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MeToaudeckne pPEKOMEHIAIMK JJIsi CaMOCTOSITEIbHOW paboThl  00yJarOIIUXCSI
10 TUCITUIUINHE «MaTepraloBeICHHE U TEXHOJIOTHS MaTepUaIoBy (Jaliee —MEeTOAMUECKIe
pekoMmeHaanuu) no HanpariaeHuto noarotoBku 20.03.01 TexuocdepHas 6e30mMacHOCTD
npoduis «lloxapuas 6ezonacHocts» — MBanoso: UIICA I'TIC MUC Poccuu, 2024.— 50
C.

MeTtonuueckre PpEeKOMEHJALMHM COJEPKAT KPaTKOE€ M3JI0KEHHE JIUCLUILIMHBI
«MarepuanoBeiecHUE M TEXHOJOTHUS MaTEepUaJOB» B COOTBETCTBUM C TpPEOOBaHUSAIMU
denepalibHOTO TOCYJAPCTBEHHOTO 00pa30BaTEIbHOTO CTaHJapTa BHICIIETO0 00pa30BaHuUs —
OakanaBpuaT mo HampaieHuto noarotoBku 20.03.01 Texnochepnas 6e30macHOCTb U
OCHOBHOM Npo(ecCHOHaIbHOM 00pa30BaTEIbHOI MPOrpaMMbl BBICIIETO 0Opa30BaHUs IO
HanpasieHuto moarotoBku 20.03.01 TexHocdepHass 06e30MacCHOCTb, COBETHI IO
IUIAaHWPOBAHUIO M OpraHM3allid BPEMEHH, HEOOXOJUMOro Ha HM3y4YEHHE TUCIUIUIMHBI,
NOKEJIAHUS 10 M3YYECHMIO OTIEIBHBIX TEM Kypca, PEKOMEHJALWU IO MCIOJIb30BAHUIO
MaTepuajgoB y4yeOHO-METOJUYECKOrO0 KOMIUIEKCAa, pEeKOMEHJalMu 1o pabore cC
JIUTEPATYPOU; COBETHI IO IMOATOTOBKE K POMEKYTOYHON aTTECTALIUN.

MeTtonnueckre peKOMEHAAMN PACCMOTPEHBI Ha 3acelaHuu Kadeapbl MEXaHHKH,
peMoHTa u neranei MamuH (B coctaBe YHK «lloxapotymieHuey).
[Ipotokon No_ oT«___ » 2024 1.

Metoauueckue peKOMeHIaMu 00CYKIeHbl U 0J00pEHbI Ha 3aceJaHUU METOJIMKO-
nearoruyeckoro copera MBaHOBCKOM moxkapHoO-cracaTenbHor akaaemuun [TIC MUC
Poccun.

[TpoTokonm Ne « ~ » oT «  » 2024 r.

© UIICA I'TIC MYC Poccun, 2024
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BBenenue

Jucuunnuza «MatepuanoBeieHHe U TEXHOJIOTHS MAaTEPHAJIOB» OTHOCUTCS K YUCITY
OCHOBOIOJAramux y4eOHbIX IUCHMIUIMH. OTO CBS3aHO IPEXJE BCErO C TEM, YTO
HoJlyuyeHue, pa3paboTKa HOBBIX MaTEpHUaIOB, TEXHOJIOTMUYECKHUE CHOCOOBI X 00pabOTKU
ABJIIIOTCSL OCHOBOW COBPEMEHHOTI'O ITPOU3BOJICTBA U YPOBHEM CBOETO Pa3BUTHS BO MHOI'OM
ONpEAENSAI0T  HAYYHO-TEXHHYECKMI M HKOHOMHUYECKMH  IMOTEHLIMAd  CTPAHBI.
[IpoekTupoBaHue pPALMOHAIBHBIX, KOHKYPEHTOCIOCOOHBIX W3JEINM, OpraHu3alus Hux
IPOU3BOJICTBA HEBO3MOXHBI 0€3 JIOJDKHOIO TEXHOJOIMYECKOro oOecledeHus Hu
JOCTATOYHOTO YPOBHS 3HaHUW B 00JIACTH MAaTEPUATIOBEICHHS U TEXHOJIOIMH MaTEPHAIIOB.

MarepuanoBeieHue — 3TO HayKa, M3ydarolas CBs3b XMMHUYECKOIO COCTaBa,
CTPOEHHUS U CBOMCTB MaTE€pPUAJIOB IPU PA3IMYHBIX TEPMOJAHMHAMUYECKUX YCIOBHSIX.

OCHOBHOM LENBI0 HAyKHM MAaTEpPUANIOBEICHUE SBJSIETCS HAy4YHO OOOCHOBaHHAs
pEeKOMEHJaluss M ONTUMAJIbHBIA BbIOOp (MM pa3paboTka) TOro WJIA HMHOIO
KOHCTPYKL[MOHHOI'O WJIA HMHCTPYMEHTAJIBHOIO MaTepHajlia Uil KOHKPETHBIX JeTajei
TEXHUYECKUX OOBEKTOB M COOPYKEHUH, pabOTalOIMX MPU Pa3IUYHbIX TEMIEPATYPHBIX U
HArpy304HbIX PEKUMax B Pa3IUYHbIX CPEIaX.

TexHonorus MarepuagoB SBISETCS KOMIUIEKCHOM Y4eOHOM NHCUUMIUIMHOM, B
KOTOPOW paccMaTpUBAIOTCSI OCHOBHBIE CBEJICHUS O CIOCOOAaX MPOU3BOJCTBA MAaTEPHUAJIOB
pPa3IMYHOTO Ha3HAYEHHsT UM UX OO0pabOTKM C LENbi0 MOJYy4YeHUs W3 HHUX JeTalied
onpenen€éHHOW  KOH(UrypalMu €  3aJaHHBIMM  CBOMCTBaMH, NPHUTOAHBIX IS
WCIIOJIb30BaHUS B PA3JIMYHBIX MAlIMHAX, MEXaHU3MAX U KOHCTPYKIIHUSX.
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MeToauueckue PCKOMECHIALUMNHA 110 U3YYCHHUIO TEM TUCIHUIIJIHHBI

Tema 1. Kpucraniudeckoe cTpoeHHE MATEPHATIOB

BOHpOC 1. HeconepmeHCTBa KPUCTAJNJIHYECCKOT0 CTPOCHUA

Mertannel ¥ CIUIaBbl, NOJYYEHHbIE B OOBIYHBIX YCJIOBHUSX, COCTOST W3 OOJIBLIOIO KOJUYECTBA
KPUCTAJIJIOB, TO €CTh, UMEIOT MOJIMKPUCTAIINYECKOE CTPOEHUE. DTU KPUCTAIIBl HA3bIBAIOTCS 3EpHAMM.
OHM MMEIOT HENPAaBUIIbHYIO (JOPMY U pa3IMYHO OPUEHTUPOBAHBI B IpocTpaHcTBe. Kaxnoe 3epHO nmeer
CBOIO OPHEHTHUPOBKY KPHUCTAJUIMYECKOM PEIIETKH, OTIMYHYK0 OT OPUEHTHUPOBKU COCEIHHMX 3EpEH,
BCJIEJICTBHE YEr0 CBOWCTBA PEalbHbIX METAJUIOB (KaK KPUCTAJUIMYECKHX TEJl) YCPEIHSIOTCS, U SIBICHUS
AQHM30TPOIHNH HE HAOIIOIAeTCS.

B  kpucramimyeckoil pemérke pealbHbIX METAIOB MMEIOTCS  pasiuuHble  Ae(eKTs
(HECOBEpILIEHCTBA, HAPYLIECHUS] CTPOrOro PACIIOJIOKEHHsS] aTOMOB), KOTOpPbIE HApyIIAIOT CBA3HM MEXAY
aTOMaMU U OKa3bIBAaIOT BJIMSHHAE HA CBOWCTBA METAJLIOB.

IIo reomerpH4yecKMM NPH3HAKAM Pa3jMYAOT CJIelYIOLIHe CTPYKTYPHbIE HeCOBEpPLIEHCTBA
(mepeKThl) KPUCTAVIHYECKOTO CTPOEHMSI:
1) moueunvie — masbie BO BceX TPEX U3MEPCHUSX;
2) 1uHeliHble — MaJlble B IByX U3MEPEHHSX U CKOJIb YTOJHO MPOTSHKEHHBIC
B TPETHEM;
3) nogepxHocmHvie — Malibie B OJHOM U3MEPCHHU.

TouyeuHble fedeKThI

Toueunble AeQeKThl SBISIOTCS OAHMMH U3 HanOoliee paclpoCTpaHEHHBIX HECOBEPIICHCTB
KPUCTANTMYECKOTO CTPOSHUsI MeTaioB. K TodeuHbIM ned)eKTaM OTHOCSATCS: BaKAaHCHH, MEXKY3CIbHBIC
(TUCTOIMPOBAHHbBIC) ATOMBI, HAJTMYHUE B Y371aX KPUCTAJUTHUECKON PEmIETKH aTOMOB npuMecei (puc. 1).

Bakancus — 3T0 OTCYTCTBHE aTOMOB B y3/1aX KPUCTAJUTMUECKOM PEIIETKH, «IBIPKU» (HE3aHSITHIC
aTOMaMH MECTa B siUCHKaX KPUCTATMUYCCKOM pemérku) (puc. 1a).

OOpa3yroTcs BakaHCHM IPU MEPEXO0JI€ aTOMOB C MOBEPXHOCTU B OKPY’KAIOLIYIO CPEly WU M3
y3J0B PEHIETKH Ha TMOBEPXHOCTh (TpaHUIBI 3EpPEeH, MYyCTOTHI, TPEUIMHBI M T.[.), B pe3yJbTaTe
MJIaCTUYEeCKON nedopmainiuu, mpu OOMOapIUPOBKE Tejda aTOMaMHM WM YaCTUIIAMH BBICOKMX SHEPTUi
(obmydyeHre B IHMKJIOTPOHE WJIM HEUTPOHHOE OOIydYeHHE B SACPHOM peakTope). Uucino BakaHCHA
YBEITMYUBAETCS C TIOBBIIICHHEM TEMIIEPATyphl, TP 00pabOTKe /aBlieHHeM, OOJyYeHUH U JIPYTUX BUIAX
Bo3eicTBUS. CKOIUIEHHE MHOTUX BaKaHCHI MOKET MPUBECTH K 00OPa30BaHUIO MOP U MYCTOT.

Puc. 1. Toueunsle nedeKThI.

Amombl npumeceli (IpUMECHBIE aTOMBI) BCET/1a MPUCYTCTBYIOT B METaJlIe, TaK KaK MPAKTUYECKH
HEBO3MOXXHO BBIIUIABUTh XMUMHMUYECKH YUCTHIM MeTaul. OHM pacroiaraloTcs B y3jaX PpemeéTrkd WiH
MEKA0Y3JIHSIX © MOTYT UMETh pa3Mephl OOJIbIIE HIIH MEHBIIIE pa3MEPOB OCHOBHBIX aToMOB (puc. 16, 16).

Hucnoyuposannoiii  (Mescyzenvbuvitl) amom — 3TO aTOM, BBINICAINIMNA W3 y3j1a PEMETKA U
3aHSBLIMHM MecTO B MexJ0y3iue (puc. 16). Mexy3enbHble AeeKThl 00pa3yloTcsi B pe3ysbTaTe nepexonia
aToMa U3 y3Ja B MeXY3JIie KpUCTAIIINYECKON PEelIETKH.

Todeunsle AeQeKTbl BbHI3BIBAIOT BHYTPEHHHE HAINPSDKEHUS M HE3HAUUTENbHBIE HCKaXEHHUS
KPUCTAIJINYECKON pEIETKH, 4YTO MPUBOAUT K H3MEHEHHIO (U3MKO-MEXaHMYEeCKUX CBOWCTB Teja
(IpOYHOCTH, ANEKTPONPOBOIHOCTH, MATHUTHBIX CBOMCTB U T. 11.).
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JIuHeitHbIe 1e(eKThI

OCHOBHBIMU JINHEHHBIMU J€PEKTAMU SABJISIFOTCS JUCIOKALIUH.

Hucnoxkayuu — 3TO JTUHEHHBIE Ne(PEKThl KPHUCTAUIMIECKOTO0 CTPOEHHS, IpeACTaBIsAIoIue co0on
JMHUHU, BJIOJb U BOJIM3M KOTOPBIX HApYyLIEHO XapaKTEpHOE JUIsl KpHCTallja IMPaBUIbHOE PACIOIOKEHHE
aTOMHBIX IUIOCKOCTEH (puc. 2). J[nst nucnokanuii XxapakTepHo HaJIM4Ke JUITHIX aTOMOB, HAXO/SIIUXCS B
MEXI0Y3JIHAX.

Pa3nuuarot 1Ba BUaa TUCIOKaNUi — Kpaegvie U uHmogvle (CM. puc. 2).

Kpaesas oucnoxayus npepncraBiseT co0OW MECTHOE HCKaXKEHHE KPUCTAIMYECKOH pPelETKH,
JIMHUIO, BJIOJb KOTOPOH BHYTPH KpHUCTa/lla OOpBIBACTCS Kpail «JIMIIHEH» MOJIYIUIOCKOCTH (puc. 2,).
HermosHast m1ockocTh Ha3bIBACTCS IKCMPAnIockocmuio (puc. 20).

—t—. .-“\“__" g
-~
'_‘k""\::l‘““w.____
-
a) e 6)
Puc. 2. lucnokanuu: a- KpaeBasi; Puc. 3. Mexanu3m o0pa3oBaHus
0- SKCTPAIIOCKOCTb. BUHTOBOM JUCIIOKAITNH.

Bunmosas oucnoxkayus o0pazyercs nIpy IOMOIIY YaCTUYHOTO CIIBUTA KPUCTAJIA TI0 TUIOCKOCTH Q
Bokpyr jinmHuu EF (puc. 3) Ha noBepxHoctu kpucrania oOpa3yercs CTyleHbKa, MPOXOAsIas OT TOUKH £
N0 Kpas KpucTtaya. Takod 4aCTUYHBIM CHBUI HApyLIAeT NApaJuleIbHOCTh aTOMHBIX CIOEB, KPUCTAJUI
MpeBpallaeTcs B OJHY aTOMHYIO TUIOCKOCTb, 3aKPYYEHHYIO TI0 BUHTY B BHJIE TOJIOTO T'EIMKOUA BOKPYT
muann EF, koTopas mpeacramisier rpaHHMIly, OTACISIONIYIO YacTh ITUIOCKOCTH CKOJBKEHUS, TNIE CIBUT
y’Ke MPOU30MIEN, OT YaCTH, TJIe CABUT HE HAYMHAJICS.

Jucnokanuu oOpa3yroTcst MPH TEPMUYECKOH M XMMHUKO-TEPMHUYECKOW 00paboTKax, B Iporecce
KpUCTAINTU3alMY, TIACTHYECKON AeopMali U JPyrux BUAAX BO3JEHCTBUS HA CTPYKTYPY METAJLIOB U
CTLJIABOB.

Bonpoc 2. BinsiHMe HecOBepIIEHCTB KPHCTAJIMYECKOr0 CTPOEHHSI HA MeXaHM4yecKHe
CBONCTBAa MaTEePHAIOB

JlucnokanmoHHas CTPYKTypa Marepuaja XapakTepu3yercs niaomuocmvio oucioxayui. OHa
SIBJIIETCS XapaKTEPUCTUKOM, HEMOCPEACTBEHHO BIUSIONICH Ha COMPOTHUBICHNE MaTepHalia MIacTHIeCKOn
nedopmariiu.

[110THOCTH MUCIOKALUY B 3HAUUTENHHONH MeEpe OmpeeNsieT TakKhue MEXaHUYeCKHe CBOWMCTBA, Kak
ITAaCTUYHOCTE U IPOYHOCTh MaTcpHrajia.

Jlucrnokaiuu BIMSIIOT HE TOJNBKO Ha MPOYHOCTh W IUIACTUYHOCTh, HO M Ha JpPyrHe CBOICTBa
kpuctaioB. C yBETUYCHHEM IUIOTHOCTH JHUCIIOKAIMHA BO3pacTaeT BHYTPEHHEE TpEeHHE (BA3KOCTBH),
M3MEHSIIOTCSI ONTHYECKHE CBOWCTBA, TMOBBIIIAETCS DIEKTPOCONPOTUBICHHE MeTamna. Jluciokanuu
YBEIIMYUBAIOT CPEIHIOI0 CKOPOCTh MU(P(Y3UH B KPHCTALIE, YCKOPSIIOT CTapeHHE W JPYTHE MPOIECCHI,
YMEHBINAIOT XUMHUYECKYI0 CTOMKOCTh, MOATOMY B pe3yJbTaTe OOpaOOTKH MOBEPXHOCTH KpHCTaslia
CIICIIHMAJIBHBIMU BECUICCTBAMU B MECTAaX BbhIXOJa }II/ICHOKaHI/II\/'I O6p33y10TC$I SAMKMH.

Jucnokainuu o0pa3yroTcs Ipu 00pa30BaHUU KPUCTAIJIOB U3 paciiaBa WU ra3000pa3Hoi (assl,
IIPU CPaCTaHUU OJIOKOB C MaJIbIMU yYTJIaMH Pa30pPHUEHTUPOBKHU.
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Tema 2. Mexannuyeckue CBOCTBa MATEPUAJIOB

BOl'[pOC 1. Bausinue TEMIIEPATYPLI HA UBMEHCHUE MEXAHUYIECKUX CBOMCTB MaTepuaioB

[ToBbilIEHHBIE TeMIepaTyphl OKa3bIBAIOT CYIIECTBEHHOE BIMSHUE HA TaKUe MEXaHUYECKHe
XapaKTePUCTUKU KOHCTPYKIMOHHBIX MAaTepUaloB, KakK IOJ3y4yecTb M JUIMTEIbHAs IPOYHOCTD.
Ilonzyuecmvio Ha3bIBAIOT MEAJICHHOE HEMPEPHIBHOE BO3pacTaHUE IUIACTUYECKOW (OCTaTOYHOMN)
nedopMaluu MOJ] BO3ACUCTBUEM MOCTOSHHBIX HArpy3okK. /J[numenvHou npouYHOCMbl0 Ha3bIBaeTCA
3aBUCHMOCTh  paspyLIalOlMX HANOpsDKEHUH  (BPEMEHHOIO  CONPOTHUBIIEHHS) OT  JJIUTEIBHOCTH
skcruTyatanuu. CBOMCTBA MOM3YYECTH U UTUTEIbHOM MPOYHOCTH MPOSIBISIFOTCS Y YIJIEPOJUCTBIX CTanen
opu T >300°C, mns nerupoBanHbix craieit npu T>350°C. mwis amomuHueBbix crutaBoB mpu T>100°C.
HekoTopsie MaTepuasbl MPOSBIISIOT 3T CBOWCTBA U MPU OOBIUYHBIX TEMIIEpaTypax.

Mepoii OLEHKHM NOJ3Y4ECTH MaTepuaya SIBISETCS npeoen noasyuyecmu — HaNpsHKEHUE, MpU
KOTOpOM IUIacTHYecKast JedopMalvs 3a ONpPEeICHHbIN MPOMEXYTOK BPEMEHHU JOCTUTaeT 3aJaHHOU
BEJIMYMHBI. B HEKOTOpBIX CilydasX COINpPOTUBIEHHUE IOJI3YYECTH OLIEHHMBAETCS BEJIIMYMHOW CKOPOCTH
nedopMaIuu Mo MpouIecTBUH 3aaHHOr0 BpeMeHu. [Ipu 0603HaueHnun mpe/ena noi3y4yecTy YKa3blBaeTcs
BeMYMHA JeQopManuu, BpeMs W TeMIleparypa HCIbITaHui. Hampumep, Ui apompoyHOTo CIijiaBa
XH77THOP npu temneparype 700°C 3a Bpemst 100 wacoB u medopmaiuu monsydectd 0,2% mpezaedn

nonsyuectu cocrasisier 400 MITa: O,200(700) = 400 Mk :

[Ipo4HOCTh MaTepualia PU MOBBIIICHHBIX TEMIIEPATypaxX OICHUBACTCS MPeOeioM ONUMENbHOU
npoyHOCMuy — HANPSHKCHUEM, ITPU KOTOPOM MaTepuai pa3pyllaeTcs He paHee 3aJaHHoro BpeMeHH. [lpu
0003HaYCHHH Tpejeia JUIMTEIbHON MPOYHOCTH YKA3bIBACTCS MPOJODKUTEIBHOCTh HArpy)KCHUS H
temreparypa ucnsitanus. Tak, it cruraBa XH77THOP npu remneparype 700°C u Bpemenu 1000 gacos

& g (700) = 330MITa.

npeaci JUINTEIIFHOM IMPOYHOCTH COCTABJIACT

Bonpoc 2. Hepa3pymaouiue MeTobl HCCIeJ0BAHUS MeXaHHYECKUX CBOICTB METALI0B U
CIJIABOB.

Orlpezle.ﬂelme TBép)IOCTI/I MaTepuaJjoB

Teépoocms — 3TO MEXaHMUYECKOE CBOICTBO MaTepuala, IOKa3bIBAIOIIEEe €ro CIOoCOOHOCTb
COTPOTHUBIISATHCS TPOHMKHOBEHUIO B HEro JApyroro, 6ojee TBEpmoro marepuana (tena). bomee tBEpHOE
TEJIO SBISAETCS CTaHJAPTHBIM UM Ha3bIBaeTcad unoenmopom. VIHOeHTOp He nedopMmHpyeTcs Npu
UCIIBITAHUU.

TBEprocTh Marepuana OTpakaeT €ro MPOYHOCTh M IUIACTUYHOCTh. McnblTaHue Ha TBEPIOCTH
CUMTAETCSI CaMbIM JOCTYIHBIM M PacHpOCTpPaHEHHBIM BUJOM MEXaHMUYECKUX HclbITaHui. Hanbomnbiiee
IIPUMEHEHHE TIOJIYYWJIN CTaTUYECKHE METOABI MCIIBITAHWS Ha TBEPAOCTH NPU BJIABIMBAHUU MHACHTOPA:
meto1 bpunensns, meton Bukkepca u meton Poxsenia. Cxembl HUCIIBITAHNUS MaTEpUAIOB Ha TBEPAOCTH IO
JAaHHBIM METOJaM IpeJCTaBIeHbI Ha puc. 1.

[Iupokoe pacnpocTpaHEHHE 3TU METOJIbl UCIBITAHUN MOJIYYUIIM B CHILy TOTO, YTO Ui 3TOTO HE
TpeOyIoTCs crenuanbHble 00pa3ibl. DTO Hepa3pylIAoLIHe METO bl KOHTPOJIs, OCHOBHBIE METO/IbI OLICHKH
KayecTBa NMPOBENEHHON TepMHUECKON 00pabOTKU MU3/€IHil, KOHTAKTHOM MPOYHOCTU M U3HOCOCTOMKOCTH
noBepxHocTel Aeraneil MamuH. O TBEPAOCTH CyIAT JMOO MO JUAMETpy OTIeyaTka OT BJABJIMBAaHUS
mapuka (Meron bpunemns, puc. la), nubo no riyOuHe BAABIMBAaHUSA B MaTepuai ajMa3HOrO KOHyca
(meron Pokgemna, puc. 16), uiaM mo auaroHanaM oOTIEYaTKa aJMa3zHoM mupamuasl (MeTo] Buxkepca,
puc. 16). KonnuecTBeHHOW OLIEHKOW TBEPIOCTH SABISETCS YUCIO TBEPAOCTH, PABHOE OTHOIICHUIO
npuKkIageBaeMoii Harpysku P (H, k') K IUI0mIaau oBepXHOCTH oTredaTka F (Mm?).



7

v

7 9
aj If}

Puc. 1. Cxemsl onpeneneHust TBEPIOCTHU:
a — no bpunemnio; 6 — no Pokseniny; 6 — o Bukkepcy
Bo Bcex ciydasx WHCHOBITaHUS MPOUCXOJUT IUIACTHYECKOe JehopMUpOBaHHE MaTepuaa.
CoOTBETCTBEHHO, YeM OOJIIbIIIE COMPOTUBICHUE MaTepuaia IJIACTHYECKON AeopMaIii, TEM BBIIIE €ro
TBEPIOCTb.
Omnpenesienue TBEPAOCTH MATEPUAJIOB 10 MeToay bpunesis

HcnbiTanue MarepuanoB Ha TBEPAOCTb HPOBOIAT Ha TBepaomepe bpunemns. Teépmoctsb
MaTepuaga OIpelessseTcs IyTEM BAABIMBAaHMA B Marepuan o0pasla CTaIbHOIO 3aKaJ€HHOIO WIIU
TBEPIOCILIABHOTO IIAPHKA, CITY)KAIIETO B KAYeCTBE HHICHTOpa — Ooliee TBEpAOro Tena (puc. la).

Teépnocts mo bBpunenmo HB (8 H/mm? mmu B k[/MMm?) ompejensercs Kak OTHOMIEHHE
IIPUIIOKEHHOM Harpy3ku P K ruiomaau cheprudeckoit MoBEpXHOCTH oTnevarka F mapuka:

HB:E: 2P . [HIwn®]

F 2Dx(D-D*-d?)

rae d — nuamerp cepruecKoro oTreyaTKa, U3MEPEHHBIN MOCIEe CHATHS HArpys3ku, mm; D —
JTUaMeTp mapuka (MHISHTOPA), MM.

Puc. 2. Cxema onpenenenus
TBEPAOCTH 110 MeTOAy PokBeia npu
BJIaBJIMBAaHUH B UCTIBITYEMbIH 00pa3ely
aMa3Horo KoHyca: ho — yriayonenue
KOHYCa IO/ ACHCTBHEM IMPEIBAPUTEITbHON
Harpysku Po = 100 H; hy — yriay6nenue
.8 KOHYCa IO/ AeHCTBHEM 001Iei

L v, Harpy3ku P = Po + Py;
A

N .
NN Z
A . ~ /W
<! U /////% h — ryOuHa 0CTAaTOYHOrO BIABIUBAHUS
/ v MHJIEHTOpa Mocie cHATUs Harpy3ku P; N —

120°

K—

he

CHJIa PEAKIIUH ONOPBI OT NEHCTBUS
N 2 [PUKJIIbIBaEMOi Harpy3ku P; 1 —
UHJIEHTOP (KOHYC); 2 — HUCIBITYEMbIH
obpaszerr.

Yem TBEpIKE MaTepHal, TeM Bbilne yrcio TBEpAoctu HB (Hardness Brinelle).

Huamerp miapuka D MokeT OBITh pa3iMyYHBIM, B 3aBUCUMOCTH OT TOJIIUHBI HCIBITYEMOTO
obpasua. /[lng ompeneneHust TBEPAOCTH METAUIMYECKHX MAaTEpUANOB PEKOMEHIYETCsl MPHUMEHSThH
CTaJIbHbIE MIAPUKU CIAEAYIOIUX AuaMeTpoB — 2,5; 5 u 10 MM a5 ucnbiTaHus Ha TBEPAOCTH 00Pa3IOB
TOJIIIIMHOW COOTBETCTBEHHO 10 3; 6 u Oomee 6 Mm. [l IIAPUKOB Pa3HOTO JHaMeTpa BBIOMPAIOT
oTnpeeN€HHYI0 Harpy3Ky BJaBIMBaHUS P U BpeMs BBIAEPKKH 7 MO/ ITON Harpy3Koi.
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Onpenenenne TBEpaocTH MaTepuaioB o meroay Poxsenia

[Ipu ompenenenun uuciaa TBEPAOCTH MO Meroay PokBemna B MOBEPXHOCTh MaTepuaia
UCTBITYeMOro 0o0pasiia BJaBIMBAIOT HAKOHEUHUK (MHACHTOP) MOJ JCHCTBHEM JBYX IOCIIEIOBATEIHHO
npujiaraeMbeix Harpy3ok — mnpenasaputenbHoii 100 H u ocHOBHO# (mpeaBapuTenbpHas + OCHOBHAs =
obmas 600, 1000 mmu 1500 H). CornacHo 3TOMy METOZY, 32 YCIOBHYIO MEpY TBEPIAOCTH NMPUHUMACTCS
rIyOMHA OTIeYaTKa.

B xadecTBe HAaKOHEYHHMKOB JUISI TBEPABIX MATEPUATIOB MPUMEHSIOT aJIMa3HbI KOHYC C YIJIOM IIPH
Bepmuae 120°%; mis msarkux marepuaios (10 HB 230) — craipHO# 3akaneHHbIH MIapuk auamerpom 1/16"

(“21,588 mm). TTocie0BATENBHOCT HCIIBITAHMIL IIPU pa3HbIX UHACHTOPAX OJHA U Ta JKe.

Harpyxenue ocymiectBisiercs B naBa 93rana. CHavajna NPUKIAABIBACTCS TpeABapUTEIIbHAS
Harpy3ka Po = 100 H (10 xrc) mjs mioTHOTO CONMPUKOCHOBEHHSI HAKOHEUHUKA C MCIIBITYEMBIM 00pa3IioM.
IMox neiictBuem »stoii  Harpys3ku (Po) wuHIEHTOp BaaBiaMBaeTcs Ha ryouny ho (puc. 2). 3arem
NPUKIIAJABIBACTCS OCHOBHAs Harpys3ka P, WU B TeUeHHE HEKOTOPOro BpPEMEHH MACWCTBYeT oOmas
(oxonuarenbHass) pabouast Harpys3ka P = Po+ P1. Ilom nelictBuem oOmieii Harpy3ku P uHOeHTOp
BIaBiMBaeTcs Ha riayouny h1  (puc. 2). Ilocme CHSITHS OCHOBHOW  HArpy3ku P1 OCTaBIISIOT
npeaBapuTeNibHyr0  Harpy3ky Po. Ilpum 3TOM mox neiictBuem ympyrod naedopmaiyv  HUHACHTOP
MOJJTHUMAETCSI BBEPX 10 ypoBHs h, HO He mocturaer ypoBus ho. Paznocts ryoun (h — ho) 3aBucut ot
TBEPIIOCTU MaTepHaia; 4eM TBEPIKE MaTepua, TeM MEHbBIIIE 3Ta Pa3HOCTb.

3HaueHre TBEPIOCTH ONMPEICISIOT MO TIyOMHE OCTATOYHOIO BJABJIMBAaHHS HaKOHEYHUKA N 1mon
Harpy3koii P (puc. 2). [yOuHy oTrevaTka H3MEpSIOT HHANKATOPOM YacOBOTO THIIA, YCTAHOBICHHOIO Ha
npubdope ¢ nienoit nenenus 0,002 mm.

Yucno tBEpmocTH, onpenenéHHoe MeronoM Pokseiia, o6o3Havyaercs cumBoiioMm HR. Omnako B
3aBUCHMOCTH OT (DOpPMBI HMHJICHTOpPA, 3HAYCHWA HArpy30K BIABIMBAHUS W TPHPOJBI HCIBITYEMOTO
MaTepuaiia CUMBOIY jao0aBisieTcs OykBa A, win C, win B, 0003Ha4aromas COOTBETCTBYIOIIYIO HIKAITY
M3MEpEHUsI.

Tema 3. Teopus criiaBoB

Bonpoc 1. KomnoneHTsI 1 (pa3bl #Ke1e30yriaepoaucTbiX CIVIaBOB

KoMmmoHeHTaMu  KeNe30yTIIepOAUCTRIX  CIUIaBOB  sBisitoTcst  kene3o (Fe), yrmepox (C) wu
nementut (FesC).

/Kenezo (Fe) —wmertann cepeOpucTo-cBemIoro npera. MiMeer BBICOKYIO TeMIIeparypy IJIaBICHUS
— 1539°C + 5°C.

B TBEpmOM cOCTOSHMM >Kene30 MOXKET HaXOoAWThbcs B JABYX Moaudukanusax. Ilonmumopdubie
npeBpauieHus npoucxofat npu temmeparypax 911°C m 1392°C. Ilpu temmepatype Huxke 911°C
cymiectyer o-xeneso (Fe,), obmamaroniee 00BEMHO-IIEHTPUPOBAHHON KyOWdeckoi pemérkoil. B
uHTepBane  Temmeparyp 911+1392°C  ycroiiumBeiM  siBisiercss  p-xkeneso (Fe;),  obnmamaromiee
IpaHELEHTPUPOBAaHHOM  KyOuueckod pemérkoi. Bermme 1392°C  xene3o umeer 00bEMHO-
[CHTPUPOBAHHYI0 KYOHWYECKYIO PEIIETKY M Ha3biBaeTcs o-)kene3o (Fes) Ml BBICOKOTEMIIEpaTypHOE -
xene3o (Fey).

[Tpu Temneparype Hike 768°C xene30 peppoMarHUTHO, a Bblllle — napamMarHuTHO. Touka Kropu
&Kelleza — TeMIepaTypa U3MEHEHUS! MarHUTHBIX CBOMCTB jkeJe3a, cooTBeTcTByeT 768°C u 0003Hauyaercs
A>.

