPMOBOYHBIE B CTEPIKHEBBIE
CMECH, a TaK)Xe MaTepHalibl OKOHYATEIbHON OTAEIKH (POPM U CTEpKHEN.

dopmosounble U cmepocHegble  cMecu  TIPEACTaBIAIOT  co0OM  MpeaBapUTEIbHO
MOATOTOBJICHHBIE, B3AThIE (B 3aBHCHUMOCTH OT HA3HA4YCHHs) B ONPEICIEHHON MPOMOPIIHH,
paBHOMEpPHO TMepeMelIaHHble MEXIy co0oil ucxonHple Martepuanbl. CTepKHEBbIE CMECH
MOJIBEPTrarOTCsl 3HAYUTENHHO OONBIIMM TEPMHUUYECKMM M MEXaHUYECKUM BO3JCHCTBUSM, 4YeM
(GbOpMOBOUHBIE, TaK KaK CTEpXKEHb MPAKTUUYECKH CO BCEX CTOPOH OKPYXKEH pACIIaBICHHBIM
MeTaJIOM. J[JIs1 yIydIlieHus: MeXaHU4YeCKHX, TEXHOJIOTHYECKUX U JPYTUX CBOMCTB B (JOPMOBOUYHBIC
U CTEp’KHEBbIE CMECH BBOJAT BCIIOMOTaTelbHbIe (POPMOBOYHBIE MaTepUaibl: CBA3YIOIIKE (CMOJIBL,
KHUJKOE CTEKJIO), MPOTHUBOIPUTAPHBIC (MTBUICBUIHBIA KBapIl, KAMEHHOYTOJIbHAS TBUTH), 3aIUTHHIC
(6opnast kucnora, ¢ropucras mpucaaka) u ap. llepen ycraHOoBKOW cTepkHEH B (QopMbI uX
00513aTeNIbHO MPOCYIINBAIOT.

CocrtaB popMOBOYHBIX CMeceii:

1) ITecok ¢popmoBounsrii (I'OCT 2138).

ITecox popMOBOUHBII — 3TO AUCTIEPTUPOBAHHBIN TOPHBI MUHEPAI.

B cocraB necka BxomuT kpemHe3éM (Si0O2), KOTOpBIH 00siagaeT TeMIepaTrypol IUIaBICHUS
pasHoii 1713 °C u maoTHOCTBIO 2,5+2,8 T/eM’.

B mecke Taxke copepkarcs BpeJHbIC MPUMECH, TaKHE KaK: CII0Ja, IMOJEBOM AT, OKUCIBI
JKelle3a U 11eJI0YHO3eMeNIbHBIX METaNIOB, KOTOpbIe UMEIOT 00Jiee HU3KYIO TEMIIEpaTypy IJIaBICHUS
Y TIOATOMY CHIDKAIOT OTHEYIIOPHOCTD MECKa.

OCHOBHBIM TIOKa3aTelleM KadecTBa IIeCKa SIBISIETCS IOKa3aTelb COJEp)KaHUS TIUHBI U
IIPUMECEH.

OrHeynopHocTh NecKOB

[To OTHEYMOPHOCTH MECKHU MO3BOJISIFOT OTJIMBATh B MECYAHOTJIMHUCTHIE CMECH BCE I[BETHBIC
METaJIJIbL, @ TAKXKE CTalb U YyryH. [I0BBICHTH OTHEYIIOPHOCTH MECKa MOYKHO ITyTeM BBEICHUS B HETO
OTHEYIIOPHBIX MaTEPUAJIOB.

Bujabl orHeynopHbIX MaTepuasioB:

upxon (ZrO2+S10,); Maruesut (MgCO3); XpomucTsiii xkene3usk (FeOCr203).

Mamepuanamu 0ns oxonuamenvbHOU omoenKu opm u cmepoicHell SIBISIIOTCS OTHEYIMOpPHBIE
TUTCHHBIE KpacKW, 3aMa3Kd, KJIeHW W T.I. MaTepualibl, KOTOpPhIE YacTO HAa3bIBAIOT
BCIIOMOTaTeNbHBIMH.
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OcHoBHbBIE cBOicCTBAMH (DOPMOBOYHBIX M CTEPKHEBBIX:

1) npoyHOCT, Ha C)XaTW€ U pa3pblB, MOBEPXHOCTHAs MPOYHOCTb WM OCHIIAEMOCTb;
2) ra30MpOHUIIAEMOCTh (CITOCOOHOCTh CMECH MPOIMYCKATh Ta3bl); 3) Ta30TBOPHOCTH (CIIOCOOHOCTH
HarpeTor CMeCH BBIJCISTH Ta3bl); 4) THTPOCKOIMYHOCTH; 5) (hOpMyeMocCTh; 6) TEKY4eCTh;

7) YIUIOTHSIEMOCTD; 8) BRIOUBAEMOCTb U JIP.

Bce »TH cBoiicTBa KOHTPONMPYIOTCS CTaHAAPTHBIMM METOJMKAMHM Ha CHEHabHBIX
npubopax.

CoctaBel M ypOBHM CBOMCTB CMECEM Ha3HaA4yalOT B 3aBUCUMOCTH OT XapakTepa
TEXHOJIOTUYECKOTO TIpoliecca, B CBOIO Oudepenb, SBIAOMErocs (yHKIMed OoibpIIoro yucia
(dakTopoB (MacmTaba TPOU3BOACTBA, MaTepHaia, MAacChl, CTETICHH CJIIOKHOCTH, TOHKOCTEHHOCTH
OTJIUBOK H JIp.).

Tema 10. TexHo10rusi CBApKu METAJIIOB

Bonpoc 1. ITaiika meTa/i10B, e€é 0011as XapaKTepUCTHKA U (pU3MYecKasi CyIHOCTD

Ilauika — »95TO TEXHOJOTHMYECKHM TPOIECC COCAUHEHUS METAUIMYECKUX JeTallei
MOCPEACTBOM MPHUCATOYHOTO0 MaTepuana (MeTalia Wid CIijlaBa), OCHOBaHHBIA Ha nudy3noHHOM
B3aUMOJICCTBUM MaTEPUAJIOB COCIUHIEMBIX JETalel U MpucagoyHoro Marepuana. [Iprcagounbiii
MaTepuai Ha3blBAECTCS NPUNOEM.

B npomnecce nuddhy3noHHOr0 B3anMOACHCTBUS (CIETIIICHUS TTAsHOTO 1IBa ¢ MaTEPHAIIOM
COCIIUHSIEMBIX JIeTajei) 00pa3yroTCsl XUMUYECKUE COSAMHECHHSI T TBEP/IBIC PACTBOPEI.

[To KOHCTPYKTUBHBIM OCOOEHHOCTSIM TMasiHble COETUHEHHS TOJJOOHBI CBAPHBIM U KJICEBBIM.
JlaHHBIE COSAMHEHMSI HAIIUTA IUPOKOE MPUMEHEHHE B TPUOOPOCTpoeHUH. B MammmHocTpoeHnn
pUMepaMu MPUMEHEHUs NasHbIX COSIUHEHUM MOTYT CIY>KUTh PauaToOpbl aBTOMOOMIEH 1
TPaKTOPOB, TOHKOCTEHHBIE TPYOOTIPOBOIBI U MTPOYNE KOHCTPYKITHH.

B oTnnume oT cBapku maiika MO3BOJISET COCAUHATH KAK JI€Tald M3 OJHOPOIHBIX, TaK U W3
Pa3HOPOJHBIX MaTepuanoB. [I[pumMepoM 3TOMY MOXKET OBITh COEAMHEHUE CTANBHOM U aTIOMHUHHUEBOM
neranu. KpoMme Toro, umeercss BO3MOXHOCTh NasATh AETAIH C TOHKOCTEHHBIMHU JJIEMEHTAMH, TJE
MPUMEHEHHE CBAPKU HEJIOMYCTUMO HM3-3a OMACHOCTH MEPEKora U KOpoOIeHUS.

TexHonoruss malkk COCTOMT B ciedyromeM. llepen mailkoil crnanBaeMble MOBEPXHOCTH
aetaneid 00e3KUPHBAIOT M OUHMINAIOT OT OKHUCIOB. J[Isi mpenoXxpaHeHHs MasHbIX MOBEPXHOCTEH
JeTaNed OT OKHCIOB, OOpa3ymIIMXCs TpH IMaiKe, HCMOJb3YyIT Giaockl (kaHudonb, Oypa,
XJIOPUCTBIN LINHK).

[Tocne MOATOTOBKM COEMWHSEMBIX JeTaled K mailke W mocienyromeid cOOpKH uX OOBIYHO
MOAOTPEBAIOT JI0 TEeMIEpaTyphl IUIABIICHUS MPUIOS MU B 3a30pbl MEXAY HUMU BBOJST
pacIUIaBJIC€HHBIA TPUIIOH, KOTOPBIM TOCHE OXJaXIAEHUS COenuHseT neranu. s momydeHus
KaueCTBEHHOTO MAasHOTO COCIWHEHUs TeMIiepaTypa IUIABICHUS WPHUIOS JOJDKHA OBITh HUXKE
TEeMIIEpaTyphl IJIaBICHUS METAIVIOB COCAUHAEMBIX JIeTaleH.

Tak kak maifka OCYILECTBIISETCS NpPU TEMIIepaType 3HAYUTEIbHO Oojee HU3KOH, YeM Ipu
CBapKe IUIABJICHHEM, TO MasHbIE JE€Tald [0 CPAaBHEHHMIO CO CBAapHBIMH MEHEE IOJBEPKEHBI
KOpPOOJICHHIO ¥ CO3Mal0TCS YCJIOBHUSA, OJIArONPHUSATCTBYIOIIHUE IMallKe TOHKOCTEHHBIX JeTalei,
OTJIMYAIOIIMXCS 10 TONIIMHE, a TaKXe MOJIYYeHHUIO KOHCTPYKUUU CI0XHON (popmbl. OpHako, MO
CPaBHEHUIO CO CBAPHBIMU COCJIMHEHUSIMU NasHbIE MEHEE MPOYHBI.

[Ipy M3roTOBIIEHNH MASTHBIX COCIMHEHMI pa3IMyYaroT J1BA BHJA MPUIIOEB — JIETKOIUIABKUE U
TYTOILJIaBKHE.

Jleckonnaskue (msexue) npunou 1uaBsaTcs npu temieparype mo 350°C. K HuM oTHOCSTCS
CBUHIIOBBIE U OJIOBIHHO-CBHUHIIOBBIE CILIABBI.

Tyzonnaskue (meépovie) npunou 1iaBsaTcs npu temrneparype 6oiee 600°C. K Hum oTHOCATCS
MEIHO-ITUHKOBBIC U CEPEOPSTHO-METHBIE CTLIABHI.
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[TasiHpIE MIBBI U3 MATKUX IPUIIOEB MAJIONPOYHBIE, IO3TOMY MSTKHE IIPUION MPUMEHSIOT AJIs
COCIMHEHUS] HEHArpyKCHHbIX, MAaJOHATrPYKCHHBIX, HE TIOJBEPKEHHBIX JCHCTBUIO YIAPHBIX
Harpy3ok M BuOpaumii neraneil. M3-3a Hu3KOW TemmepaTypbl IUIaBICHHS MSTKHE HpPUIION HE
PEKOMEHTyeTCsl IPUMEHATh B COSAMHEHUX, paboTaromux mpu temmeparype 6onee 100°C. Msirkue
MIPUTION HAIILIM HIMPOKOE PAaCIPOCTPAHEHUE B TPUOOPOCTPOCHUH.

TBEpable NpUNOM MPUMEHSIOT Il COCAWHEHMW, Hecyluux Harpy3ku. [lpm cratmdeckmx
Harpy3kax IpPUMEHSIOT IPUIIOM HAa MEJHOW OCHOBE, a JJIs COEIMHEHUMH, BOCIHPUHHUMAIOLIUX
yIapHble Harpy3KH, — MPUIION HA cepeOpsIHON OCHOBE.

Pacuér Ha MPOYHOCTH MasSHBIX COEINHEHUH OCYILECTBIISIOT IO COOTBETCTBYIOIIUM (OpMyIaM
CONPOTHUBIICHNS MATE€pUANOB, KaK W JUIsl OJHOTHUIHBIX CBApHBIX M KIEEBBIX COEIWHEHMIL.
JlonyckaeMoe HallpsDKEHME Ha Cpe3 MOXKHO INPUHUMATh IS IIBOB U3 OJIOBIHHO-CBHHIIOBBIX
npumnoes [z¢] = 20 +30 MlIla; u3 MmeagHO-MHKOBBIX Npunoes [zc] = 175 + 230 MI1a.

Bomnpoc 2. I'a3okuc/iopoaHas pe3ka MeTa/I0B, €€ 0011asi XapaKTepUCTUKA, Pu3ndeckas
CYIIHOCTh

CymHoCTh NMpouecca 1 OCHOBHBIE YCJIOBHS Ta30KHCJIOPOTHOI pe3KH

B TexHMYeCKH YMCTOM KHCJIOPOJE MpU TeMIepaType, HEOOXOAMMON AJs Hadajaa peakiluu,
WHTEHCUBHOCTb OKUCIICHHS METaJljla CTAHOBUTCS HACTOJIBKO OOJIBLION, UTO MEPEXOAUT B TOPEHHE.

Jnist HeTIpephIBHOCTH IpoIiecca TOPEHHUst HE0OXO0AUMO COOTIOIEHUE CIEYIONUX YCIOBUI:

1) mOCTOSHHBIM KOHTAKT OKUCIIUTENS C HEOKUCIEHHBIM METaUIOM MTOBEPXHOCTH;

2) HeTpepBIBHBIN MOJOTPEB HEOKUCIEHHOTO METallIa IO TEMIIEPaTypbl BOCIIJIaMEHEHUS;

3) 10CTaTOYHO BBICOKAsl KOHIIEHTPAIMS KUCIOpOa B Ta30BOM (ha3ze, BCTyHaromeid B KOHTAKT
(B XMMHUYECKOE B3aUMO/JICHCTBHE) C METAJIIOM.

Takum o00pazoMm, mpolecc Ta30KUCIOPOAHONW pe3KH SBISETCS MPOLECCOM CKBO3HOTO
IIPOKUTaHUs TBEPAOr0O METAJIA CTPYENU YUCTOrO KUCIOPOAA.

Jlnst  monydeHus KadeCTBEHHOW (TJIaJKOW) TIOBEPXHOCTH pe3a HEOO0XOIMMO, YTOOBI
pa3pe3aeMblii METaJIT YOBJIECTBOPSLIT CIICTYIOIIUM TEXHOJIOTHUYECKUM TPEOOBAHUSIM:

1) TemnepaTypa ropeHus MeTajljia JO0KHA OBITh HIKE TEMIIEpaTypbl €ro IUIaBJICHHUS, YTO
CBSI3aHO C T€M, YTOOBI IIPU TOPSHHUH CaM METAJUT HE TIJIaBUIICS,

2) IpOAYKTHl TOPEHHs] MeTajula JOJDKHBI OBITh JKUIKHMHU Ui TOTO, YTOOBI OHU JIETKO
YAQISUIUCh U3 30HBI pe3a, OroJisisl MOBEPXHOCTh METallia JIsl HEMPEPBHIBHOTO KOHTAKTa CO CTPYEH
KHCIIOpO/ia IPU MEepEeMEILEHUH pe3aKa BA0JIb JUHUH pe3a.

Kpome »9TuX [BYX OCHOBHBIX TEXHOJOTHYECKHX TpPEOOBAHMMA, MPEIBIBISEMBIX K
pa3zpe3aeMOMy MeTajuly, CIeAyeT YYMTBIBaTh M JONOJHUTEIbHBbIE TpPeOOBaHUA, HMEIOIINE
OIpeeIEHHOE 3HAYCHHE.

Tak, cnegyer umeTh B BUIY, YTO JUIsi MHTEHCHUBHOTO TOPEHHS MeTasla HEoOXOIUM €ro
MOCTOSIHHBIM KOHTaKT (XMMHUYECKOE B3aMMOJICHCTBUE) C YHCTHIM KHCIOPOJOM, a 00pa3yroluecs
ra3000pa3HbIe OKCHUIBI CIIOCOOCTBYIOT CHUKXEHHUIO KOHIIEHTPAIMU CBOOOIHOTO KHCIOPOJa B 30HE
pe3a. OTrcioa BBITEKaeT NepBoe TpeOOBaHUE — HEIOIMMYCTUMOCTh OOpa3oBaHUs OOJBIIOTO
KOJIM4YECTBAa I'a3000pa3HbIX MPOIYKTOB FOPEHUSI.

BTopbIM TONONHUTENBHBIM TpeOOBaHUEM, KOTOPOMY TOJIKEH YAOBIETBOPATH pa3pe3acMblit
METaJIJ1 — JI0CTaTOYHO BBICOKAS KUAKOTEKYUYECTh 00Pa3yIOLIUXCsl OKCHUIOB.

TpeTbe MOMONHUTENBHOE YCIOBHE — JOCTATOYHO BBICOKMH TEIIOBOM 3((eKT peaxiuu
OKHCJIEHUS METaljia, a TeMJIONPOBOJHOCTh METalljIa HEe TOJIKHA ObITh OYeHb OOJNBILON ¢ TeM, 4TOObI
HE MIPOUCXOANIO UHTEHCUBHOE OXJIAXACHUE 30HBI PE3a.

Bceem »THM TpeOoBaHUSM YIOBIETBOPAIOT KEJIE30, YIIIEPOJUCTBbIE M HU3KOJIETHPOBAaHHBIC
KOHCTPYKIIMOHHBIE CTAJIA MIPU HEBBICOKOM COJIEpKaHUU yIriiepoja: TeMIeparypa IUIaBlIeHHs jKele3a
1539°C, ropenus — 1200°C, Temneparypa rmuiaBieHus okcuaa xeneza — 1370°C. TemnoBoi
3¢ (deKT peakiuit OKHCIEHUS JOCTATOYHO BBICOK:

Fe + 0,502 — FeO + 64,3 kkan/r-MoJb,
3Fe + 202 — Fe304 + 266,9 kkan/r Moib,
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2Fe + 1,502 — FexO3 + 198,5 kkain/r-Moib,
a TEIUIONPOBOIHOCTB XKeJle3a SIBISAETCS OTPAaHUYEHHOM.

XyAIUMU ~ TEXHOJOTUYECKUMH  XapaKTePUCTHKAMHU OONadar0T HUKEIh H MeAb, TakK
temreparypa 1iasineHuss meau — 1083°C, okcuaa meau — 1230°C, termoBoit 3 PexT oKucaeHus
— 37,5 KKaj/T-MoJib, a TeTJIONPOBOTHOCT MEIN OYCHb BEIUKA.

CoBeplilIeHHO HE YAOBIETBOPAIOT TEXHOJOTUYECKUM TPEOOBAHUSM ATIOMUHUN, MarHUN, XpOM
u 1uHK. Tak, Temmeparypa miaBieHus amoMuHus Al — 658°C; okcuna amomunus ALO; —
2050°C; maraua Mg — 651°C, okcuaa marausa MgO — 2500°C.

EcrecTBeHHO, YTO MpHUMECH B CTalsAX TaKXKe OKa3blBAlOT BIIMSHUE HA CIIOCOOHOCTH
MOJIBEpraThCsi KUCIOPOJHOM pe3Ke, MPUUEM pa3HbIe SJEMEHThl B pa3HOM creneHu. BimsiHue
yrieposia CKas3bIBaeTcsl Mpu coaepxkaHuu ero csbiiie 0,25%; MapraHen, HUKEJIb U MEIb B TEX
KOJIMYECTBAX, B KOTOPBIX OHU COJIEPHKATCS B CTAJISIX, HE MEIIAIOT BBIIOJIHEHUIO Fa30KUCIOPOJHOU
pe3ku. KpeMHuii, anmoMUHNN 1 XpOM, IO MEpE UX YBEIUYEHHUS B CTAIH, yXyILIAIOT MPOLECC PEKH.

Tema 11. Pe3zanne MeTai10B

Bomnpoc 1. IIpounecc 00padboTkn MaTepua OB pe3aHueM: 00IIasi XapaKTePUCTUKA, BU/IbI,
00J1aCTh NPUMEHEeHHUs

OcCHOBHBIMU BHJaMH OOpaOOTKHM MaTepuajoB pe3aHueM SBIsOTCS (puc. 1): Todenwue (a);
cTporanue (6); nonoOiieHue (8); CBepieHHE (3€HKEpOBaHUE, pa3BEPTHIBAHME M 3E€HKOBaHUE) (2);
dpesepoBanue (0) u uummdoBaHue (¢), — NPOU3BOJAUMBIE HA METAUIOPSKYIIUX CTaHKaX
COOTBETCTBYIOMIEH TPyNIbl. B 3aBHCUMOCTH OT BHJIa BBIMOJIHAEMBIX TEXHOJOTHYECKUX OMEparuii
pa3IUyaloT CTAaHKH TOKApPHOW TPYNIBI, CTPOTAIbHOM, JOJOEKHOM, CBEPIMJIBHOW, pPAaCTOYHOM,
(bpesepHoit, nMdOBATEHON U JIP.

IIpu oOpaboTke MarepuasoB pe3aHHEM HCHOJb3YIOT PA3IMUHBIA PEXYLIUH HHCTPYMEHT:
pe3Lbl, cBEpa, 3eHKepa, pa3BEPTKU (Ppe3bl, KOTOPble UMEIOT CHEeNHAIBHO 3aTOYEHHYIO PEXYIIYIO
YacTh, a TaKXKE NPUMEHSIOT HUIM(pOBaIbHbIE aOpasuBHBIE KPYrd, 3€pHA KOTOPBIX 00JIaJal0T
OCTPBIMHU TPaHSMU U yriamu. Pexynuil ”HCTpyMEHT U3rOoTaBIMBAIOT U3 MaTepuaia MOBBIIICHHON
TBEPIOCTH, MPOYHOCTH, TEPMO- U UBHOCOCTOMKOCTH, pa3IMYHbIX (hOpM U pa3MepoB.