Kene3zo TexHuueckoil 4UCTOTHI 00nanaeT HeBBICOKOM TBEpAOCThIO (80HB) M NPOYHOCTHIO
(mpenen npounoctu g — 250 MIla, npenen Tekyuyectu or — 120 Mlla) 1 BEICOKUMHU XapaKTepUCTUKAMHU
MJIACTUYHOCTH (OTHOCUTENhHOE YuTHHEHHuE 0 = 50%, a oTHocuTenbHOe cyxkenue y = 80%). CBolicTBa
MOTYT U3MEHSAThCSA B HEKOTOPBIX MPEIeax B 3aBUCUMOCTH OT BEJIMUMHBI 3epHA.

Keneszo (Fe) xapakTepu3yeTcsi BHICOKUM MOJIYJIEM YIPYrocTH F, KOTOPbIM XapaKTepU3yIOTCS U
CIUIaBBI HAa €r0 OCHOBE, Ojarogapsi 4eMy oOecreunBaeTcsi BhICOKas KECTKOCTh U MPOYHOCTH JIeTalei u3
3THX CILJIABOB.
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Xenezo co MHOTMMH 3JI€MEHTaMU OOpa3yeT pacTBOPBL: C METalJIaMu — TBEPIBIE PACTBOPHI
3amertenus, ¢ yriepoaom (C), asorom (N) u Bogopoaom (H) — TBEpabie pacTBOPHI BHEAPCHHS.

Yznepoo (C) otHocutcs k Hemetaiwiam. OH o0naaet siBieHreM noimmopdusma. B 3aBucumoctn
0T ycnoBuil o6pazoBanus yriaepoa (C) MokeT cyuiecTBoBaTh B (hopme rpadura ¢ rekcaroHaabHOMU
CIIOMCTON KPUCTAIIIMUECKOH pe€Tkoi (Temneparypa riasiaeHus — 3500°C, niaoTHoCTh —

p = 2,25 r/cM®) win B popMe alMaza co CIIOKHON KyOHUecKo# peméTKoi (TeMmeparypa IaBIeH s —
5000°C). I'padut sBHSICTCS MATKAM MaTEpHAIOM U 00J1aaeT HU3KOM MPOYHOCTRI0. OHAKO ©
YBEJIMYCHUEM TEMIIEPATYPhl MPOYHOCTH IrpaduTta aHoMabHO pacTeT: npu 20°C gz = 20 Mlla, a npu
2500°C g5 = 40 MITa. ITpu 2500°C rpadur mpoyHee Bcex TYTOMJIaBKUX METAJUIOB.

B crnnaBax ¢ xene3om yriaeposa o0pasyer 1ubo TBEPAbIE PACTBOPHI BHEIPEHHUS, JINOO XUMUYECKOE
coenunenue — nemeHTuT (FesC). Taxxke yriepoxa (C) MOKET HaXOIUThCS B CBOOOJHOM COCTOSIHUU B
BHJIe TpaduTa (B CEphIX UyTryHax).

B cucreme «xeneso (Fe) — yruepon (C)» cymectByror cieayromiie (asbl: skuakas (asa,
beppur (@), aycrenut (A4), nementur (L]), rpadur (C).

/Kuokasn ¢paza. B xunxom cocrosuum xeneso (Fe) xopomo pactBopsier yriaepon (C) B mo0ObIx
MPOIOPLHUAX C 00pa30BaHUEM OJTHOPOIHOM KUAKOM (ha3bl.

@Deppum (@) — tBEPABII pacTBOp BHeApeHus yriepoaa (C) B a-xenese (Fey).

@DeppuT UMEET NMEePEMEHHYIO MPEAETbHYI0 PacTBOPUMOCTH yriiepoja: MuHuManbHytro — 0,006%
Py KOMHATHOHM Temrepatype (Touka Q), makcumanbuyto — 0,02% npu temneparype 727°C (touka P).
VYraepon (C) pacnionaraetcs B geeKTax KpUCTALTHYECKOM peréTku sxenesa (Fe).

[Tpu Temmeparype Bbime 1392°C cymecTByeT BBICOKOTEMIIEPATYPHBIA (EpPpUT C MpeAeabHOM
pactBopuMocThio yriaepoaa (C) B d-xkenese (Fes) — 0,1% npu temmneparype 1499°C (Touka H).

CaoiicTBa (epputa 61u3Kku K cBoicTBaM xenes3a (Fe). O msarok (tBépmocts — 130 HB, npenen
npoyHoctd — o = 300 MIla) u mmactuuen (oTHocutenbHOe yuiauHeHue — o = 30%), obnamaer
MarHUTHBIMHU CBOMCTBaMHU 110 Temneparypsl 768°C.

Aycmenum (A) — tBEpbIN pacTBOp BHEApeHus yriepoaa (C) B y-xenese (Fe)).

B aycrenute yraepos (C) 3aHrMaeT MeCTo B LIEHTPE TPaHELICHTPHUPOBAHHON KyOUUECKOM SUCHKH.
AYCTEHUT UMEET MIEPEeMEHHYIO MpeeIbHY0 pacTBopuMocTh yriepoaa (C): munumansayo — 0,8% mpu
temmepatype 727°C (touka S), makcumanbHyto — 2,14% npu temmnepatype 1147°C (Touka E).

Aycrenur wumeer T1BEpaocth 200...250HB, mnnactudeH (OTHOCUTEIbHOE YJUIMHEHHE €ro
cocraBisieT 0 = 40...50%), obnagaeT napaMarHUTHBIMU CBOMCTBaMH.

N B deppure u B ayCTEHUTE MOTYT PAcTBOPSTHCS MHOTHE JIETUPYIOIIME 3JEMEHTBI, 00pasys
TBEPIBIC PACTBOPHI 3aMEIIEHHs] M PE3KO H3MEHss WX CBOHCTBa. Kpome ToOro, jerupoBaHHE MOXKET
3HAYUTENBHO U3MEHATh TEMIIEpaTypHbIE TPAHUIIBI CYIIECTBOBAHUS (a3.

Lemenmum (I]) — xumuueckoe coenuHenne kenesa (Fe) ¢ yrmepomom (C)  (xapOun
xenesa (FesC)), conepxariee 6,67% yriuepona (C).

Llementut (FesC) He MCHBITHIBACT MOTMMOPGHBIX MPEBPAIICHUIH MPH U3MEHEHUH TEMIIePaTypPH.
Kpucramindeckas pemérka nemeHtuta (FesC) coctouT u3 psima OKTa’poB, OCH KOTOPHIX HAKIOHEHBI
APYT K IpyTy.

Temneparypa miaBnenus nementura (FesC) TouHo He ycTaHOBieHa (IO pPa3HbIM JaHHBIM OHA
cocraisiet 1250°C mmm 1600°C). Ilpu Huzkux temmneparypax nemeHTut (FesC) cnabo peppoMarHuTeH.
MarnuTHbIE CBOMCTBA OH TepseT NpH Temneparype okoio 217°C.

[lementut (FesC) umeeT BoICOKYIO TBEpAOCTD (60see 800 HB, merko mapamaer ¢Tekso), HO OYCHb
HU3KYIO, MPAaKTUYECKU HYJIEBYIO, IJIACTUYHOCTb. Takue CBOMCTBA SIBISIOTCS CIIEACTBUEM CIIO0KHOTO
cTpoeHHs KpucTayuinueckoi pemérku nementuta (FesC). C xumuueckumu sneMeHTamu ieMeHTuT (FesC)
criocobeH 00pa3oBBIBaTh TBEPIBIE PACTBOPHI 3amenieHus. Atombl yriaepona (C) Moryr 3amemniarhbes
aromamu  HemetayuioB: asotoM (N), kuciaopogom (O); atomer kenesa (Fe) —  MmeTamutamu:
mapraniem (Mn), xpomowm (Cr), Bonbdpamom (W) u np. Takoii TBEpABIN pacTBOp Ha Oa3e pEIIETKU
nemenTuta (FesC) moyuun Ha3BaHUE Je2UPOBAHHBLI YeMEHMUM.

Llementut (FesC) — coeanHeHHe HEYCTOMYMBOE M NPU HarpeBe pacrajaercs ¢ oOpa3oBaHHEM
cBobosHOTO yriepona (C) B Buae rpadura. ITOT MpOIECC UMEET BAXKHOE MPAKTHYECKOE 3HAYCHUE MPHU
CTPYKTYPOOOpPa30BaHUU UyTYHOB.
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B kene30yriiepoMCThIX CIIaBax BBIACIAIOT Tpu Buaa lemeHntuta (FesC) B 3aBucHMOCTH OT
TeMIepaTypbl 00pa30BaHUS: IIEMEHTHT MepBUYHBIA ([{), UEeMEHTUT BTOpHUHBIH ([{l]), MEMEHTHUT
tpetuanblin (L]in).

Jleoeoypum (JI) — MexaHudeckasi SBTEKTUYECKas CMeCh (IBTEKTHKA) KPUCTAILJIOB ayCTeHUTA A U
uementuta I/ B unrepBane temneparyp 727 — 1147°C, u nepnutall (cM. u uementura I/ mnpu
Temrepatypax Hmwke 727°C, conepxanias 4,3% yriepona (C).

Tema 4. Kesiezoyriiepoaucrsie CIIaBbI

BOl'lpOC 1. .JICFI/IPOBaHHLIe CTaJIu, UX K.]IaCCI/I(l)I/IKaIII/Iﬂ, MapKHUpOBKa U 00J1acTh
MNPUMECHECHUSA

JlerupoBaHHbIE CTaIM KJIACCH(PUUIUPYIOTCS TO CTPYKTYpe B PaBHOBECHOM COCTOSHHUH, IIO
CTPYKTYype HOCIIEe OXJIaXACHUS Ha BO3YXE, 10 KOJTUYECTBY JIETUPYIOLIUX JIEMEHTOB U 110 HA3HAYEHUIO.

ITo paBHOBECHOI CTPYKTYpe JIerHPOBaHHbIE CTAJIU Pa3/ieJsIoT Ha:

1) mosBTEKTOMIHBIE (COACPKAT U3OBITOYHOE KOJUUECTBO (hEPPHUTA B CTPYKTYPE);

2) OBTEKTOHMIHBIE (MIMEIOT MEPIUTHYIO CTPYKTYPY);

3) 3a9BTEKTOUIHBIE (C U30BITOYHBIMU KapOUIaMHU B CTPYKTYPE);

4) neneOypuTHbie CcTand (B CTPYKType TNPHCYTCTBYIOT —IEPBUYHBIC KapOWJIbI,

BBIJICIMBIIMECS U3 XKUIKON (dasbl).

ITo cTpykType nocJje oxJaIeHHs1 Ha BO3AyXe (HOPMATU3ALMH) PA3JIHYAI0T CJIeAyIolne
JIerHpOBaHHbIE CTAJIN:

1) nepnuTHBIE CcTanM (XapakTEPU3YHOTCS HEBBICOKOW YCTOHYMBOCTBIO TMEPECOXIAKIAEHHOTO
ayCTEHUTA);

2) MapTCHCUTHBIC CTAIN (XapaKTePHU3YIOTCS BBICOKOH yCTOMYMBOCTBIO ayCTCHUTA),

3) aycreHHTHBIE CTATH (COXPAHSIOT ayCTEHUTHYIO CTPYKTYPY NPH KOMHATHOU TeMIeparype).

ITo Ko/IMYecTBY JIETHPYIOIIMX 3JIeMEHTOB Pa3JIMYAIOT CTAJIM:

1) Hu3KOJIETUPOBAHHbIE (ComepIKaT 10 2,5% JETUPYIONIHX 3JIEMEHTOB);

2) cpennenerupoBantbie (comepkat 2,5 — 10% Jerupyromux 3J1eMEHTOB);

3) BbIcOKOJIeTHpOBaHHbIe (comepikar 6osiee 10% IEerupyromux 3JIEMEHTOB).

ITo Ha3HAYEeHHIO PA3JUYAIOT TPHU IPYNIbI JIETHPOBAHHBIX CTaJIeH:

1) KOHCTPYKIIMOHHBIE (MAITUHOCTPOUTEIIBHBIE i CTPOUTEIIBHBIC);

2) MHCTPYMEHTAJIbHBIC (IITAMITOBBIC, JUTS PEXKYILEro U M3MEPUTEILHOTO HHCTPYMEHTA),

3) cramu ¢ 0cOObIMH (PU3MYECKUMH W XHMHUYECKHMMHU CBOWCTBaAMU (KOPPO3HOHHOCTOMKHE,
KapOIIPOYHEIE, DIIEKTPOTEXHUIECKNE, MATHUTHBIE H JIP.).

MapkupoBKa JIerHpoOBaHHBIX cTaJIel

B namieii ctpane nmpuHsTa OyKBEeHHO-LM(pOBas cCUCTEMa MapKUPOBKH JETHPOBAHHBIX CTaJeH.
Kaxxast Mmapka cTaimy coiep>KuT onpeaeaéHHoe coueTanne OyKkB U nugp.

B MapkupoBke JETHPOBAaHHBIX CTaJeld MPHUHATHI CJIEayroIue OYyKBEHHBIE 0003HAUYCHUS
JETUPYIOIINUX JIEMEHTOB:

A —a3zot (N); T — turan (Ti); C — xpemuuii (Si); @ — Banamwmii (V); X — xpom (Cr); K—
kobaneT (Co); 1 — menp (Cu); IT — docdop (P); B — Boasdpam (W); H — uukens (Ni); O —
amomununii (Al); E — cenen (Se); L —uupkonnii (Zr); M — monu6aen (Mo); I' — mapranern (Mn); P
— 06op (B), b — uuoodwmii (Nb). Otu OykBHI B codeTanuu ¢ mudpamu o0Opa3yoT MapKy CTalId U Jar0T e
XapaKTEPUCTHKY.

Jis MapoK KOHCTPYKIIMOHHBIX JIETMPOBAHHBIX CTajlell MepBble [Be NHU(PH MOKa3bIBAIOT
CoJZlep)KaHWe yTiepoJla B COTHIX JOJISAX MpoleHTa. HavdanmpHyro HUQpy YIyCKaroT, €CIU COAep:KaHHe
yriepona C okono 1% u Oonee. Eciam copep:kaHue jerupytomiero siaementa 6onbue 1%, To mocne
OYKBBI, yKa3bIBAIOIIEH XUMHYECKHIA JIEMEHT, YKa3bIBAETCS €ro CpeHEee 3HAUCHHE B IIEINIBIX MPOICHTAX.
Ecnu conepxaHnue Jerupyomniero 3jJeMeHTa MeHblie win okoiio 1%, To mocie cooTBeTCTBYOMIEH OYKBbI
mudpa He craBuTcs. bykBa A B KOHIIE MAPKUPOBKHA 0003HAYAET, YTO JTaHHAS CTaJlb BHICOKOKAUYECTBEHHAS,
cojiepKalasi MeHblIe BpeAHbIX mnpumeceil (cepbl S u docdopa P). Hampumep, 12X2H4A — »10
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JICTUPOBaHHAsI CTajb, BBICOKOKauecTBeHHas, ¢ coaepxkanuem 0,12% C, 2% Cr, 4%Ni; crams '13 —
JerupoBaHHasi ctayib ¢ coxaepkanueM 1% C u Oonee, 13% Mn. [Insg rpynn crenuanbHBIX CTalleH,
0003HAYCHHBIX B Haudaie MapKupoBKu omHoi Oyksoit P, I, E, D mpuHsATHIe mpaBuUia MapKUpPOBKH HE
noaxonat. O HUX OyAeT paccka3zaHO HUXKE.

Pacnpeuenenne JIETHPYIOIIUX 3JIEMEHTOB U UX BJIUSIHUE HA CBOMCTBA cTaJIEl

JlerupoBaHHbIe cTanu, Onarojaps HAJUYUIO JIETHPYIOIIUX 3JIEMEHTOB, 00JalaloT LIEHHEHIINMU
CBOMCTBAMM, KOTOPBIX HET y YIVIEPOJUCTBIX CTajed, U HE MMEIT WX HeIocTaTtkoB. [IpumeHeHue
JIETUPOBAaHHOM CTaJld SKOHOMUT MaTepuall, IMOBBIIAET JOJIOBEYHOCTh W3JECJINH, CHIDKAeT Maccy,
YBEJIMYUBAET IPOU3BOAUTEIBLHOCTb. B IporpeccuBHON TEXHMKE JIETMPOBAHHBIE CTAIM UMEIOT pPEIIAOIIEe
3Ha4yeHue.

Jlerupyromue 351eMEHThI OKa3bIBAIOT CIEAYIOIIEE PA3HOCTOPOHHEE BIMSHNUE HA CBOWCTBA CTAJIU.

Xpom (Cr) — coaepxutrcs B cramix B konumdectBe 0,8...1,2% u sBIsIETCS OCHOBHBIM
JETUPYIOMIUM DJIEMEHTOM. XPOM TOBBIIIAET MPOKAINBAEMOCTh, CIOCOOCTBYET MOIYYEHUIO BBICOKOH U
paBHOMEpPHOW TBEPAOCTH CTadM, IOBBIIACT TBEPAOCTH U KOPPO3HMOHHYIO CTOiiKocTh. Ilopor
XJIAJTHOJIOMKOCTH XpOMUCThIX cTaned — 0...—100°C;

Huxenb (Ni) — npumaér BBICOKYIO HPOYHOCTH, IUIACTHYHOCTH M KOPPO3HOHHYIO CTOHKOCTB
cTayiiM. BBeieHre B XpOMHUCTBIE CTaIM HUKENSI 3HAUUTEIbHO MOBBIIIAET IPOYHOCTh U MIPOKAIMBAEMOCTb,
CHMJKAeT MOPOT XJIQJAHOJIOMKOCTH, HO IPH 3TOM IOBBIIIAET CKJIOHHOCTb K OTIIYCKHON XPYNKOCTH (3TOT
HEJI0OCTaTOK KOMITCHCHPYETCS BBEICHHEM B cTasib MoJrbieHa (M0)). XpoMoHHKeIeBbIe CTalli, 001a/1al0T
HAWIy4IIUM KOMIUIEKCOM CBOMCTB. OIHAKO HUKENb SIBIIETCS AeOULUUTHBIM METAUIOM, U NMPUMEHEHUE
TaKUX CTaJeH OrpaHUyYeHO. 3HAYUTEIILHOE KOJIMYECTBO HUKENS B CTAISAX MOXKHO 3aMeHHTh Menbio (Cu),
OJTHAKO 3TO HE MPUBOAUT K CHHKEHMIO UX yJAapHOH BSI3KOCTH;

Boasppam (W) — yBenuuuBaet TBEPAOCTh M KPACHOCTOMKOCTH (TEPMOCTONKOCTD);

Banannii (V) — mNOBBINIACT IUIOTHOCTh, MPOYHOCTH, COIPOTHUBIICHUE yIAPHBIM HAarpy3KaMm H
MeXaHU4YecKoMy H3Hocy. Bananuii, BBEIEHHBIN B cOCTaB XpOMUCTHIX cTajied B kosnuuectse 0,1...0,3%
CIOCOOCTBYET U3MEJIbUEHHIO 3€pHA, TOBBIIIAET IPOYHOCTh U yIaPHYIO BSI3KOCTb;

Ko6anbT (Co) — noBbIIIAET KapONPOUYHOCTh U MArHUTHYIO IPOHUIIAEMOCTB;

Mouan6aen (M0) — yBennurBaeT KpaCHOCTOWKOCTh, MEXaHHUYECKYIO [TPOYHOCTh, COITPOTUBIICHUE
OKHUCJIGHHIO TIpU BBICOKMX TeMmIlepaTypax; BBeneHue wmonaubaeHa B HEOONBIIMX —KOJIMYECTBAX
(0,15...0,46%) B XpomHCTBlE CTalM YBEIUYMBAET UX NPOKAIMBAEMOCTb, CHMKAeT MOPOr
xytagHosoMkocTu 710 —20...—120°C. MonubaeH crnocoOCTBYeT yBEIUYEHUIO CTATUUECKOH, TMHAMUYECKOU
U YCTAJIOCTHOM IPOYHOCTHU CTaJI€H, YCTPAHsIET UX CKIIOHHOCTh K BHyTpEeHHEMY OkHciieHuto. Kpome Toro,
OH CHM)KaeT CKIIOHHOCTh K OTITYCKHOM XPYIIKOCTH CTajei, conepxanmx Hukenb (Ni).

Marnnii (Mg) — mnpu coaepkanuu cBbie 1% yBenuuuBaeT TBEPIAOCTh, M3HOCOCTOMKOCTH,
COIIPOTHBIIEHUE YJAPHBIM Harpy3Kam;

Mapranen (MN) — yBeJIu4ruBaeT MPOKAJINBAEMOCTb CTAllM, OJTHAKO COJIEHCTBYET POCTY 3epHA, U
MOBBILIAET MOPOT XJIaJHOJIOMKOCTH 70 +40...—60°C;

Turaun (Ti) — BBomuTCcA B CcTadb B HeOompmmx koiudectBax (~0,1%), cmocobcTByeT
MOBBIIIEHUIO MPOYHOCTH U KOPPO3HMOHHOM CTOMKOCTH; B XPOMOMAapraHLEBbIE CTaJIM BBOAMTCS IS
U3MEIbYECHMS 3€PHA;

Amovunanii (Al) — MOBBIIIAET OKATUHOCTOMKOCTB;

Bop (B) — BBOAMTCS B CTallb B HEOOBIINX KOJINYECTBAX, YBEIUYNBACT MPOKATUBAEMOCTh CTAIIH,
MOBBIIIAET MOPOT XJ1agHoNIoMKocTH +20...—60°C;

Huo6uit Nb — moBkIIIaeT KUCIOTOCTOMKOCTE;

Menb (Cu) — yMeHbIIIaeT KOppPO3HIo;

Kpemuuii (Si) — moBbIaeT yIapHyO BSI3KOCTh CTalel W TEMIIEpaTypHBIN 3amac Bs3kocTu. [Ipu
JIETUPOBAHUM XPOMOMApPraHIEBBIX CTajled KpeMHHEM IOJy4aroT, ctanu — XxpomaHcuib (20XI'C,
30XI'CA) (cM. HIKE). DTH cTanmu O0JIaJal0T XOPOIIUM COYETAaHHEM MPOYHOCTH M BS3KOCTH, XOPOIIO
CBapHBAIOTCS, IITAMITYIOTCSI U 00pabaThIBAIOTCS pe3aHUEM.
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Bonpoc 2. Cnoco0blI moJsiydyeHust YyTryHOB Pa3/JIM4YHBIX THIIOB U UX MapkupoBka. [Iponecc
rpagpuTU3anmu.

Yyeynamu Ha3bIBAIOTCS ciiiaBbl kenesa (Fe) ¢ yriuepomom (C), ¢ comepkanuem yriaepoaa (C) ot
2,14% no 6,67% (macc.).

[To cpaBHeHHIO CO cTalsIMH YYTyHbl OOJaJaloT TMOHUKEHHOM TEeMIEepaTypoil IUIaBleHUS U
XOPOIIMMH JIUTEHHBIMU CBOWCTBAMH. 3a CUET ATOrO M3 YyTyHOB MOXKHO JIEJIaTh OTIMBKU 3HAYUTEIBHO
0oJiee CII0XKHOM (OPMBI, YeM U3 CTAJICH.

BrImIaBisifoT 4yryHsl B JOMEHHBIX [1€4aX U BarpaHkax. B quTeliHOM 4yryHe 0ObIYHO CONEPKUTCS
He Oonee 4,0% yruepona (C). Kpome yriepoma o0si3aTenbHO MpHCYTCTBYIOT mpumecu S, P, Mn, Si,
npU4YEM B 3HAYUTEIHHO OOJIBIIIEM KOJIMYECTBE, YEM B YITICPOJUCTOM CTalH. B oTimume oT cranei 4yryHbl
3aKaHYMBAIOT KPUCTAUIM3ALUI0 OOpa3oBaHMEM HSBTEKTHKU (Jenedyputa), OIpenesstone ux
TEXHOJIOTMUECKHE CBOMCTBA (XOPOIIYI KUIKOTEKYYeCTh), M OO0JaJal0T HU3KOM CHOCOOHOCTBIO K
iacTuyeckoit nedopmannu. B 0ObIUHBIX YCTOBHUSIX UYT'YHBI HE MTOAJIAI0TCS KOBKE.

benvimu uyyzynamu Ha3bIBAIOTCS YyTYHBI, KpHCTaUIM3ylomuecs mo auarpamme «Fe-FesCy», B
KOTOpBIX Bech yriepona (wiu OObIIas €ero 4acTh) HAaXOJUTCS B XMMHUYECKH CBSI3aHHOM C JKEJIE€30M
cocrosiuuu B Buje 1eMeHTuta (FesC). Mx moay4aroT mpu BBICOKOW CKOPOCTH OXJIQKICHUS U HAUYUU
kapOoumooOpazyromux snemeHtoB — Mn, Cr, S, W. B crpykrype OejiblX UYyryHOB HMEETCS
BBICOKOYTJIepoucTasi 3BTekTHKa — Jedebypum (C~4,3%) — MexaHuvecKas IBTCKTHYECKash CMECh
ayCTeHHUTa W TepBuuYHOro nementura ([{i) B uareppaie temmepatyp 1147°C — 727°C, u MexaHuuecKast
OBTEKTHUYECKAash CMECh MEpiuTa W LEMEHTUTA Npu Temreparypax Huxe 727°C. CBoé Ha3BaHue Oenble
YYT'YHBI MOJTYYHJI MO BUIY H3JIOMa, KOTOPBIM MMEET MaToOBO-OeNiblii I[BET U 007aJaeT METAUTHYECKUM
Omeckom. bernble uyryHsl W3-3a MPUCYTCTBUS B HUX OOJBIIOTO KoimuyecTBa IemMeHTHTA Fe3C obnamaror
Bbicokor TBEpAocThIO (HB 450 — 550) 1 XpynkocThio, MPAaKTUYECKU HE TIOJIAI0TC 00padOTKe PEXYIIUM
MHCTpYMEHTOM. B 3aBucuMocTH OT conepxkanus yriaepona C Genbie UyryHbBI IO paBHOBECHOU CTPYKType
pa3aengioT Ha JOOBTEKTUYECKUE, SBTEKTUUECKUN U 3a9BTEKTUUECKHE.

benble 4yryHBl HCIIONB3YIOTCS B OCHOBHOM KaK nepedenibible — B KauecTBe MorydadpukaTa ais
MIPOM3BOJICTBA CTAIIU M CEPOr0 KOBKOT'O YYTyHA.

Cepbimu uyeyHamu Ha3bIBAIOTCS YyTYHBI, KPUCTAJUIU3YIOLIMECS 1O auarpamme <okene3o (Fe) —
rpadut (C)», B KoTOpbIX 06MbIIas yacTh yriaepoja (C) HAXOAUTCS B CTPYKTYPHO-CBOOOTHOM COCTOSIHHU
— B Buume BkiutoueHudd rpadura (C). I'padut (C) sBusercs Hemerauinueckod (a3oid, MOITOMY
rpadUTHBIE BKIIOYEHUS PE3KO IMOHMKAIOT MPOYHOCTb (OCOOEHHO MpPHU PACTSDKEHHHM) M IUIACTHYHOCTh
YyT'yHOB, TaK KaK HapyIIAalOT CIUIONIHOCTh METAIUTMYECKOH OCHOBBI. CTETIEHb MOHMKEHUS MEXaHUIECKIX
CBOMCTB 00yClaBIMBaeTCsl KOJIMYECTBOM M (OpMOH BKIIOUEHMH rpaduTa, a Takke MX pa3MepamMu H
PaBHOMEPHOCTBIO PACIIPEICIICHHS.

I'pagpumuzayueii Ha3bIBaeTCA MpOLECC BbIIENCHUS TrpaduTa OpU KPUCTAUIM3ALMU  WIIH
oxyaxaeHun cruraBoB kenesa (Fe) ¢ yrimepogom (C). I'padur mMoxker 00pa30BbIBATHCS KaK M3 YKUIKON
(a3bl pH 3aTBEpIEBaHUM YYTYHA, Tak U U3 TBEPAOH ¢azpl. OOpazoBaHMe rpaduTa MPOUCXOIUT COTTACHO
nuarpamme «kenes3o (Fe) — rpaput (C)».

Tak kak rpadut comepxut 100% yriepona (C), a uementut (FesC) — 6,67%, to xuakas daza u
ayCTeHUT 1O coctaBy Oosee Onmsku k uemeHtutry (FesC), wem k rpaduty (C). CnemoBatenbHo,
o0Opa3oBaHMe M3 XUAKOM (Da3bl HEMEHTUTa M ayCTEHUTa JOJDKHO IMpOTEKaTh Jerde, 4em rpadura.
[TorToMy Genble 4yryHBI 00pa3yrOTCst TPH OBICTPOM OXJIAXKICHUH.

C npyro#i croponsl, pu HarpeBe nemeHTHT (Fes3C) pasmaraercs Ha xeneso (Fe) u yriepox (C).
CrnenoBatenbHO, TpaduT sBIsIETCS OoJiee cTaOMIbHOM (Pa30il, ueM IIEMEHTHT.

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

1) HemocpenctBenHoe oOpa3oBanue rpadura u3 KUIKOH ¢a3bl. Takoe 00pazoBaHHE BO3MOXKHO
IIPU HATMYUH B )KUJIKOM (pa3e HEeHTPOB KpUCTATU3auK rpadura (IeHTpoB rpadUTH3aLKUN) U TIPU OYECHD
MEIJICHHOM OXJIQKJICHUN PacIUIaBa.

2) [pu paznoxennu panee oopasopasuierocs nementura (FesC).

BnusiHme CKOpOCTM OXJIaXKIEHHsT Ha Tporecc TpapuTH3anmud OOyCIOBICHO TEeM, YTO
rpaduTH3anMA dyryHa saBisercs AM(Qy3nOHHBIM MIPOLECCOM U MPOTEKAET MEIJICHHO.
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Boabmasi AauTeNbHOCTL Mpouecca rpapuTu3anuu  00ycJIOBJIeHA He00X0IHUMOCTHIO
NMPOTEeKAHHUS CJAeTYIOIIMNX CTATUI:

1) oOpa3zoBaHusi LEHTPOB rpaduTU3aK B KUIKOH (aze wim aycreHure; 2) nuddy3un aToMoB
yriepona (C) k mentpam rpaduruzanuu; 3) pocTa BbIaeIeHUH rpadura.

CrpykTypa 4YyryHOB 3aBHCHUT OT CTENEHH TrpaduTHU3amuM, T.€. OT TOro, CKOJBKO YIiepoaa
HAXOJIUTCS B CBSI3aHHOM U CBOOOTHOM COCTOSTHUH.

Tema 5. Tepmuueckasi 00padboTka MaTepuajioB

Bomnpoc 1. CtpykTypHO-(pa3oBbie npeBpalieHUs B CTAJIHM B pe3yJibTaTe TePMUYECKOI
o0padoTkmn

JIro6oi1 Buj TepMuueckoil 00pabOTKH COCTOUT U3 KOMOMHAIMU YETBIPEX OCHOBHBIX CTPYKTYpPHO-
($a30BBIX TpEBpaIleHUI, B OCHOBE KOTOPBIX JIEKAT CTPEMJICHUS CHCTEMBbl K MHUHHUMYMY CBOOOIHOM
SHEPIUH.

K 3TuM npeBpaieHusiM 0THOCSTCS:

1) IlpeBpareHue mpu HarpeBe nepiuTa B aycteHUuT (/1 — A), IpoucXosiiee MpyU HArpeBe BbIIIE
KPUTUYECKOW TemriepaTypbl A1 (Bbime guaun PSK), npu KOTOpoil MHHUMaIbHOM CBOOOTHON 3Hepruei
obyazaer ayCcTeHUuT A

Fe.(C) + FesC — Fe,(C).

2) [peBparieHie Opu MEIICHHOM OXJIAXICHUU aycTeHuTta B nepiut (4 — [1), mpoucxomsiiee
IpU OXJIAXKJICHUU HYKE TemrepaTypbl A1 (Hmxe muauu PSK), mpu KOTOpoit MHUHUMAIBbHOW CBOOOIHOM
sHepruei obsagaer nepiuT:

Fe,(C) — Fe,(C) + FesC.

3) [peBpaienue npu OBICTPOM OXJIAKICHUU ayCTEHHTa B MapTeHCHUT (4 — M), mpoucxosiiee

IpH OBICTPOM OXJIAXKIEHUU HHUKE TEMIIEpaTypbl HECTAOUILHOTO PaBHOBECHUS
Fe,(C) — Fe,(C)'.

4) TIpeBpallieHue MapTEHCHTA B MEPIUTHBIC CTPYKTYypbl (M — [1), mpoucxonsiiee MpHu JHOObIX

TeMIepaTypax, T. K. CB000/IHasi S3HEPrusi MapTeHCUTa 00JIblle, YeM CBOOOIHAs SHEPTUs MepiuTa
Fe.(C)' — Fe,(C) + FesC.