Touenme. IIpy ToueHHHU TVIaBHBIM JABM)KCHHEM pE3aHUs SIBISETCS BpallaTeIbHOE JIBH)KEHUE
3aroTOBKHM, a JABM)KEHUE IOJa4d — IPSIMOJIMHENHO-IIOCTYyNATeNbHOE ABMKEHNE pe3na (puc.la). K
napaMmerpam (pekruMam) peKuMa pe3aHust P TOYCHUH OTHOCSATCS:

1) ckopocms  pezanusi v — nMHEWHAs CKOPOCTb TOYKH, JieXalled Ha oOpabaThiBaeMoi
MMOBEPXHOCTH, M/MHH;

2) nodaua s — niepeMeIeHUe pe3iia 3a OUH 000POT 3aTOTOBKHU, MM;

3) enybuna pesanusi t — paccTOSTHUE OT 00pabdaThIBAEMOM MOBEPXHOCTH 10 00pabOTaHHOM,
M3MEPEHHOE NEPIIEHANKYIISPHO OCH 3aTOTOBKH, MM.

Puc. 1. CxeMbl OCHOBHBIX BHJOB OOpPaOOTKH
MaTepHaioB pPe3aHHEM:

a — TOYCHHUE; 6 — CTPOTAHHE; 8 — JOJOJICHHE,
2 — CBepJICHHE, 3€HKEpOBaHHE, pa3BEPTHIBAHUE
W 3€HKOBaHHME;, O — (Qpe3epoBanue;, e —
nuugoBaHue

¥

L@
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Touenne mpoM3BOIAT HA CTAHKAX TOKAPHOI TI'PYNIBI C HCIIOIL30BAHHEM PE3I0B, KOTOPHIC
BBIOMPAIOT B 3aBHCHUMOCTH OT BHJa orepannd. OCHOBHBIE TOKapHBIC ONEpAIMU MPEACTaBICHbI Ha
puc. 2.

Puc.2. CxeMbl OCHOBHBIX TEXHOJIOTMUECKMX  OIepaluii  TOKapHOH  00pabOTKH:
a - TOYEHUE HAPYKHOH LMIMHIPUYECKON IMOBEPXHOCTH; O - MOJApe3aHHe IUIOCKHX TOPLEBBIX
MOBEPXHOCTEH; B - TOUEHHE KaHABOK; T - OTpe3Ka; J - TOUeHHE METPUUYECKON pe3bObl pe3loM; € -
TOoueHHE (PACOHHBIX MOBEPXHOCTEH; K - pacTauMBaHUE BHYTPEHHUX IIOBEPXHOCTEH;
1 - oOpabaTreiBaeMasi MOBEPXHOCTh;, 2 - MOBEPXHOCTh pe3aHms; 3 - o0paboTaHHAsK MOBEPXHOCTD.

ITo BUAY BBINOJIHAAEMBIX ONlePALIMii PA3JHYAIOT cJieAyIolHe TOKApPHbIe pe3Ubl:

1) mpoxoHbIe, MPOXOAHBIE YIOPHBIE; 2) MOApe3HbIe; 3) MpOpe3HbIe W OTPE3HbIe; 4) pe3b0OBbBIC;
5) pactounsle; 6) hacoHHBIE. 7) pe3Ibl JUIsl YUCTOBOM 00pabOTKHM 3aroToBOK (3) u 1ip.

B 3aBucumocTH OT HampaBlIeHUS TOJA4YM PE3lbl Pa3AeisioT Ha IMpaBbie U JEBBIC; MO (opMe
pEeXYyIIel YyacTu — Ha MpsiMble, OTOTHYTHIE U OTTAHYTbIE M U30THYTHIE; [0 XapakTepy 00paboTKu
— Ha YepPHOBBIE, MMOJTYYHCTOBLIC U YUCTOBHIC; 0 KOHCTPYKIIUU — Ha LIeJIbHbIC U COOPHEIE.

Jlns u3rotoBiieHuss U 00pabOOTKM OTBEPCTUH MPU TOYEHUHM NPUMEHSIOT TaKkke CBEpIa,
3CHKEPhl U Pa3BEPTKH, a A HApPE3aHUs pPe3bObl — METUYUKH, IJIAIIKH W Pa3IUYHbIC MO THUILY
pe3bOOHape3HbIE TOJOBKH

Ctporanue. [Iponecc crporanusi (cM. puc. 16) — BHUI MEXaHUYECKONW OOpaOOTKH TUIOCKUX
MMOBEPXHOCTEH pe3aHHMeM, MPHU KOTOPOM TJIABHOE JBIKEHHE (CKOPOCTh pe3aHUs V) COOOIIaeTcs
pe3Ily WK 3arOTOBKE U SIBIISIETCS BO3BPATHO-TIOCTYIATEIBHBIM, a IBIDKEHUE MOAAYH § COO0IIaeTcs
3arOTOBKE WJIM pe3ly M sBiseTcs mnpepblBUCTBIM. Ha puc. 20.16 ThaBHBI BHA JBHKCHHS
OCYIIIECTBIISIET 3aroTOBKAa, a pe3er] — JBWkKeHne mojaadr. CTaHKH, HAa KOTOPBIX IMPOU3BOJISATCS
ofepaly CTPOraHusl Ha3bIBAIOT MPOJIOJILHO-CTpOraibHbIMU. Eciu Ha cTaHkax peser coBepllaeT
TJIaBHOE JIBIKEHHUE, a 3aTOTOBKA — JBHKCHHE MOJAa4yM, TO TaKW€ CTAHKH SIBISIOTCS TOMEPEYHO-
CTpOTaJbHBIMU. B HEKOTOPBIX CiIydasx pe3ell MOXKET OCYLIECTBIISTh KaK IJIaBHOE JIBU)KEHUE V, TaK
U JBUKCHHE IOJauu s. BeiencTtBue TOro, 4yto pesell CoBepIiaeT padOYuil M XOJOCTOW XOJIBI,
MIPOLIECC Pe3aHMsl MPU CTPOTAHUU MPEPHIBUCTBINA. CHATHE CTPYKKH MPOUCXOAUT TOJIBKO BO BpEMs
npsmoro (pabouero) xoxa. [Ipu o6paTHOM (X0JI0CTOM) X0/1€ pe3el] padoTy pe3aHus He TPOU3BOIUT,
YTO CIIOCOOCTBYET €T0 OXJIAXKICHUIO.

Taxoke cTporaHrueM MOKHO MPOBECTH 00pabOTKY (PacOHHBIX MOBEPXHOCTEN U BHIOOPKY Ma30B
U KaHaBOK.

Jonbyenue. DTta omepamus SBISETCS PA3HOBUIAHOCTBIO CTPOTAHUS W TPOU3BOIUTCS Ha
NONOEXHBIX cTaHKax. Ha HuX Tr7aBHBIA BUJ JBWXKEHUS vV (BO3BPATHO-IIOCTYNATEJIbHBIN)
OCYIIECTBIISIET pe3ell B BEPTUKAIBHON IUIOCKOCTH, a JIBHKCHHE IOJAaYd S — 3aroToBKa B
TOPU3OHTAIILHON TUIOCKOCTU (cM. puc. 16). JlonOiieHne NPUMEHSIOT JIs TOJYYeHHUsS KaHABOK,
IUIOCKUX ¥ (PAaCOHHBIX MOBEPXHOCTEH HEOONBIION BBICOTHI, HO 3HAYUTEIBHBIX MOMEPEYHBIX
pa3MepoB.
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Caepaenne. Ilpu cBepiaeHMHM (3€HKEPOBAaHUM, pa3BEPTHIBAHWU, 3E€HKOBAaHMM) OOBIYHO
IJIaBHOE JIBIDKEHHE V U JIBIDKEHHE TOJauyM s COOOIIAIOT PEXYIIeMY HHCTPYMEHTY (puc. l2).
CaepinieHHE TPUMEHSIOT JUISI ITOJTyYEHHsI CKBO3HBIX M MIYXUX HMJIMHAPUYECKUX OTBEPCTUH.

3enxkeposanue — TpPUMEHSETCS ISl YBEIWYEHUS TUAMETpa OTBEPCTHUS, MPEABAPUTEIHHO
MOJyYEeHHOTO JIMThEM, IITAMIOBKOW WM CBEpJICHHEM, U TpUIaHUs eMy Oojee NpaBHIbHOU
reoMeTpuyeckoil (opMbl, TOCTHKEHUS HAaWMEHBIIEeH I[IEepOXOBATOCTH IMOBEPXHOCTH, YEM IIpH
CBEpJICHUU WU PACCBEPIIMBAHUM.

Paszeepmuisanue obecrieunBaeT MOJy4Ye€HUE OTBEPCTHIl C BBICOKOM TOYHOCTHIO pa3MepoOB U
BBICOKMM Ka4eCTBOM IOBEPXHOCTH; €r0 NMPUMEHSIOT B OCHOBHOM JUIsi OKOHYATEIbHOH 00paboTKU
OTBEPCTHU.

3enxosanue — TONYYCHHE OTBEPCTHUH IO MOTAWHBIC W MOJYMOTAWHBIE TOJOBKH OOJITOB U
3aKJIETIOK.

CBepiieHHe SBISIETCS CaMbIM PaCIpPOCTPAHEHHBIM CIIOCOOOM IOJIYYEHHUS! CKBO3HBIX M TITYyXHX
OTBEPCTHUI B 3arOTOBKE.

Paznuuator obwiunoe m enybokoe cpepienue. [Ipu OOBIYHOM CBEpICHHH JUIS MOTYyYSHHS
CKBO3HBIX WJIM TJIYXUX OTBEPCTUH NPUMEHSIOT CHUpaJbHbIE CBEpJAa C KOHUYECKUMHU WIIU
WINHAPUYECKUMH XBOCTOBHKaMHM. B 3aBHCHMOCTHM OT BEJIMYMHBI MapTHH 0O0pabaThIBaeMbIX
JeTtaneil  cBepJeHHE MPOU3BOIAT N0 pazmemke WIX B KOHOYKmopax  (CHeIUabHBIX
MPUCTIOCOOTICHUSAX, U3TOTOBIISIEMBIX 110 (popMe 0OpabaTbIiBaeMOil eTam).

[Ipu oOpaGoTke OONBIIMX MApPTHH JeTaliell CBEpJICHHE MPOU3BOAAT B KOHAYyKTOpax. OHHU
MO3BOJISIOT BECTH CBEpIIeHUE 0e3 MpeABAPUTEILHON Pa3METKH JIeTall ¥ MOJIy4aTh 0oJiee BHICOKYIO
TOYHOCTHh 00PaOOTKH.