IIpeBpamienue nepjauTa B ayCTEHUT

CornacHo JIeBOM HIDKHEH YacTH JUarpaMMbl JKeJIe30yTJIEPOTUCTHIX CIUIABOB NP HATPEBE CTAU
npeBpallieHue MepnTa B ayCTEeHUT MPOUCXOIUT Ipu Temrepatype A1 (muuus PSK, Temneparypa 727°C).
[IpeBpamenue mepiuTa B ayCTEHHT B TOYHOM COOTBETCTBHM C AuarpamMmoin cocrostHus «Fe-FesCy
MPOUCXOMUT IUIIbL TPU OYeHb MealeHHoM HarpeBe. llpeBpamienne ocHoBaHo Ha auddysun
yriepona (C), compoBokaaeTcs TOJIMMOPQHBIM MpeBpaiieHueM jkenesa Fe, — Fe,, a Tak ke
pacTBOpPEHHEM 1IEMEHTHUTA B AyCTCHUTE.

[Tpu HarpeBe MOIBTEKTOUAHOMN CTaIH (MCXOHAS CTPYKTypa GEeppHUT + MEPIHT) U MepeXoe Yepe3
KPUTHYECKYI0O TOUYKY A1 TEpJUT MpeBpaliaercs B ayCTEHHT, T. €. oOpaszyercs CTpyKTrypa ¢eppuT +
aycreHuT. [Ipu nanbHelieM NOBBIIEHUH TEMIIEPAaTyphl PEeppPUT MOCTENEHHO MPEBPAILAETCs B ayCTEHMUT,
U O JOCTIKEHUU TeMIIepaTyphl, COOTBETCTBYIOIIEH KpUTHYECKOW Touke A3 (muHus GS), cTpykTypa
CTaJI COCTOMT U3 OJTHOPOJHOTO ayCTCHHUTA.

Ha ckopocTe mpeBpaiieHusi mepiutra B ayCTEHUT BIHUSIOT MHOTHE (DakTOpBI: Temreparypa
HarpeBa, CKOpOCTh HarpeBa, JIUCIIEPCHOCTh UCXOJHON CTPYKTYPHI, TUIACTUHYATAS WM 3epHUCTas Gopma
[IEMEHTHUTA, XUMHYECKUN COCTaB CTAJIH.

Temneparypa HarpeBa ONpeAeNsieT BpeMs MPEBpPAIICHUS, TaK KaK C YBEIMYEHHEM CTEIECHU
MeperpeBa YMEHBIIAeTCsl pa3Mep KPUTHYECKOTO 3apoiblllia ayCTEHHUTA, YBEIUYHUBAOTCS CKOPOCTH
BO3HHUKHOBEHHS 3apOJIbIIICH U CKOPOCTh UX POCTA.
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MexaHu3M NpeBpallleHus NepauTa B ayCTEHUT MIPEACTABIEH Ha puc. 1.
PocT 3epHa aycTeHHTA NIPH HAIrpeBe

ITpu HarpeBe cTayiy BblllIe TEMIEPATyphl A1 3épHA ayCTEHUTA MOJYYaIOTCs MEJIKUMU (HayaJlbHOE
3epHO aycTeHHWTa). B mporecce AONOJHUTEIBHOIO HAarpeBa WM JJIUTEIbHON BBIICPKKU IPU JaHHOM
TEMIEPAType NPOUCXOANUT POCT 3€pHA aycTeHUTa). PocT BennuuHbl 3€peH ayCTEHUTA IPOUCXOAUT TEM B
Oosbllel cTeneHH, 4eM BbIIIE TemIeparypa HarpeBa. [IBHKylled CHIION pocTa SIBJISIETCS Pa3HOCTh
CBOOOJHBIX SHEPTHi MEIKO3epHHUCTO (O0OnbIIas cBOOOAHAs HHEPIrus) M KPYHMHO3EPHHUCTOU (MEHbIIAs
CBOOO/HAsI SHEPIUsl) CTPYKTYPhI ayCTEHUTA.

Hauanvnasn eenuuuna 3epna — BEIWYMHA 3€pHA, ONpENENseMas pa3MEpOM 3€pHAa B MOMEHT
OKOHYaHUs MEepJINTO-ayCTEHUTHOTO ITPEBPAILIEHHS.

IIpu HarpeBe 10 JOCTATOYHO BBICOKOW TEMIIEpAaTypbl HACJIEJCTBEHHO MEJIKO3EPHHUCTAsl CTajlb
MOKET UMETh Jaxe OoJjiee KPYNHOE 3€pHO ayCTEHWTAa, YeM HACJIEJCTBEHHO KPYIHO3EpHUCTas CTallb.
[TosTOMY BBEIEHO NTOHATHE ACHCTBUTEIBLHOM BEIMYNHBI 3€pHA.

HeticmeumenvHnas eenuuuna 3epna — pa3Mep 3epHa IpU KOMHATHBIX TeMIEpaTypax, MOJIy4YeHHBbIN
nocjae TOW WM WHOW TepMudeckoi o0Opaborkm. OHa TeM Ooibiie, yeM OOJbIIe HCXOJHOE 3EPHO
ayCTEHMTA, T. €. 3aBUCUT OT TeMIIepaTyphl MOCIEAHEr0 HAarpeBa U MpOAOKUTENBHOCTH BBIICPKKH MPH
3TOM TeMIIEpaType.

HenpaBuiibHbli pexuM HarpeBa (HarpeB crajed 3HauuTeslbHO Bblie JMHUU GSE nmarpammbl
«Fe-FesC») moxxer mpuBectu b0 K nepezpesy, 00 K nepesrcoey cramu. CIeICcTBUEM ITOTO SBISACTCS
o0pa3oBaHKe KPYIHOTO ACHCTBUTEIBLHOTO 3€pHA.

llepecpes  monmywaercs, KOrja HarpeB JOIBTEKTOMJHOM  CTaad  3HAUYUTEIbHO  BBIIIE
temreparypsbl A3 (nmuaun GSE nuarpammser «Fe — FesCy») mpuBOAMT K WHTEHCHBHOMY pOCTY 3€pHa
aycreHuTa. Takas CTpyKTypa Ha3bIBaeTCsl 6uoMaHwmemmosa cmpykmypa (110 UMEHU Y4EHOTo
A. BunmanmrerreHa cM. puc.10) m xapakrepusyeTcs NOHM)KEHHBIMH MEXaHHYECKHMHU CBOICTBaMHU.
[leperpeB MOXHO HCHIPaBUTh MOBTOPHBIM HarpeBOM JI0 ONTHUMAaJbHBIX TEMIIEPATyp C MOCJIEIYIOIINM
ME/IJICHHBIM OXJIKICHHUEM.

Puc. 1. MukpocTpykTypa yriepoaucToil ctainu 35 B 3aBUCHMOCTH OT TeMIlepaTyphbl Harpena
(x100): @ — 6e3 neperpeBa; 6 — MepPerpeB; 6 — MEPEKOTTo

Ilepeotcoz nmeeT MecTo, KOorjia TeMIepaTypa HarpeBa NpuOIKaeTcs: K TeMIepaType IUIaBJIeHus U
METaJlJI B TEYEHHE JUINTEIBHOIO BPEMEHM HAXOIWICA IPHU BBICOKOW TEMIIEpaType B OKUCIMTEIbHOU
atMocgepe neuu. [Ipu 3TOM HabIIOJaETCS OKUCIEHUE U YaCTUYHOE OIUIaBJIEHUE TPaHMUIL 3EPEH, UTO PE3KO
CHIJKAeT MPOYHOCTh CTaju. M37moM Takoil ctamu kamHeBHIHBINA (puc. 16). Ilepesxxor — HeucnpaBUMBIiI
Opak, yCTpaHUTh KOTOPHIH MOKHO TOJIBKO MEPETJIaBKOM CTaJIH.

Bomnpoc 2. Inuddy3suonnas meranamzanus kak Bug XTO, eé BUIbI, pe;KMMbI M1 HA3HAYCHHUE

Jughgysuonnan memannuzayus — XAMHUKO-TepMUYECKast 00pabOTKa, B OCHOBE KOTOPOU TMOJIOKEH
nporuecc TU(PPY3MOHHOTO HACBIIICHUS TTOBEPXHOCTHBIX CIIOEB CTANBHBIX W3JCIHHA Pa3TUYHBIMH
metaiamu: amomuaueM (Al), xpomom (Cr), uakom (Zn), 6opom (B), monubaeHom (MO) u ap., a Takxke
kpemuueM (Si).

[TpoBomuTcs muddy3noHHAsT METAITH3AIMS TS 3aIIATHI U3JIEIUHA OT KOPPO3HH M MTOBBIIICHUS UX
’KApOCTOMKOCTH, W3HOCOCTOMKOCTH W TBEPAOCTU. OCYyIIECTBISIETCS OHA B TBEPIABIX, JKUIKAX |
ra3oo0pa3HbIX cpeaax.
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JHuddy3noHHy0 MeTaM3anus NOApa3IensieTcs Ha: meépoyio Oup@y3uonuyo Memaniiuzayuro,
Vazo08y10 OuhDy3uoHHYI0 MEMaIIu3ayuro U HCUOKY0 OUP@y3uoHH IO MEMALIUZAYUIO.

Cpemu wmeronoB 1ud¢y3HOHHONW METaTM3alMM  HAuOoJblIee NPUMEHEHHE IOIYYHIIN
QIUTHPOBAHKE, XPOMHUPOBAHKE, CHIIMLIUPOBaHKe, OopupoBanue u Jp. [Ipy HACHIIIEHUH TOBEPXHOCTHBIX
cnoéB neraneir xpomom (Cr) mpouecc aup(y3HOHHOH METaIM3alul HAa3bIBAIOT XPOMUPOBAHUEM,
amomuuueM (Al) — arumuposanuem, xpemuuem (Si) — cunuyuposanuem, 6opom (B) — bopuposanuem.
PaccMoTpuM KaskIbIil U3 3TUX IIPOLIECCOB.

Anumuposanue — MOBEPXHOCTHOE HACBIIIIEHUE HU3KOYTJIepoaucToi cranu amromuareM (Al) ms
MOBBIIIEHUS €€ KOPPO3UOHHOM CTOMKOCTH. AJMTHUPOBAHHBIE NETANM COXPAHSIOT KapOCTOWKOCTH [0
temmeparypbl 900°C. Ilpu anurupoBanuu amomunuii (Al) muddynaupyer B ctanb 1 00pasyeT TBEPIbIH
pactBop ¢ xene3oM (Fe). [ToBbieHne KOPPO3MOHHON CTOWKOCTH MPOMCXOAUT Onarogaps 0Opa3oBaHUIO
wioTHO éHkK okucH amoMmunus (Al203), mpenoxpaHsoiiei MeTaut OT OKUCIICHH. B 3aBUCMMOCTH OT
cpeabl, B KOTOPOM MPOU3BOJAUTCS IPOLECC, PA3IMYAOT AIUTUPOBAHUE B TBEPAOW, KHUAKOH U
ra3oo0pa3Hoi cpefie, a TAaK¥Ke SJEKTPOITUTHIECKOE alTMTUPOBAHMUE.

Xpomuposanue — TIpoliecC TOBEPXHOCTHOIO HACBHIIIEHHUS IIOBEPXHOCTHOIO CJOS  CTalH
xpomoM (Cr) ¢ 1enbl0  TOBBIIICHUS TBEPIOCTH, HW3HOCOCTOMKOCTH W MPUAAHUS €W  BBICOKHX
KHCIIOTOYTIOPHBIX, aHTHKOPPO3UOHHBIX U JKAPOCTOMKUX CBOWCTB. Ilpm XpoMupoBaHHH 0OECTIEUHBACTCS
BBICOKAas CTOMKOCTh MPOTUB Ta30Boi koppo3uu a0 800°C, a Takke CTOMKOCTh MPOTHB KOPPO3HH B BOJE,
MOPCKOH BOJIe M KHCJIOTax. XPOMHUPOBAHUIO MOJABEPTalOT HU3KOYTIIEPOIAMCTHIC U JISTUPOBAHHBIE CTAIIU
pu 950 — 1150°C B Teuenue 10 — 15 4 B 3aBUCUMOCTH OT TpeOyeMO TOMIIMHBI YIIPOUYHEHHOTO CIIOA.

Cunuyupoeanue —  TPOLIECC  IOBEPXHOCTHOTO  HACHIICHHs  crand  KpemHuem (Si),
o0ecreunBalOIIUN TMOBBIIEHHE €€ KUCIOTOYHOPHOCTU (B COJNSHOM, CEpHOM W a30THOW KUCIOTaX),
KAPOCTOUKOCTH (OKATMHOCTOMKOCTH) W YBEJIIMYCHHE YCTOWYMBOCTH TPOTHB M3HOCA. CHIMIIMPOBAHUIO
MOJIBEPraloT JeTalH, MPUMEHSIEMble B XUMHUYECKOW, OyMa)KHO-LIEIIONO3HOW, HEe(TAHON M ApYrux
OTpaciiIX MPOMBIIIICHHOCTH (BaJMKHA HACOCOB, TPYOOIPOBOJMBI, JETATH TEIUIOOOMEHHUKOB, KIIANAHBI,
apMarypa u T. 1.). Tonmuna cnost nocne cununupoBanus — 0,3 — 1,0 mm.

CunnuupoBanre 0OBIYHO MPOBOMAT MPH HarpeBe B ra3oBOM cpefie, B PETOpTax, MPH Pa3IoKEHUH
napoB xyopuaa kpemuus (SiCls). Harpes ocymectsisiercs g0 Temmneparyp 950 — 1050°C ¢ BbiaepkKoii B
TeyeHue 2 — SuacoB. B pesynbrare cunuuupoBaHusi moiyvaercs cioil tommuHoM 0,6 — 1,4 MM c
tBépaocThio HV200 — 300. XKapocroiikocts aeranu g0 800 — 850°C.

Bonpoc 3. [loBepxHocTHas 3aKajIKa, JJa3epHAas TePMUYECKasi U XUMHKO-TepMUYeCKast
o0paboTka

IToBepxHOCTHAs 3aKaJIKa

[ToBepxHOCTHAs 3aKajika — 3TO MPOIECC TEPMUUYECKON 00pabOTKH, KOTOPBI COCTOMT B HarpeBe
MOBEPXHOCTHOT'O CJIOSI CTAJbHOTO H3JIeNUs A0 TEeMIepaTypbl BbIlIe JUHUU Ac3 AT JTOIBTEKTOUIHOMN
CTaJIi U JI0 TEMIIEPATyphl BbIlIe JIUHUU Aci JUTS 3a3BTEKTOUTHOM.

[ToBepxHOCTHAsl 3aKajlka IpeJHa3HAu€Ha s IOBBIIICHUS TBEPAOCTH, HM3HOCOCTOMKOCTH U
npeJiesa BEIHOCIUBOCTH MTOBEPXHOCTHOTO €105 00pabaTbiBaeMbIX M3/enuil. B pe3ynbrare Takoil 3akaiku
CepAlLleBHHA OCTAETCs BSI3KOM, Oarogaps ueMy u3Jiefiue BOCIPUHUMAET YJapHble Harpy3KH.

[ToBepxHOCTHAs 3aKalika OCYIIECTBISETCS OYEHb ObICTPO M MO3TOMY Ha IMOBEPXHOCTH JI€TaJId HE
oOpa3zyeTcss OKHMCICHHOro clost (OKaldMHbI). Tak Kak MpH O3TOM HarpeBaeTcs M OXJIaXJaeTcs
MMOBEPXHOCTHBIN CJION JieTain, KOPpOOJIeHNE JETaIN HE3HAYUTEIHHOE.

HarpeB mox mMOBepXHOCTHYIO 3aKalKy HpPOM3BOIAT CIEAYIOIIMMHU criocobdamu: 1) Tokamu
Bbicokoi yactoThl (TBY); 2)B pacmiaBieHHbIX MeTaljlaX WM COJIAX; 3) MJIaMEHEM Ta30BbIX WM
KHCJIOPOI-allETUJIEHOBBIX TOPENOK; 4) Ja3epHBIM U3ITyUYEHUEM.

Haubonbiee pacnpocTpaHeHrne MOTYYUII METOJI MOBEPXHOCTHOM 3aKalKi MpU HarpeBe TOKaMu
BbIcOKOU yacToTsl (TBY).

IIpn narpeBe TBY wucnons3yercss sBIE€HWE WHIAYKUWA W IOBEPXHOCTHOTO pPACHpPENEICHUS
MHIYLHMPOBAHHOTO TOKAa B JeTald. Tak, ecim B IEPEMEHHOE 3JIEKTPOMAarHUTHOE IOJIE€ IOMECTHUTH
3aMKHYTBIN MPOBOJAHUK 3JEKTPUUECKOTO TOKA, TO B MPOBOJHUKE BO3HUKAIOT MEpEMEHHBIE (BUXPEBBIC)
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TOKU. XapaKTEpPHBIM SIBJISIETCS pacHpe/iesieHne TOKa MO CEYEHHIO0 MPOBOJAHUKA. EcCiM MOCTOSHHBIM TOK
MPpU TPOXOKJIECHUM O MPOBOJHHUKY PACHPEACIISIETCS PABHOMEPHO MO €ro CEYEHHIO, TO pacIrpeiesieHUe
IIEPEMEHHOT0 TOKA 10 CEYEHUIO MPOBOJIHUKA HEPABHOMEPHOE. [IIIOTHOCTH MPOTEKAIOLIETO IEPEMEHHOTO
TOKA 3HAYWUTEJIBHO OOJIbIIE Y TOBEPXHOCTH, YE€M BO BHYTPEHHHX CIJIOSIX IIPOBOJHMKA. Takoe
HEPaBHOMEPHOE PACHPEACIICHUE IEPEMEHHOIO TOKAa B IPOBOJHUKE HA3BIBAETCA NOBEPXHOCHHBIM
aghghexmom. Benencrpue moBepXHOCTHOTO A (pexTa MpOBOIHUK HArpEeBaeTCs Ha ONMPEASIEHHYO TITyOnHY
OT IOBEPXHOCTH.

IIpenmylnecTBaMHu MOBEPXHOCTHOM 3aKkajaku TBY siBasiiorcs .

1) perynupyemas riiyOrHa 3aKaJ€HHOTO CIIOS;

2) BBICOKasK TPOU3BOJAUTEIILHOCTh M BO3MOKHOCTh aBTOMATH3AIINH;

3) OTCYTCTBHE Ha MOBEPXHOCTH JCTATN 00€3yTJICPOKUBAHMS U OKATMHOOOPAa30BaHUS;

4) MUHHMAJIBHOE KOPOOJICHHE JETAIIH;

5) o cpaBHEHHIO ¢ OOBIYHOM 3aKaJIKOW CTallb, 3aKai€HHas npu HarpeBe TBY, uMeeT creayrorime
npeuMyIiecTBa: 0Oojiee MEIKO3epHHUCTasi CTPYKTypa; OoJiee BBICOKAas TBEPIOCTh; Oosiee BBICOKAs
M3HOCOCTOMKOCTh; 0oJiee BBICOKAs MPOYHOCTh NMPU OTHOCHTEIHLHO MEHBIIEM IOHIKEHUU BS3KOCTU;
0o0J1ee BHICOKHII MpezieNl BBIHOCIMBOCTH (Tpees YCTaT0CTHOM MPOYHOCTH).

K HenocraTkaMm noBepxHocTHoi 3akajaku TBY cieayer oTHECTH !

1) BbICOKass CTOMMOCTbh  TEXHOJOTMYECKOTO O0OpYyIOBaHHs, B YaCTHOCTH HHIYKTODA,
SIBJISIFOLIETOCS MHIUBUAYAIbHBIM JIJIs1 KXKJIOW JAeTalu;

2) Masiasi IPUMEHUMOCTh 3akanku TBY K yCIOBHSIM €IMHUYHOTO MPOU3BOJCTBA, YTO BBI3BAHO
MEPBBIM HEAOCTATKOM.

JlazepHasi TepMmuyeckasi 00padoTka

Jlazepnaa mepmuueckas obpabomxa (JITO) taxxke mnpumeHsercs M IOBEPXHOCTHOTO
ynpouHeHus netaieid. JlazepHas TexHOJIOTUsi oOecleyrBaeT MOBBIIIEHUE MPOU3BOAUTEIBHOCTH TPY/a,
TOYHOCTH UM KadecTBa O0OpaOOTKH, TMPENCTAaBIsSET TNPAKTUYECKH O€30TXOIHYI0 TEXHOJIOTHIO,
YJIOBJIETBOPSIOILYIO TPEOOBAHUSIM 10 SKOJIOTUYECKOH 3aIUTe OKPYKAIOLIECH Cpe/Ibl.

Jlaseppt — ontudeckue KkBaHTOBble reHepatopel (OKI'), mo3Bossioniye mosydarb
JIEKTPOMArHUTHBIE M3JIy4YE€HUS] UYPE3BbIYAHO BBICOKOW KOHIEHTpAaLMU OHHEepruu. JlIuHa BOJH,
reaepupyeMbix OKI', HaXOIUTCs B CBETOBOM JHAala3oHE OT YJIbTpadUOIETOBOW 00JacCTH CHEKTpa J0
uHopakpacHot (o =0,1 — 70 mxm). JlazepHOoe U3IydeHHE PACHPOCTPAHSETCS OUYEHb Y3KHUM ITYYKOM M
XapaKTEPU3yEeTCsl BBICOKOM KOHLEHTpanued 3Heprud. VICTOYHMKaMHM TeHEepUpYEeMOM HSHEPIrHH CIyKaT
TBEpIBIC Tena (pyOUHbI, AIFOMHUHUEBBIC TPAHUTHI, UTTPUiL, cTékiia) u rasel (He, Ar, Ne, CO).

[IpumeHeHue na3epoB s TepMUYECKOW OOpabOTKM OCHOBAaHO Ha NpeoOpa3oBaHUU CBETOBOM
SHEpPIUU B TEIUIOBYI0. B OCHOBY paboThI Ja3epoB MOJ0KEHO YCHJIEHHE JIEKTPOMATHUTHBIX KOJeOaHUMH
CU€T MHAYIUPOBAHHOTO M3ITyYSHHS aTOMOB. BBICOKasi KOHIIEHTpAIMs YHEPTUU B CBETOBOM moToke OKI
MO3BOJISIET HArpeTh MOBEPXHOCTh JI0 TEMIIEPATYpPHOIO JHana3oHa TepMOOoOpabOTKH 3a OUYeHb KOPOTKOE
BpEMSI.

['my6una ynpounénnoro ciost npu Harpese Ha COz-na3epe (npu MomHocTH 5 KBT) kone6iercst oT
0,3 1o 1,0 MM, a Ha ummyTbcHOM Jazepe — 0,1 — 0,15 mm.

Tema 6. IIBeTHBIe MeTA/UIbI H CILJIABBI
Bonpoc 1. KoMno3uunoHHbIe MaTepHaIbI

Komnosuyuonnvimu mamepuanamu Ha3bpIBalOT MaTepUaibl, COCTOSALIME U3 JIByX KOMIIOHEHTOB U
Oonee, OOBEOTUHEHHBIX PA3IUYHBIMU CIOCOOAMHM B MOHOJUT M COXPAaHAIOIIMUMH TPU 3TOM
WH/IMBUyalbHbIE 0COOEHHOCTH.

Komnosumnmonnsle MaTtepuanbl  00NaJalOT  KOMIUIEKCOM — CBOWCTB, OTJIMYAIOUIUXCS — OT
TPaJAULIMOHHBIX KOHCTPYKIIMOHHBIX MaTEPUAIIOB, YTO U MPEAONPEAEIWIO UX YCICIIHOE IPUMEHEHHE IS
COBEpIIIEHCTBOBAHHUS COBPEMEHHBIX U pa3pabO0TKU MPUHIMIIUAIBHO HOBBIX KOHCTPYKIUH.

JJ1s1 KOMIIO3UIIMOHHBIX MATEPUAJIOB XapaKTEePHA C/IeAYI0IIAasd COBOKYITHOCTh NPU3HAKOB:
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1) coctas, ¢popma 1 pacnpeesieHue KOMIOHEHTOB MaTepuaia ONpeeeHbl 3apaHee;

2) MaTepualibl COCTOAT U3 JIByX KOMIIOHEHTOB M 0oJiee pa3IM4yHOrO XHMHYECKOIO0 COCTaBa,
pa3nesi€HHBIX B MaTepuase rpaHuLei;

3) cBoiicTBa MaTepuasia ONPEAEISIOTCS KaXIbIM M3 €ro KOMIOHEHTOB, COJIEpKaHUE KOTOPBIX B
MaTepHae 10CTaTOYHO O0JIbIIOE;

4) wMarepuan o00JajaeT CBOWCTBAaMM, OTJIMYHBIMH OT CBOWCTB KOMIIOHEHTOB, B3ATBIX B
OTJEbHOCTH;

5) marepuan oHOPOJIEH B MakpoMaciluTabe 1 HEOJTHOPOJEH B MUKpoMacIluTale;

6) MaTepual He BCTPEUYAETCs B IPUPOJIE, @ CO3/IaH YEJTOBEKOM.

KOMIOHEHThl KOMNO3MLIMOHHOTO MaTepuana pas3Iu4Hbl [0 TIEOMETPUYECKOMY IPU3HAKY.
KoMIiioHeHT, KoTopblil 001a/1a€T HENMPEPHIBHOCTBIO IO BCEMY 00bEMY, sABIIAETCA Mampuyeii. KoMnoHeHT
e MPEPBIBHBIN, pa3/ieleHHbld B 00bEME KOMIO3UIIMOHHOIO MaTepHuasa, CYUTACTCS apMupyiowum i
yIpOoYHsIOmUM. [IpuMepoM KOMITO3UITMOHHOTO MaTepHaa SIBIsSETCS Kele300eTOoH.

B kauecTBe MaTpull B KOMIIO3UIIMOHHBIX MaTepHajgax MOIYT ObITh MCIIOJb30BaHbl METAJIBI U UX
CIUIaBbI, & TAK)KE IOJUMEPHI OPraHMYECKHE U HEOPraHUYECKHE, KEPAMHUUECKHE, YIJIEPOIHBbIE U Jpyrue
Martepuansl. CBOMCTBA MaTpULIBI ONPEIENISAIOT TEXHOJIOIMYECKHE IapaMeTphbl IpolLecca IOIy4YeHHUs
KOMITO3UIIMM U €€ SKCIUTyaTallMOHHbIE XapaKTEPUCTUKU: IIOTHOCTb, YJEJIBbHYIO IPOYHOCTh, pabOUylo
TeMIIepaTypy, CONPOTUBICHUE YCTAIOCTHOMY Pa3pyLICHUIO U BO3JICHCTBUIO arpECCUBHBIX CpEI.

ApMUpYIOLIME WM YIPOYHSIOUIME KOMIIOHEHTHl PABHOMEPHO pacipesaeneHsl B Marpuue. OHu,
KaK IpaBWIoO, 00Jalal0T BBICOKOW IMPOYHOCTHIO, TBEPIOCTBIO U MOJAYJIEM YIPYTOCTH MU IO 3TUM
[IOKAa3aTesIM 3HAYUTEIbHO MPEBOCXOAAT MaTpully. bosiee MIMPOKUM MOHATHEM, YEM apMUPYIOLIUN WIH
YIPOYHSIOIINN KOMIIOHEHT, SIBJISETCS TEPMHMH «HAIIOJHUTEIb», MOCKOJIBKY HAIIOJHHUTEIb B MaTpULE
IIOMHMO U3MEHEHHUS] IPOYHOCTH OKa3bIBA€T BIUSHUE U HA APYTUE XapaKTEPUCTUKU KOMITO3UIINH.

Bonpoc 2. [Inactmaccel, HX 0011251 XapaKTepPUCTHKA, KIacCH(PUKALUA, U HA3HAYeHHe

Cpeau HOBBIX KOHCTPYKIIMOHHBIX MAaTe€pHalOB, HEOOXOIUMBIX IJII YCKOPEHUS TEXHHUYECKOIO
mporpecca BO BCEX OTpacisix HApOJHOTO XO3SHCTBAa, 0CO00€ MECTO NPUHAJICKHUT IUIACTMAaccaM |
CUHTeTHYeCKUM cMmonaM. CerogHss NpPOM3BOJACTBO pPA3IUYHON TEXHUKH U MAIIMH HEBO3MOXHO
MpeACTaBUTh, 0€3 WCIONb30BaHUS TutacTMacC U pe3uH. OHU SBISIOTCS HE TOJIBKO 3aMEHUTEIISIMU
Ne(UIUTHBIX [IBETHBIX METAJIJIOB, HO U CAMOCTOSITEIbHBIMU MAIIMHOCTPOUTEILHBIMUA MaTepUaIaMH.

Cunmemuyeckumu noaumepamy Ha3bIBalOT HEMETAJUIMUECKHUE MaTepralibl (IUIACTUYECKUE MACCHI,
PE3UHBI, XUMUYECKUE BOJIOKHA, TUIEHKH, JIAKU, KIIEH, TePMETUKHU U JIp.), OCHOBOI MPOU3BOJCTBA KOTOPBIX
SIBJISIETCS] CHHTE3 BBICOKOMOJIEKYJIIPHBIX OPTaHUYECKHUX MPOJIYKTOB Ha 0a3e MOTMMEPHBIX COCTUHECHHI.

[TonrmepHbIEe BEICOKOMOJIEKYJISIPHBIE COEIUHEHUS COCTOAT U3 COTEH U ThICAY aTOMOB. | UTaHTCKHNE
MOJIEKYJIbl ATUX COCUHEHHUH Ha3bIBAIOT MAKPOMOLEKYIAMU.

B 3aBucumocty OT (hOpMBI MaKpOMOJEKYJ TOJUMEPHBIE COEIWHEHHUS TMOPa3AeNsioTCs Ha
JIUHelHble, pa3gemeanénnble U cemuamole (npocmpancmeennule) (puc.l).

WO%

a) 6) B)

Puc.1. CtpoeHne BBICOKOMOJICKYJISIPHBIX COSTUHEHUN: @ — JTMHEHHBIX; 0 — Pa3BETBIEHHBIX; 6
— CETYaThIX.

Y  umnetinblx noaumepos MaKPOMOJEKYJIbl TPEACTABIAIOT COOOM COTHH WM  THICAYU
AJIIEMEHTAPHBIX 3BEHHEB MOHOMEPOB, COCIUHEHHBIX BHYTPHUMOJEKYISIPHBIMU CBSI3SIMH B OECKOHEUHBIC
uernu (puc. la). YV paszeemenénuvix noaumepos 1menu oOpa3yrOT OTBETBJICHHS, COCTOSIINE TaK XK€ W3
AIIEMEHTAPHBIX 3BEHbEB MOHOMEpPOB (puc. 16). Y cemuamuvix (npocmpancmeenuvix) noaumepog 1emu
00pa3yroT MPOCTPAHCTBEHHYIO CETKY (puc. 16).
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JIuneiHble U pa3BETBICHHBIE IOJUMEPBI OTHOCATCA K MEPMONIACMUYHbIM, a CET4aTble — K
MepMOopeakmueHbiM noaumepam. TepMOIIacTbl B OTIUYME OT PEaKTOIUIACTOB CIIOCOOHBI MHOI'OKPAaTHO
MOJIBEPraThCs IUIACTHYECKON AeopMarium.

Bce cuHTeTHYECKHE MOJTUMEPHI M0 THILY CHHTE32 JeJISIT Ha:

1) monumepu3anmoHHbIe (M COMOJMMEPHU3AIIMOHHBIC);

2) MOJIMKOH/ICHCAIIMOHHBIC BHICOKOMOJICKYJ/ISIPHBIC COCAMHEHUSI.

THonumepuzayuonuvie noaumepbl — 3TO TOJIUMEPHI, KOTOPbIE 00pa30BaHbI MIPH B3aUMOJICHCTBHA
MOHOMEPOB 0€3 M3MEHEHUs NEPBOHAYAILHOTO cocTaBa. K HUM OTHOCSITCS MOJIMATHIICH, TOJIUIIPOIIHIICH,
MOJTUCTUPOI, TOTMBHHUIXIIOPH]I, TOJUTETPAPTOPITHIICH.

Tonuxonoencayuonnvle noaumepvl — 3TO TOJIUMEPHI, KOTOPbIE O0pPa3yOTCS M3 HECKOJIBKUX
MOHOMEpPOB B  pe3yjbTaTe MpPOTEKaHHWsS TMpolecca (peakiuu) TOoJMKOHIeHcanuu. llpomecc
COIPOBOXIAETCS BBIIETICHUEM MOOOYHBIX MPoaykToB (Boasl (H20), yrimekucmoro raza (CO2), ammuaka
(NH3)). B pe3ynbTare cocTaB IMoJMMepa He OTBEYAET COCTaBy MEPBOHAYAIBHBIX BEIIECTB (MOHOMEPOB).

OcHOBHbBIE CBCACHHA 0 ILTacTMaccCax

[Inactuyeckue M™accel (IJIaCTMAcChl) 3aHUMAIOT O0CO0OE€ MECTO Cpeld CHHTETUYECKUX
oJIMMepHbIX MarepuaioB. lllupokoe mpuMeHeHue miacTMacc OOyCIIOBICHO HaJUMYMEM Y HUX LEHHBIX
CBOWCTB.