ITpu ryOOKOM CBEpJICHHH, KOTAa JJUHA OTBEPCTHS NPEBBIIIAET €ro AMaMeTp B 5 pa3 u
OoJsiee, OOBIYHO TPUMEHSIOT CIICIIMAIBHBIC CBEpIIA:

1) pyxeiiHble s CBEPIEHUS OTBEPCTUI IUaMETPOM /10 25 MM B CILJIOIIHOM MaTEpHaJIE;

2) mymie4YHble OTHOCTOPOHHETO Pe3aHus )l CBEPJICHUS OTBEPCTHH AHAMETPOM OoJjiee 25 MM.

Pacceeprusanue — TPUMEHSIIOT ISl OTBEpCTUN auaMeTpoM Oosee 25 mm. Cépna OobIIux
IUaMETPOB HUMEIOT TMEPEMBbIYKM 3HAUUTEIbHBIX pPa3MEpOB, IMOITOMY NpU HX MPUMEHEHHUH
HE00XOAMMBI yBETHMUEHHBIE Ycuus nogauu. Kpome Toro, Takue cBEpa 4acTo OTKIOHSIOTCS OT OCH
CBEpJICHUS.

Cseprenue omgepcmuii nod pe3vOy — BAXKHBIA BUJ CBEPIHIBHBIX pabOT. DTH OTBEPCTHUS
CBEpJISATCS CHUPAJIbHBIM CBEPJIOM B CIUIONIHOM 3arOoTOBKE, WJIM PAcCBEPIMBAIOT B OTJIMBKaxX M
MTOKOBKaXx.

3enxeposanue N pazeépmuléaniie — STUM TPOIECCaM MOABEPralOT OTBEPCTHS, OJIyUCHHbIE B
3aroTOBKaX CBEPJICHUEM, JTUTHEM, IITAMIIOBKOW C LIEJIbIO MOJTy4YeHHUs: OOJbIIeH TOUHOCTH Pa3MEpPOB
Y YHUCTOTHI MOBEPXHOCTH. 3€HKEPOBAaHUE MPUMEHSETCS JIJIsl OKOHYATEeIbHOU 00pabOoTKM OTBEPCTHA
WIN JJ1s TIPEABAPUTEIHHON 00paboTKH 1O/ pa3BEPTHIBAHUE.

®dpe3epoBanue. [Ipu ppe3epoBanny TIaBHOE IBMKEHHUE V COOOIIAETCS MHOTOJIC3BUMHOMY
PEeXyIIEMY HHCTPYMEHTY — Qpe3e, a IBIKEHHE MoJauu s — 3aroroBke. CyIIeCTBYIOT CXEMBI
(dbpesepoBaHus, KOT/Ia TJIaBHOE JIBIKCHHUE M JBIDKEHUE Tonadu coobmart ¢pese. OpesepoBanne
OPUMEHSIOT TpU 00pabOTKE TOPHU3OHTAIBHBIX, BEPTHUKAIBHBIX W HAKJIOHHBIX IUIOCKOCTEH,
(acOHHBIX TOBEPXHOCTEH, Ma30B U KAaHABOK PA3JIMYHOTO MPOGWUIIsl, MPU U3TOTOBIECHUHU 3yOUaThIX
kosiec. OcoOeHHOCTh Tporiecca (ppe3epoBaHMsl 3aKIIOYAETCS B MPEPHIBUCTOCTH PE3aHUS KAXKIbIM
3yoom (pesbl. 3y0 ¢pe3bl BCTymaeT B KOHTAKT C 3arOTOBKOW M BBITIOJHSET PabOTy TOJBKO Ha
HEKOTOpOH 4acTu cBoero obopora. 3atem 3y0 ¢pes3bl, Impoaosnkas ABHKCHHE, HE Kacaercs
3aroTOBKH 10 CIICAYIOLIEro BpPE3aHUs; B 3TOT MOMEHT OH OXJaXJAeTcCsl, YTO YBEIMUYMBAET CPOK
ciy>k0b1 ppesbl. Kaxaplil 3y0 (pe3sl uMeeT Takue e JIEMEHTHl M YIJIbl, YTO M TOKapHBIA pe3ell.
[Toatomy (hpe3y MOxKHO paccMaTpuBaTh Kak HA0Op TOKAPHBIX PE3IIOB.

Hlnudosanue. IIpouecc numdonanus (puc. le) MpUMEHSIOT KaK OTAEIOYHO-I0BOIOYHYIO
ONepanyio € TOJYYEHHEM pa3MepoB JeTaleil ¢ TOYHOCThIO Mo 6 — 7-My KBajguTeTaM U
IEPOXOBATOCTHIO MOBEpXHOCTU R, = 0,08 — 0,32 MKM.

Kak o6aupounyto onepanuio manpoBaHUe UCIOIB3YIOT IPU OYUCTKE JTUThS, TOKOBOK U T. 1.
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HInugosanue — 310 00pabOTKa MOBEPXHOCTEH W3menwsi NUIM(OBATHHBIMU a0pa3UBHBIMH
kpyramu. Jiis o6aupodHoit 00pabOTKH MPUMEHSIOT KPYITHO3EPHHUCTHIE a0pa3uBhl, a JIsl YUCTOBOTO
nuMpoBaHUs — MeENKO3epHUCThIE. Vcmonp3yloT alOpa3uBbl €CTECTBEHHbIE — HauOoublIee
IPUMEHEHHE MOMYy4YMJIM MHUHEpall KOPYHJI M ajJMa3, U HCKYCCTBEHHbIE — 3JEKTPOKOPYHA C
pa3nUYHBIMH 100aBKaMu, KapOua KpeMHUs, HUTpU 6opa u ap. AOpa3uBHbIE 3€pHA B 3aBUCIMOCTH
oT ux pasmepa aemnsarcs Ha nund3épaa (Ne 200-16, pazmep 3epra 2500 — 160 MkM), TUTHGIIOPOITKHA
(Ne 12-4, pa3zmep 3epHa 160 — 20 mxm) 1 Mmukpomnopomku (Ne M63-MS5, pazmep 3epHa 63 — 5 MKM).
3epHHUCTOCTh aIMa3HbIX MOpomKoB 0T AMI (pa3mep 3epHa meree 1 mxMm) 10 AMS0 (pasmep 3epHa
10 630 MkM). AOpa3uBHBIE 3EPHA CKPEIJICHBI APYr C JPYrOM C TOMOIIBIO LEMEHTHPYIOIIETO
BemiectBa — cBs3ku. 1llupoxko npumeHstoTcs IIMQOBaNbHbIE KPYT'M Ha KEpaMHUYECKOi,
0aKeTUTOBOM U BYJIKAaHUTOBOW (300HUTOBOIN) CBSIZKE.

MeToauueckue PEKOMEHIAINUA NJIA NOATOTOBKH K l'[pOMe)KyTO‘IHOﬁ
aTrrecranmun

enr mpoMeKyTOUHOM aTTecTallid OOYYArOIIUXCS - KOMIUIEKCHAas U OOBEKTHBHAS OIICHKA
KayecTBa YCBOEHHUS OOYYAIOIIMMHUCA TEOPETUUYECKUX 3HAHWM, YMEHMsI MPUMEHSATH MOJIyuYeHHBIE
3HAHUA B PCIICHHUHU MPAKTUYCCKUX 3alad IIPpU OCBOCHUN yq66H0171 AJUCHUITIINHBI.

HucuuninmHa «MarepuanoBeieHUE U TEXHOJIOTHS MaTE€pUaIoB)» M3Yy4aeTcsl BO 3 CeMecTpe.
[Ilo okoHWaHMHM  ceMecTpa  TPOMEXKYTOUHas  aTTecraius  OpoBoauTcs B (opme
mudepeHIMpOBaHHOTO 3a4UeTa.

B mepuox moaroTtoBku K 3adeTy oOydaromiuecss BHOBb OOpamiaroTcss K MPOWICHHOMY
yueOHOMY MaTepuainy. [Ipu 3ToM OHU He TOJBKO 3aKPEIUISIOT MOJIYyYeHHbIE 3HaHUS, HO U MOJIy4aloT
HoBble. [loAaroroBka obydaronierocs K MpOMEXXyTOYHOM aTTeCTallMK JT0JKHA BKJIIOYATh B ce€0sl TpU
JTamna:

- caMOCTOsATeNbHAasA paboTa B TEUEHUE CEMECTPa;

- HETIOCPEICTBEHHAs MMOJATrOTOBKA B IHU, IPEIIIECTBYIOLIUE 3a4€Ty 110 TeMaM Kypca;

- MOATOTOBKA K OTBETY HA BOIPOCHI, COJIEPIKAIINECs B OMIeTax.

OCHOBHBIM HCTOYHHUKOM IIpU MOJATOTOBKE K 3a4eTy SBIAETCS KOHCIEKT JIeKIHH, Tae
y4eOHBII MaTepuan JaeTcs B CHCTEMAaTU3WPOBAHHOM BHUJE, OCHOBHBIC TIOJIOKEHUS €ro
NETaTU3UPYIOTCS, MOJKPEIUIAIOTCS COBpeMeHHbIMH (akTaMu U MHopMaiueil, KOTopsle B CUILY
HOBU3HBI HE BOIIUIM B OMYyOJMKOBAHHBIE MEYaTHBICE MCTOYHHKU. B X0/1e MOATOTOBKH K 3a4eTy
oOyuaromumMmcsi Heo0X0IMMO oOpallaTh BHUMAaHUE HE TOJILKO Ha YPOBEHb 3allOMHHAHMS, HO U Ha
CTETIeHb MOHUMAaHUS U3J1araeMbIX MpooIIeM.

Jly1s ycriemHoro npoxok1eHUsl IPOMEKYTOUHOM aTTeCTallly 10 AUCHHUTIIMHE
«MarepuanoBeieHue U TEXHOJIOTHS MAaTEPHUAIOBY HEOOXOUMO MOATOTOBUTECS TIO CIIEIYIOIIEMY
MIEPEYHIO BOIIPOCOB U MPAKTUUECKUX 3a/JaHUM.

[TepeveHb BOMPOCOB IS TPOBEACHUS IIPOMEKYTOYHOHN aTTeCTalluu
(B hopme nmuddepeHITMPOBaHHOTO 3a4eTa) 110 UTOTaM OCBOCHUS JUCITUTIITUHBI
«MarepuanoBeIeHUE U TEXHOJIOTUS MAaTEPUATIOB)

1. «MarepuanoBeIeHUE)» KaK HayKa, €€ LEJIU U 3a1a4H.

2. Knaccudukanus MmarepuanoB (METAUNTMYECKUX U HEMETAINTNYECKHX ), UCTIOIb3yEMbIX
B TEXHUKE.

3. [TonsitTue xpucrammuueckol pemerku. OCHOBHBIE MapameTphbl KPHUCTATUITMYECKOU
pEIIeTKH: IePUO/I, DNIEMEHTapHAas sueiika, 0a3uc, KOOPAUHAIMOHHOE YHCIIO.