ILiracTMacchl LIMPOKO MPUMEHSIOTCS B MAIIMHOCTPOEHHH 0J1aroiaps BLICOKHUM
MOKA3aTeJIsIM CJIeIYIOIIUX HeHHbIX CBOICTB:

1) xopowas yoenrvnas npounocme;

2) ppuryuonnvie ceoticmea (HEKOTOpBIE IUIACTMACCHI 00J1aJAI0T BBICOKUM KOI()(OUIHEHTOM
TPEHUS U MaJIbIM U3HOCOM);

3) aumughpuryuonnvie ceoiicmeéa (HEKOTOPbIC BUABI IIACTMACC, HAIPUMEP TEKCTOJMT, KalpoH
YCIIEUTHO 3aMEHSAIOT OPOH3Y B MOAIIMITHUKOBBIX y3J1aX MAIWH);

4) onmuueckue ceoticméa (HEKOTOPbIC HEHAIOJIHEHHbBIC IUIACTHYECKUE MACChl (OPraHUYECKOe
CTEKJIO, MOJIMCTUPOI U JIp.) MpO3pauHbl U OECUBETHBI, CIIOCOOHBI MPOIYCKATh JIyYd CBETa B IIMPOKOM
Jarna3oHe BOJH, B TOM YHCIIEe U YIbTPa(UOIETOBYIO YacTh CHEKTPa 3HAYUTEIHHO MPEBOCXOMAS B STOM
OTHOIIICHUH CHIIMKATHBIE CTEKJIIA);

4) xopowas 21eKMpoU3ONAYUOHHOCHID,

5) xopowas: menno3eyKou30aAYUOHHOCD;,

6) svicokas xumuueckas cmoiikocms (TIACTMACCHI HETIOABEPIKEHBI KOPPO3KMH, @ MHOTHE U3 HUX U
arpeccCUBHBIM CpeliaM);

7) manas nromuocms (Hanpumep: mnoTHOCTS meHommacta coctasnser 0,015 — 0,8 r/em®);

8) mexnonocuunocme (TpymOEMKOCTh HM3TOTOBJICHHUS CaMbIX CIIOKHBIX JETajeldl M3 IJIaCTMAacC
HUYTOXHA 110 CPABHEHUIO C TPYAOEMKOCTHIO U3TOTOBJICHUS JeTallel U3 APYTUX MaTePHAIIOB);

9) oewesusna coipos.

OaHOBpeMeHHO ¢ YKa3aHHBIMH JOCTOMHCTBAMH IJIACTHYECKHE MAacChl 00J1a1a10T
cJIelyIOIIUMHU HeJOCTATKAMM:

1) oepanuuennas  mennocmoiikocms  (OCHOBHBIC  BHIBI  IUIACTHYECKHX  MacC  MOTYT
YAOBJIETBOPUTENIBHO pabOTaTh JIMIIL B CPABHUTEIHLHO HEOOJBIIOM MHTEepBaje Temrepatyp (oT -60 no
+200°C);

2) HusKas menionpoéooHocms (TEILIONPOBOAHOCTD IIacTHYeckux macc B 500 — 600 pa3 Huxe
TEIUIONPOBOAHOCTH METaJlIa, YTO CO3AaéT TPYAHOCTH MPHU MX MPUMEHEHUH B y3/1aX U JAETalsX MaIluH,
r7ie HelOX0 UM OBICTPBIN 0TBOJ OOJIBIINX KOJIMYECTB TEIIA);

3) nuskas meepoocms (6 — 60 xI'/cm? o Bpunemnmo);

4)  noazyuecms (3TO CBOWCTBO OCOOEHHO SIPKO BBIPAKEHO y TEPMOILIAcToOB (puc.3);

5) wmanas scecmxkocms (MOIYTb YHPYTOCTH CaMbIX JKECTKHX ILIACTMACC - CTEKJIOIJIACTHKOB Ha
OJIMH — JIBa TIOPSAKA HIKE, YEM Y METAJLIOB);

6) cmapenue (MIactMacchl TEPSIOT CBOM CBOMCTBA IO/ JCHWCTBHEM CIEAYOIMX (haKTOPOB:
TeMIIepaTypbl, BIAKHOCTH, CBETA, BOJIBI, JUTMTEIILHOTO MPEOBIBAaHUS B aTMOC(HEPHBIX YCIOBHUSX.
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7) HesbiCOKAsL 653KOCMb.
KoMnoHeHTBI IJ1acT™MAace

OOBIYHO MIACTMACCHI MPEACTABISAIOT COOOW CIIOKHBIE KOMIO3UIIUH, COCTOSIINE M3 HECKOIBKUX
BelecTB. TpeOyeMble SKCIUTyaTallMOHHBIC CBOWCTBA IUIACTMAcC IOJNYYarOT Oyarojmaps Mmoadopy
OTJICTIBHBIX KOMITOHEHTOB U X OTPEICIIEHHBIM COYCTAHUSIM.

B OoJbIIMHCTBE CllydaeB ILIACTMACCHI COCTOSIT M3 CMOJIbI, HAIOJHUTENS, IIaCTH(HUKATOPA,
KpacuTells M JPYrux J100aBOK, YIYYIIAIONUX TEXHOJOTHYSCKUE M JKCIUTyaTallMOHHBIE CBOWCTBA
[JIACTHKA.

Casi3ymwoliee BelecTBo

OCHOBHBIM KOMIIOHEHTOM BCEX IJIACTMACC SIBIISICTCS cesazyouee BEIICCTBO
(BBICOKOMOJIEKYJISIPHOE OpPraHUYECKOE COEAMHEHHE), KOTOpPOoe MpHIaéT IutacTMaccaMm IIAaCTUYHOCTh U
CHOCOOHOCTh (popMOBaThCs, a 3aTeM 3aTBEpeBaTh, COXpaHssd MONy4YeHHYI0 ¢opMy. Hekortopsie
IJJACTMACChl  COCTOSIT TOJIBKO M3 CBS3YIOIIETO BeEIIeCTBA (HAIPUMEp, IMOTUMETHIMETaKpuiIaT —
OprcTekiio). B kadecTBe CBS3yIOIIEro BEHIECTBA B IUlacTMaccax NPHUMEHSIOT TJaBHBIM 00pazoM
CHUHTETHYECKHE CMOJIBL.

J71s1 OBBILIIEHUSI MEXaHUYECKON MPOYHOCTH, TEIIOCTONKOCTH, 3JIEKTPOU3OIAIMOHHBIX U APYTUX
CBOMCTB B COCTaB OOJBLIMHCTBA IUIACTMACC BBOJAT JPYrod BecbMa BaXHbIH KOMIIOHEHT —
HanoJHumen b, KOTOPHIA TOCIIEe MPOMMUTKU CBS3YIOIIUM BEHIECTBOM CIIPECCOBBIBACTCS B OJHOPOJIHYIO
Maccy. Kpome cBs3ymoomux BellecTB HalOJHHUTENEH B COCTaB IJIACTMAcC BBOJAAT IUIACTU(UKATOPBI,
MMUTMEHTHI U IpyTre J0OaBKH.

CHUHTETHYECKHE CMOJIBI HCIOJB3YIOT B KAaueCTBE CBA3YIOUIETO BellecTBa B IiacTMmaccax. Mx
MOJTY4aloT U3 BEUIECTB C HU3KUM MOJICKYJISIPHBIM BECOM, a TAKK€ U3 MPUPOJIHBIX WM pPaHEee MOTYYSCHHBIX
BELIECTB C BBICOKOMOJEKYJISPHBIM BecoM. lloilydeHune BBICOKOMOJEKYJSAPHBIX CUHTETHYECKHX CMOJ
MOXET OBITh OCYIIECTBICHO METOIaMU MOJIMMEPU3AIIUN UITH TIOJIMKOHICHCAIIUH.

Hanonnumenu — 310 OpraHMYecKre W HEOPTaHMYECKHE BEIIECTBA B BUJIE IOPOIIKOB, BOJOKOH,
JINCTOB.

HamnoJiHuTe 1M BBOASAT B IUIACTMACCHI € LeJbIO: YydlieHus (HU3HKO-MEXaHMYECKUX CBOMCTB,
JUDJIEKTPUYECKUX CBOMCTB, QPUKIIMOHHBIX U aHTU(DPUKITMOHHBIX CBOMCTB, MOBBIIIEHUS TETNIOCTOUKOCTH,
YMEHBILIEHUS TEMJIOCTOMKOCTH, YMEHBIIEHUS YCA/IKU, CHIPKEHUSI CTOMMOCTH IJIaCTMAcCC.

HanonanuTtenu nejATCsl HA: OPraHUYECKUE U HEOPTaHUYECKHE.

Opeanuyeckue HanoaHumenu - 3T0 MaTepraibl HA OCHOBE LEJUII003bl. OHU CHMXKAIOT XPYIKOCTh
CMOJI U COXpPaHSIOT MaJblil YICNbHBIA BEC, OJIHAKO YBEIMYMBAIOT THTPOCKOMUYHOCTH M YMEHBIIAIOT
TEPMOCTOUKOCTbH IJIACTMACC.

Heopeanuueckue nanonnumenu - 3To Matepuaibl, KOTOPbIE YBEIIMUYMBAIOT XPYIKOCTh IIacTMacc,
HO TIOBBIIIAIOT TEIUIOCTOMKOCTh U YJIYYIIAIOT JJIEKTPOU3OISIUOHHBIE cBoMcTBa. [lpu dopmoBanum y
MJIACTMACC C HEOPTaHUYECKUMU (MUHEPATbHBIMU) HAMIOJHUTEISIMHU yCaJlKa 3HAUUTEIILHO MEHBIIE, YeM Y
MJIACTMACC C OPraHMYECKUMHU HAMOTHUTEIISIMU.

B HEKOTOpBIX Cilyyasx M3rOTOBISIOT IJIACTMACCHI 0€3 HAMOJHUTENEH, MpeCcTaBisonume coooi
WJIH TIPO3payHbIe (THIIA OPTaHMYECKOTO CTEKIIA) WIH OT/IeIbHbIE HEMPO3pauHble KOMITO3HIIHH.

Inacmughuxamopol — 3TO BEMIECTBA, KOTOPHIE YMEHBIIIAIOT MEXMOJIEKYIIIPHOE B3aUMOJICHCTBUE U
XOpOIIIO COBMEIMIAITCS ¢ nmonuMepami. [ImactudukaTopsl BBOAATCS B IiacTMacchl B konuuectse 10-20%
JUIS  TIOBBIIEHWUS  AJACTHYHOCTH, YMEHBIIEHUS XPYNKOCTH TOTOBOTO  u3zenus  (yJydIaroT
MOPO30CTOWKOCTh) M TPEAOTBpAIllEHUs] MPHIMIAHUE TMpeccMaTepuana K CTeHKam mpecc-GpopMmel. B
KauecTBe TUIACTH(UKATOPOB MPHUMEHSIOT Pa3IMYHbIE OPraHUYECKHE BEIIEeCTBAa: CTEapHWH, KacTOPOBOE
MacJo, OJIEMHOBYIO KHCIIOTY, TUOYTUI(TANAThI, TpUKpe3midochaTsl U Ap.

Cneyuanvhvie 006a6KU — STO CMa30YHBIE MaTEpUAIbl, KPACUTEIH, MTOOABKHU ISl YMEHBIICHUS
CTaTUYECKHUX 3apAJI0OB U TOPIOYECTH, JIJIsl 3aIIUTHI OT MJIECEHU, YCKOPUTENIN U 3aMEITTUTENHN OTBEPKIACHUS
u ap. CnenuanbHbie J0OABKU CITYKaT JJIsI K3MEHEHHS WJIA YCUJICHHS KaKoro-Tn00 CBOMCTBA.

Cmabunuzamopbsl — 3TO BEIIECTBA, MPEJOTBPAIIAIOIINE PA3T0KEHHE MOJTUMEPHBIX MaTepUaIOB BO
BpeMs HMX MepepaboTKH WM DKCIUTyaTallMH TOJI BO3JICUCTBHEM aTMOC(EPHBIX YCIOBHH, MOBBIIIEHHBIX
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TEMIEpaTyp U APYrux (hakTopos.

B xavecTBe CcTaOWMIM3aTOPOB HCHOJB3YIOT ApPOMATHYECKHE aMUHBI, (DEHOJNIbI, CEPHHCTHIC
COEMHEHUS, TA30BYIO CaXYy.

Kpacurean

B kommo3uiuu miuactMace i TPHIAHUS OINPENCICHHOW OKPAaCKH BBOIST COOTBETCTBYIOIIUE
Kpacsilue BeuIeCTBa — NUSMEHMbI.

Buasl kpacureseii:

1) MuHepayibHBIC (MyMHsI, OXpa, yMOpa, JIUTOIIOH, KPOH M Jp.); 2) OpraHWYecKue (HUTPO3HH,
pollaMuH).

st yCKOpeHHsI OTBEPKIACHUS TEPMOPEAKTUBHBIX IUIACTMACC B UX COCTaB mepea (pOopMOBaHUEM
BBOJIAT Kamaauzamopwl (MEPEKUCH, KUCIOTHI WIH COJIH).

[Ilpr mpowM3BOJCTBE IIACTMACC C TOPHUCTHIM HIIM SIYEUCTBHIM CTPOCHHEM B MX COCTaB BBOJST
CIeLMAIbHBIEC BEIIECTBA — NOPO0Opa308amen.

Knaccupuxkanus niacrmace

Knaccupukanus mniaacTtMace N0 MNPOUCXOKIEHHMIO: OPraHUYECKOTO TPOHMCXOXKICHUS |
HEOPraHUYECKOTO IPOUCXOMKICHHS.

Haumbonpmiee mnpuMeHeHHE B MAIIMHOCTPOCHHHM MOJMYYHJIM TUIACTMAcChl  OPTaHUYECKOTO
MIPOUCXOXKICHUSI.

Kaaccudukanus miacTMace B 3aBUCUMOCTH OT IJIACTHYECKOii 1epopManuy npu Harpese:

1) TepmorIacTU4HBIC (TEPMOILIACTBI) ITACTMACCHI;

2) TepMOpEaKTUBHBIC (PEAKTOILIACTHI) TJIACTMACCHI.

Knaccupukanus niaacrMace no au3JJeKTPU4ecKuM CBOMCTBaM
1) HenonsipHble; 2) NOJSPHBIE.

Knaccupukauusa miaactMace mno (GU3MKO-MEXaHUYECKHM CBOWCTBAM MNPpH  OObLIYHOM
Temieparype:

1) arcécmiue, sBnsronrecs: TBEPALIMU YIIPYTUMH BEIIECTBAMHU C BBICOKAM MOJYJIEM YIIPYTOCTH H
MaJIbIM yJUIMHEHHUEM IIPHU pPa3pbiBe, COXpaHSIOmuUEe (OpMy MpH BHEUIHUX HAMPSDKEHHUSIX B YCIOBHSIX
OOBIUHBIX WM MOBBIIIEHHBIX TEMIIEPATYD;

2) noayycécmkue, SIBISIOMIMECS TBEPABIMUA YIPYTUMH BEIIECTBAMH CO CPEIHHM MOJYJIEM
YIPYTOCTH, BBICOKUM OTHOCHUTEIBHBIM U OCTaTOYHBIM yIJIMHEHUEM IIPH Pa3PhIBE;

3) mazKue, SBIAIONINACCS MSITKAMH U AJACTHYHBIMU BEIIECTBAMU C HU3KHM MOJIYJIEM YIPYTOCTH,
BBICOKMM OTHOCHUTEJIBHBIM YJUIMHEHUEM U MaJIBIM OCTaTOYHBIM yIJIUHEHUEM;

4) msacKkue W InacmuyHdle, SBISIIONMECS MSITKAMH M 3JaCTHYHBIMU BEIIECTBAMH, C HU3KUM
MOJIyJIEM YINPYTOCTH, MOAJAIOIIMECS 3HAYMTEIbHBIM OOpPaTUMBIM JeGopMalnusM MpU PACTKEHUU —
IJIACTUKATHI (JIUCTHI, JICHTHI).

Kaacendukanusa niacTtMace no Ha3HAYECHHUIO:

1) KOHCTPYKIMOHHBIC; 2) PPUKIIMOHHBIC; 3) aHTH()PHUKIIMOHHBIC; 4) CHICIUAIBHBIC, 5) XUMUYECKH
CTOlikue;  6) 2JIeKTPOM3ONIALMOHHBIE;  7) mpo3payHble;  §) TEMJIO- M 3BYKOU3OJSLHOHHBIE;
9) ymutoTHuTENbHBIE (TIPOKIIaA0YHbIe); 10) TeKOpaTHBHEIE.

Kaaccndukanusa niiactMace no Buay HanoJHUTEJIS:

1) C MOPOIIKOOOPA3HBIM HAIMOJHHUTEIEM; 2) C BOJOKHHUCTBIM HAMOJHUTENEM; 3) C CIIOMCTHIM
HaroJHUTENeM; 4) 0e3 HaOTHUTEIS.

Bomnpoc 3. Pe3unbl, ux 0011asi XapaKTepuCTUKA, KIacCu(PUKALMA U HA3HAYEHH e

CoBpeMeHHass TeXHHMKAa HE MOXET CYIIECTBOBATh 0€3 PE3MHOTEXHHUYECKUX u3aenuil. Pesuna
UCIOJIb3YETCS JUIsl IPOM3BOJICTBA ABTOMOOMIIBHBIX IIMH, M30JSIUU MIPOBOJOB, BOJIOJIA3HBIX KOCTIOMOB,
0aJJIOHOB a3pPOCTATOB, IUIAHTOB, HATYBHBIX JIOJIOK, IPOTUBOTa30B U MHOTOT'O IPYTOrO.

Pe3unbr — 3TO milacTMacchl ¢ PeIKOCETYaTON CTPYKTYpOH, B KOTOPBIX CBSI3YIOIIMM BBICTYMAeT
IIOJINMEP, HaXOJAIIMNICS B BBICOKOIIJIACTUYECKOM COCTOSIHUM.
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Pe3una B oTiiM4He OT APYIrUX MaTepuaaoB 00J1aaeT PAJIOM LEHHbIX CBONCTB:

BBICOKAsl DJJACTHYHOCTh; BBICOKOE COIPOTUBICHUE WCTUPAHHUIO; BBICOKOE COINPOTHUBIICHUE
paspbiBy; ra3o- U BOJOHENPOHHULIAEMOCTb, XHMMUYECKas CTOMKOCTb; XOPOIIHE JUAJIEKTPUUYECKUE
CBOICTBA; HEOOJIBIIION yIeTBHBIIN BEC.

B pesunax cBsasyromum sBisroTcs kaydyku HatypanbHble (HK) wim cuntermueckue (CK).
Kayuykam, npeacTaBisioliuM coO0OH JHMHEHHbIE IOJKMMEpPbl, HPUCYIIA BbICOKAA IUIACTHUYHOCTD,
00yCJIOBJICHHAs: OCOOCHHOCTSMU CTPOCHHS MX MOJIEKyJl. JInHelHble U cnabopa3BeTBIEHHBIE MOJIEKYIIbI
KaydyyKOB HMMEIOT 3UI3arooOpasHyl0 WM CHUPAIEBUIHYIO KOH(UIypauuio M OTIMYaroTca OO0JIbIION
rHOKOCTBI0. UMCTBI KaydyK MOJI3ET NMpHU KOMHATHOW TeMIeparype U OCOOCHHO NpU MOBBIIIEHHOH,
XOpOILIO PacTBOPSAETCS B OPraHMYECKHX PACTBOPUTENAX. TakoW KaydyK HE MOXKET HCIOJIb30BaThCS B
TOTOBBIX U3JEIINAX.

JUis MOBBIIEHUS YHOPYTUX U JOpYyruxX (U3MKO-MEXAaHHYECKMX CBOMCTB B Kaydyke (opMUpPYIOT
PEAKOCETYATYI0 MOJIEKYJISIPHYIO CTPYKTYPY. DTO OCYILECTBISIOT ByJIKaHU3aLUEH — MyTEM BBEACHUS B
KayuyyKd XMMUYECKHX BEIEeCTB — BYJIKAHU3AaTOPOB (KaK IMPaBUIIO, cepy S), 00pa3yroLUX MoNepeyHble
XMMHUYECKHE CBSI3U MEX]y 3BEHbSIMM MAKpPOMOJIEKYJI KayuyKa. B 3aBUCUMOCTH OT 4yKcClia BOZHUKILIUX PU
BYJIKAHM3ALMU TONIEPEUHBIX CBA3EH IOJIy4arOT PE3UHBI Pa3IM4HON TBEPAOCTH.

Kuaacenpuxanus pesun

Kaaccudukanus pe3uH no TBepAOCTH:
nopuctbie (Tyouatsie); msrkue (< 5%S); ocobo anactuunbie; cpeanet TBépaoctu (10 — 15%S);
TBEP/IbIC; BBICOKOM TBEpHOCTH; )ecTkue (D0oHuTHI (> 30%S)).

Knaccupukauus pesuH no Ha3HAYEHHUIO:

1) yHUBepcalbHbIC;

2) CHEIMaJIbHBIE: a) MacJlo- U TOINIMBOCTOMKHUE; 0) XMMUUECKHU CTOMKHE; B) CBETOCTOMKHUE;

I) MOpO30- U TEIUIOCTOMKHUE; 1) Ta30HENpPOHMILIAEMble; €) AUUIEKTPUUYECKHUE; ) CTOHMKHE K
paauanuy.

Knaccuduxanus pe3uH no TeXHOJIOTHH U3TOTOBJICHHA:
KJIeeHbIE; (DOPMOBAHHBIE; IITAMIIOBAHHBIC; JIUTHIE.
Knaccuduxanus pe3uH no TUIY M KOHCTPYKIMH U31e/IUI:

LIMHHBIEC; KAMEPHBIE; pPyKaBHBIE; IPOTEKTOPHBIE; TPAHCIIOPTHBIC; aMOPTU3ALIMOHHBIE U JIP.

Binsinue yci10BUil IKCIUIyaTAllMM HA CBOMCTBA Pe3UH

HarpeB, kak mnpaBuio, CHMXaeT MPOYHOCTHBIE CBOMCTBAa pe3uH. Tepmuueckas CTaOMIBHOCTh
PE3UH OlpeNeNseTcs] IPOYHOCThI0O XUMUYECKUX CBSA3EH B MakpoMoJieKylaxX M ux cTpykrypoil. Haubonee
MHTEHCUBHO, MIPOYHOCTh YMEHBIIAETCS y PE3UHBI HA OCHOBE XJIopolnpeHa. OpraHn4eckue pe3suHsl 10ocie
Harpesa (150°C) B Teuenue 1 — 10 4 TepsrOT MPOYHOCTD.

OpnHOBpeMEHHOE JIEHCTBHE HAa PpE3UHBI TeMIEPATypbl, 030HA, KHCJIOPOJa, HArpy3KH,
YAbTPa(hno1eTOBBIX JyUell nHTeHCHPUIMpyeT pazButue nporeccoB ctapeHus. Pesunsl Ha ocHoBe CKT
CIOCOOHBI JUIMTENbHOE BpeMsl paboTaTh mpu 3Toi Temmeparype. Jlertanu u3 pesud Ha ocHoBe CK® u
CKT — ynnoTtHuTenu MOJABMKHBIX W HEMOJBUKHBIX COEIWHEHUH, MPOKIAIKU, KOJMAuyKHu U T. M. —
CIOCOOHBI paboTaTh JIMTENBbHOE BpeMs Ipu TeMiiepatypax 1o 250 —300°C.

[Ipy HM3KHMX OTPHUIATEIBHBIX TEMIIEpaTypax PpEe3UHbl MPAKTHUYECKU IMOJIHOCThIO YTPAauMBarOT
BBICOKO?JIACTUYECKHE CBOMCTBA M MEPEXOAAT B CTEKIOO00Pa3HOE COCTOSIHHE. YPOBEHb MOTEPH CBOWCTB
00JIbI1IEe TPOSBIISETCS B YCIOBUSIX C/ABHUTra, YEM CHKATUS UM PACTSHKCHHUS.

Ilox nelicTBMEM MOHU3UPYIOLIETO U3IIyUYEHHs PE3UHBI CTAPEIOT.

CroiikocTh pe3MH K paavaluM 3aBHCHT OT: MPUPOIbl KaydyKa; Cpeabl; COCTaBa PE3UH
(HamU4HsI aHTUPAJIOB).

HawnGosnpimas ckopocTh CTapeHus Mo JSHCTBUEM pajualiuu oTMeueHa y pesnd Ha ocHoBe CKH,
CKb, Hauputa U NposIBISETCS B NOBBILIEHMHM UX TBEPJOCTU M YMEHBUIEHMM BS3KOCTH. boiee HM3Kas
CKOpocTh crtapeHusi HabOmomaercs y pesuH Ha ocHoBe HK, CKHU-3. CkopocTe cTrapeHus caMbiM
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CYIICCTBCHHBIM 06pa30M 3aBHUCHUT OT MOIIHOCTH JO03bI OGHy‘lCHI/IH. B HI[epHOﬁ TEXHUKE OJIA
M3TOTOBJICHUS YIJIOTHUTEIBHBIX JETaNeH valle npuMeHstoT pe3unbl Ha ocHoBe CKU u HK.

Tema 7. Koppo3usi MmeTajioB

Bonpoc 1. [loBegenune MaTtepuasoB B 0COOBIX YCJI0OBHSIX.
PaGora maTepunaJjioB B yCJOBUSIX HU3KHUX TeMIIEPATYP

Bo3aeicTBUI0O HU3KMX TEMIEPATyp IOABEPraloTCs OYEHb MHOTME MaTepHallbl U HU3JENHs,
Hampumep TpyObl U Ta30- U HEPTENPOAYKTOB, MOCTHI, KeJE3HbIE JOPOTH, aBTOMOOWIIH, JIeTaTeIbHbIe
amnmaparbl U T. . B ceBepHBIX pailoHax OXJIAKICHHE MaTepuaioB MoxeT gocturath —60°C, kopmyca
CaMOJIETOB U KOCMHUYECKHX amlapaToB MOIYT OXJaXJAThCs A0 TEMIEpPATypbl >KUJIKOrO Kuciaopona (—
183°C). [detanu 1 OTAEIbHBIC Y3JIbl XOJIOIUILHON U KPUOTCHHOW TEXHUKH, KOTOPHIE MCIOJIB3YIOTCS JJIS
IIOJIy4Y€HHUs, XPAaHEHUS], TPAHCIIOPTUPOBKU CKIMXKEHHBIX I'a30B, OXJIAXKAAIOTCA 0 TEMIIEPaTyphl XKUAKOTO
resst (—269°C).

IIpu HU3KHX TeMIlepaTypax y MeTaJIoB Ha0awaawTes: 1) moteps miacTHYHOCTH; 2) IOTEps
BSI3KOCTH; 3) MOBBIIIEHHAS CKIIOHHOCTD K XPYIKOMY pa3pyLIeHUIO.

OcHoBHOe TpeOoBaHME K MaTepuanaM, pabOTAIOUIMM B YCIOBHUSX HU3KUX TEMIIEpaTyp, — 3TO
OTCYTCTBHE XJIaJHOJIOMKOCTH.

s HanéxHol paboThl MaTepraia HE0OX0AUMO, YTOObI TEMIIEPATYPHBIN MOPOT XJIaAHOIOMKOCTH
ObLT HIDKE pabouel Temmeparypbl. Ha CKIOHHOCTH K XpYyHKOMY pa3pyLIEHHIO, KaKk U MPU HOPMAIbHBIX
TeMIIepaTypax, BIUSIIOT KOHIICHTPATOPbI HAIPSHKEHUI M MacIITaOHbIN (pakTop aeTanei.

Martepuansl ¢ I'IK pemérkoii, a Takke TUTaH U ero cruiaBbl, oOnanatomue ['TIY pemérkoit, He
HMEIOT SIBHO BBIPQXKEHHOT'O TIOPOTa XJIaJHOJIOMKOCTH, U yJlapHasi BI3KOCTb Y HUX YMEHBIIAETCS IJIaBHO.

Kpome kputepueB Xi1a0CTOMKOCTH OCHOBAaHUEM Ui BhIOOpa MarepHalia CIy:KaT MPOYHOCTHHIC
XapaKTEPUCTHKH (002 U 0p), PU3NIECKNE U TEXHOJIOTUIECKHE CBONCTBA.

W3 ¢usmueckux CBOMCTB MaTepuajoB IMPU HU3KUX TEMIIEpPATypax HHTEPEC MPEACTABISAIOT
TEIUIONPOBOJHOCT U TEMIOEMKOCTh. CKOPOCTh 3aX0JaKMBAaHUS MaTepuaia 3aBUCUT OT TEIUIOEMKOCTH U
TEIJIONPOBOJAHOCTH MeTajjia, a IpU HU3KUX TeMIleparypax, OJU3KHUX K KuAkoMy azoTy (—196°C) stu
XapaKTepUCTUKU yMeHblIatoTcsi Oosiee yeM B 10 pa3. CkopocTh 3axojlaXMBaHUS MaTepuana Ipu
TEPMOLMKIUPOBAHUN II0-PA3HOMY 3aBUCHUT OT TEIUIOEMKOCTH M TEIUIONPOBOAHOCTH. Yem MeHble
TEII0EMKOCTh M OOJIbLIE TEIJIONPOBOJHOCTD, TEM JIETUE 3aXO0JIaXKUBAETCSI KPUOTEHHOE 000py/I0BaHUE U
ObICTpee BBIXOJUT Ha 33JaHHBIA PEKUM.

Haubonee pacnpocTpaHeHHBIMH CpelaMi B KPUOTEHHOM TEXHUKE SIBJISIFOTCS] KUCIOPOJ U BOJIOPOJ,
M03TOMY HEOOXOAMMO YUHUTHIBATH COBMECTUMOCTb C HUMH HCIIOJIb3YEMBIX MAaTepHAIIOB.

OcHoBHBIE MaTepuaibl, KOTOPBIE HCIOJIB3YIOTCA IPU KPHUOTEHHBIX TeMIleparypax, — 3TO
yriepoaucteie cranu ¢ OLIK pemérkamu, anroMuHuit U ero cruiassl (AMu, AMr, AMrS u ap.), TuTaH u
ero criasel (BT1, BTS5, OT4 u np.).

HepxaBeronue cTaau MepexoJHOro U MapTEeHCUTHOTO KJIACCOB He oxpymuuBaroTcs 10 —196°C.
HeprxaBerorye cTaiy ayCTEHUTHOTO KJIacca IUIACTUYHBI M BSI3KH 710 Temnepatyp —253°C.

7KapocToMKOCTh M METO/Ibl, ¢ MOBBILICHUS

JKapocmoiikocms — cIIOCOOHOCT METAJUIOB M CIUIABOB COTIPOTUBIISITHCS OKHCIICHUIO M Ta30BOM
KOPpO3HMHM TPU BBICOKUX Temrieparypax. KapoCTOWKOCTh 3aBUCUT OT MHOTHX BHEIIHHUX M BHYTPEHHUX
(akTopoB. B OCHOBHOM 3a >KapOCTOMKOCTh OTBEYAIOT MOBEPXHOCTh METaJlJIa U YMCTOTa (KayecTBO) €€
o0pabotku. [lomrpoBaHHBIE MOBEPXHOCTH OKHUCISAIOTCS MEIJICHHEE, TaK KaK OKCHJbl paclpeieseHb
paBHOMEPHO M 0O0JIee TPOYHO CIEIUIEHBI C TIOBEPXHOCTHIO MeTaia. DopMHUpyrOmascs Ha TOBEPXHOCTH
OKCHJHAs IJIEHKA JTOCTATOYHO XOPOIIO 3alUINAeT METaJI OT OKHUCJIEHHS B TOM Cllydae, €cld OHa
TUTOTHAS. ¥ HE MPOIYCKAeT MOHBI KHCIOPOAA, XOPOIIO CIEIJIEHa C MOJJI0XKKOW W HE OTCIaWBaeTCs TPHU
MEXaHMYECKUX HCIbITaHuAX. K MeTamiam, KoTopble 00pa3yroT Takue IJIEHKH, oTHOcsATcs XpoM (Cr) u
amomunuuit (Al). Oxkcuaabie wénku tuna mmnuHean CroOs u AlO3z Xoporo 3amuinaT 0T OKACIEHUS



24

IIPU BBICOKHMX TeMItepaTypax. ECiii Ha MOBEpXHOCTH 00pa3yeTcst puIXJIblid OKCHI, Kak y Maruus (Mg), To
OH HE CTOCK W HE 3alIUIIAeT METAILT OT JAITBHEHIIETO OKUCICHUSL.