4. N3otponust 1 aHU30TPOIHSI CBOMCTB KPUCTAILIOB. SIBICHHUE MOTUMOpU3IMAa.

5. HecoBepiieHcTBa KPHUCTAUIMYECKOTO CTPOCHHUS METAUIOB (TOYEUHBIC, JTUHEHHBIC,

MTOBEPXHOCTHEIE).
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6. [ToHATHE KpHCTAIM3AIMKM U IUJIABJICHHUS METAUIOB M CIUJIABOB, ABIDKYIIAS CHIIA
nporecca KpUCTAILTH3AINH, TAIbl KPHCTAILTH3AIHH.

7. dusnueckas CyIIHOCTb Mpoliecca KPUCTALTU3AMK U TUIABJICHUS YHCTHIX METaJIOB
U CILJIABOB.

8. CrpoeHne METAIIIMYECKOro CIUTKa. [IpUunHbI CTpYKTYpHOH JIMKBALUH.

9. Hedbopmaruss MatepuaioB. YOpyras W 1iactTuueckas aedopmanusi, ux Gpusndeckas

CYIIHOCTBb, HAITPS’KCHUA UX BbI3BIBAIOIIHC.
10. [Iporecc pazpyieHuss MaTepuanoB, BUABI pa3pymieHUd U ux ocodeHHocTu. Craauu
pa3pylIeHHs] MaTepPUaIIOB.

1. MexaHu4yeckre CBOMCTBA  MaTEpPUAJIOB: TOHATHUS  NPOYHOCTH, TBEPAOCTH,
BBIHOCJIMBOCTH, YCTaJIOCTH, BA3KOCTH.

12. Uto Takoe TBepmocTh. OmnpeneneHue TBEpAOCTU Mo Metony bpunemns. EnuHuib
M3MEpEeHus 1 00JacTh IPUMEHEHUs/

13. CmiaBel.  [lonsiTue crutaBa, TICEBAOCINIaBa, METAUTMYECKOTO CIUTaBa, (aswl,
KOMITIOHEHTA CILJIaBa.

14. TBepaplii pacTBOp, yCIOBHS 00pa30BaHUsl, BUABI TBEPIBIX PACTBOPOB.

15. MexaHnueckasi CMech, CTPYKTypa M ycJIoBHUsS 00pa3oBaHusl.

16. XUMHYECKOE COSAMHEHNE, OCOOCHHOCTH CTPOSHUS U CBOMCTB.

17. [TonssTue puarpammbl CcOCTOsiHUA cIulaBa. Ha3zHaueHue auarpamMm  COCTOSIHUSA
CIUIaBOB, OCHOBHBIE JINHUU U TOYKH IUAarpaMM COCTOSTHHUS.

18.  KommoHeHTHI U (a3bl Kene30yraepoaucThIX CILIABOB.

19. Cranb. Knaccudukanust 1 MapkupoBKa yrIepOAUCTBIX CTAICH.

20.  JlermpoBaHHBIE CTaJIA, OCOOCHHOCTH MAPKUPOBKH, 00JIACTH TPUMEHECHUS.

21. Bnusinue yrieposia v HEKOTOPBIX 3JIEMEHTOB HA MEXaHUYECKHE CBOMCTBA CTAJICH.

22.  Yyryn. Knaccuduxanms, MapkupoBKa U 00JIaCTh IPUMEHEHHS.

23. Uyryn. ®a30Bbli COCTAaB YyT'YHOB, OTIMYUTEIILHBIE OCOOEHHOCTH OT CTaJIeH.

24. Bausaue Tpadura (TOJIOXKUTEIBHOE M  OTpPHUIATENbHOE) Ha (U3MUYECKHE,
TEXHOJIOTHYECKHE U MEXaHUYECKNE CBOMCTBA YyT'yHa.

25. Tepmudeckas 00pab0oTKa MaTepuaioB U e€ Ha3HAUCHUE.

26. [ToHATHS OCHOBHBIX BHJOB TEPMUYECKOW OOpaOOTKH: OTKHUT, HOPMaJIHA3aIus,
3aKajka, OTIYCK, YIy4ylIeHUE.

27. CTpyKTypHBIE W3MEHEHHS B CTald B pe3yjbTaTe TEPMHUYECKON 0OpabOTKH, WX
(bu3nueckas CymHOCTh (ayCTeHU3alNsI, MAPTEHCUTHOE MTPEBPALICHUE).

28.  TloHATHE XMMHUKO-TEPMHUYECKON 00paOOTKH MaTEPHAIIOB U (PU3UYECKasl CYITHOCTD.

29. OCHOBHBIE BU/IbI XUMHKO-TEPMHUECKOI 00pabOTKH 1 MX Ha3HAUCHHE.

30. Menp. ®usznueckre 1 MEXaHMUECKHE CBOMCTBA MEIU, 00JIaCTh TPUMEHEHUS MEIH.

31.  Jlatynb u 6pon3a. CBoiicTBa 1 00JaCTh MPUMEHEHHUSI.

32. Amomunuii. Ou3nueckMe MW MEXaHUYECKHE CBOMCTBA aFOMMHHS, 00J1acThb
MIPUMEHEHHUSI ATTFOMUHUSL.

33. CrmuiaBbl QTIOMUHHMS KX CBOMCTBA U 00J1aCTh MPUMEHCHUS.

34.  Ilmactmaccel, uX 00IIasi XapaKTEePUCTUKA U 00JIACTh IPUMEHEHHS.

35. Koppo3zust Metannos, €€ BUABI.

36. dusnueckas CyIlHOCTb XMMUYECKOMN U DJIEKTPOXUMHUYECKOU KOPPO3UU.

37. AKTHBHBIE METOIbI 3aLUTHI METATMYECKUX JETAEH OT KOPPO3UHU.

38.  IlaccuBHBIE METO/BI 3AIIUTHI METAJUTMUECKUX JIETAJIEH OT KOPPO3UHU.

39. TexHonorus npou3BOJCTBA YyT'yHa.

40. TexHOoMOruYecKre CBOMCTBA MAaTEPUAIIOB: KUJKOTEKYUYECTh, yCalKa, CBAPUBAEMOCTD,
00pabaThIBaEMOCTh PE3aHUEM.

41. TexHOMOTUs TUThA: KUJKOTEKYUECTh, YCAJKA U JTUKBAIUs CILJIaBOB.

42. Caapka meTtauioB. dusnyeckasi CylnHOCTh CBAPKH, 00JIaCTh PUMEHEHHS.

43. Knaccudukanus OCHOBHBIX CMOCOOOB CBapkd. JIOCTOMHCTBA U HEIOCTATKH

CBapOYHOTO IPOM3BOJICTBA.
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44.  TexHonorusi 0OpabOTKH MaTEpUAIOB pe3aHueM, 001aCTh MPUMEHEHUSI.
45. Knaccudukanms ”HCTpyMEHTaIbHBIX MaTEPHAJIOB.

[lepeuenp nmpakTHUECKUX 3aJaHNH (3a7a4, HABHIKOB, HOPMATHBOB U T.II.)
JUISL IPOBEICHUS IPOMEXKYTOUYHOH arTecTanuu (B popme 1udhepeHIMpoBaHHOTO 3a4€Ta) 110
UTOTaM OCBOCHHMS AUCIMIUTMHBI «MaTepranoBeeHNE U TEXHOIOTHS MaTePHAIOB)

1. Pacmudpyiite cocTtaB CTanM, ONPEIACIUTE TPYMNNy CTAIA 1O Ha3HAYEHUIO U OOBSICHUTH
BJIMSIHUE JITUPOBaHMS HAa CBOMCTBAa JAaHHOW CTald, Ha3HaybTe M OOOCHOBATH BUIBI U PEKUMBI
TEPMUYECKON U XUMUKO-TEPMHIECKON 00paboTku st ctanmu 15X 0.

2. JIns W3rOTOBJIGHUS TOpPIIHEH [BUTATENell BHYTPEHHErO CropaHus, padOoTaloONMX IpH
temmneparypax 200 — 250°C, ucnons3yercs cmuiaB AJI1. Pacmdpyiite cocraB, OnumuTe pesxuMbl
YIPOYHSIOMIEH TePMHUECKOM 00pabOTKH U KPATKO OOBACHUTD MPUUMHY YIPOUHEHHS.

3. Brynku u3 ctanu 40 nogBeprHyThI 3aKajike: neppas — ot Temneparypsl 740°C, Bropas — oT
temmneparypsl 840°C. Mcnonb3ys auarpammy coctosinus «Fe-Fe3Cy», onpenenuts, kakas U3 3THX
BTYJIOK UMeET 0o0Jiee BHICOKYIO TBEPAOCTh U MOYEMY.

4. Jlnsa neraneil MOXAPHOM TEXHUKH, KOHTAKTHPYIOIIMX C arpecCUBHBIMHM CpENAMH,
ucrnonb3yercs ctanb 20X 13. Pacmudpyiite cocras crany.

5. Jnsg W3rOTOBIEHUS DPEIYKTOPOB, MEPBUYHBIX M BTOPUYHBIX BaJOB KOpPOOOK oTOOpa
MOIITHOCTH TOXapHBIX aBTOMOOMIIeH ucnonb3yercs ctanb 18XI'T. PacmudpyiiTe cocras crany.

6. UyryH umeer cienyromuid (hazoBbiii coctaB: nepiaut — 38%, neMeHTUT (BTOpHYHBIN) — 7%,
nene0yput — 55%. Onpenenurte conepkaHue yriepoja B JaHHOM 4yryHe?

7. Cranp umeer cienyroomuii ¢as3obiii coctaB: depput — 12,5% (cBeTible KpUCTAIUIbI),
nepauT — 87,5% (TemHble KpucTaisl). OnpenenuTe cofepxkaHue yriepoa B JaHHOM cTaiu.

8. Ilo merony bpunenns mnpousBenu OIpEAETICHUE TBEPAOCTH IOBEPXHOCTHOTO CIIOS
3aKAJICHHOTO Bajia IIPHU CIEAYIOIUX pekumax: nuametrp uHaeHtopa D =10 mm, Harpyska P=3000
Kr. B pesynbTare BIaBIMBaHUS MHICHTOpAa B TOBEPXHOCTh Bajla 00pa3zoBalicsi CepuuecKuit
orniedatok quamerpom d = 3,25 mMm. PaccumTaiiTe TBepaOCTh Baja.

9. bponsa bpO3I[12C5 u3roraBnuBarT BOASHYIO allaparypy, MOALIMIHUKA CKOJIbXKEHUS,
3y04arbie Koaéca, MPYXUHBI 1711 TOKapHOW TeXHHUKHU. Pacimudpyiite coctaB OpOH3BI.

CJioBapb TEPMHHOB 10 IMCHUIIIMHE
«MartepuaJjioBeeHUEe M TEXHOJIOTHS MAaTEPHATIOB»

AHM30TpONIUA - OTO pa3iInyue (HEOIWHAKOBOCTb) CBOMCTB cCpeabl B Pa3IMYHBIX
HaIpaBJIEHUSAX BHYTPH 3TOU Cpeabl.