[ToBbIIIIEHHE KAPOCTOWKOCTH CILIABOB JOCTUTAETCs JerupoBanueM siementamu (xpowm (Cr),
amomunuii (Al), kpemuuii (Si), 6epumii (Be)), oOpa3yromumMu Ha MOBEPXHOCTH HEMPOHHUIAEMBIE IS
HOHOB OCHOBHOTO METalla W KUCIOpOJda OKCHIHBbIC INIEHKU. Takke M 3THX IENeil HMCIONb3YITCS
3aIIUTHBIE TIOKPBITHS, COCTaB KOTOPBIX BBIOMPAETCS ¢ YYETOM YCIOBHI pabOTBI M3IEIHsA W COCTaBa
arpeccuBHOM cpenbl. CTPYyKTypa jKapoCTOMKOTro MaTepualia JOJKHA OBITh OJHOPOIHOW W ogHO(Da3HOU
(urCTBIE METAUTBI MM TBEPIBIE PACTBOPHI).

Tepmuueckass 00pabOTKa MEHSIET CTPOCHHE CIUIABOB H, CJICAOBATEIBHO, UX KOPPO3HOHHYIO
cToiKocTh. OTXHI W HOpMAIHM3alMs NPHBOIAT K (HOPMHPOBAHHIO OJHO(DA3HOW CTPYKTYpHI |
CIIOCOOCTBYIOT YBEIUYCHHIO )KAPOCTOMKOCTH MaTepHUara.

[Tnactuyeckass aedopMalys yXyImlaeT >XapoCTOWKOCTh, TaK KaK MPHBOJUT K IOSBJIECHHIO
rpajieHTa HaNpsHKEHUH B CTPYKType MeTauia. BeiawuwHa 3epHa Ui JKapOCTOMKOrO Marephaia He
CYILECTBEHHA, [I09TOMY 3Ta XapaKTEPUCTHKA SBJISIETCSA CTPYKTYPHO HEUYBCTBUTEIBHOM.

Kaponpo4HoCcTh U MeTOABI eé MOBbIIICHUA. SIBJIeHHEe M0/I3y4eCcTH

Kaponpounocms ~—  CHOCOOHOCTH ~ MaTepualia JUIMTEIbHOE BPEMsl  COMPOTHUBIISITHCS
ne(OPMUPOBAHUIO W PA3PYLICHUIO TPU BO3IACHCTBUU MEXAHWYECKUX HArpPy30K U TOBBIIICHHBIX
TeMIIeparyp.

XaporpoyHocTh BakHAa TIPU BBIOOpE Marepuayia, Korja pabodue TemrepaTypbl W3Sl
npeBbimatoT 0,3 TemnepaTypsl miaBieHus 7n;. MHOTHE JeTalu COBPEMEHHBIX MapOCUIOBBIX YCTaHOBOK,
METAJLTyPrHYSCKUX TIeUeH, ABUTATEICH BHYTPEHHETO CrOPAaHMs, Ta30BBIX TYPOWH U JAPYTUX MAIIWH MPH
paboTe pa3orpeBarOTCs 10 BBHICOKUX TEMIIEPaTyp W HCHBITHIBAIOT OOJBIINE HArpy3KH. Y CIOBHS paOOTHI
netanel paznuuHbl. OCHOBHOE 3HAUY€HHE TP BBIOOpE Marepuasa HUMEIOT: 1) remmnepatypa;
2) IUINTELHOCTh PAaOOTHI IO/ HATPY3KOH; 3) 3HAUCHUE HAIIPSIKCHUSL.

[Tpr BBICOKMX TemIeparypax YCKOpsSrOTcs nuddy3HMoHHBIC TPOIECCHl, H3MEHSIOTCS HCXOHAs
MHUKPOCTPYKTYpa U MeXaHUYecKHe CBOiicTBa MaTepuasioB. C MOBBIIICHHEM TeMIEpaTyphbl 3HAYUTEIHHO
BO3pacTaeT 4YHUCIIO BaKaHCUH, YBEIUYMBACTCS IOJBHKHOCTh TOYEYHBIX JnedekToB. Kpome Toro,
mud¢y3us crocoOCTBYET MEPEMENISHUIO TUCIOKAUN (JIMHEHHBIA nedeKT) MyTéM Mepenoi3aHusi, uTo
naéT UM OOJBIINYIO «CTENIEHh CBOOOIBI», HO TAK)Ke HAOIOAIOTCS YaCTUIHAS aHHUTHIISAINS JUCIOKAIIHA
(mucrokauM pa3HOTo 3HaKa B3aMMHO YHUUYTOXKAIOTCS ), TIepepacipeieNieHue UX, YTO KOPEHHBIM 00pazom
MEHSIET IePBOHAYANFHYIO TUCIOKAIIMOHHYIO CTPYKTYpPY MeTallia.

JlnutenpbHOEe BpeMsl BO3JEHCTBUS TeMIlepaTypbl NPUBOJUT K CYIIECTBEHHBIM CTPYKTYPHBIM
W3MEHEHUSAM: TEePAETCS MPOYHOCTh, MOJyUYEHHAsT TMPH TEPMHUUECKOW 00paldoTKe (3aKkajka, CTapeHHe), a
Takke€ TPOUCXOIUT TMOTeps YMPOUHEHHUs, BBI3BAHHOTO IUIACTHYECKOW aedopmaimeil, u3-3a TaKHX
MIPOIIECCOB, KaK BO3BPAT U PEKPUCTATIIN3AIIHSI.

Kak yxe ObLIO CKa3aHO, TMPU BBICOKUX TEMIIEpATypax OCIa0eBAlOT MEXKAaTOMHBIE CBS3H Y
METAJJIOB, YMCHBINAIOTCS MOJYJIb yIpyrocT E, BpeMeHHOE compoTHBICHHE (TpeAesl POYHOCTH) 0s U
npenen TeKy4eCcTH Or.

Uem HmKe Temreparypa IUIAaBICHHS CIDIaBa, TEM HIKe W pabouas Temmeparypa. llpum
Harpy>KeHWHW MarepHualia JIUTeTbHOE BpEeMsS B YCIOBUSAX TMOBBIIICHHBIX TeMIEpaTryp HabOmogaeTcs
Tpo1iecc (SIBJICHUE) NOI3yHUechiu.

Ecnu mpu mocTostHHON TemmepaType MoJl JeHCTBHEM MOCTOSIHHONW HArpy3kd BBI3BaTh B METaie
HaIpsDKEHUE JTaXKe HUXKE TpeJieNia TeKyUYeCTH or U OCTaBUTh €r0 B ATUX YCJOBHSX JUTUTCIILHOE BPEMS, TO
METaJJI cO BpeMeHeM OyaeT nedopMUpOBATHCS C OMPEACNEHHON CKOPOCTHIO. DTO SBICHHE IMOIYYHIIO
Ha3BaHUE 710/13y4ecmu VI KPUIIA.

OCHOBHBIMU KPUTEPUSIMHU KAPOIPOYHOCTH METAIUIOB SIBIISIOTCS npeodei OIUMENbHOU NPOYHOCTU
U npeoden nonsyyecmu. Takue MOHATHUS, KaK TOI3YYECTh U KAPOIPOYHOCTh, TECHO CBS3aHBI MEXKIY COOOH
Y OTJENUTH UX JIPYT OT ApYyTra HE MPEJACTaBISETCS BO3MOKHBIM.

Bonpoc 2. Ctaau u ciiiaBbl ¢ 0c00bIMHU (PH3MKO-MEeXaHNYEeCKHMH CBOMCTBAMH
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Cranu ¥ c11aBbl ¢ 0c00bIMH (PU3MYECKHUMH CBOMCTBAMH

K cransm ¢ ocoObiMu (HDH3NYECKHMMH CBOMCTBAMHU OTHOCSTCS: MarHWTHAs, HEMarHWTHAs, CTab,
oOnamaromasi BBICOKHUM JJICKTPUYECKUM COMPOTHUBIICHHEM; CTalbhb C OCOOBIMHU TEIUIO(GU3HUECKUMU
CBOMCTBaMH.

Tyron.namme MaTepuaJlbl

Tyeonnasxue mamepuanvi. TyroraBKhue METAJUTBI M CIUTABBI Ha WX OCHOBE MPUMEHSIIOT JUIS
paboTsl ipu Temrieparypax 6onee 1000°C.

TyrormiaBKuMH Ha3bIBAIOTCS METAJLUTbI, UMEIONIME TEMIIepaTypy IUIABJICHHS BBIIIE, YEM Y JKele3a.
HauGonpiiee mnpuMeHeHHME B TEXHUKE HAXOJAT TYrOIUIABKHE METAJUThl, WMEIONIUE CIICIYIOIIHe
temmeparypsl wiasiaenus: xpom (Cr) — 1900°C, uuobwuit (Nb) — 2415°C, monmubmen (Mo) — 2620°C,
tantai (Ta) — 3000°C, Bonbdpam (W) — 3410°C.

Pacimmpenue mpou3BOACTBA W NMPUMEHEHHE TYTOIUIABKMX METAJUIOB M CIUIABOB CBSI3aHO C
pa3BUTHEM aTOMHOU TEIJIOOHEPTEeTUKU U PAKETHO-KOCMUYECKON TEXHUKH.

CrmnaBel Ha ocHoBe HuoOHs (Nb) um momuOmena (M0) mMeroT Hanbojiee yIOBIETBOPUTEIbHBIC
TEXHOJIOTUYECKHE CBoWcTBA. Kpome TOro, OHHM OXpPYNMUUBAKOTCS IPU CPABHUTEIBHO HU3KUX
temmnepatypax (+100) — (—100)°C. Bonbdpam (W) mepexoaut B XpyIKoe COCTOSHHE MPH TeMIIepaType
600°C. brmarogapsi CpaBHUTEIHHO BBICOKOW TUIACTHYHOCTH CIUIABBI HUOOWS W MOJIMOJCHA MMEIOT Ooliee
IIUPOKOE PACIIPOCTPAHCHHE.

Bce TyromuraBkue MeTayutbl MMEIOT HH3KYIO JKapOCTOMKOCTH. IS 3aIUTBI UX OT OKHCICHUS
MPUMEHSIOT Pa3iIMyYHbIe TOKPBITUS. J[Isi MOJMOIEHOBBIX W BOJB(PAMOBBIX CILIABOB IMPHMEHSIOT
pasnuaHbie TepMoIu(p(Hy3UOHHBIC CHITUIIUIHBIC TIOKPBITHS.

B kadectBe marepwana JUis BKIQJBIICH CONEN B PEAKTHUBHBIX JBUTATENAX, PabOTAIOMMX HA
TBEPAOM TOIUIMBE, TPUMEHSIOT TpaduT, UMerommii Temmepartypy uiaBienus 3900°C. Temmepatypa
IUIaMeHH B Takux jaBuraressix gocturaetr 3500°C. Hegoctatkom rpadura siBIsieTCss HU3Kas dPO3UOHHAS
CTOWKOCTB, IPUBOJISINAS K U3HOCY COTUIA U3-32 TBEPBIX YACTHII, COJICPKAIIMXCS B OTXOISAIINX ra3ax.

MarnuTHble 1 HEeMATHUTHBIE CTAJIM U CILJIABBI

MarHuTHbIE CTaJIM IIUPOKO IMPHUMEHSIOTCS B JJIEKTPOHUKE. B 3aBUCHMOCTH OT Ha3HAYEHUS
pa3nMYa0T MarHUTHOTBEP/IbIE U MATHUTHOMSITKUE CILIABHI.

Maenumomeépovie cmanu CiyXar, TIIaBHBIM 00pa30M IS H3TOTOBJICHHUS TOCTOSTHHBIX MAarHUTOB.
OHU 10JDKHBI UMETh BBICOKHE 3HAYEHUS KOIPIIUTUBHON CUJIBI M OCTATOYHON MHIYKIIUS.

Kospyumuenoii cunoti Ha3pIBaeTCsl HAMPSHKEHHOCTh MAarHUTHOTO TOJIS OOPaTHOTO 3HAKa, KOTopas
JOTKHA OBITH IPHUIIOKEHA K 00pa3Ily JUIsl €r0 pa3MarHUYUBaHUs.

Ocmamounou uHOyKyueti Ha3bIBAIOT MAaTrHUTHYIO MHIYKIMIO, OCTAIONIYIOCS B 00pasIie mocie ero
HaMarHUYMBaHUS U CHATHUS MarHUTHOTO TIOJISL.

Hawubosee u3BectHble Mapku MarHuToTBEpABIX craneit: EX2 (1% C, 2% Cr), EX3 (1% C, 3% Cr),
EXS5KS (1% C, 5% Cr, 5% Co), EX9K15M (1% C, 9% Cr, 15% Co, 1% Mo). byksa E xapakrepusyer
MarHUTHYIO CTajib (dJIEKTPOTEXHHUYECKY0). B aToii cramu cogepxkarcs xpom (Cr), kobanst (C0),
monubaex (Mo).

MarHuToTBEP/IBIE CTAU TIOJBEPralOT 3aKaJKe HA MAPTEHCUT M MCKYCCTBEHHOMY CTapeHHIO TPHU
100°C.

OfHUM W3 JIy4IIMX MaTepHaliOB JJII MarHUTOB sBisieTcst ciutaB anbHUKO (8% Al, 14% Ni,
24% Co, ocrampHOe F€). MarHuTel U3 QJIbHHUKO W3TOTOBISAIOT JUTHEM, TaK KaK OHH IUIOXO
00pabaThIBatOTCs pe3aHUEM.

Maenumomsekue cmanu WCHONB3YIOTCA ISl pabOThl B MEPEMEHHBIX MOJSX, T. €. B YCIOBHUSX
HETPEPBIBHOTO TepeMarHnyiBanus. [103TOMy OHHM TNPUMEHSIOTCS Ui HM3TOTOBJICHUS CEPICYHUKOB
TpaHchopMaTopoB, POTOPOB, CTATOPOB, MArHUTOIIPOBOJIOB, ANEKTPOU3MEPHUTEIBHBIX TIPUOOPOB.

Hcxons 3 GyHKIMOHATBHOTO HAa3HAUYCHUS MAarHUTHOMSTKHE MAaTEPHAJIbI JIOJDKHBI UMETh Mayioe
3HAUEHUE KODPIUTHUBHOW CHJIBI U BBICOKYIO MAarHUTHYIO MPOHUIIAEMOCTh. JTHUM CBOMCTBAM OTBEYAIOT
HU3KOYTJIEPOAUCTBIC CTau ¢ nobasnenueM 1 — 5% kpemuus (Si).
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O6o03Havar0Tcss MarHUTOMATKHE ctanu OykBoit D (D1, D11, 921, D41 u T. 1.) 1 XapaKTepU3yIOTCSA
BBICOKMM TporieHTOM conepkanusi kpemuus (Si) (1 — 5%). Kpome MarHUTHBIX CTajei MPUMEHSIOTCS
maruuTHble criaBbl Ha «Al — Ni — Co» u «Fe — Al» ocHoBe.

BBICOKYyI0 MarHMTHYH MPOHHUIIAEMOCTh HMEIOT CICIHAIbHBIC >KEIC30HHKEIICBBIC CIUIABBI —
MEPMAJIJION C OIPE/ICIICHHBIMU Y3KUMH TipenenaMu coaepxanus Hukess (Ni) (oxomno 78,5%). MaruutHas
MIPOHUIIAEMOCTH TePMaJUIOeB mouTH B 10 pa3 Oosblie, 4eM HU3KOYTJICPOIUCTOTO TEXHUIECKOTO JKele3a,
YTO MO3BOJIIET UCIOIB30BaTh UX YISl MPUOOPOB, pabOTAIINX B cla0bIX moisix (paauo, Tenedon). s
TeX XKe Ielel pa3paboTaH 3aMEHUTENb JOPOTUX MEpMaUIoeB — CIUIaB ainbcudep, coaepxkauit 5,4% Al,
9,6% Si, ocrampHOe xene3o (Fe). HemocraTkoM crutaBa sBJSIETCS €ro  MOBBINICHHAS XPYIKOCTb.
Anbcudep 00bIYHO UCTIONB3YIOT B BUJIE TIOPOIIKA WIIH TOHKOCTCHHBIX ()aCOHHBIX OTIIUBOK.

Hemaecnumnvie cmanu v cnaaswi, Hanpumep SSHOI'9 u H2S, 3amenstoT goporue IBETHBIC
MeTauibl. OHE TPUMEHSIOTCST B TIPUOOpPAX, TNI€e MAarHUTHBIE MaTEpUAbl MOTYT MOBIUATH HA TOYHOCTh
MMOKa3aHU M.

Tema 8. TexHoJi0rusi NPOU3BOACTBA METAJJIOB H CIIABOB

Bonpoc 1. [Ipon3BoacTBo 4yryHa

Yyeynamu Ha3bIBAIOTCS CIUIaBbI Ha OCHOBE jkese3a (Fe) u yriepona (C) ¢ comepkanueM yriaepoia
6omee 2,14% (mac.). Oxono 80% Bcero KOJIM4ecTBa BHIIUIABISIEMOIO YyTryHa COCTABIISIET MEpEeAeNbHBIH
9YTYH, SBJISIONIMICS MCXOTHBIM MPOAYKTOM JJIsi TIPOU3BOJACTBA cTaid. JJisT MpOU3BOJACTBA (PACOHHOTO
JUThS Ha MAIIMHOCTPOMUTENBHBIX 3aBOJAX HCIOJB3YIOT JuTelHbIi uyryH (15 — 20%), a B kauecTBe
JETUPYIOMHUX J00aBOK M PACKUCIUTENEH MPH BBIIUIABKE CTadM — (eppociuiaBel: GeppomMapranen] u
beppocununuii (1 — 2% macc.).

Hcxoanbie MaTepHaJIbl 1Jisl IPOU3BOACTBA YyI'yHa

B MOBEpXHOCTHBIX CIOSX 3€MHON KOPBI JKEJIE30 PEIKO BCTPEYACTCS B YMCTOM BHE. biaromaps
OOJIBIIION CKIIOHHOCTH JKeJie3a K OKHCJICHUIO, B 3eMHOM KOpE OHO HAaXOJUTCS B BUJIC OKHCJIOB B CMECH C
OKHCJIAMH JPYTUX XUMUYECKUX JIEMEHTOB.

JKenesnasi pyoa — 3T0 TOpHas MOPOJA, COJCPIKAIIAs JKEIe30 B TAKUX KOJIMYECTBAX, MPH KOTOPBIX
€€ TeXHWYECKH BO3MOXKHO M SKOHOMHYECKH IIeJIeCO00pa3HO mepepadarbiBaTh. Pyna cocTout m3 cMecu
’KeJIe30COAepIKaIX MUHEPATIOB C IYCTOH MOPOJIOH, B COCTaB KOTOPOH BXOIAT Pa3IMUYHbIC COSITUHCHUS,
npexxae Bcero kpemuesém (SiO2), rmmHo3éM (Al2O3), okcun kambius (CaO) u okcua maraus (MgO).
Pesxxe B coctaB mycroii moposl BxonuT Marae3ut (MgCOz3) u nonomut (MgCO3-CaCOs).

Ilycmou nopoooii pyOvl Ha3bIBaeTCs Takas €€ COCTABISIONIAst, KOTOpasi He BHOCHT CYIIECTBEHHBIX
TEXHOJOTMYECKUX OCJIOKHCHUH B METAUTYPrHUECKyI0 MepepaboTKy pyIbl M JIETKO OTHENSAETCS OT
PYAHBIX MUHEPAJIOB WIIM B MIPOIIECCEe 0OOTANICHHUS MM EPEXOIUT B IIUIAKHU TIPH TUIABKE.

[IpuromHOCTh KENEe3HOM pyAbl Ul JOMEHHOM IIaBKH 3aBUCHT OT conepkaHus xenesa (Fe),
cocTaBa IyCTOW TMOPOJbI W KOHIIGHTPAI[MM TaKUX BPEIHBIX mpumecei, kak cepa (S), docdop (P),
MbIIbsK (AS) U 1p. BpemHple TpUMecH OCIOXKHSIOT METALTYPrHYSCKHe IPOIECChl, M, 3arpsA3Hss
OCHOBHOM MeTaJlI, CHW)KAIOT €r0 CBOMCTBA.

B 3aBHCHMMOCTH OT KOJHMYECTBA PYIHOTO BEIIECTBA pa3lIMYalOT Ooratbie W OCHBIC PY/BI.
JenesHsle pyabl MPUHITO HA3bIBATh OOTAaTHIMU, €CIIH OHH COJEpIKaTh Ooliee moaoBUHEI xene3a (Fe); Ho
3TO MOHATHE MEHSETCS CO BpeMeHeM. TakkKe BaXKHYIO POJIb MIPAacT BOCCTAHOBUMOCTH PYbI, KOTOpas
OIIPEEISIETCSl CKOPOCThIO BOCCTAHOBIICHHS M3 HeE JKeje3a M 3aBHCUT OT INPHPOJBI OKCHIA JKelesa,
IUIOTHOCTH M MIOPUCTOCTH Py/bl. UeM IIOTHEE U MEHEee MOPHCTA PY/Ia, TEM XyXKe €€ BOCCTAHOBHUMOCTb.

K oCHOBHBIM py1000pa3yronM MHHEpaiaM, HauboJiee YacTo MCIOIb3yEeMbIM ISl IPOU3BOACTBA
YyTyHa, OTHOCSTCS CIIEYIOIINE JKeJIC3HbIE PYIbI:

1) Maenumnuwiii scenesmusik (maenemum). Conepxut xene3o B konmdectBe 40 — 70% B BuUje
okcuna Fe3Os (3aknch-OKUCH JKerne3a) U 001a1aeT XOPOIIO BRIPa)KEHHBIMH MAarHUTHBIMUA CBOWCTBAMH.

2) Kpacuwiii orcenesusik (eemamum). Conepxxut 45 — 65% sxene3a B Bujae O€3BOJHOTO OKCHIA
Fe>Os. B kadecTBe myCcTOM MOPO/IBI TEMATUT COACPKUT KpemHe3EM (Si02).
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3) bypuoui scenesusik (mumonum). COASPIKUT Kelie30 B BUIC BOIHBIX OKKcIoB Trua NFe203-mH20
C IIepeMEHHBIM KOJIMYECTBOM TUAPATHOM BIIArHd.

4) IlInamoswiii scenesnsik (cuoepum). Conepxxut 30 — 40% xenesa B Buze kapobonara FeCOs.

Kpome xenes3HbIX pyA, AJi METaUIypru4eckoro MpOU3BOJICTBA YyTyHa TPEOYIOTCS CIEAYIOLIUe
UCXOOHble Mmamepuanvl: MapraHieBas pynaa, (Iockl, TOIUIMBO W BO3ayX. JlaouM KpaTKyio
XapaKTePUCTHKY 3TUM MaTepUalIaM.

Mapeanyesvie pyobl — TOpHBIE TOPOJIbI, coaepkaiiue Mapraser; (MNn) B Buae pa3indHbIX
okuciaoB MnOz, Mn3Os, Mn203 ¢ obmmm coxepkanueM Mapraniia B mpexaenax 25 — 40% (wmac.).
Mapraser; (Mn) npu BIIUTaBKE YyTyHA HCIIOIB3YETCS B MIEPBYIO OUEPE/Ib KAK PACKUCIIUTEb.

@niocel — MarepHualibl (BELIECTBA) OMPENEIEHHOIO0 XMMHUYECKOTO COCTaBa, CIOCOOCTBYIOIIWE
MIPEBPAIICHUIO B NUIAK IYCTOW MOPOJBI, BPEAHBIX MPUMECEH ¥ 30JIbI TOIUIMBA. JlaHHOE OmpenercHue
CHPAaBEUIMBO TOJBKO ISl METAJLTyprHuecKoro mpou3BoicTBa. JlomMeHHbIe (IIIOCHI TakKe BBOISTCS B
JOMEHHYIO TI€Ub C IEJIbI0 IOHWKCHHSI TEMITEPATYPHI TUIABJICHHUS ITyCTOM MTOPOJIBI KEIE3HOU PY/IBI.

OCHOBHBIM BHUJOM TOIUIMBA, HCIHOJB3YEMBIM IIPH BBIJIABKE YYryHa B JIOMEHHBIX I€4axX U
BarpaHKax, sIBJISIETCS KOKC.

Koke (kamennoyeonvhwlil Kokc) — TPEACTABISIET CO00M TBEPAYIO MOPHCTYIO Maccy, KOTOPYIO
MOJIyYal0T CYyXOW TMeperoHkoi (mpokammBanueM) mpu temneparype 1000 — 1200°C 6e3 noctymna Bo3ayxa
HEKOTOPBIX COPTOB KaMEHHBIX YIJIeH, Ha3bIBa€MbIX KOKCYROIUMUCA. CpenHss TemjaoTa CropaHus KoKca
coctasisieT 29,3 MJDx/kr (7000 kkan/kr).

B coBpeMeHHOM I0MeHHOM MPOU3BOICTBE KOKC UTPAET /IBe Ba’KHbIE POJIU:

1) Ciy>KUT OCHOBHBIM BHJIOM TOIUIMBA, 0OeCIieurBasi HarpeB paboueii 4acTH JOMCHHBIX Medei 10
He0OXO0IMMOM TeMIIepaTyphl;

2) OGecrieurBaeT BOCCTAHOBJICHHE JKeJIe3a U3 €r0 OKCH/IOB (CM. HIDKE).

bnarogapsi cBoeil BBICOKOII MEXaHWYECKOW MPOYHOCTH, MOPUCTOCTU U BHICOKOH TEIUIOTBOPHOM
CIIOCOOHOCTH OH CTaJl MPUMEHSTHCS Ha BCEX METAJUTyPTrUYCCKUX MPEANPUATHAX YEPHON METALTYPTHH,
BBITECHUB MPUMEHSBILINIICS paHee [ 3TUX Leiel IPEeBECHBIN yrob.

COBOKYITHOCTh ~ MAaTEPUAIOB HCXOJIHOTO CBHIPbS, B3ATBIX B ONPEICICHHOM MacCOBOM
COOTHOIIEHUH, MPEAHA3HAUEHHBIX Ui TMOJXYYeHHs] METaJUIOB, Ha3bIBaeTCs wuxmou. VIMEHHO muxTta
MOCTYIAET B IUIABUJIBHBIC arperathl ISl MOTYYCHHSI METAJUIOB.

IToaroroBKa MCXOAHBIX MaTepHajJoB K IIaBKe

[lepen mnaBkoi  pyIasl MPOXOAAT — CHENHMAIBHYIO  MOATOTOBKY, KOTOpas  TOBBINIAET
IIPOU3BO/IUTENILHOCTh JOMEHHBIX Ieuell M yMeHblIaeT pacxoj] TorinmBa. OCHOBHBIMU OIEpalUsIMU
MOATOTOBKU DPyJ K IJaBKe SBJIAOTCA: 1) npoGnenue; 2) coptupoBka; 3) oboramieHue; 4) oOxur;
5) armomeparus (criekaHue) 000TamEHHOW Py Ibl.

Bonpoc 2. [Ipou3BoacTBo crajiu
IIpousBoacTBo cranu

Cmansimu Ha3bIBAIOTCS CIUIaBbl Ha ocHOBe Jkene3a (Fe) u yriepona (C) ¢ comepxanuem yriaepoja
1o 2,14% (mac.). TlpakTudeckoe MpUMEHEHHE HAILIK CTaau ¢ coxaepkanuem yriepona (C) mo 1,5%
(mac.). ITocTOSIHHBIMH TPUMECSIMH B CTalsIX siBisitoTcs Mapraer (Mn), kpemuuit (Si), docdop (P) u
cepa (S). Kpome yriepoaucTsix crajnel, B MaIMHOCTPOCHUU U CTPOHMTEIILCTBE IMUPOKO MPHUMEHSIOT
JIETUPOBaHHBIE CTAJIM, B COCTaB KOTOPBIX JUIS YIy4IIeHUsS (U3UKO-MEXaHWYECKUX M DKCILTyaTallMOHHBIX
CBOWMCTB JIOTIOJIHUTEIBHO BBEACHBI pa3iuuHble xuMuueckue dneMeHtol (xpom (Cr), nukens (Ni),
monuoaen (Mo) u ap.

B mocnemHue ToApl MUPOKO MPUMEHSIOTCS IIEKTPOMETAUTYPrHYECKHE CIOCOOBI TIPOM3BOICTBA
CTaJId, O3BOJIAIONINE MOJTY4aTh HanOOJIee CIOKHBIE U BRICOKOJIETHPOBAHHbIE cTaiu. Hike paccMoTpumM
TPH OCHOBHBIX CrHoco0a TPOM3BOJCTBA CTajJH, NMPHUMEHSEMBIX B COBPEMEHHOM METAJLTyPTHYECKOM
MIPOM3BOCTBE: B KUCIIOPOJAHBIX KOHBEPTOPAX; B MAPTEHOBCKHX IT€YaX, B JICKTPHUECKHX IeYax.

WcXoaHbIMU MaTepuayiaMi Ul TOJYYCHHUS CTald CIy)KaT MepeAeibHblid (0emblil) dyryH,
cTaibHOW JIoM W (eppocmiaBbl. YUyryH 1O CpPaBHEHHIO CO CTalbl0 COJCPKUT OOJbIIEe KOIMYECTBO
yriiepona (C) u npumeceit. [loatoMy ocrogras 3a0aua nepedena uyeyna 6 cmaib COCTOHUT B YHAICHHU
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n3opiTka yraepona (C) u mpuMeceid ¢ TOMOIIBIO OKUCIUTENBHBIX MPOIECCOB, MPOTCKAOIIUX B
CTaJIeIJIaBWIbHBIX arperarax.

KOHBepTOPH()e MPOU3BOACTBO CTAJIN

Cranb B KOHBEpTE€pax BBIIUIABISAIOT OECCEMEPOBCKUM, TOMACOBCKUM H©  KHCIOPOIHO-
KOHBEPTOPHBIM CIIOCOOAMHU.

B ocHOBe KOHBEPTOPHBIX MPOIECCOB JIEKUT OOpadOTKA JKUIKOTO UYyryHa Tra3000pa3HbIMU
OKHCIHUTEISIMHA 0e3 MOABOAA W3BHE JONOJHHUTENBHOTO Teruia. [Iporecc BBIIUIABKU CTalld B KOHBEPTOpPaAX
OCYIIECTBIISICTCS TOIBKO 32 CUET XMMHUUYECKOM TETIOTHI SK30TePMUYECKUX PEaKIIUii OKUCIIEHUS TpUMeceit
¢ y4€ToM (U3NYECKOI TEIIOTH KUAKOTO yyryHa. IIpomyBka 4yryHa MpOU3BOIUTCS CBEPXY WMIIHM Yepes3
JHUIIE B CHEIHAIbHBIX arperarax — KOHBepTopax. KOHBEpPTOpHYIO IJIaBKy XapaKTepU3yeT BbICOKas
MIPOU3BOIUTEIIEHOCTh 32 CUET OOJIBIION PEaKIMOHHON MOBEPXHOCTH METAJUI-OKUCIUTENIh M BBICOKOU
CKOPOCTH OKHUCJICHHSI IIPUMECEH.

Konsepmop mpencraBnser co0oil OOJBIIYyI0 pETOPTY, HApyKHAs IOBEPXHOCTh KOTOPOU
BBITNIOJTHEHA M3 JIUCTOBOM CTalld 3HAYMTEIHHOW TOJIIMHBI, a BHYTpEHHSs (yTepoBaHa OTHEYIOPHBIM
MatepuajgoM. BHeliHe KOHBEpTOp HANOMMHAET COCyJA TIpylIeBUAHONM ¢opMbel. Bwmectumoctsb
COBPEMEHHBIX KOHBEpTOpOB cocTasisieT 250 — 400 T.

Kucnopoono-xonsepmopnuwiii cnoco6 evinnasku cmanu. PazpaboTka JaHHOTO Croco0a BBIIIABKU
CTalld SIBUJIOCH HOBBIM B&KHBIM 3TallOM B COBEPIIEHCTBOBAHUM CTaJCIUIABUILHOTO IMPOHU3BOJICTBA.
3aMeHa BO3JYILIHOIO IyThsl KMCIOPOJHBIM IOCTaBUJIO KOHBEPTOPHBIM CIIOCOO MPOM3BOJACTBA CTAJM Ha
COBpPEMEHHBII YPOBEHb U 00ECIIEUNIIO EMY TOBCEMECTHOE IIUPOKOE TPUMEHEHHUE.

[IpumeHneHrne TEXHUYECKHM YUCTOTO Kuciopoaa (He meHee 99,5% O2) mis mpoayBKu 4yTryHa
MO3BOJIMJIO 32 CYET CHWKEHHs cojepkanus azora (N2) yaydliuTh KaueCTBO KHCIOPOIHO-KOHBEPTEPHOM
ctanu. B Haell ctpaHe B HacToslIiee BpeMsl UCIIOJIb3YIOTCSI KUCIOPOIHbIE KOHBEPTEPH EMKOCThIO 100 —
400 1. O6BEM BBITUIABIIAEMON KHUCIOPOIHO-KOHBEPTEPHOI CTalu B Halllel CTpaHe cocTaBisieT 0kojo 35%
or oOmero o6béMa e€ mnpousBojacTBAa. Ha OONBIIMHCTBE METAUIypPrU4eCKUX MNPEIIpUITHUNA AJs
KHCIIOPOIHO-KOHBEPTOPHOTO CIOCO0a BBHIMUIABKH CTAJIM MCIOJIB3YIOT KOHBEPTOPHI C TIIYXUM JHOM (CM.
puc. 1).