AycTeHHUT (A) - 5T0 TBEPIBII pacTBOp BHeapeHus yriaeponaa (C) B y-xkenese (Fey).

ba3uc kpucrauinyeckoii pemérku (n) - 3T0 KOJUYECTBO aTOMOB, MIPUXOSAIIUXCSA HA OJIHY
AJIEMEHTAPHYIO STYEHKY KPUCTAIIMYECKON PEIIETKH.

BpoHn3bl - 3TO0 OBOIHBIE WM MHOTOKOMIIOHEHTHBIE CILJIaBbl MEIU, OOBIYHO C OJIOBOM B
KauyecTBE OCHOBHOTI'O JIETUPYIOIIET0 KOMIIOHEHTa, HO K OpOH3aM Take OTHOCAT MEJHbIE CIUIaBHI C
ATIOMUHHEM, KpeMHUEM, OepUIIIHEM, CBUHLIOM U JPYTUMHU 3JIEMEHTaMU, 33 UCKIIOYEHUEM [TUHKa

BakaHcust - 5TO OTCYTCTBHE aTOMOB B Yy3JaX KPUCTAIMYECKOW PEIIETKU, <«IbIPKU»
(He3aHAThIE aTOMaMHU MECTa B AUeiKax KPUCTAJUIMYECKOMN PEIIETKH).

BbiHOCAMBOCTD - 3TO CIOCOOHOCTH MaTepuaja BOCHPUHHUMATh MHOTOKpPATHOE JeWCTBHE
MEPEeMEHHbIX  HamnpsHKeHU  (COocOOHOCTh ~ MaTepuana  CONPOTUBIATHCS  MOBTOPHBIM
3HAKOTIEPEMEHHBIM Harpy3Kam).
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Bsi3kocTh - 3TO cnOCOOHOCTH MaTepuana IMOrJoNIaTh MEXaHWYECKYI0 3HEpruio (yaapHble
Harpy3ku), 0e3 pa3pymeHus 1 HapylnIeHHus CIUIOIIHOCTH CTPOSHHUSL.

I'pagutuszanusi - 3TO mpouecc BblIeneHuss rpadura B CBOOOJHOM COCTOSHUHU IIPH
KPUCTAJIIIN3ALMU WIN OXJIAKICHUH YyTyHA.

JABOMHUKOBaHME - 3TO MOBOPOT OJHOM YacTHU KPHUCTAIJIA B IOJOKEHUE CUMMETPUYHOE
OTHOCHUTEIIBHO JAPYTOH €ro 4acTH.

Jedopmanus - 3T0 U3MEHEHHE (GOPMBI M pa3MepOB TeJla MO/ IeHCTBUEM BHEIIHUX HArpy3oK.

Jedgopmanus ynpyrasi - 370 aedopmarysi, KOTopas MOJHOCTBIO MCUE3aeT IMOCTe CHATHS
BBI3BIBAIOIINX €€ HAIPY30K.

Jedopmanusi niaactuyeckasi (ocTaToyHasi) - 3To aedopMaius, KOTopasi MOJHOCTHIO WIIH
YaCTUYHO COXPAHAETC IOCIE MPEKPALLECHUS IEUCTBUS BbI3BABIINX €€ HArPy30K.

JluarpamMma cocTOSIHMSI - 3TO TrpaduuecKkoe M300pakeHHE COCTOSIHUS CHCTEMBI CIUIABOB,
IIOCTPOEHHOE B 3aBUCUMOCTH OT KOHLIEHTPALUU (XUMUYECKOTO COCTaBa) U TEMIIEPATYPHI.

JAuaMarHeTHKH - 3TO BELIECTBA, HAMATHUYWBAIOIIMECS IPOTUB HAINPABICHUS BHELIHETO
MAarHUTHOTO ITOJIS.

Jlucaokanmmu - 3TO JIMHEHHBIE OePEeKThl KPUCTALIMYECKOTO CTPOCHHUS, MPEACTaBIIAIONINE
cO0OH JMHUM, BAOJb U BOJM3M KOTOPBIX HApPYIIEHO XapaKTepHOE Ui KpHCTalla MPaBHIBLHOE
PaCIIOJIOKEHUE ATOMHBIX IUIOCKOCTEH.

Jucnoxkauus (KpaeBas) - 3TO MECTHOE HCKOKEHHME KPUCTALIIMYECKON PEIIETKH, JUHUA,
BJI0JIb KOTOPOW BHYTPU KpHCTaJJIa OOPBIBACTCS Kpail «JIMIITHEH» MOIYIIIOCKOCTH.

JucnouupoBannbiii  (MeiKy3eqbHbIl) aToM - 3TO aToM, BBIIEAINIMK U3  y37a
KPUCTAIUIMYECKOM PEIIETKY U 3aHABIINN MECTO B MEXI0Y3IIUU.

ZKuBy4ecThb - 5TO pa3HOCTb MEXKIY YMCIIOM IIMKJIOB JI0 MOJHOIO pa3pylleHHs] MaTepuaia u
YHUCJIOM LIUKJIOB JI0 TOSIBJIEHUS YCTAJOCTHOU TPEIIUHBI.

N3oTponus (U30TpomHOCTH) - OTO OJMHAKOBOCTH CBOWCTB cpenabl ((pu3mdeckux,
MEXaHMUYECKUX U T.J.) B Pa3JINYHBIX HANPABICHUSIX BHYTPU 3TON CPEIBI.

KBa3u m30TpONHOCTH - 3TO MHHMMas M30TPONHOCTb METAJJIOB, CBSI3aHHAsA C XAOTUYHOM
OpHEHTAaIel KPUCTATUTMIECKUX PEIETOK (3€peH) BHYTPH KpUCTAILIA.

KoMnoHeHTBI cmiiaBa - 3TO XMMMUYECKHE 3JIEMEHTBHI WM HUX YCTOHYMBBIE COEAMHEHHS,
o0pa3yroIue CIUIaB.

KomnonenT cniiaBa (M30bITOYHBINH) - 3TO KOMIIOHEHT CIUIaBa KPUCTAILIM3YIOIIMKUCS 110
00pa30BaHMsI SBTCKTHKH.

Konona - 3T0 0OTpe30K TOpPU3OHTAJIbHOW JIMHUM WM M30TE€pPMa, NPOBEAEHHAs BHYTpU
nByx(a3Hoi 00JacTu AMarpaMMbl COCTOSIHHS JI0 TEPECEUCHHUs C JMHUAMHU TPaHHIl JBYX(pa3HOU
obmacTH.

Koopaunanuonnoe 4ymciao (K ) KpHCTANIMYECKOH pelIeTKH - 3TO YHUCIO aTOMOB,
PAacIioNIOKEHHBIX Ha OJrKaiIeM OMHAKOBOM PACCTOSIHUU OT JIFOOOT0 aToMa B JAHHOM peméTke.

Kpucranausanus - 3To npouecc nepexoja BEIEecTBa U3 KUAKOTO COCTOSHUS B TBEPAOE, IpU
KOTOPOM INPOUCXOAUT 00pa30oBaHUE LIEHTPOB KPUCTAIUIU3ALUH B )KUJKOW (a3e U pocT KPUCTAILIOB
13 00pa30BaBIIMXCS LIEHTPOB KPUCTAIUIU3ALINH.

Kpucraaauyeckass pemérka - 370 BooOpakaeMmas HMpPOCTPaHCTBEHHasl PEHIETKa, B y3Jax
KOTOPOHM pacnojararoTcsi YaCTULBI (aTOMBI, HOHBI), 00Opa3yromue TBEPAOE TEIO U HAXOMAALINECS B
YIOPAI0YEHHOM COCTOSTHUU.
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Kpucraniorpaguyeckoe HampapjJeHHe - 3TO [psMas, MOPOXOASIIAs YEpe3  y3JIbl
KPUCTAIUIMYECKON PEIIETKH.

Kpucraniorpaguyeckass IUIOCKOCTH - 3TO IUIOCKOCTb, IPOXOJSIIasl dYepe3  y3JIbl
KPUCTAIUIMYECKON PEIIETKH.

Kpurnyeckuii pazmep 3apoapilia Npu KPUCTAUIM3ALMU - 3TO MUHHUMAJIBHBIN pa3mep
3apojiblia (KprcTasia), ClioCOOHOTO K aabHEHIIeMy pocTy.

JlaTyHn - 3TO NBOMHBIE WJIM MHOTOKOMIIOHEHTHBIE CIUIaBbI Ha OCHOBE MEIU, OCHOBHBIM
JIETUPYIOLIUM 3JIEMEHTOM KOTOPBIX SIBJISIETCS IIUHK (Zn).

JleneOyput (JI) - 5TO MexaHHWYeCKas HBTEKTHYECKas CMECh (PBTEKTHKA) KPHUCTAJUIOB
aycrenuta A u nemenrura Ll B unrepBaie temnepatyp 727 — 1147°C, u nepauta II (cMm. Huxe) n
nementuTa Ll mpu remneparypax Hike 727°C, conepkamas 4,3% yriuepona (C).

MarHeTism - 3710 (opMa B3aUMOJEHCTBHUA JBIKYIIUXCA AIIEKTPHUUECKUX 3apsi/iOB,
OCYILIECTBIIsIEMAs Ha PACCTOSHUU TOCPEACTBOM MAarHUTHOT'O MOJI.

MaxkpocTpyKTypHBIi (MaKpOoCKONHWYeCKHI) aHAJIM3 - 3TO METOJ] UCCIIE0BAaHUS CTPOEHUS
(CTPYKTYpBI) METAJUIOB U CIUIABOB HEBOOPYKEHHBIM TIJ1a30M WM MpHu HebousboM (10 30 — 50 pasz)
YBEJIMUYEHUHU.

Metajutorpagus — 5T0 HayKa O CTPYKType METaJUIOB U CIIJIABOB.

MarepunanoBegeHue - 3TO HayKa, M3ydarollas CBA3b XHMHUYECKOTO COCTaBa, CTPOCHMS U
CBOMCTB MaTepHaJIOB MPU PA3IMUHBIX TEPMOJANHAMUYECKUX YCIOBUSX.

MukpocTpykTypHblii (MHKPOCKONHMYECKH) aHAJAM3 - 3TO METOJA HCCIIEI0BaHUS
BHYTPEHHEro  CTpoeHus  (MUKpPOCTPYKTYpbl)  METAUIOB M CIUIABOB € ITOMOIIBIO
MeTauIorpagpuuecKux MUKPOCKOIIOB MpH yBenndenuu ot 50 1o 2000 pas.

MuKpOCTPYKTYypa - 3TO BHYTpEHHEE CTPOCHHME METajula, HalJI0JaeMoe C IOMOIIbIO
ONTUYECKUX MUKPOCKOIIOB.

MexaHu4ecKHe CBOWCTBA MATEPHAJIOB - 3TO CBONCTBA, XapaKTEPU3YIOIIHE CIOCOOHOCTh
MaTepuasa COIpOTUBIIATHCS IEHCTBUIO TEX UM UHBIX BHELITHUX HAarpy3oK, HE pa3pyliasch.