Puc. 1. Kucnopoausrit kouseptop Ha 100
5 130 : 1 — omopHas cTaHUHA; 2 — OINOpHBIE
—%/nonmnmmxn; 3 — xopmyc KoHBepTopa, 4 —

My(dTa coeJMHEHUsI ¢ MEXaHU3MOM TOBOPOTa; 5
MEXaHMU3MBbl  (pEOyKTOpBl)  IOBOpPOTa
KOHBEpTOpa; 6 — DIICKTPOJBHIATEND; 7 —
FBepcTHE NI BbIycKa cranu (n€rka); 8 —
THEMHOE JHUILIE.

f it ysses IR 5.)

Cxema ycTpoiicTBa KHCJIOPOAHOTO KOHBEpTOpa B paspes3e mpeactasieHa Ha puc. 2.1. Kopmyc
KOHBepTepa 1 M3roTaBIMBaIOT U3 CTAJIBHBIX CBAPEHHBIX BCTHIK JIUCTOB ToimuHONW a0 100 mM. Kopmyc
UMEEeT CPEeIHION IUIMHIPUYECKYIO YacTb, INIyX0€ THO U CUMMETPUYHYIO CY’KalOIIyOCs TOpJIoBUHY 2. Y
OCHOBAHUSI TOPJIOBUHBI PACIIONIOKEHO OTBEpPCTHE JUIs BhImycka cranu 3 (iétka). Takoe pacronokeHue
JNETKHU CIIOCOOCTBYET JIy4lIeMy OTAEJICHHUIO CTAIM OT IIJJaka M YMEHbBIIAET OMAacHOCTh BOCCTAHOBJIICHMS
dochopa (P) mnpu  cmuBe  Meramia. Pabouee  mMpOCTpaHCTBO  KOHBepTOpa  (yTEpOBAHO
CMOJIOZIOJIOMUTOBBIMU KUPIIUYOM, a CTaJEBBIIYCKHOE OTBEPCTHE — MAarHe3UTOBBIM HWJIM MarHe3uTo-
XPOMHTOBBIM KUpIHYOM. KOHBEPTOpP MOKET MOBOPAYMBATHCS B BEPTHKAIBHOW IJIOCKOCTH Oyiaromaps
ornopHoMy Tosicy 4 ¢ mandamu, pacHmojOXKEHHbBIMM B MOALIMIHUKAX omop. OgHa wim o6e mandsl
SBISIFOTCSL TpUBOAHBIMU. Kucnopon (O2) momaércs B KOHBEPTOP CBEPXY 4Yepe3 BOJI0OXIIAKIAEMYIO
bypMy 5, ommyckaemyo B TOpJIOBUHY 2 KOHBepTOpa. CxeMa ycTpoHCTBa HAKOHEUHUKA BOJIOOXJIAKIAeMOM
bypmbl 5 mast momaum  kuciopona (O2) B kouBepTop mpenctaBieHa Ha puc. 2.11. Tlomaua cBepxy
o0ycioBiaeHa 00pa30BaHMEM BBICOKOTEMIIEPATYPHOM PpPEaKIMOHHOW 30HBI B MECTE€ BJAYyBaHUS



29

kuciopoaa (O2) B Merat 1 HEOOXOJMMOCTBIO COXpaHEHUs! (YTEpOBKM JHHUINA KOHBepTopa. Dypma 5
Croco0Ha TiepeMenaTbes BBEpX-BHU3. [Ipu moaue KUCIOPOTHOTO MyThsl OHA HAXOIUTCS HAa PacCTOSHUU
300 — 2000 mm ot moBepxHocTu BanHbl. Kucimopon (O2) momaéres non nasnennem 0,8 — 1,0 MITa. Pacxon
kuciopona (O2) M pacmoyiokeHHe BO3AYXOAYBHOW (ypMbl 5 HaJ MOBEPXHOCTHIO PACILUIABICHHOIO
MeTaJula 3aBUCHT OT EMKOCTH KOHBEPTOpPA W MHTEHCHBHOCTH MPOAYBKU. Tak, pacxona kuciopoaa (O2)
MOKET COCTaBIATh 2,5 — 4 M%TMeramna B 1 mMuH. IIpogomKHTENHHOCTh IJIABKM B COBPEMEHHOM
KHCIIOPOJTHOM KOHBEpTOpe cocTaBisieT 35 — 50 muH.

0z Puc. 2. I — Cxema ycrpoiicTBa

m KHUCJIOPOJHOTO KOHBEPTOpA: 1 — xopmyc
] 2 KOHBEPTOPA;

J 2 — ropioBUHA; 3 — OTBEPCTHUE JUIS BBITYyCKa

% cramu (n€rka); 4 — ONOpPHBIA mMosC, S5 —

4 bypma  Bomooxyaxkmaemas Ui TOJAuU

KHCIIOPOJIa; Il — Cxema ycTpoiicTBa

5 HAKOHEYHHUKA BOJOOXJaXIaeMoil (ypMbI st

MoJayMl  KUCIIOpOAa: a — KaHalbl JJs

MUPKYJISAIUAA BOJBI; 6 — KaHAT JUIS IOJa4Yu

KHUCJIOpOaa B HAKOHCYHHKEC (I)prLI.

Takum oGpaszom, kuciaopoxa (O2) mpu gaHHOM croco0Oe BBHIMUIABKA HE BAYBACTCS IO 3€PKaio
MeTajula (Kak BO3AyX B 0O€cceMEepOBCKOM M TOMACOBCKOM Ipolieccax), a MoAaéTcsi Ha MOBEPXHOCTb
3aJIUTOrO0 B KOHBEpTOp MeTaiia. OJHAKO U MPHU TAKOM CIIOCOOE MOJauyu KHCI0pO/ia MPOLECC BBIMJIABKU
COIIPOBO’KAAETCSI MHTEHCUBHBIM TEIUIOBBICICHHEM. DTO AaET BO3MOXKHOCTh IepepadaTbiBaTh UyTr'yHBI C
Pa3IMYHBIM COJEp)KaHUEM IpUMeEceH, a TaKKe BBOJUTh B KOHBEPTOP HE TOJBKO KMJIKHHA METal, HO U
N00aBIATh K HEMY i OXJaXAEHUS cKpan (MeTajuiojioM) MM KenesHyoo pyay. KommgectBo
00aBIsIEMOro CKpana Ha HEKOTOPBIX METALTYPTHUYECKUX MPEANPUATUAX MOXKET cocTaBiaTh 10 30% ot
Macchl MeTaJlIa.

HcxonHbpIMI MaTepranaMu JJIsl KOHBEPTEPHOM IUIABKH SIBISIOTCS KUAKUN YyT'YH, METAJUIMYECKUN
JoM (MeTajyiMyeckass 4acTh MIMXTHI) M ILUIAKOOOpa3ylollMe, OKHCIUTENM (HeMeTallInuyecKas YacTh
IIUXTBI).

Packucnenue cranmm B KoBIIe — oOs3aTenbHas 3aBepluaroiias omnepanus. OKUCIUTENbHBIA
XapakTep IUIaBKU MPUBOJIUT K BHICOKOW KOHIIGHTpaIuu 3akucH xenesa (FeO) B MeTasie, BRI3bIBAIOIICH B
CTaJI KPAaCHOJIOMKOCTb IIPU ropstueil 1eopmanyu U yxXyAlleHue MEXaHUYeCKUX CBOMCTB. Packucienuem
Ha3bIBaeTCsl TIpolecc BoccTaHoBieHUs jkene3a m3 FeO. Ilpum pasHpIX cnocobax MONYyYEHHS CTalll
pacKuCIeHHE BEAETCS pa3IndHO.

OObIyHO packuciieHue mnpou3BoAsaT MaprauieMm (Mn), kpemuuem (Si) u amomunuem (Al) 1o
peakuusaMm:

FeO + Mn — Fe + MnO;
2FeO + Si — 2Fe + SiOy;
3FeO + 2Al — 3Fe + A1,0s.

Kpemuuii (Si) u wmapranern; (Mn) BBOmAT B BHIEC COOTBETCTBYHOIIUX  (EpPOCILIABOB,
amomunuii (Al) — B umctom Buae. Mapranen (Mn), kpemuwmii (Si) u amomunuii (Al) HasbsiBarOT
packucaumenamu cmaau. JJaHHble paCKUCIUTEIN BBOAATCS B PACIUIABIECHHYIO CTaJlb IIOCIE €€ BTOPUYHOM
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npoxyBku kuciopoaoM (O2). Obpasyrommecst okuciasl (MnO, SiOz, A1203) maHHBIX pacKUCIUTENEH
obpasyior ¢ okuciaamu skeiesa (FEO) Kuakyro MUIaKOBYIO (asy, MOMOTarollyi0 BBIBECTH IMPOIYKTHI
packucineHus u3 Merawia. MHoraa yacTh pacKUCIUTENEeH BBOAAT B KOHBEPTOP 32 HECKOJIBKO MUHYT 0
pa3iMBKM B KOBII. 3aBEpIIACTCS PACKHCICHHE OOBIYHO B Pa3IMBOYHOM KoBime. OOmuil pacxon
TexHu4eckoro kucioposa (O2) Ha mosydeHue | T. cTaiu B KHCIOPOAHOM KOHBEPTOpE cocTaBisier 50 —
60 M3, 4TO He3HAYNTENEHO MPEBHIIIACT TEOPETHIECKH HEOOXOIMMOE KOTHIECTBO.

B 3aBUCHMOCTH OT CTENEHH PACKUCIEHHOCTH PA3IHYalOT Kunaujue, noJayCHOKOUHble U CNOKOUHbIE
cmanu.

K 1ocToMHCTBaM KHCJI0POIHO-KOHBEPTEPHOI0 cI0C00a cJielyeT OTHECTH:

1) Bosiee HU3Kas 110 CPABHEHUIO C MAPTEHOBCKOM Ce0ECTOMMOCThL KHCIOPOIHO-KOHBEPTOPHOM
cTanu, 6marogaps MEHbIIMM 3atpaTam Ha niepenen Ha 20 — 30% mpu cormocTaBUMON CTOUMOCTH ITUXTHI;

2) KoHBepTepHbIii Tipoiiece Jierye moyiaércs KOMIUIEKCHONH MEXaHU3alluy U aBTOMATH3AllHH;

3) CTpOUTENbCTBO  KUCIOPOJHO-KOHBEPTOPHOTO IIeXa OJMHAKOBOH IPOU3BOJUTEIBHOCTH C
MapTEHOBCKUM TPeOYEeT MEHBIIINX KalUTAIBHBIX 3aTpart.

[lepeuncieHHble MPEUMYIIECTBA KHCIOPOAHO-KOHBEPTEPHON CTANIM MO3BOJIIOT B PS/I€ PAa3BUTHIX
cTtpan mnonHocTeio (Snonus) wmm B ocHoBHoM (CHIA, I'epmanus, BenuxoOputanus) 3aMEHHUTH
MapTEHOBCKHE M€YM KHCIOPOAHBIMH KOHBEPTOpaMH. B OTE€UeCTBEHHON METAITypPTrUH TaKkKe MPOUCXOTUT
MOCTETIICHHOE BBITECHEHHE MapTEHOBCKOTO MPOIIECCa KHUCIOPOAHO-KOHBEPTOPHBIM.

HenocTaTkoM KHCJI0POIHO-KOHBEPTOPHOr0 Crocoda MOJyYeHHsl CTAAU sBJsieTcs OoJbIioe
nbplIc00pa3oBaHue, OOYCIIOBICHHOE OOWIIBHBIM OKHCIICHHEM W WCIIAPDCHHUEM JKele3a; yrap Meraia
coctaBisieT 6 — 9%, 4TO 3HAUUTENBHO OOJIbLIE, YEM IPU APYIUX croco0ax MPOU3BOJACTBA CTAIH. ITO
BBI3BIBACT HEOOXOIUMOCTh 00S3aTEILHOTO COOPY)KECHHUSI MPU ATHX KOHBEPTOPAX CIIOXKHBIX U JIOPOTHUX
MBIJICOYHCTUTEIBHBIX YCTaHOBOK.

KonBepTopHas cTaib IMeeT OrpaHHYEHHBIN KPyT IOTPEOUTENCH, TaK KaK BBICOKOKAUYECTBCHHBIE, a
TeM OoJiee IeTHPOBAaHHBIE CTAIM, KOHBEPTOPHBIMH CIIOCOOAMH HE TIPOU3BOISATCS.

MapTeHOBCKO€e MPOU3BOCTBO CTAIH

MapTeHOBCKHIA CITOCO0 TPOU3BOACTBA cTaimu Obul pa3pabotan B 1865 romy Bo Dpaniuu
umxenepom [1. Maprenom. Ilpu pa3paboTke maHHoro cmocoba MapTeH s CTaJeruiaBUIbHOW MedH
MPUMEHIJT IPUHITAT PETeHEPANNN TeIla OTXOASIINX MMeYHBIX Ta30B ISl TOIOTPEBA TOIUTHBA U BO3/IyXa,
nmonaBaeMbix B meyb. CoOBpeMEHHBbIE MApPTEHOBCKHE TMEYH CTPOST pa3HOM BMECTUMOCTH H
npon3BouTeNbHOCTH — OT 10 10 500 — 900 T.

MapreHoBcKasi meyb SBISETCS TUIAMEHHOW pereHepaTUBHOW meubio. B pabouem mpocTpaHCTBe
MeYr CHXKHUTaeTcs ra3oo0pa3Hoe WM KHUAKOE TOILIMBO. HeoOXomawmas BBICOKas TeMIieparypa Jyis
TIOJIyYEHHUS CTATH B )KUJKOM COCTOSTHUU 00€CIIeYMBAETCS 3a CUET pereHepalyy Teria OTXOSIINX ra30B.
Cxema paboThl MAPTCHOBCKOM TI€UH MPEJICTAaBIICHA HA PHC. 3.

Puc. 3. Cxema paboThl MapTEHOBCKOMN
neuu: 1 — ra3oBble pereHepaTopbl; 2 —
BO3JyILLIHBIE pereHeparopsl; 3, 4 —

Freer eV iBESIYIHBIC U Fa30BbIE BEPTHKABHBIC

TKafansl, 5 — rojoBka; 6 — pabouee
IPOCTPAHCTBO Me4H; 7 — TMOJHMHA Me4n; 8
7EBoJ;, 9 — paboune okHa, 10 — Hacanka
jereneparopa; 11 — Goposa.
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BepxHsisi 4acTh MapTEHOBCKON TeUd COCTOMT W3 IUIaBHIBHOTO (pabodero) mpocTpaHcTa 6,
TOJIOBOK 5 M BepTUKAIBHBIX KaHAOB 3, 4. [1naBuabHOE MPOCTPAHCTBO 6 OTpaHUYCHO MEPETHEH CTEHKOM
C 3aBaJIOYHBIMHU (pabourMu) OKHAMU 9, 3a]THE CTEHKOM ¢ BBIITYCKHBIM OTBEPCTUEM, CHI3Y — TOJIUHOM 7
U OTKOCaMH, CBEpXy — CBOJOM 8, ¢ TOpuoB — rojoBkamu 5. Uepe3 3aBanmouHble OkHa 9 B medb
3arpyaroT MIMXTY U JOTOJHUTEIbHBIC MAaTePHAIIbI 110 X0y IJIABKH, YAANSIOT U HABOMST NUIAK, OepyT
poObl MeTalsla U IUIaka. BeIMyck TOTOBOrO MeTaila U IUIaka MPOU3BOJAT Yepe3 OTBEPCTHUE B 3aJHEH
cTeHKe (NE€TKy), HaxojsIieecs Ha ypoBHE NHOAWHBI /. Ha Bpems IUIaBKM OTBEpPCTHE 3aeNIbIBAIOT
MarHe3uTOBBIM MOPOIIKOM M OTHEYIOPHOM IIMHOM.

PabGouee mnpoctpancTBO Tmeun 6 (yTepoBaHO OTHEYMOPHBIM KHUPNUUEM. B  coBpeMeHHOM
CTaJICTUTABIJIBHOM TPOU3BOJICTBE JUIsI KIAJAKU CTEH W TMOAMHBI / MApTEHOBCKUX MEYel MPUMEHSIOT U
KHCITBIE W OCHOBHBIC OTHEYIOpHBIE Marepuaibl. [lodTomMy, B 3aBUCHMOCTH OT BuAa (PYyTEpOBKH,
Pa3INyYalOT OCHOBHbIE U KUCTIble MAPMEHOBCKUE Neyll.

B ocrosHbix neuax moauHy 7 U OTKOCHI BBIKJIAJIBIBAIOT OCHOBHBIM MAarHe3MTOBBIM KHUPIUYEM, a
CBEpXy HaBapHBAIOT CJIOW MAarHE3WTOBOTO WU JI0JIOMUTOBOro nopoika. [loasecHoit cBoa 8 BBIMOMHSAIOT
U3 XpOMOMAarHe3uToBOro kupnuya. Micnoiab3oBanne 0CHOBHOH (PyTEpOBKH ITO3BOJISET 3arpyKarthb B IIeUb B
kauectBe (paroca uzBecth (CaCO3), mosyyarh OCHOBHOM IIIAK M YAAIATh, BpeIHble IpuMecH — cepy (S)
u pocdop (P).

B kucnvix neyax moguHy 7 U OTKOCHI (yTEPYIOT KHUCIBIM JUHACOBBIM KHPIHUYEM HA OCHOBE
KpeMHe3EMa, a BEpXHHUH CIIOM HaBapWBaIOT M3 KBapueBoro necka. CBoja meuu 8 Takke BBIONHSIOT U3
nuHaca. M3-3a HeBO3MOKHOCTH ynaneHus cepsl (S) u docdopa (P) u3 Meramma KUCIbIH mporiecc
MPUMEHSIOT 3HAYUTENBHO PEXE OCHOBHOTO. B KHCIBIX Teyax B KadyeCTBE IIMXTHI JIMOO HCIOIB3YIOT
4uCThIE TI0 cepe U (hochopy UYTyH U CTATBHOU JIOM, TUOO MEPeNnBatoT KUIKYIO 3arOTOBKY U3 OCHOBHOM
MIeYH TI0CIIe yIAJIeHUs U3 He€ BPEIHBIX MTPUMECeH (AyIUIeKC-TIpoIecc: OCHOBHAsI — KUCIIAs MAPTEHOBCKAs
neyb). Cranb, BBIJIABICHHAas B KHUCIBIX MapTEHOBCKHMX II€4ax, COACPKHUT MEHbIIEe KOJIUYECTBO
pPacTBOPEHHBIX T'a30B, JIyUlIe PACKUCIICHA, XapaKTEPU3YETCS MEHBIIUM COJIEPKAHUEM HEMETAJUTMYECKIX
BKJIIOUEHUH, OoJiee 6aronpusaTHON MX (JOPMOI 1 paBHOMEPHBIM paclpezielieHneM B 00bEMe MeTaia.

Banna meuwn, yaep)kuBaromiasi pacIulaBICHHbIE MaTepHalibl, UMeeT (GopMy dYamd, u e€ IIUHY |
IIUPUHY OOBIYHO OMpEAEISIOT Ha YPOBHE MOPOTOB 3aBAJIOUHBIX OKOH 9, uepe3 KOTOpble MPOU3BOIUTCS
3arpyska B 1eub TBEPABIX UCXOMHBIX MatepuaioB. CoBpeMenHas 500-TOHHAsS IMeYb UMEET BaHHY JJTMHOM
16,4 M, mupuHoit 5,9 M u rnyounoit G6onee 1 M. IlpousBeneHue 3TOM JUIMHBI HA IIUPUHY TNPHHSITO
Ha3bIBaTh YCJIOBHOM IUIONIAIbIO TI0/Ia MAPTEHOBCKOW Te4H. [ TyOMHON BaHHBI CUUTAIOT pa3Mep B camoi
rIIyOOKON €€ 4yacTH, KOTOpas PAacIoIoKeHa OKOJIO BBITYCKHOTO OTBEPCTHS, OT IMOAMHBI, 10 YPOBHSA
MTOPOTOB 3aBAJIOYHBIX OKOH 9.

bokoByro knaaky ¥ moj / MapTEHOBCKOW MEYH CHAPYXKU YKPEIJISIOT MPOYHBIMU CTalbHBIMH
Oankamu. Jlo HeaBHEro BpeMEeHH CBOJIbI 8 MapTEHOBCKUX TMEYeH JIeNIai apOYHBIMU M BBIKJIAIBIBAIIN W3
JMHACOBOTO Kuprnuya. Takue cBOAbI He jgonmyckand wux HarpeB Bbime 1700°C, 4Tto TOpPMO3HIIO
MIPOU3BOIUTEIIFHOCTh MapTEHOBCKUX Tedel. Takue cBoabl 00buHO BhIIepkuBamu 200 — 250 miaBok.
Temepr B OCHOBHBIX I€4aX CBOJBI 8 [AENalOT M3 TEPMOCTOMKOTO XPOMOMArHe3MTOBOTO KHUpIIHYA.
N3menunach u KOHCTpYKIMs caMoro cBoja. OTaenbHbIe OJOKM CBOJAA IMOJBEIIMBAIOTCS HA TATaX K
MOTIepeYHbIM OanKaM Kapkaca TMeud M CBOJ MOJy4aeTcs MOoJBeCHbIM. [IpuMeHeHne XxpoMoMarHesura u
HOBOM KOHCTPYKIIMM CBOJ@ TIO3BOJISIFOT Tpou3BoauTh HarpeB g0 1800°C. Takue monBecHbIe
XpOMOMAarHe3uTOBBIE CBOJIbI BhIZIEpKUBAIOT A0 500 MiIaBok.

B Topmiax paboyero npocTpaHCTBa 1e4n 6 pactoiI0KeHbI TOJIOBKH 5, B KOTOPBIX CXOJSATCS KaHAJbI
JUIS TIOJIBOJIa TOTUIMBA, BO3/IyXa U OTBOJA MPOJYKTOB TOpeHHsl. [ 0IOBKH 5 COeTMHEHBI ¢ HIYKHEN 9acThIO
TeYH BEPTUKAIBLHBIME KaHaiaMu 3, 4. FiMeHHO B TOJI0BKaxX 5 oOpa3yercs ra3zoBoe iamMs. BHYTpbh CTCHOK
TOJIOBOK 5 OOBIYHO BCTaBJISIOT KECCOHBI, B KOTOPBIX ITUPKYIUPYET BOAA JUIsI COXPAHEHHsI OTHEYIOPHOTO
MaTepHuajia TOJIOBOK OT pa3pymieHus. HWKHSS 9acTh MapTEHOBCKOW TEUM pacIooKeHa 1o paboueit
omaakoid. OHO COCTOMT M3 IUIAKOBUKOB (Ha puc. 3 HE TMOKa3aHbl), pereHepaTUBHbIX kamep 10 u
60poBoB 11 ¢ nepekuIHBIMU KianmaHaMy (MepeKuIHbIMU ycTpoiicTBamu). [1lnakoBUKYM ycTaHaBIUBAIOTCS
nepen pereHeparopaMu 1, 2; B HUX IPOUCXOAMT OTMEICHHE OT JHIMOBBIX T'a30B YACTHI] IIJIaKa U MBUIH,
MOCTYMAIONMX W3 padodero mpoctpaHcTBa 6 meun ¢ oTxoasmmmu ra3amud. OCHOBHOE Ha3HAa4YeHHE
[IJIAKOBUKOB — MPEI0XpaHEHHE PETeHEePaTOPOB OT OBICTPOTO 3arpsi3HEHUS.
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Ha puc. 3 npencrasiena cxema paboTbl MAPTEHOBCKOM Me€4H, HA KOTOPO MOKa3aHO MOCTYIUICHHUE
TOIUIMBA U BO3[yXa C MPAaBOM CTOPOHBI, MPU ITOM JBUKEHUE ra30B MOKA3aHO cTpeikamu. B paGouem
MPOCTPAHCTBE MEYH 6 TOIUIMBO CMELIMBAETCS C BO3YXOM U CrOpaeT ¢ o0pa3oBaHUEM (akela IIaMeHH C
temneparyporr 1800 — 1900°C. T'a3o00pa3Hble TPOAYKTHI TOPEHUS IMOCTYMAOT B  KaHaJbI
MIPOTHBOIOJOXKHON JICBOM TOJIOBKM 5, 3areM B BepTUKaJIbHbIe KaHaubl (3, 4), UIAKOBHUKH U
pereneparopsl (1, 2). TemnepaTypa IbIMOBBIX I'a30B, HOCTYNAIOIIMX B pereHepaTopsl, coctaiser 1500 —
1550°C.

Pereneparops 1, 2 nmpeacraBistoT coOoil Kamepsl C BBUIOXKEHHBIMU KJI€TKOM Hacaakamu 10 u3
OTHEYHOPHOTO IIAMOTHOTO KUpIu4a. MapTEeHOBCKHE TMeud, i pabOThl KOTOPBIX HCHOJB3YETCs
ra3oo0pa3Hoe TOILIMBO, 000PYIYIOT YEThIPbMs pereHeparopam (1o ABa ¢ Kax10i cTopoHs! neun). [lpu
MPOXOXKICHUU JBIMOBBIX ra30B Hacaaku 10 ogHOM mapbl pereHepaTopoB, B HALIEM CIy4ae — JIEBBIX (CM.
puc. 3), marpeatorcs 10 1300 — 1400°C. Ilocne mepekuaKu KJIAmaHOB JBMKEHUE TOILIMBA, BO3AYyXa U
ra3oB MeEHSETCSd Ha TPOTUBOMOJOXKHOE. UYepe3 OIMH W3 HarpeThiX pereHepaTopoB B pabouee
IIPOCTPaHCTBO TNeuu 6 moWAér razooOpa3zHoe TOIIMBO, 4Yepe3 aApyrod — Bo3ayx. IIpoxoxns yepes
nacanky 10, onm wnHarpeBatorcss nmo 1100 — 1200°C. B 310 Bpemsi apyras mapa pereHepaTopoB
HarpeBaercsi, akKyMyJupys TeIUIO OTXOIAUIMX M3 pabouero mnpocTpaHcTBa neuu 6 raszoB. [locne
OXJIAKJCHHUSI HAcaJ0K IEpBOM Mapbl pPEreHepaTopoB 0 ONPEACIEHHOM TeMIepaTypbl HPOUCXOAUT
ouepeHas MEpeKuKa KiIanaHoB (MEepPeKUIHBIX YCTPOMCTB) M HpOLEcC IMOBTOpsieTCs B OOpaTHOM
Hanpasienuu. U3 pereneparopos 1, 2 gpIMOBBIe Ta3bl HAYT 1O OopoBaM 11 B apIMOBYIO TpyOy, IO MyTH
IIPOXOJAT Yepe3 KOTEN-YTUIN3aTOP U Fra3009HUCTKY.

MapTeHoBCKHI c1TOCO0 MOIY4HJT IPOU3BOCTBA CTAIM MOIYYHII IIMPOKOE IPUMEHEHHUE Onaronaps
BO3MOKHOCTH HCIOJIb30BaHUS Pa3IMYHOIO ChIpbsi M pa3HOOOpa3HOro TtomiauBa. B 3aBucumoctu ot
HCIOJIb3YEMOTI'0 ChIPbsi B HACTOALIEE BPEMsI MAPTEHOBCKYIO IUIaBKY BEIYT OJHUM M3 JBYX CHOCOOOB:
CKpan-npoyeccom Ui CKpan-pyoHbiM HPOYEeCCOM.

[InaBKy cTajii B OCHOBHBIX MAapTEHOBCKUX I€YaxX CKpan-npoyeccom BEAYT HA TE€X 3aBOJaX, IIe
HeT JIOMEHHBIX Ileuell M JKUAKMA YyryH He npous3BoauTcs. OCHOBHOH CKpal-npouecc OOBIYHO
NPUMEHSIOT B Ieyax Manoil émkoctd (1o 100 T) Ha MaIIMHOCTPOUTENBbHBIX 3aBoAax. McXoIHbIMU
MaTepuajaMH SBISIOTCS CTalIbHOM JIoM (ckpam), pacxoa Kotoporo coctarisgeT 60 — 70%, yynIkoBbIi
nepenenbHbi uyryH (30 — 40%) u u3Bectsh (CaCO3) B konuvecTBe 8% OT Macchl METaILIA.

Ckpan-pyouulii npoyecc TPUMEHSIOT Ha OOJBIINX METAJLUTYpPrUYecKUX 3aBoJax, HMMEOLINX
JIOMEHHOE MPOM3BOJACTBO XHUAKOro uyryHa. [lmaBky oObIYHO BeAyT Kak B CpelHUX, EMKOcThbiO 150 —
400 T, Tak M B KpPYNHBIX MapTEHOBCKHX Medyax €MKocTbio 10 900 T. B KkauecTBe MIMXTHI B ME4Yd
3arpyxarot cranbHou JioM (20 — 40%) u 3anuBaroT )unkui uyryH (60 — 80%).

Tema 9. TexHoJsiorus JUThHA

Bonpoc 1. Texnoorus n3roToBJIeHUs OTJHBOK B IECYAHO-TJIMHUCTHIX (popmax

JIuteéM B mecyanble GOPMBI U3TOTOBISIIOTCS OOJIBIIMHCTBO OTJIMBOK B CEpUHHOM IPOU3BOJICTBE.
CymHOCTh €ro 3akiI4aeTcsl B 3aJMBKE paclljlaBa B IecuaHylo (JUTelHy0) ¢opMy, MOJIOCTh KOTOPOii
nMeeT KoHurypauuioo omiuBku. [locne yero 3aTBepAeBIIMH U OXJIAKIAEHHBIA MeTalll WM CIUIaB
COXpaHseT KOH(PUTYPALHIO 3TON MOJIOCTH.

OcHoOBHBIE OIepalii TEXHOJOTHYECKOr0 Mpoliecca U3rOTOBJIECHUS OTJIMBOK B MECYaHbIX (popmax
MOTYT OBbITh OOBEIMHEHBI B TP IPYTIIbL:

|. Qopmoska. Bxkmowaer B cebs onepanuu  U3TOTOBJIEHHS  MOJEIBHOTO  KOMIUIEKTa,
MPUTOTOBIICHHS (POPMOBOYHBIX U CTEP)KHEBBIX CMECEH, U3TOTOBJICHUE IEMEHTOB (POPMBI U CTEP>KHEH U
cOOpKy TUTEHHON (HOPMBI;

Il. Ilnaska u 3anusxa. Bxmodaer B ceOsi omeparyy MOATOTOBKU M 3arpy3KH IUIaBUIIBHOM meuw,
IJIaBJICHUS, JOBOAKH U 3aJIMBKH pacIulaBa B JUTEHYI0 Gopmy;
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1. Buibuska u ouucmxa omaugok. OCyIIECTBISETCS TOCIE 3aTBEPIACBAHUS U OXJIAXKICHHUS
OTJIUBKU, COCTOUT B BBIOMBKE OTJIMBOK U3 JIUTEHHBIX (POPM, OUHCTKE UX OT OCTATKOB (DOPMBI M CTEPIKHEH,
a TaKXKe B y/IaJICHUU 3JIEMEHTOB JIUTHUKOBOM CUCTEMBI.

Jns cHATHS BHYTPEHHUX HANpsOKEHUHM, MOMY4YeHHsI 3aJaHHBIX CTPYKTYpPbl U MEXaHMYECKUX
CBOMCTB MeTajlsIa OTJIMBKH MOJABEPTalOT COOTBETCTBYIOIICH TepMUIECKOi 00paboTKe.

Bribop Buma nuteiHOW (HOPMBI OMpENeIseTcs MaTepHalioM, MAacCO M TOJIIUHON CTEHOK
OTJIMBKH, a TAK)KE TEXHOJIOTHEH U3TOTOBJICHHUS (POPMBI.

Ha3nauenue juteiiHoi GOpMBI COCTOUT B 00eCIIeYeHNH:

1) HeoOX0 MOl KOH(UTYpAIIMU B Pa3MEPOB OTIMBKH;

2) 3aJaHHOW TOYHOCTH M KaueCTBa MOBEPXHOCTH OTJIHMBKH;

3) onpeen€HHON  CKOPOCTH  OXJIKACHHUS  3QJUTOrO0  METaula,  CIOCOOCTBYIOMICH
(dbopMupoBaHHIO TPeOYyeMOii CTPYKTYPHI CIJIaBa U Ka4eCTBA OTINBOK.

OCKH3 OTJIMBKU TOKa3aH Ha (puc. 2a). Jns u3roToBieHUs mnecyaHod (GOpMBI 3TOM OTIUBKH
HEe00XO0IMMO UMETh MOJICIbHBIA KOMIUIEKT U APYTYIO JIUTEHHYIO OCHACTKY.

Jlumeiinas ocnacmka — NPUCTIOCOOJIEHMS, IPUMEHSEMBIE JUI U3TOTOBIICHUS OTJIMBOK. JIuTelinas
OCHACTKa COCTOUT W3 TEXHOJIOTUYECKUX MPUCIOCOONCHUN, HEOOXOAUMBIX MMl IMOJydeHUus B (dopme
KOHTYPOB OTJIMBKH, ¥ BKJIIOUAET B ce0s1 MOJCIBHBIA U (JOPMOBOYHBIN KOMITJICKTHI.

MooenbHuiil Komniexkm BKIOYAET B ce0sl BCIO OCHACTKY JIJISl TIOJTYYEHHS MOJIOCTH (OPMBI.

B paccmaTpuBaemoMm ciiydyae MoOAeIbHbIH KOMILJIEKT COCTOUT U3:

1) Mmogenu; 2) CTEpKHEBOTO SIIUKA; 3) MOJENEH 3JIEMEHTOB JTUTHUKOBOW CHCTEMBI ;

4) npuObLIK; 5) BBIIOpA U JIp.

[Tpu HEOOXOAMMOCTH MOJEIBHBIA KOMIUIEKT JOJDKEH BKJIIOYATh TAKXKE MIAOJIIOHBI JIJIsI KOHTPOJIS
pa3mepoB U KoHurypauu ¢popmbl. ViMest BCI0O HEOOXOMMYIO OCHACTKY, MOXXHO M3TOTOBHUTH JINTEHHYIO
bopmy.

®opMOBOYHBIH KOMILIEKT COCTOUT U3:

OTOK; MOJAMOJAENBHOM IJIUTHI; IIThIpEi; 1a0I0HOB.

Mooens — mpucnocoOieHue, ¢ ToMoIBI0 KoToporo B opme 1 (puc. 16) momydaroT oTIevaTox,
COOTBETCTBYIOIIUN KOHPUTYPALIUUA OTIUBKH.

Mogenb KOnMpyeT OTIMBKY, OTJIMYAsCh OT HeE yBEIMYEHHBIMH pazMepamu. HeoOxoammocTb
U3TOTOBJICHUSI MOJETH YBEIMUYCHHBIX pa3MEpoB BbI3BaHA YCAJKOH MeTalmjia OTJIMBKM TIpU  €ro
KpUCTAINIM3allMd ¥ OXJAXKICHUM, a TakkKe JajbHedIIed MexaHudyeckod o0paboTkoil pabouux
MOBEPXHOCTEH OTJINBKH.

ITo KOHCTPYKIUM MO/IeJIH MOTYT OBITh:

1) Hepa3beMHBIMH; Pa3bEMHBIMH; C OTHEMHBIMU YaCTSIMHU H T. I1.

MacTep Moae M M3roTaBJIUBAIOT U3 CJEAYIOIIHMX MaTePUAJIOB:

1)u3 nepeBa (€IMHUYHOE U CEPUITHOE TPOU3BOICTBA);

2) yyryHa, aJllOMMHHS, IIACTMAcC (MaccOBOE ITPOU3BOJICTBO).

Cmeporcnegvie awuky CIyXaT Ui W3TOTOBJIEHUS CTEP)KHEH , KOTOpble YCTaHABIMBAIOTCA B
dbopMy C ENbI0 CO3aHMs MOJIOCTH WM OTBEPCTHS B OTIMBKE. I10 KOHCTPYKIIMH CTEP)KHEBBIE SIIHKH
MOJIPA3/IENSIOTCA Ha LeJbHbIE, pa3bEMHBIE, BBITPSIXHBIE U Ap. M3roTOBIAIOT UX U3 TeX K€ MaTepUaoB,
9TO M MOJICIIH.

Ha3nauenue npyrux sJIe€MEHTOB JUTEHHOM (opMbl cocToUT B cienyromeM. COBOKYHMHOCTb
KaHAJIOB W PE3epPBYapOB, CO3[IaBa€MbIX JIMTHUKOBOH BOpoHKOW 10, crosikom 11, 3ymmdom 13,
nutakoysnoButenem 12 u nutarensimu 14, 15 (puc. 3), Ha3pIBalOT umHuxosol cucmemou. JINTHUKOBas
crcTeMa IpeHa3HaYeHa TSl TIOBOJIA )KUAKOTO METallIa U3 JTUTEHHOTO 3aJTMBOYHOTO KOBIIA, B KOTOPBIH
pacriaBleHHBIH MeTajul MOCTyHaeT M3 IUIaBUJIBHOTO arperaTa WJIM pa3faTOYHOI'O KOBIIA, B IMOJOCTh
¢dbopwmer 1.

Jlumnuxoeas eoponka 10 (puc. 3), npeaHa3HaueHHas s IpHeMa paciulaBa U 3aJep>KaHus
MOMa/Ia0IEero BMECTE ¢ HUM IILIaKa.

Cmosxk 11 (puc. 3) npezacrasiser co00il BEpTUKANbHBIM KaHall, 4epe3 KOTOPbIM pacrlaBIeHHBINA
METaJUI MOCTYNAeT OT JIUTHUKOBOK BOPOHKH 10 K IpyrumM aneMeHTaM JUTHUKOBOM cucteMbl. KoHycHOCTB
2...4% crosika obOecrieunBaeT y100cTBa pu (HOPMOBKE U HATIOP pacIijiaBa.
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3ymngp 13 (puc. 3) npenoxpaHseT HWKHIOK MOIy(hOopMy OT pa3MbIBa M IOMaJaHHs MPOIYKTOB
pa3mbiBa (r1aBHBIM 00pa3oM — YacTui] GOPMOBOYHOM CMECH) B MTOJIOCTh (POPMEI, a, CIIEIOBATEILHO — B
OTJIUBKY.

UInaxoynoeumens 12 (puc. 3) HeOOXOAUM UIS TPEIOTBPALICHHS IMOMAaJaHus IJlaka U JPYyrux
YaCTHI] B ITOJIOCTH (POPMBI.

Humamenu 14, 15 (puc. 3) nmpeaHa3zHayeHbI I TUTABHOM IOJAYM PACIUIABJICHHOTO MeTala ¢
onpeAeN€HHON CKOPOCTHIO HEMOCPEACTBEHHO B TIOJIOCTh (DOPMEI.

Ilpubwinvio 7 (puc. 3) Ha3bIBAIOT TEXHOJIOTHYECKUHN TTPHIIMB, KOTOPBIH, 3aTBEPICBast B MOCIICIHIOIO
ouepeib, MpeloTBpaIiaeT 00pa3oBaHUE yCaJOYHbIX PAKOBHH B TeJIE OTJIMBKU. Y CaJ04HAsl PAKOBHHA MPH
3TOM (OPMHUPYETCS B IPUOBLIH.

Uepes gvinop 5 (puc. 3) BBIXOIUT BO3AYX U IPYTHUE Ta3bl, KOTOPbIE 00Pa3yOTCs B OJIOCTH (HOPMBI
BO BpeMsi e€ 3aJMBKHU pACIUIABICHHBIM MeETaUIOM. BBINOp Takke MpeAaHa3HaueH s YMEHBIICHUS
JTMHAMHYECKOTO JaBlIeHUs MeTaia Ha Gopmy. ['a3bl BO3HUKAIOT B TTOpax (POPMOBOYHON U CTEPIKHEBOU
cmecu 2. Ecnu Ux He yaaisTh, TO OHU MOTYT HPOMTH Yepe3 rpaHully «popma — METaJl» U MOINacTh B
OTJIIMBKY, 00pa3ysl TaK Ha3bIBaeMble Tra30Bble PAKOBHHBI. [l03TOMy miIsi JydIero yJajieHHsl ra3oB B
nonydopMax Bepxa M HH3a, a TakKe B CTEPKHAX YCTPaWBaIOT BEHTWIAIMOHHBIE KaHaibI 6,
CIIOCOOCTBYIOIIHME BBIXOIY T'a30B U3 JIUTCHHON (POPMEL.

B nuTHHKOBYIO CHCTEMy MOTYT BXOAWUTH JIOTOJHUTEIbHBbIC MPHUOBUIM W TMUTAIONIME BBIIOPHI,
yCTpauBaeMbl€ JUIsl yTOJIIEHHBIX OTJIMBOK U3 CTAJIM U IIBETHBIX CILJIABOB.

YmnotHeHre GOPMOBOYHON CMECH B BEPXHUX U HIKHHUX MONTy(popMax, KaK MPaBHUIIO, BHITOIHSIOT
B OIOKax 3, 4, MpeACTaBIAIOLUX COOOW OTKPBITHIE C JABYX IPOTHUBOIOJIOKHBIX CTOPOH METAJIIMYECKHE
smuky. [Tocne n3rorosnenus nonydopM HU3a, BEpXa U CTEPKHEH MPOU3BOIAT onepaiuu cOopku Gpopm u
WX 3aJTUBKH KUJIKUM METAJLJIOM.

[Tocne 3anuBKM MeTayuia, €ro 3aTBEpAEBaHUs U OXJAXJIEHUs 10 TpedyeMoil TemrepaTypsl
MIPOU3BOJIAT BBIOMBKY (hOpM (M3BIICUEHUE OTIMBKU U3 (POPMBI).

Breibutas w3 Qopmbl OTIMBKa moaBepraercs oOpyOke (OTAEICHHUIO JIUTHUKOBOM CHCTEMBI,
pUOBLICH, 3ayCCHIICB | T. JI.) U OYUCTKE, 3aTeM, €CIIH HeoOXoauMo — TepmoobOpadoTke. [lepes cnadeii B
MEXaHMYECKUHU 11eX BCE OTIUBKH MPOXOASIT HEOOXOAUMBIH KOHTpOIb. [Ipu 3TOM 4acTh OTIMBOK MOXET
OBITH OTIIpaBJICHA HAa yCTpaHEHUE NEPEeKTOB (3aBapKy, NMPOMHUTKY CIEIHAIbHBIMH COCTAaBAMH U [Ip.).
OCHOBHBIMU IPUYUHAMH OpaKa OTJIMBOK SIBJISIFOTCS] TPEIIUHBI, YCAJI0YHbIE U TA30BbIE PAKOBUHBI.

-) Puc. 2. Dcku3 1UTOH 3aroToBKH (a),
¢ Moienu (6) U CTePIKHEBOTO SIIHKA (6).
A=A
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Puc. 3. Ockuz nureitHoW ¢opmbl: 1 — COOCTBEHHO TMOJOCTh (GOPMBI, 2 —
(bopMOBOUHAsT CMeCh; 3 — OIOKa HIKHEW Nmoiay(hopMel; 4 — OmoKa BepxHEW Nmoidy(hopMsr; 5
— BBITIOP;
6 — BEHTWISIMOHHBIA KaHal, 7 — NpUOBLIb, 8§ — CTEpKEHb; 9 — IUIOCKOCTh pa3béMa

¢dopmsl (1an); 10 — nuTHUKOBast BOpOoHKA; 11 — cTosiK; 12 — MU1aKOyJI0BUTEND;
13 — 3ymnd; 14, 15 — nuratenm.

D®opMOBOYHBbIE MATEPHAJBI

Marepuansl, U3 KOTOPBIX U3TOTOBISIOT JUTEHHBIE ()OPMBI, UCKITIOYAsi METAJUTMYECKHE, Ha3bIBAIOT
GopmosounbLIMU Mamepuanamu.

Buabl ¢popMOBOYHBIX MATEPHAJIOB: HCXOJHBIC; (OPMOBOYHBIE CMECH (IJIs1 H3TOTOBJICHUS
(bopM); cTepKHEBbIE CMECH (JUIsl U3TOTOBJICHUS CTEPKHEH ); MaTepualibl OKOHYATEIbHON OTAEIKU (HOpM U
CTeprKHEH; 0TpabOTaHHbIE — OBIBIINE B YIOTPEOJICHUU CMECH.

HcxoOnvimu SBISAIOTCS MaTepHaibl, U3 KOTOPBIX MPUTOTOBISAIOT (POPMOBOUHBIE B CTEP)KHEBBIE
CMECH, a TaKXKe MaTepHalibl OKOHYATEIbHOU OT/IEIKU (POPM U CTEPIKHEH.

DopmoeouHbIEe N cmepoicHesble cMecu TIPEICTABISAIOT COOON MpeaBapUTENbHO MMOArOTOBICHHBIE,
B35ThIe (B 3aBHUCHUMOCTH OT Ha3HAu€HUs) B ONPEAEIEHHOM MpOINOpLUH, PAaBHOMEPHO INEpEeMEIIaHHbIE
MEeXJIy co00il ucxonHele Marepuanbl. CTEpKHEBbIE CMECH IOABEPraroTCs 3HAYMTEIBHO OOIBIINM
TEPMUYECKHM U MEXaHWYECKHM BO3ICUCTBUSIM, YeM (POPMOBOYHEIC, TAK KaK CTEP)KEHb MPAKTHYECKU CO
BCEX CTOPOH OKPY>KEH PaCIUIABJIEHHBIM METAJUIOM. /I yIydIIeHUs: MEXaHUYECKUX, TEXHOJIOTUYECKUX U
JIPYTUX CBOMCTB B (POPMOBOYHBIE U CTEpPHKHEBBIE CMECU BBOJAST BCIOMOTrareibHbIE (OPMOBOUHBIE
MaTepualbl: CBA3YIOLIME (CMOJBI, JKMJIKOE CTEKJIO), MPOTUBONPUTapHbIE (MBUICBUAHBIM KBapll,
KaMEHHOYTOJIbHAsl IbLIb), 3alluTHBIE (OOpHas KuciaoTa, pTopucTas npucaaka) u ap. Ilepen ycranoBkoit
cTep>kHEeH B pOpMBI X 00s13aTeIbHO MPOCYINBAOT.

CocTtaB (popMOBOUYHBIX cMeceid:

1) ITecok popmoBounsit ('OCT 2138).

[Tecok popMOBOYHBIN — 3TO TUCTIEPTUPOBAHHBIN TOPHBIK MUHEPAJL.

B cocraB mecka BxoauT kpemHe3éM (SiO2), KOTopsIil 001agaeT TeMeparypoil miaBieH:s paBHOM
1713 °C u mwioTHOCTBIO 2,5+2,8 T/em®.

B mecke Takxke conepxarcs BpeOHbIE IPUMECH, TaKHME€ Kak: CII0Ja, MOJIEBOM ILIAT, OKHCIBI
JKelle3a U IIeJIOYHO3EMENbHBIX METaNIOB, KOTOPhIE MMEIOT 0oJjiee HU3KYIO TeMIepaTypy IUIaBICHUS U
II03TOMY CHUKAIOT OTHEYIIOPHOCTD IECKA.

OcCHOBHBIM IIOKa3aTeJIeM KauecTBa MecKa SIBJISIETCS T0Ka3aTelb COACpKaHUsI IIMHBI U IPUMECEH.

OrHeynopHocTb necKoB

[To orHeymopHOCTHM NECKH IO3BOJSIOT OTJIMBATh B IMECUYAHOTJIMHUCTBIE CMECH BCE IIBETHBIE
METaJIJIbl, & TaKXe CTaldb W 4YyryH. [IOBBICUTH OTHEYNOPHOCTh IECKA MOYKHO IIyTEM BBEAEHHS B HETO
OTHEYTIOPHBIX MaTEPHUAJIOB.

Bujbl orHeynOpHBIX MaTepHAIOB:

[upkon (ZrO2+Si02); Maruesut (MgCO3); Xpomuctsiii sxenesusk (FEOCr203).

Mamepuanamu 0na oxonyamenvbHOU OmMOeIKU opm U cmepdcHeli SBISIOTCS OTHEYIOPHBIE
JTUTEHHbIE KPacKu, 3aMa3Ky, KJIEU U T. 1. MaTepHaJibl, KOTOPbIE YaCTO HA3bIBAIOT BCIIOMOTaTEIbHBIMHU.

OcHoBHbBIE cBOIicTBAMH (D)OPMOBOYHBIX M CTEPKHEBbIX:
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1) IpoYHOCTh HAa CXKATHE€ © Pa3pbiB, MOBEPXHOCTHAS MPOYHOCTh WM  OCHIAEMOCTh;
2) Ta30MPOHMIIAEMOCTh (CIIOCOOHOCTH CMECH IMPOIMYCKaTh Tasbl); 3) ra30TBOPHOCTH (CHOCOOHOCTH
HarpeToil CMecH BBIICISTH I'a3bl); 4) TUTPOCKOMMYHOCTD; 5) (opMyeMocCTh; 6) TeKy4YecTb;

7) YIUIOTHSEMOCTD; 8) BLIOMBAEMOCTD U JIp.

Bce 31u cBOMCTBA KOHTPOJIMPYIOTCS CTAaHAAPTHBIMUA METOAMKAMU Ha CHIEIMATIbHBIX TPUOOpax.

CocTaBbl 1 ypPOBHU CBOMCTB CMecCeil Ha3HAYaroT B 3aBUCHMOCTH OT XapakTepa TeXHOJIOTHYECKOrO
mporecca, B CBOK OYepenn, sBJSAIONIerocss QyHKIUeH Oonpmoro uucia QaktopoB (MacmTabda
IIPOM3BOJICTBA, MaTepHalla, MacChl, CTENIEHU CII0)KHOCTH, TOHKOCTEHHOCTH OTJIMBOK U JIp.).

Tema 10. TexHoJiorusi CBApKH MeTaJJIOB

Bomnpoc 1. IIajika MmeTa/u10B, €é 0011asi XapaKTePUCTUKA U (PU3HYECKAS CYIIHOCTH

Ilatika — 3TO TEXHOJOTMYECKUM MPOIECC COSAMHEHUS METAJUIMYECKUX JETajedl MOoCpenIcTBOM
IIPUCAZ0YHOr0 MaTepuana (MeTajla WiIM CIUIaBa), OCHOBAHHBIH Ha AU(p(Y3MOHHOM B3aUMOJEHCTBUU
MaTepUaIoB COECIMHIEMBIX JETaled U IPUCAAOYHOro Marepuana. IIpucagounsliii MaTepuall Ha3bIBACTCs
npunoem.

B mponecce mudpyznonnoro B3anMoaencTBys (CIETIICHUS MAsHOTO 1B C MaTEPUATIOM
COEIMHAEMBIX JIeTalieil) 00pa3yoTCss XUMUUECKUE COeTUHEHNS W TBEPbIE PACTBOPBI.

[To KOHCTPYKTUBHBIM OCOOCHHOCTSIM MasiHbIE COEAMHEHUSI T000HBI CBAPHBIM U KJIEEBBIM.
JlaHHBIE COEAMHEHUS HALIUTY [IUPOKOE IPUMEHEeHHE B IpubopocTpoeHun. B mammHocTpoenun
[IpUMepaMu IPUMEHEHUS NassHbIX COEAMHEHUI MOTYT CIIY’KUTh paJllaTOpbl aBBTOMOOMIIEN U TPAKTOPOB,
TOHKOCTEHHBIE TPYOOIPOBOBI M ITPOUYHE KOHCTPYKLIUH.

B ornnume ot cBapku maiika MO3BOJSET COCAUHATh KaK JI€Tald U3 OJHOPOJHBIX, TaK U U3
pa3sHOpPOJHBIX MaTepuayoB. IIpuMepoM 3TOMy MOXeT OBITh COEIMHEHHE CTaJbHOW U allOMUHHEBOMN
neranu. Kpome Toro, umeercs BO3MOXKHOCTb IIasATh JCTAIM C TOHKOCTEHHBIMH 3JJIEMEHTAMM, IZIE
IIPUMEHEHHE CBApKU HEJIOIMYCTHUMO M3-3a OIACHOCTHU IEpEeXora U KOpoOIeHHs.

TexHosorus naiku COCTOMT B cieayromeM. llepen naiikol cramBaeMble IMOBEPXHOCTH JAeTalleH
00€3)KUPUBAIOT U OYMIIAIOT OT OKHUCIOB. s mpenoxpaHeHMs NasHbIX [OBEPXHOCTEH neTaneil ot
OKHCJIOB, 00Pa3yIOIUXCs MPH MalKe, UCTOIB3YIOT (Itockl (KaHu(}OIIb, Oypa, XJIOPUCTHIN IIMHK).

[Tocne MOArOTOBKM COEAMHAEMBIX JAeTaled K Maiike W mocienyromeil cOOpkh uX OOBIYHO
MIOJIOTPEBAIOT 10 TEMIIEpaTyphl IUIABJICHUS MPUIIOS U B 3a30pbl MEXJIYy HMMH BBOJST pacIUIaBICHHBIN
IIPUNION, KOTOPBIA IOCIE OXJAKIACHUS COCOUHSET neTand. Jlid MonydeHHs KadyeCTBEHHOIO MasHOIo
COEIMHEHHS TeMIlepaTypa IJIaBJICHUs MPUIIOS JODKHA OBITh HIDKE TEMIIEpaTypbl IJIaBICHHUS METAJUIOB
COEUHAEMBIX JIETaJICH.

Tak kak maiika oCyIIEeCTBIISIETCS MPU TeMIIepaType 3HAUUTEIbHO OoJiee HU3KOM, YeM IpH CBapKe
IUTaBJICHUEM, TO MasHble JETald MO CPABHEHUIO CO CBAapHBIMU MEHEE MOJBEPKEHbI KOPOOJIEHUIO U
CO3/Ial0TCSl  YCJIOBUSI, ONArompHsITCTBYIOIIUE TMaiilkeé TOHKOCTEHHBIX JETalel, OTIMYAIoUMXcd IOo
TOJIIIMHE, a TAaKXKe MOJTYYEHUIO KOHCTPYKIMH CI0XKHOM Gopmbl. OJ1HaKO, O CPABHEHUIO CO CBAPHBIMHU
COEIMHEHUSIMU TMasiHbIe MEHEE MTPOYHBI.

IIpy M3roTOBIEHUM MASHBIX COCIMHEHUHN pa3IU4YaloT [Ba BUAA INPUIIOEB — JIETKOIJIABKUE U
TYTOIUIaBKUE.

Jleckonnaexue (msekue) npunou mnaBstcs npu Temmeparype ao 350°C. K HuM oTHOcsTCS
CBUHIIOBBIE U OJIOBSIHHO-CBUHIIOBBIE CILIaBHI.

Tyeonnasxue (meépovie) npunou 1uiaBatcs npu Temreparype 6onee 600°C. K HuM oTHOCSTCS
MEIHO-IIUHKOBBIE U CEPEOPSIHO-MEIHBIE CTLIABHI.

[TasiHple IIBBI M3 MATKUX IPUIIOEB MAJONPOYHBIE, [IO3TOMY MSATKHE INPUIION IPUMEHSIOT IS
COEIMHEHMS] HEHArpy>KEHHBIX, MaJOHArpy>KEHHBIX, HE MOABEP>KEHHBIX NEHCTBUIO YIapHBIX HAarpy30K U
BUOpanuii geraneid. M3-3a HU3KOM Temmeparypbl IUIaBICHHUS MSTKHE NPUION HE PEKOMEHIYyeTcs
MPUMEHSTh B COCTUHEHHUAX, paborarommx mpu temneparype Ooinee 100°C. Msrkue mpumow HaIum
IIMPOKOE PacpOCTpaHEeHUe B TPUOOPOCTPOCHHUU.
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TBEpAbIe MPUIION IPUMEHSIOT [UIsl COSUHEHUN, HECYIIUX HArpy3ku. IIpu cratnueckux Harpyskax
IIPUMEHSIOT NIPUIIOM HA MEIHOM OCHOBE, a U1 COCINHEHUH, BOCIPUHUMAIOIINX YIApHbIC HArpy3KH, —
MIPUTION HA cepeOPSHOM OCHOBE.

Pacuér Ha NpoYHOCTH MasHBIX COEAMHEHUH OCYILECTBISAIOT M0 COOTBETCTBYIOIIMM (hopMyiam
CONPOTUBIICHUS MATEPUANIOB, KaK U I OJHOTUIIHBIX CBapHBIX U KJIEEBBIX COCAUHEHHUH. Jlomyckaemoe
HaIpsDKEHWE Ha Cpe3 MOXKHO IPUHHMMATh JUIsi UIIBOB W3  OJIOBSHHO-CBHHIIOBBIX IIPUIIOEB
[zc] = 20 +30 MIla; u3 MmeqHO-IIMHKOBBIX MpHIOEB [7c] = 175 + 230 MI]a.

Bonpoc 2. I'a3okuc/iopoaHasi pe3ka MeTaJJIOB, e€¢ 0011asi XapaKTepUCTHKA, (PU3HYecKas
CYIIHOCTh

CYIIIHOCTL nmpouecca 1 OCHOBHBIC YCJIOBUSA FaSOKI/ICJIOPOL[HOﬁ PE3KHA

B TexHuuecku YUCTOM KHCIOpPOJAE MpH TeMIepaType, HEOOXOAMMOM /A Havajla peakilHH,
MHTCHCUBHOCTH OKHCJICHHUSI METaJlJIa CTAHOBUTCS] HACTOJIBKO OOJIBILION, UTO MEPEXOAUT B TOPEHHE.

Jl51s HenpephIBHOCTH IpOIecca TOPEHHs] HEOOXO0AUMO COOIIIOICHUE CIETYIOIINUX YCIOBUIA:

1) NOCTOSTHHBII KOHTAKT OKUCIHUTEIS C HEOKUCICHHBIM METAJIJIOM ITOBEPXHOCTH;

2) HEMPEPBIBHBIN MOJI0TPEB HEOKKCICHHOTO METAlIa 10 TEMITEPaTyphbl BOCIIAMEHEHUS;

3) 1oCcTaTOYHO BBICOKAsl KOHIIEHTPAIUsS KUCIOPO/a B ra3oBoil (a3e, BCTyMaroliel B KOHTAKT (B
XUMHUYECKOE B3aUMOJICHCTBUE) C METAILIIOM.

TakuMm 00pa3oM, npoliiecc ra30KUCIOPOIHON PE3KU SBJISETCS IPOLECCOM CKBO3HOIO MPOKUTaHUS
TBEPAOro MeTajia CTPYEN YUCTOTO KUCIOPOA.

Jlist momy4YeHusl Ka4eCTBeHHOMW (TJIaJKOM) MMOBEPXHOCTH pe3a He0OXO0IMMO, 4TOOBI pa3pe3acMblit
METaJIJT YJIOBJIETBOPSII CIIEAYIOIIUM TEXHOJIOTHUECKUM TPEOOBaHUSIM:

1) TemriepaTypa ropeHHs MeTaljIa JOJDKHA ObITh HU)KE TEMIIepaTyphl €ro IUIABJICHHUS, YTO CBSI3aHO
C TeM, 4TOOBI IIPU TOPEHHUH CaM METaJlI HE TUIaBHUIICS;

2) MPOAYKTHI TOPEHUSI METaJIa JIOJDKHBI OBITh KHIKUMHU JIJIsl TOTO, YTOOBI OHU JIETKO YIAJISUIUCh
U3 30HBI pe3a, Orojisisi MOBEPXHOCTh METallia JUisl HEMPEPHIBHOIO KOHTAKTa CO CTPYEH KHUCIIOpoAa MpH
IepeMEILEHUH pe3aKa B/10JIb JUHUU pe3a.

Kpome 3THX ABYX OCHOBHBIX TEXHOJOTHYECKHX TPeOOBaHMil, MPEIbABIIEMBIX K pa3pe3aeMoMy
MeTaly, CIeyeT YUUThIBAaTh U JOMOJIHUTEIbHbIE TPEOOBaHMS, UMEIOIIUE ONPEIEIEHHOE 3HAUCHHE.

Tak, cnenyer MMeTh B BHUIY, YTO JJsl MHTEHCUBHOIO TOPEHHUS MeTajlla HEOOXOAMM €ro
MIOCTOSIHHBIM KOHTaKT (XMMHYECKOE B3aMMOJEHCTBHE) € YHUCTBIM KHCIOPOAOM, a oOpa3yrouuecs
ra3oo0pa3Hble OKCHJIbI CIIOCOOCTBYIOT CHMKEHHMIO KOHLIEHTpPAILMK CBOOOJHOIO KHCIOpOJa B 30HE pe3a.
Otcroga BBITEKaeT IMepBOe TpeOOBaHWE — HENOMYCTUMOCTh O00pa3oBaHUS OOJBIIOTO KOJUYECTBA
ra3000pa3HbIX MPOAYKTOB FOPEHUSI.

BropsiM fononHUTENBHBIM TpPeOOBAaHUEM, KOTOPOMY JIOJDKEH YJIOBJIETBOPSTH pa3pe3aeMblil
METaJUl — JI0CTaTOYHO BBICOKAs KUAKOTEKYUECTh 00pa3yroIUXCcsi OKCHJIOB.

Tperbe MJONOJHUTENBHOE YCIOBHE — JIOCTATOYHO BBICOKMM TEIIOBOM J(PQeKT peakiuun
OKHCJICHHUs MeTaJlla, a TeIUIONPOBOAHOCTh METallla HE JIOJKHA ObITh OYEeHb OOJBLION C Te€M, YTOOBI He
MIPOUCXOUIIO UHTEHCUBHOE OXJIAXCHHUE 30HbI pe3a.

Bcem »TuM TpeOoBaHMSAM YAOBJIETBOPSIOT >KEJI€30, YIVIEPOAMCTBIE W HU3KOJIETHPOBAHHBIE
KOHCTPYKIIMOHHBIE CTaJM TPU HEBBICOKOM COJIEp)KaHUU yTiepoja: TemIepaTypa IUIaBJICHUS >Kenes3a
1539°C, ropenuss — 1200°C, Temmneparypa miaBieHus: okcuaa xeneza — 1370°C. Temsooit ¢ gext
peaxkuuii OKMCIIEHUs JOCTaTOYHO BBICOK:

Fe + 0,502 — FeO + 64,3 kkain/rMoib,
3Fe + 20, — Fe304 + 266,9 kkan/r*Moib,
2Fe + 1,50, — Fe203 + 198,5 xkkai/r-Moib,

a TETJIONPOBOJIHOCTD KeJle3a ABIIAETCS OTPAaHUYEHHOM.

XyAIIUMU TEXHOJIOTHUYECKUMH XapaKTepUCTUKaMU OONaJar0T HUKEIh U MeJb; TaK TeMIleparypa
mwiapnenns memqu — 1083°C, okxcmma wmeam — 1230°C, TerutoBoit 3PdekT OKUCICHHS —
37,5 KKay/T*MoIib, a TeIIONPOBOAHOCTh MEIU OUEHb BEJIHKA.
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CoBeplIeHHO HE YJOBIETBOPSIIOT TEXHOJIOIMYECKHM TPEOOBaHHMSIM ATIOMUHHMA, MarHUd, XpoM H
muHK. Tak, Temmeparypa masienus amomuaus Al — 658°C; okcuma amomuuuns Al,O3 — 2050°C;
maruaust Mg — 651°C, okcuna maraus MgO — 2500°C.

EcrecTBeHHO, UTO MPUMECH B CTAJSX TAK)KE OKA3bIBAIOT BIUSHHE Ha CLIOCOOHOCTh MOABEPIaThCs
KHMCJIOPOJIHOM pe3Ke, IpUYEM pa3HbIe JJIEMEHTHI B pa3HOM cTeleHu. BiusHue yriiepoja cka3blBaeTCs IpU
conepkanun ero cebime 0,25%; maprasen, HUKEIb M MeIb B T€X KOJMYECTBAX, B KOTOPHIX OHH
COJZIEpKATCS B CTAJAX, HE MEIIAIOT BBIIOJHEHUIO Ia30KUCIOPOIHON pe3ku. KpeMHUH, allFOMUHUI U XpOM,
10 MEpE UX YBEINYCHHsS B CTAIM, YXYALLAIOT IPOLECC PE3KH.

Tema 11. Pe3anue MeTa/l1I0B

Bonpoc 1. IIpouecc 00padoTKu MaTepuaIoB pe3aHueM: 0011asi XapaKTePUCTUKA, BUABI,
00J1aCTh IPUMEHEeHM I

OCHOBHBIMU BHJIaMH O0paOOTKH MarepuayioB pe3aHueMm sBistorces (puc. 1): touenwme (a);
crporanue (6); nosnbienue (6); cBepicHHE (3CHKCpOBaHME, pa3BEPThIBAHHE W 3¢HKOBaHHE) (2);
bpesepoBanue (0) u uummdosanue (¢), — NPOU3BOAMMBIE HA  METALIOPSKYIIMX  CTaHKAX
COOTBETCTBYIOLIEH TIpymmbl. B 3aBUCMMOCTM OT BHMJA BBINOJHAEMBIX TEXHOJOTHYECKUX OIepaluit
pa3MYar0T CTAaHKU TOKAPHOM TPYIIIBI, CTPOTAIBHOM, JOJI0EKHOM, CBEpPIMIBHOM, pacTOUYHOMU, (hpe3epHOH,
nuTGOBaTBLHOMN | JIp.