MexaHu4ecKHe CMeCH - 3TO BHJIbI CILUIaBOB, KOTOpPhIE 00pa3yloTCsd MEXIY KOMIOHEHTaMH
CWJIBHO DAa3JIMYaOUIMMCS 1O CTPOEHUIO U CBOMCTBaM, €CIM CHIa B3aUMOJAEHUCTBUS MEXKAY
OJHOPOJHBIMH aTOMaMHU OOJIbIIE YeM MEXAy pa3HOPOIHBIMH a TakXe B Clydae, Korua
COCTABIISIIOLIME CIUIAB KOMIIOHEHTHI HE CIIOCOOHBI K B3aUMHOMY pPacTBOPEHHUIO B TBEPIOM
COCTOSSHUM M HE BCTYNAIOT B XHMHMYECKHE B3aUMOJEHCTBHS C OOpa30BaHHMEM XHMHYECKHX
COCIMHECHUM.

MoaudunupoBanue cnjaaBa - 3To A00aBJICHHUE B KUAKUN METAUI CIICIUATBHBIX JOOABOK -
MOJU(UKATOPOB, KOTOPHIE YBETUYMUBAIOT YUCIIO [IEHTPOB KPUCTAJUIM3ALUHN U YMEHBIIAIOT CKOPOCTh
pocTa KpUCTAJLIOB.

Haknén - sT0 sBIEHHE YNPOYHEHHS] METAIJIOB M CIUIABOB B CIIEICTBUE W3MEHEHUS MX
CTPYKTYpbl B TIpoIlecce IUIaCTHYeCKOW aedopManuu IpH TEMIIEpaType HIDKE TeMIepaTypbl
pEeKpecTauIU3aIiY.

Hanpsixenue - 3To cuiia, IEHCTBYOIas Ha €AMHMILY IJIOLIAAM IONEPEYHOTO CEUEHUs
JeTaIu.

OTHocHuTebHOE CyskeHHe (YY) - 3TO OTHOLICHWE YMEHBUIECHUS IUIOMIAIA MOMNEPEYHOTro
ceueHust oopasna AF nocie paspbiBa k HauanbHO# miomanu FO nonepeunoro ceuenus, [%].
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OTHocHTeIbHOE YVIMHeHHEe(g) - 3TO OTHOIICHHUE MpUpAIeHHs] pacuEéTHON ITMHBI 00pasia
II0CJIE pa3pblBa K €ro NepBOHAYAIbHON pacu€THOM AnuHeE, [%].

OtpakaTrenbHasi CNOCOOHOCTH - 3TO CHOCOOHOCTh METala OTPa)kaTh CBETOBBIE BOJHBI
OIPEJIETICHHON JIMHBI, KOTOPasi BOCIIPUHUMAETCS YEJIOBEYECKHUM I1a30M KaK IBET.

ITapamMarHeTHuKkn - 3TO BELIECTBA, KOTOPHIE HAMAarHUYMBAIOTCS BO BHEIIHEM MarHUTHOM
[I0JIE B HANpaBJICHUM BHEIIHETO MAarHUTHOIO IOJII W HMMEIOT IOJIOKHUTEIbHYI0 MAarHUTHYIO
BOCIIPUUMYHUBOCTb.

Ilepeoxnaxxnenue pacnjiaBa ((KMAKOCTH) - 3TO OXJAXKJICHUE KXUIKOCTU (pacIijlaBa) HUKE
PaBHOBECHOM TeMIEpPaTypbl KPUCTAIU3ALNH.

Ilepuoa kpucTaNIHYeCKOH PEIETKH - 3TO PACCTOSHUE MEXIY LEHTpaMHu OrpKalimx
aTOMOB.

IliaBaeHue - 3TO NpoLECC NepeEXoaa TBEPABIX TEN B KUJIKOE COCTOSIHUE, IIPU ONPEICIEHHOM,
3aBUCSILIEH OT JaBIICHUs TEMIIepaType.

II1acTHYHOCTL - 3TO CBOWMCTBO MAaTEPHUANIOB IIOJHOCTBKO MM YaCTUYHO COXPaHATH
neopManuy TOCIe CHATHS HAarpy3oK, KOTOpble WX BBI3BaJIM, 0€3 HApYIIEHUS LEIOCTHOCTU
CTPOECHHUS.

ILnacTuyeckoe ae)OpMHPOBAHHE - DOTO BO3MOXHOCTb  CKOJIBXCHUS  Pa3/IMYHBIX
KpUCTAUTOrpaUuecKnx IUIOCKOCTEH Jpyr OTHOCHTENBbHO Jpyra 0€3 MOTEepHU CBSI3H MEXIY
aTOMaMH.

I110THOCTH YNAKOBKM aTOMOB B KPHCTAJUIMYECKOH pemérke - 3T0 00BEM, 3aHSTHIN
aTOMaMH B OJHOM 3JIEMEHTApPHOU A4EHKE, KOTOPBIE YCIOBHO PACCMATPUBAIOTCS KaK KECTKUE ILIAPHI.

IloBepXHOCTHBINH Ae(PeKT KPUCTAINYECKOr0 CTPOEHHs - 3TO IOBEPXHOCTh pasjela
MEXy OTJCIBHBIMU KPUCTAIIJIAMU MIIA UX OJIOKaMHU.

Ios3yyecTh - 3TO MeJUIeHHas IacThyeckas Jedopmanus MaTepuasia MoJ JACHCTBUEM
MOCTOSIHHOM Harpy3kH, OOJbIleH npenena ynpyrocTy pH JaHHOM TeMIeparype.

IHonumopdu3M - 5TO BO3MOKHOCTb CYILECTBOBAaHUSA OIHOIO U TOIO K€ XMMHYECKOIO
3JIEMEHTa B HECKOJIBKHX KpHcTasiorpapuueckux (GopMax B 3aBUCHMOCTH OT BHEIIHUX YCIOBUH
(maBieHue, TeMIepaTypa).

IIpenen TekyyecTM - 3TO MEXaHMYECKas XapaKTEpUCTUKAa MaTepuasa, XapaKTepU3yHollas
HanpsDKEHUE, IPH KOTOPOM JiehopMaIiy MPOAOIDKAIOT pacTu 0e3 yBEIMUEeHUs Harpy3KH.

Ilpenes BBIHOCAMBOCTH - 3TO MaKCHUMaJIbHOE HANpPsIKEHUE IMKJIA, NIPH KOTOPOM HE
MPOUCXOIUT YCTAJIOCTHOTO paspylleHus oOpas3la M3 JAAHHOTO Marepuana IOocie MPOU3BOJIEHO
OO0JIBIIIOTO YKCIIA ITUKIOB HArPY>KEHUSI.

IIpenes MPOYHOCTH - OTO MEXAaHUYECKOE HANPSLKEHUE , BBIMIE KOTOPOIO IIPOUCXOIUT
paspylueHre Marepuana. T. €. mpeaes IpoYHOCTH €CTh IIOPOroBasl BEJIUYMHA, IIPEBBIIIAasi KOTOPYIO
MEXaHUYECKOE HAIIPSHKECHUE PA3PYLIUT HEKOE TEJIO U3 KOHKPETHOIO MaTepuaia.

IIpenes mponopuHOHAIBHOCTH - 3TO MaKCUMaJIbHAasl BEJIMYMHA HANPSKEHUS, IPH KOTOPOM
emé BBIMONHACTCA 3aKoH ['yKa, To ecTh Aedopmarus Tena IpsMo MPONOPIHOHAIBHA TPUII0KEHHON
Harpyske (cuie).

IIpenen ynpyrocTu matepuajia - 3T0 HauOoOJblIee HANPSHKEHUE, P KOTOPOM OCTaTOYHOE
yniauHeHnue obpasua nocruraetr 0,05% ot ero nepBoHaYaIbHOM PAaCYETHOM UIUHBL.

IIpumecn (CneumanbHble) - 3TO MNPUMECH, KOTOpPHIE CIECHHAIBHO BBOISTCS B CTalb IJIs

MOJTyYeHHUS 33JJaHHBIX (PU3UKO-MEXAHUYECKUX CBOMCTB.
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IIpoyHocTs, - 3TO CBOWCTBO Marepuana, XapaKTEepU3ylollee €ero  CIOCOOHOCTb
COIIPOTHUBIIATHCS 1ehOpMaLUSIM U pa3pyIICHUIO.

IlceBaocniiaBbl - 3TO CIUIABBI MTOJTYYEHHBIE METOJIAMU CIIEKaHUSs, JJIIEKTPOIN3a, BOSTOHKH.

Paspymienue - 5T0 mpouecc 3apoXkACHUS U Pa3BUTHUS B METaJUIe TPEIIMH, MPUBOISIINN K
pa3JeNIEHUIO €ro Ha YacTH.

PaspymieHne HMHTEPKPHCTAJIMTHOE - 3TO IIPOLIECC PACHPOCTPAHEHMsI TPEIIMHBI 110
rpaHuLaM 3€peH (Bceraa Xpymnkoe pa3pyLieHHe).

Pa3pymenne TPaHCKPHCTAJUIMTHOE - 3TO IPOLECC PACIpPOCTPAHEHUS! TPELIUHBI MO TEIY
3epHa (KpucTauia).

Pexpucranauzanmsa - 3To mporecc oOpa3oBaHHs W pocTa (WM TOJNBKO pPOCTa) OJHUX
KPUCTATNYECKHX 3¢peH (KPUCTALTUTOB) MOJUKPUCTAIIIA 32 CUET IpyTruX (has.

CBoOoaHast JHeprust CUCTEMBbI - 3TO TakKasl COCTaBJIAIOLIasi BHYTPEHHEN SHEPTUU CUCTEMBI,
KOTOpasi B U30TEPMUUYECKUX YCIIOBUSIX MOXET OBITh MPEBpAIlieHa B paboTYy.

Cucrema - TO TPYIINA TE WU BEIMIECTB, BhIIEIsIeMast ISl HAOTIOACHHS U U3YICHHUS.

CucreMa CIIaBOB - OTO COBOKYIMHOCTH OECKOHEYHO OOJBIIOrO0 YHCIA CIUIABOB,
00pa30BaHHBIX CIUIABISIEMBIMA METaUIaMd (W/WIM HEMETaJUIaMH) B JHMAaNa3oHe KOHIEHTPAIUU
KakJ0ro criiaBisgemoro kommnonenta ot 0 7o 100% (macc.).

CkopocTh pocTa KPUCTAJLIOB - 3TO CKOPOCTh YBEJIMUEHUS JIMHEHHBIX pa3MEepOB KPUCTAILIA,
[MM/c] mu [MM/MUH].

CkpbITasi TeIIOTA KPHUCTAUIM3ANMUM - 3TO KOJIMYECTBO TEIUJIOTH BBIACIAIONIASCS B
OKPY’KAIOIIYIO Cpey NPU KPUCTAJUIM3ALMK METalIa (CIljIaBa).

CmiaBbl - 3TO  CIOXHBIE 1O COCTaBY CHUCTEMbl (BEILECTBA), MOJydyaeMble B pPE3yJbTaTe
CIUTAaBIICHUS IBYX MU HECKOJBKHUX METAIJIOB, THOO METaNIOB C HEKOTOPHIMU HEMETAJIAMHU.

CmiaB  MeTaUIM4eCKMd - 3TO CIUIaB, [PUTOTOBJIEHHBIM MPEUMYIIECTBEHHO U3
METATUYECKUX JIEMEHTOB M 00JIaJA0IIHi METALTMIECKUMHU CBOWCTBAMHU.

Crajb - 310 cruiaB Ha ocHoBe xkenesa (Fe) u yrinepona (C), ¢ conepkanuem yriepona (C) He
oonee 2,14% (macc.).

Craab (JlermpoBaHHasi) - 3TO CTaib, KOTOpas, KPOME OOBIYHBIX MPUMECEH, COACPKHUT
AJIEMEHTHI, CHEIMAIILHO BBOJIUMBIC B OMPEACIEHHBIX KOJIWYECTBAX I OOeCeueHus: TpeOyeMbIX
(U3MYECKUX WM MEXaHUIECKUX CBOUCTB. DTH 3JIEMEHTHI Ha3bIBAIOTCS JIETHPYIOIIUMHU.

Cranu (Yriaepoaucrsie) - 5To ciuiaBsl xenesa (Fe) ¢ yrnepogom (C), cogepxkammume no 2,14%
yriepoza (C) u HebosbII0e KOJIMYECTBO IPYTHUX AIIEMEHTOB, TaK HAa3bIBAEMBIX, CKPBITHIX IIpUMecen
(mapranen, kpemHuii, Gocdop, cepy, BOIOPOI, a30T, KUCIOPOI).

TBépaocThb - 3TO CIOCOOHOCTH MaTepualia CONPOTHUBIIATHCS IPOHUKHOBEHHUIO B HETO JIPYroro,
0osee TBEpAOro MaTepuana (Tena).

TBépable pacTBOPHI - 3TO BHUJIBI CIUIABOB, COCTOSIINE U3 JABYX MM 00Jiee KOMIIOHEHTOB, B
KOTOPBIX AaTOMbl PAaCTBOPUMOTO KOMIIOHEHTA pacIojaraloTcsi B KPUCTAUIMYECKOW peIIETKe
OCHOBHOT'O KOMITOHEHTA (PaCTBOPHUTEIIS).

TemnepaTtypa mjiaBjieHHsl - 3TO (U3MYECKas BEIMYWHA, XapaKTEPHU3YIOIIas IMepexo]
MeTaJljIa U3 TBEPJOT0 COCTOSHHUS B KUAKOE.

Teny10éMKOCTH - 3TO CIOCOOHOCTH MaTepuana MpH HarpeBaHWU MOTJIOIIATH OINpPeNeNIEHHOE

KOJIMYCCTBO TCIJI4, @ TP OCTbIBAHWUU €TI0 OTAaBaTh.
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TennonpoBoAHOCTL - 3TO BEIMYMHA, XapaKTEPU3YIOLIAs CKOPOCTh NEpeNauyd TEIIOBOM
SHEPruu OT OJHOM YacTh Teja K APYroi (MOJEKYJISpHBIA MEPEHOC TEIUIOTH B CIUIOIIHOM Cpene,
00yCIIOBJICHHBIN HANWYKEM TpanueHTa Temneparypsl), (kBt/m-°C) (wmu x/m-c-K).

Tepmuyecknii aHAJIU3 - 3TO METOJl UCCIIEI0BAaHUS IpoLecca KPUCTAIUIM3ALUU METAIJIOB U
CIJIABOB COCTOSIIIUI B ONPEACTICHUN KPUTUYECKUX TOUYEK U TeMIIepaTyp (a3zoBbIX MPEBpAILCHH.

Tepmonapa - 5To ycTpONWCTBO IJIs1 U3MEPEHUS TEMIIEPATYPBI, COCTOSIIEE U3 ABYX IPOBOJIOK
(IByX TEpMOSJEKTPOIOB) M3 PAa3HOPOAHBIX METAUIOB (CIUIaBOB), OOJIAAIONIUX pa3HOU
ANEKTPOOTPHULATEIBLHOCTBIO, CIIASHHBIX HA OJHOM KOHIIE

Yrpyrocrp - 3T0 CIOCOOHOCTH TeJia BOCCTAHABIUBATH MEPBOHAYAIBHYIO (OPMY M pa3Mepsbl
nocJye MpeKpalleHus 1eHCTBHS BHEIIHUX HAarpy30K, BBI3BIBAIOIINX €T0 Ae(opMariuio.

Yeranocrs - 3TO npoliece MOCTENEHHOIO HAKOIIEHUS TOBPEKICHUN MaTepuaia AeTaal WK
AJIEMEHTAa KOHCTPYKLMM TOJ JEHCTBHEM IOBTOPHO-IIEPEMEHHBIX HAINPSHKEHWM, NMPUBOASIIUX K
00pa30BaHMIO U PA3BUTHIO YCTAIOCTHBIX TPEIIKH.

YeranocTHasi 10JITOBEYHOCTh - YHCIO IIUKJIOB HAarpykeHuss MaTepuaia oOpasma mepen
paspylLIeHHEM NP 33JaHHOM HalpsKEHUH.

®a3a - 3T0 OJTHOPO/HAS YaCTh CUCTEMBbI, UMEIOIIAsl TPaHMIly pas3zeiia, IpH MepeXoe depes
KOTOPYIO CBOWCTBA PE3KO U3MEHSIOTCA.

®eppur - 370 TBEPABINA pacTBOp BHeApeHUs yriaepoaa (C) B a-xenese (Fea).

@eppoMarHeTMKH - 3TO BEIIECTBO, KOTOpoe (Ipu TemrmepaType Huxke Touku Kropn)
CIOCOOHO 001a7aTh HAMarHMYE€HHOCTHIO B OTCYTCTBHE BHEIIHETO MAarHUTHOTO TOJIS.

@DJI0KeHBI - 3TO TOHKUE TPEUIMHBI OBATBHOM WM OKPYTIIOH (OPMBI B CTPYKTYpE CTaIIH.

®parmentanus (Ilosmronmsanusi) - 370  mporecc aeneHuss 3€peH (KpUCTauIoB) Ha
(bparMeHTHlI.

XuMHUYecKHe COeIMHEHHs - 5TO BUBI CIUIABOB, KOTOPBIE 00pa3yloTCs MEXIY dJIEMEHTaMH,
3HAUUTENIBHO Pa3IMYalOIMMUCS 10 CTPOCHHUIO U CBOWMCTBAM, €CIM CHUJIa B3aUMOJEHCTBUS MEXKIY
Pa3HOPOJHBIMHU aTOMaMH OOJIBIIIE, YeM MEXIY OJHOPOJIHBIMH.

XpyHKOCTh — 3TO CBOWCTBO MaTepuaia pa3pyliaThes MpU HEOOIBIIOH (MIPEUMYIIECTBEHHO
yrpyroit) aedopmarnuu moj ASWCTBUEM HaNpsHKEHUH, CpEHUN YPOBEHb KOTOPBIX HUXKE Ipeena
TEKY4ECTH.

LemenTur — 570 XMMHUecKoe coenunenue xene3a (Fe) ¢ yrmepomom (C) (kapbua xenesa
(Fe3C)), conepxamee 6,67% yranepona (C).

LleHTpbl KPUCTANIM3AUMH - 3TO MAaJCHbKHE KPUCTAJUIMKH, OOpPa3yIOIIMECs B JKUIAKOM
MeTajule (pacijiaBe) NP COOTBETCTBYIOLIEM IOHIKEHMM TeMIIepaTypsl (Hadajlo mporecca
KpUCTAJIJIN3aLlUU METAIIA).

UYucao cremeHedl c¢Bo0oaAbl cucreMbl (BapMaHTHOCTB) — 3TO YHCIO HE3aBUCUMBIX
NEPEMEHHBIX NapaMeTpoB ( TeMIleparypa, JaBlieHHE, KOHIICHTpALus CIUIaBa), KOTOPhIE MOYHO
U3MEHSTh B ONPEEIEHHBIX IIpeienax, He Hapyllasi paBHOBECHUS CUCTEMBI.

Yyrynsl - 510 cruiassl xkenes3a (Fe) ¢ yrmeponom (C), ¢ conepxanuem yraepoaa (C) ot 2,14%
1o 6,67% (Macc.).

Yyrynsl (beable) - 310 4yryHsl, Kpucramuimsyroumecs no auarpamme «Fe-Fe3C», B
KOTOPBIX BECh yriepo] (Wi OOiblIasi €ro 4acTh) HAXOIUTCS B XUMHUYECKU CBSI3aHHOM C JKEJIe30M

cocrostium B Buje riemenTuta (Fe3C).
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Yyryusi(Cepble) - 3TO UyryHBI, KpUCTaJUIM3YIOLIHecs Mo auarpamme <«okene3o (Fe) —
rpadur (C)», B KoTOpbiX OOmbmias dacTh yriepoaa (C) HaXOAWTCS B CTPYKTYPHO-CBOOOIHOM
COCTOSIHUM — B BuJie BKItoueHuit rpagura (C).

Yyrynsl (BbicokonmpouyHble) - 3TO YYryHBl C IIApOBUAHON (BEpMHUKYISIpHOU) (opmoit
rpadUTHBIX BKIIOYCHUH.

Yyryns! (KoBKHeE) - 3T0 4yT'yHBI C XJIONBEBUIHON (HOPMOIA TpaUTHBIX BKIIOUECHUI.

Yyrynsl (Cepble 00bIKHOBEHHBbIE) - 3TO YYTYHBI ¢ (OpPMOIl rpadUTHBIX BKIIOUEHHUH B BHUJIE
M30THYTBIX TUIACTUHOK.

JIBTEKTHKA - DJ3TO MEXaHM4YecKas CMeCh JBYX BHUAOB pPa3HOPOAHBIX KpPUCTAJIOB,
OJIHOBPEMEHHO KPHUCTAJUIU3YIOIIUXCA IIPU IIOCTOSHHOW TeMIeparype, MUHUMAaJIbHOW I BCEU
CHCTEMBI CINIABOB, UMEIOIIAsl TIOCTOSHHBIN KOJMYECTBEHHBIN COCTaB KOMIIOHEHTOB.

DJIEKTPOIHBIA MOTEHIHAJ MeTaJia (CTaHJAAPTHBIN) - 3TO KOJUYECTBEHHAas
XapaKTepUCTHKA XUMUYECKOW aKTUBHOCTH METAJUIOB.

DJieMeHTapHas siueifka - 3TO DJIIEMEHT 00BhEMA, COCTOSANINI M3 MUHHUMAILHOTO KOJINYECTBA
aTOMOB, XapaKTEPU3YIOLINNA MPOCTPAHCTBEHHOE PACIIOJIOKEHUE UX KPUCTAIINYECKON PEIIETKH.
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