[Tpu 0OpaboTKe MaTepUaIOB PEe3aHUEM HCIIONIB3YIOT PAa3IMUHBIA PEXKYIIMA WHCTPYMEHT: Pe3IIbl,
cBEpIIa, 3eHKEpa, Pa3BEPTKU (pe3bl, KOTOPHIE UMEIOT CIIELHATbHO 3aTOUYCHHYIO PEXKYIIYIO YacTh, a TAKXKe
MPUMEHSIOT NUTH(OBaIbHBIE a0pa3sUBHBIE KPYTH, 3€pHA KOTOPHIX 00JIaAal0T OCTPBIMH IPAHSIMH U yTIIaMHU.
Pexymuii MHCTpyMEHT M3TrOTaBIMBAIOT U3 MaTepHaja MOBBILIEHHONW TBEPAOCTH, MPOYHOCTH, TEPMO- U
M3HOCOCTOMKOCTH, pa3IM4YHbIX (POPM U pa3MepoB.

Tovenue. [Ipy TOYEHHWU TJIaBHBIM JABIDKEHHEM pE3aHUsS SBISETCS BpallaTeIbHOE BUKCHUE

3aroTOBKH, a JBIDKEHUE MOJaud — MPSIMOJIMHEHHO-TIOCTYyNareabHoe ABMKeHue pesmna (puc.la). K
rnapameTpam (pexumMaM) pekruma pe3aHusi Ipu TOYCHUU OTHOCSATCS:
1) ckopocmv  pezanus V. — JUHEWHas CKOPOCTb TOYKH, JISKalled Ha 00pabaThiBaeMOil

MMOBEPXHOCTH, M/MUH;

2) nooaua S — nepeMeIneHne pesiia 3a OJuH 000pOT 3ar0OTOBKH, MM;

3) enyouna pesanust — paccTossHHE OT 00padaThIBa€MOW IMOBEPXHOCTH 10 00pabOTaHHOM,
M3MEpPEHHOE MEPIEeHIUKYISIPHO OCH 3aTOTOBKH, MM.
S Puc. 1. CxeMbl OCHOBHBIX BHUJIOB
00paboTKH MaTepuaIoB pe3aHUEM:
a — TOuYeHue; O — CTpOTraHue; 6 —
fonbnenue; 2 — CBeplieHHE, 3EHKEpPOBaHMUE,
fa3BEpTEIBAHME W 3CHKOBAHNE; o —
(bpesepoBanue; e — nuMdoBaHue

S\

Touenue IMPOU3BOJAAT Ha CTaHKax TOKapHOﬁ rpymniibl ¢ HMCIOJB30BAHUCM PE3LOB, KOTOPBIC
BBI6I/IpaIOT B 3aBHUCHUMOCTHU OT BHUJa OII€palnu. OcHOBHBIE TOKAPHBIC OIICPAlMU IIPEACTABIICHBI HA PUC. 2.
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Puc.2. CxeMbl = OCHOBHBIX  TEXHOJOTHYECKMX  OIepanuid  TOKapHOW  oOpaboTKwH:

a - TOYEHHE HApY)XKHOM LWIMHIPUYECKON IOBEpPXHOCTH; O - MOApE3aHHE IUIOCKUX TOPLEBBIX
IIOBEPXHOCTEH; B - TOUCHHME KAaHABOK; I - OTPE3Ka; JI - TOUEHUE METPUYECKOH pe3bObl pe3loM; € -
TOYeHHE (PACOHHBIX MOBEPXHOCTEH; K - pacTaylMBaHUE BHYTPEHHUX MOBEpXHOCTEH; 1 -
oOpabaTbIBaeMasi HOBEPXHOCTh; 2 - MOBEPXHOCTh pe3aHusi; 3 - 00paboTaHHAs TOBEPXHOCTb.

ITo Buy BHINOJTHSIEMBIX ONePALHii Pa3IMYAIOT CJIeqyI0lIHe TOKAPHbIE Pe3IIbl:

1) npoxojHbIe, MPOXOIHBIC YIOPHBIC, 2) MOAPE3HbIC; 3) IPOpe3HbIe U OTpe3HbIC; 4) pe3b0OBHIC;
5) pactounsie; 6) hacoHHBIE. 7) PE3LbI IS YUCTOBOM 00pabOTKH 3aroToBOK (3) 1 ap.

B 3aBucuMoOCTH OT HampaBJICHUs TMOJAYM PE3Ibl Pa3leisIFOT Ha IMpaBble U JICBBIC;, MO (opme
PEKYIIEH 4acTH — Ha MPSIMbIC, OTOTHYThIC U OTTSIHYThIE M M30THYTBIC; [0 XapaKTepy 00paboTKu — Ha
YEPHOBBIC, TIOJYYHUCTOBBIC M YMCTOBBIC; IO KOHCTPYKIIMH — Ha IeJIbHBIC U COOPHBIE.

Jyis1 M3rOTOBJICHUS. U O0OPaOOTKU OTBEPCTHI MPU TOUCHHUH HMPUMEHSIOT TaKXe CBEPIIA, 3CHKEPBI U

pa3BEPTKH, a I Hape3aHus pe3bObl — METUMKH, IUIAIIKA M Pa3jMyHble O TUILYy pe3bOOHape3Hble
TOJIOBKU
Crporanue. Ilporiecc crporanust (cM. puc. 16) — BHI MEXaHHUYECKOW OOpaOOTKU IJIOCKHUX

IIOBEPXHOCTEH pe3aHueM, Py KOTOPOM IJIaBHOE JBMXKEHHUE (CKOPOCTh pe3aHus V) coo01aeTcs pesily Wiu
3aroTOBKE M SIBISIETCSI BO3BPATHO-IIOCTYNATENIbHBIM, a JIBUJKEHUE I0JIa4d S COOOIIAETCs 3arOTOBKE WM
pesny u sBisercs npepbiBUCTHIM. Ha puc. 20.16 rnaBHbIM BuA ABM)KEHHUS OCYIIECTBIIET 3aroTOBKA, a
pesery — naBwxkeHue mnoaayd. CTaHKM, Ha KOTOPBIX MPOU3BOASTCS OIEpallMi CTPOTaHUs Ha3bIBAIOT
IIPOJOJIBHO-CTPOraJIbHBIMM. Eciin Ha CcTaHKax pe3el] COBEPIIAET IVIABHOE JIBMIJKEHUE, a 3arOTOBKA —
JBUKEHHE M0JJaul, TO TaKUE€ CTAHKHU SBJISIOTCS MOIMEPEUYHO-CTPOraIbHBIMU. B HEKOTOPBIX ciiyyasix pesell
MO’KET OCYLIECTBJIATH KaK IVIABHOE JBMKEHME V, TaK U JIBJKEHUE Noa4u S. BenencTeue Toro, uTo pesell
coBepuiaeT pabounMii M XOJIOCTOM XOJbI, MPOLECC pe3aHus NpPHU CTPOTaHHWU NPepbIBUCTHIN. CHsTHE
CTPYKKH HPOMCXOJUT TOJBKO BO BpeMs Ipsmoro (pabouero) xoma. IIpu obpaTtHOM (XoocTom) xoje
pesel paboTy pe3aHusi He IPOU3BOJUT, YTO CIIOCOOCTBYET €T0 OXJIAXICHHUIO.

Taxoke cTporaHueM MOXXHO MPOBeCTH 00pabOTKY (haCOHHBIX MOBEPXHOCTEW U BHIOOPKY Ma30B U
KaHaBOK.

Joa0senne. Ota omnepauus SBISETCS PA3HOBUIHOCTBIO CTPOTaHMsST M IPOU3BOJUTCSA Ha
NONOEXHBIX cTaHKaxX. Ha HUX riaBHBIA BUA JBUKEHMS V (BO3BPATHO-TIOCTYNATEIbHBIN) OCYIIECTBISET
pe3ell B BEPTUKAIBHOMN IJIOCKOCTH, a JBUKEHHME MOJAa4u S — 3aroTOBKa B FOPU30HTAJIBHOM IJIOCKOCTH
(cm. puc. 16). Jlonbrnenrne mpUMEHSIOT ISl MOTYyYEHUS KaHABOK, TUIOCKMX U (PaCOHHBIX MOBEPXHOCTEH
HEOOJIBIION BBICOTHI, HO 3HAUUTENBHBIX MTONEPEYHBIX pa3MEPOB.

CgepJaenne. [Ipu cBepiieHnu (3€HKEPOBAaHWH, pa3BEPTHIBAHWU, 3€HKOBAHUHU) OOBIYHO TJIABHOE
JBIDKEHUE V. U JIBIDKEHHE TM0Ja4M S COOOIIAloT pexyleMy HHCTpyMeHTy (puc. 12). Caeprnenue
MPUMEHSIIOT JIJIs1 TOJTYYEHHUS] CKBO3HBIX U TITyXUX HUIMHIPUUYECKUX OTBEPCTHIA.

3enkeposanue — TIpUMEHSIETCS i YBEIMUYEHUS JUaMETpa OTBEPCTHUS, IPEIBAPUTEIBHO
MOJIy4YEHHOTO JIUThEM, UITAMIIOBKOM WJIM CBEpJeHHEM, U TMpUAaHUS eMy Oojee NpaBUIbLHOU
reOMETPHUECKON (OPMBI, JOCTHKEHHS HAUMEHBIIEH IepOXOBAaTOCTH MOBEPXHOCTH, YEM NP CBEPIICHUHU
WM pacCBEPIUBAHUU.
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Paszeepmuvisanue obOecnieunBaeT MOJTY4YEHHUE OTBEPCTUH C BBICOKOM TOYHOCTBIO pasMepoB M
BBICOKMM KayeCTBOM IOBEPXHOCTH; €ro MPUMEHSIOT B OCHOBHOM i OKOHYATEIbHOW 00pabOTKH
OTBEPCTHU.

3enkosanue — TONy4YeHHE OTBEPCTHI MOJ MOTaiiHble W MOJYNOTailHble TOJOBKU OOJTOB U
3aKJIENOK.

CaepiieHue SIBISIETCS CaMbIM PACIpPOCTPAHEHHBIM CIOCOOOM MOJyYEHHUS CKBO3HBIX U TIIyXUX
OTBEPCTHI B 3arOTOBKE.

PasznuyaroT obsiunoe u enyboxoe cepienue. [lpu 0ObIYHOM CBEpICHUU AJISl OJTYYEHUS CKBO3HBIX
WIA TIYyXUX OTBEPCTUH NPHUMEHSAIOT CHHpAJbHBIE CBEpPIA C KOHMYECKUMH WM LMJIMHAPUYECKUMHU
XBOCTOBUKaMHU. B 3aBHCMMOCTH OT BeIMUMHBI MapTUU 00pabaThiBaeMbIX J€Tajeil cBepiaeHHe MPOU3BOISIT
no pasmemke WU B KOHOYKmopax (CIEIHATbHBIX MPUCTOCOOICHUSIX, HM3TOTOBISEMBIX MO (opme
oOpabaThIBacMOM J1eTasn).

[Ipu oOpaboTke OONBIIMX MApTUH JAeTaliell CBEpJICHHE MPOU3BOAAT B KOHAYKTOpax. OHH
MO3BOJISIIOT BECTU CBEpJieHHE Oe3 MpeaBapUTEIbHOM pa3MeTKU AeTalud M IOoJydaTh Oojiee BBICOKYIO
TOYHOCTH 00PaOOTKH.

[Tpu rmyOoKOM CBeplieHWH, KOT/Ia JJMHA OTBEPCTHS IMPEBBIIIACT €ro JuaMeTp B 5 pa3 u Ooree,
OOBIYHO TIPUMEHSIIOT CIIEIIMaIbHBIE CBEpIa:

1) pysxeitHble 17151 CBEPICHUS OTBEPCTUIH TUAMETPOM JI0 25 MM B CIUIOIIHOM MaTepHale;

2) MyIeYHbIe OTHOCTOPOHHETO PE3aHus ISl CBEPIICHHS OTBEPCTHIA IUAMETPOM Ooiiee 25 MM.

Pacceepnusanue — npuMeHSIOT A1 OTBepCTUll nuameTpoMm Oonee 25 mMm. CBépma OonbIIMX
JIMAMETPOB MMEIOT MEPEMbIUYKH 3HAYUTENFHBIX Pa3MEpOB, MOATOMY NPU UX MPUMEHEHHH HEOOXOIMMBI
yBeJIIMYEHHBIE ycumus nojgadu. Kpome Toro, Takue cBEpIia 4acTo OTKIOHSIIOTCS OT OCH CBEPIICHUSI.

Cseprenue omeepcmuii no0 pe3vOy — BAXKHBIA BHUJ CBEPIHIBHBIX PA0OT. DTH OTBEPCTHUS
CBEPJISATCS CIIHPAIbHBIM CBEPJIOM B CILTONIHOM 3arOTOBKE, UM PACCBEPJIMBAIOT B OTJIMBKAX U MOKOBKAX.

3enkeposanue M pazeépmviéanue — ITUM TNPOLECCaM IOABEPrarOT OTBEPCTHUS, IOJYyUEHHBIE B
3aroTOBKax CBEPJICHUEM, JIUThEM, IITAMIIOBKOW C IEJNbIO MOTy4YeHUs OOJbllIeld TOUHOCTH pPa3MEpPOB U
YHCTOTHI IOBEPXHOCTU. 3EHKEPOBAHUE TPUMEHSIETCS JUIsl OKOHYATENIbHOM 00pabOTKU OTBEPCTHI WK IS
MIpeIBapUTENILHON 00pabOTKH MO pa3BEPTHIBAHUE.

®pe3epoBanue. [Ipu ¢pe3epoBaHUN TIIABHOE IBMIKCHHE V COOOIIACTCS MHOTOJIE3BHIHOMY
pexyleMy HWHCTpYMEHTY — (dpese, a JABMKEHHE Mojauu S — 3aroToBke. CyIECTBYIOT CXEMbl
(dpe3epoBaHus, KOI/a IJIaBHOE JBMUKEHHE M JABM)KEHHE Mojauu coolbmaT ¢pese. DpesepoBanue
IPUMEHSIOT MU 00pabOTKE TOPU3OHTAIBHBIX, BEPTUKAJIBHBIX M HAKJIOHHBIX IUIOCKOCTEH, (haCOHHBIX
MIOBEPXHOCTEH, Ma30B M KaHABOK pa3jIMYHOrO Npoduiss, NpHU H3TOTOBIEHUU 3yOuUaThIX KoOJec.
OcobeHHocTh mpoliecca (ppe3epoBaHus 3aKII0UACTCS B MPEPHIBUCTOCTH pe3aHMsl KaXIbIM 3yOoM (pe3bl.
3y0 ¢dpe3bl BCTyaeT B KOHTAKT C 3arOTOBKOW M BBITIOJIHIET padOTy TOJIBKO Ha HEKOTOPOW YaCTU CBOETO
obopora. 3atem 3y0 (pe3bl, MpoaoIKas ABUKEHHE, HE KacaeTcs 3ar0TOBKHU JI0 CJIEIYIOIEro Bpe3aHus; B
STOT MOMEHT OH OXJIQXK/Ia€TCsl, UTO YBEJIMUUBAET CPOK CIIykOblI (ppe3bl. Kaxaplii 3y0 (ppesbl umeer Takue
K€ DJIEMEHThl W YIJIbl, YTO M TOKapHbIA pesew. IlosTomy ¢pe3y MOXKHO paccMaTpuBaTh Kak HaOop
TOKapHBIX PEe31I0B.

Hlnudgosanue. Ilpouecc mnumdoBanus (puc. le) NpuUMEHSIOT Kak OTAEIOYHO-AOBOJIOYHYIO
OTIEPAIIMIO C TIOJIYYCHUEM Pa3MEpPOB JIeTallei C TOYHOCTHIO M0 6 — 7-My KBaJIUTETaM M IIEPOXOBATOCTHIO
noBepxHocTU Ra = 0,08 — 0,32 MkMm.

Kak 06aupounyto onepanuo niMpoBaHUe UCIOIB3YIOT IIPU OUYMUCTKE JIUThS, TOKOBOK U T. 1.

HInugosanue — 310 00paboTKa MOBEPXHOCTEW wH3AeNMa NUIM(OBAILHBIMU a0Opa3UBHBIMU
kpyramu. Jlns oOaupoyHoit oOpabOTKHM MPHUMEHSIIOT KPYMHO3EpHHUCThIE aOpa3uBbl, a ISl YUCTOBOTO
nTM(OBaHUS — MEJKO3epHUCThIE. Mcnonb3yoT abpa3uBbl €CTECTBEHHbIE — HauOoJIbIIee MPUMEHEHNE
MOJIyYUIIM MUHEpal KOPYH]I U ajMa3, U UCKYCCTBEHHBIE — 3JIEKTPOKOPYHJ] C pa3IUYHbIMHU J100aBKaMu,
KapOuj KpeMHHsI, HUTpUI Oopa u Ap. AOpazuBHbIE 3€pHA B 3aBUCHUMOCTH OT MX pa3Mepa JAesITcs Ha
nuud3épraa (Ne 200-16, pasmep 3epra 2500 — 160 mxm), numudmopomku (Ne 12-4, pazmep 3epHa 160 —
20 mxm) u Mukpomnopoiku (Ne M63-MS5, pasmep 3epHa 63 — 5 MKM). 3epHUCTOCTH AJIMA3HBIX MOPOLIKOB
or AMI1 (pa3mep 3epuHa menee 1 mxm) g0 AMS0 (pasmep 3epra mo 630 mxm). AOpa3uBHBIE 3E€pHA
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CKPEIUIEHBI APYT C APYrOM C IMOMOIIBIO [IEMEHTUPYIOIIETO BelecTBa — CBA3KU. [LIupoko npumeHsroTcs
nutroBaTbHBIC KPYTH Ha KEPAMUYECKOM, 0aKEITMTOBON U BYJIKAHUTOBOM (300HUTOBOI) CBSI3KE.
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MeToauueckune PE€KOMEHIANIIMHA NJIA NIOATOTOBKH K l'IpOMe)KyTO‘lHOﬁ
arrecranmun

[lenp TPOMEXKYTOYHOH arTecTanmuu OOYydYaAIONMUXCS - KOMIUIEKCHAs W OOBEKTHBHAS OIICHKA
KauecTBa YCBOCHUS 00y4YalOIIUMUCS TEOPETUYECKUX 3HAHUHN, YMEHHSI IPUMEHAThH MOJy4YeHHbIC 3HAHUS B
pEIICHNY TPAKTHYECKUX 33134 IIPU OCBOCHUU yUSOHOW AUCIIUILINHBL.

Hucnunnuna «MarepuaioBeieHHe W TEXHOJIOTHsI MaTepualioB» u3ydaercs Bo 3 cemectpe. [lo
OKOHYAHUM CEMECTpa IMPOMEKYTOUYHAS aTTECTAIMS MPOBOIUTCS B popme nudepeHImpoBaHHOTO 3a9eTa.

B mepuoa moAaroToBku K 3adeTy oOydaromipecs BHOBH OOpaIlaloTCsl K MPOiIeHHOMY y4eOHOMY
Marepuany. Ilpu >TOM OHHM HE TOJBKO 3aKPEIUISAIOT MOJYyYEHHBIC 3HAHMS, HO W IOJY4YalOT HOBBIE.
[ToaroroBka oOyyaroierocs K MpoMeKyTOYHON aTTecTalliu JOJKHA BKIIIOYATh B ce0sl TpU dTama:

- CaMOCTOsTENIbHAS paboTa B TEUEHUE CEMECTPa;

- HEMOCPEACTBEHHAs MOATOTOBKA B JTHU, MPE/IIECTBYIOIIHNE 3aU€Ty 110 TeMaM Kypca;

- MOJATOTOBKA K OTBETY Ha BOMPOCHI, COACpKAIIHUECs B OMIeTax.

OCHOBHBIM MCTOYHHUKOM IIPH TOATOTOBKE K 3aUeTy SIBJISCTCS KOHCIIEKT JICKIHH, Ile yueOHbIiH
Marepuagl AacTtcad B CHUCTCMATU3UWPOBAHHOM BHUAC, OCHOBHBLIC IIOJIOKCHHA C€ro JACTAIU3UPYIOTCH,
HOAKPEIUISIOTCS COBPEMEHHBIMH (DakTaMu M HH(pOpMAaluel, KOTOpPbIe B CHIy HOBH3HBI HE BOLLIH B
OHY6J'II/IKOB21HHI)I€ TeyaTHbIE MCTOYHUKH. B X0AC MOATOTOBKH K 3a4CTy O6y‘laIOIlII/IMC$[ HCO6XOI[I/IMO
o0paiiath BHUMAaHUE HE TOJIBKO HA YPOBEHb 3allOMUHAHHS, HO U Ha CTCIICHb MOHMMAHUS H3JIaraeMbIX
npooeMm.

JIJ1st yCHEUIHOTO MPOXO0XKICHUS TPOMEXKYTOYHON aTTECTAMH 110 JUCIIMILUTHHE
«MarepualioBeJICHUE U TEXHOJIOTHSI MAaTePHAIOB» HEOOXOAUMO TIOATOTOBUTHCS 110 CICTYIOLIEMY
HEPEYHIO BOIPOCOB M IPAKTUYECKUX 33/IaHHH.

IlepeyeHb BONPOCOB il POBEACHUSA NMPOMEKYTOYHOM aTTeCTAlU
(B popme nuddepeHIMPOBAHHOIO 3a4€Ta) M0 UTOTAM OCBOCHHUS U CIUILIHHBI
«MarepuaJioBeleHHe U TEXHOJIOTUSA MATEPHAJIOB)

1. «MarepuanoBeneHue» Kak HayKa, €€ eI U 3a/1a4H.

2. Knaccudukanus marepuanoB (METAUIMYECKMX M HEMETAJUIMYECKHX), MCIOJIb3yeMbIX B
TEXHUKE.

3. Tlonsrue kpucramumueckoil pemerku. OCHOBHbBIE MapaMeTpbl KPUCTAUIMYECKON pPELIeTKH:
NepUOJI, DJIEMEHTapHas siueiika, 6a3uc, KOOPAUHAMOHHOE YUCIIO.

4. W3oTponus U aHU30TPONHUS CBOWCTB KPUCTAIIOB. SIBIeHHE MoauMopdu3mMa.

5. HecoBepuieHcTBa  KpPUCTAJUIMYECKOTO  CTPOCHMSI  METaNIOB  (TOYEYHBIE, JIMHEWHBIE,
MIOBEPXHOCTHBIE).

6. IloHsAThe KpUCTAIM3aLMU W IUIABICHUS METAJUIOB M CIUIABOB, JBMKYINAS CHIa Ipolecca
KPUCTAIUIM3ALUH, ITAIlbl KPUCTAJIIIU3ALINH.

7. ®usnueckas CyIIHOCTh Ipolecca KPUCTAUIM3ALMU M IUJIABJICHHUS YHUCTHIX METAJIOB U
CIUIaBOB.

8. CrpoeHne METaIUIMYECKOTO CIUTKA. [[pHUMHBI CTPYKTYpHOH JIMKBALINH.

9. JHedopmamuss MaTepuasnioB. Ympyras M IUlactTuyeckas gedopmarnus, ux ¢uznyeckas
CYIIHOCTb, HAIIPSKEHUS UX BBI3BIBAOLIHE.

10. Ilpouecc paspylieHuss MaTepuanoB, BHJIBl pa3pylieHMHd H uX ocobeHHocTd. Craauu
paspylIeHUs: MaTepUaIoB.

11. MexaHuuyeckre CBOWMCTBA MaTEpUANOB: MOHATHS MPOYHOCTH, TBEPIOCTH, BBIHOCIHUBOCTH,
YCTaJIOCTH, BA3KOCTH.

12. Yto takoe TBepaocTh. OnpeaeneHue TBEpAOCTH Mo MeToay bpunemns. Enununsl namepenus
1 001acTh NPUMEHEHUS/

13. CnnaBel. IloHsiTHEe crulaBa, ICEBAOCIUIABA, METAJUIMYECKOTO CIiaBa, (ha3bl, KOMIIOHEHTa
CIUIaBA.



43

14. Tsepaplil pacTBOp, YCIOBUSI 00pa30BaHUsI, BUIBI TBEPBIX PACTBOPOB.

15. MexaHnueckas CMeCh, CTPYKTYpa U YCIOBHS 00pa30BaHUsI.

16. Xumuyeckoe coeMHEHNE, 0COOCHHOCTH CTPOSHUS M CBOWCTB.

17. TlonsiTMe nuarpaMMbl COCTOSIHUA cIUlaBa. Ha3HaueHue auarpaMM COCTOSIHUSI CIUIaBOB,
OCHOBHBIC JINHUU U TOUKU JUATPAMM COCTOSHHSL.

18. KomrmoHeHTHI 1 (a3bl xKene30yTIepOAUCTHIX CIIIABOB.

19. Cranb. Knaccuduxamnus 1 MapkupoBKa yTIIEPOJUCTHIX CTAICH.

20. JlerupoBaHHBIEC CTAJIM, 0COOEHHOCTH MapKHUPOBKHU, 00JIACTh TPUMEHEHUS.

21. BnusiHMe yriiepoaa M HEKOTOPBIX AJIEMEHTOB Ha MEXaHUYECKHUE CBOMCTBA CTaJICH.

22. Yyryn. Knaccuduxaius, MapKupoBKa U 00J1aCTh IPUMEHEHHUS.

23. Yyryn. ®a30Bblif COCTaB UyTyHOB, OTJIMYUTEIbHBIE 0OCOOCHHOCTH OT CTaJICH.

24. Bnusaue rpaduta (MOJOKUTEILHOE U OTPUIIATEIBHOE) HAa (DU3UYECKUE, TEXHOJOTUUECKHUE U
MEXaHUYECKHE CBOMCTBA YyTYyHA.

25. Tepmmuueckas 00pabOTKa MaTEPHAIIOB U €€ Ha3HAUCHHE.

26. TIoHATUS OCHOBHBIX BHJIOB TEPMHUYECKOW OOpabOTKH: OTXUT, HOpMaJIM3AIMs, 3aKallka,
OTIIyCK, YIy4IlICHHUE.

27. CTpyKTypHBIE U3MECHEHUS B CTAJIH B pE3yJIbTaTe TEPMHUECKOW 00pabOTKH, WX (U3NUecKas
CYIIIHOCTH (ayCTeHHU3allusl, MAPTEHCUTHOE IIPEBpAIlICHHUE).

28. TloHsATHE XUMHUKO-TEpPMUIECKONW 00pabOTKM MaTepraioB U (PU3MUECKast CYIHOCTD.

29. OcHOBHBIEC BUBI XUMHUKO-TEPMUYECKON 00pabOTKH M MX Ha3HAYCHHE.

30. Menp. ®u3nveckre U MEXaHUYECKUE CBOMCTBA MEH, 00JIACTh IIPUMEHEHUS ME]IH.

31. Jlatynp u 6pon3za. CBoiicTBa 1 006J1aCTh IPUMEHEHUSI.

32. Anmromuanii. dusndyeckne W MEXaHMUYECKHE CBOMCTBAa AIIOMUHUS, 00JacTh NPUMEHEHHUS
ATFOMUHHUSL.

33. CriaBbl QJIFOMUHUS HX CBOMCTBA M 00JIACTH MPUMEHEHHS.

34. IlnacTmaccel, ux oOmas XapakKTEpPUCTHKA U 00J1aCTh TPUMEHEHUS.

35. Koppo3sus metamioB, € BUIIBI.

36. dusmnyeckasi CyImHOCTh XUMUYECKOU U IIEKTPOXUMHUUECKONH KOPPO3UH.

37. AKTHBHBIC METOBI 3aIIUTHl METAUTMYECKUX JIETaJe OT KOPPO3HH.

38. [laccuBHbBIE METO/IbI 3AIIMTHI METAJUIMYECKHX JIeTalIell OT KOPPO3UH.

39. TexHOMOTHS MPOU3BOACTBA YyTyHA.

40. TexHONMOTHMYECKUE CBOICTBa MaTepUaloOB: JKUIKOTEKY4eCTb, YCaJKa, CBapUBaEMOCTb,
00pabaThIBa€MOCTh PE3aHUEM.

41. TexHONMOTHUS JTUTHS: KUAKOTEKYUYECTh, yCa/lKa U JTUKBAIUs CIUIaBOB.

42. Capka metamioB. @u3uveckas CyIIHOCTb CBApPKH, 001acTh IPUMEHEHUSI.

43. Knaccudukanus OCHOBHBIX CHOCOOOB CBapku. JIOCTOMHCTBA M HENOCTATKU CBapOYHOIO
MIPOU3BOJICTBA.

44. Texnonorusi 0OpabOTKH MaTepUaJIOB pe3aHNeM, 00IacCTh IPUMEHEHUS.

45. Knaccuduxanus HHCTPYMEHTaIbHBIX MaTEPHAIIOB.

Ilepedyenb npakTHYeCKUX 3aJaHMIl I IPOBeJeHHUS IPOMEKYTOUHOM aTTecTauuu (B popme
auddepeHIPOBAHHOIO 3a4€Ta) 10 MTOraM OCBOCHHS TUCHUILNINHBI «MaTepuajioBeeHue U
TeXHOJIOTUSI MATePUATOB)

1. PacmdpyiiTe cocTaB cTaiu, ONPESTUTE TPYIITY CTaIu M0 HA3HAYEHUIO U OOBSICHUTD BIUSHUE
JIETUPOBAHMs HA CBOICTBA JIaHHOW CTajM, Ha3HaubTe W OOOCHOBATH BHJBI U PEKUMBI TEPMHUECKOH U
XUMHKO-TepMHUecKoi 00paboTku 1 ctamu 15X .

2. Jlns W3rOTOBIEHMS TMOPIIHEH JABHUraTelel BHYTPEHHEro CropaHusi, paboTaroIuX IpH
temneparypax 200 — 250°C, ucnonwsidyercs cruaB AJIl. Pacmudpyiite cocraB, OnumuTre pekUMBbI
YIPOYHSIOIIEH TepMUUYECKOH 00pabOTKU M KPAaTKO OOBSICHUTH MPUUHUHY YIIPOUHEHHUS.

3. Brynku u3 cranu 40 moaBeprHyThl 3aKkaike: rnepBas — oT temmeparypsl 740°C, BTopas — oT
temneparypbl 840°C. Mcnonb3ys auarpamMMy coctosinus «Fe-Fe3Cy», onpenenurts, kakas U3 3THUX BTYJIOK
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umeet 6oJiee BBICOKYIO TBEPIOCTH U ITOYEMY.

4. JIns nerayeil moxapHOH TEXHUKH, KOHTAKTUPYIOLIUX C arPECCUBHBIMM CpeAaMu, UCIIOJIb3YETCs
ctanb 20X 13. Pacmudpyiite cocraB cranm.

5. JInst M3roTOBJIEHUS PEIYKTOPOB, MEPBUYHBIX U BTOPUYHBIX BAJIOB KOPOOOK OTOOpa MOIIHOCTHU
MO’KapHBIX aBTOMOOUIEH ucnonb3yercs ctanb 18XI'T. Pacmdpyiite coctas cramm.

6. Uyryn umeer cienyroomuid ¢a3oBblii coctaB: nepaut — 38%, eMEHTUT (BTOpUYHBI) — 7%,
nenedyput — 55%. Onpenenure couepxaHue yriepoja B JaHHOM yyryHe?

7. Ctanp umeer cienyromuid ¢pazoBslii coctas: depput — 12,5% (cBeTible KpUCTaIbl), EPIUT —
87,5% (Temuble KpucTauibl). ONpenenuTe coaepKaHue yriaepoaa B JaHHOW CTaJIH.

8. [1o metony bpuHenns npousBey orpeaeacHe TBEPJOCTH MOBEPXHOCTHOIO CJI0s 3aKaJIeHHOTO
Bajia IpH CIENYIOIMX pexumax: nuamerp uHaeHropa D =10 mm, Harpyska P=3000 xr. B pe3synbrare
BJIaBJIMBAHUS MHACHTOpPAa B MOBEPXHOCTh Baja oOpaszoBajcs cepuyeckuil oTmnedyarok auamerpom d =
3,25 mm. Paccuuraiite TBEpIOCTh Baja.

9. bponza bpO3I1[12CS5 wusroraBivBarOT BOASHYIO amnmnaparypy, HNOAMIMIHUKA CKOJbXKECHUS,
3yOuaTtblie Koji€ca, MPYKUHBI sl TOKapHOH TeXHUKU. Pacumdpyiite coctaB GpOH3BI.
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CJioBapb TEPMHHOB 1O AW CIUIJINHE
«MatepuaJjioBeieHHe U TEXHOJOTUSI MATEPHUAJIOB)»

AHM30TpONHS - 3TO pa3anuue (HEOJMHAKOBOCTb) CBOMCTB CPEJbl B PA3JIMUHBIX HAIIPABJICHUSAX
BHYTPH 3TOU CPEMBI.

AycteHuT (A) - 310 TBEPABIN pacTBop BHenpeHus yraepoja (C) B y-xkenese (Fey).

ba3uc kpucrauinyeckoi pemréTku (n) - 3TO KOJIUMYECTBO AaTOMOB, NPUXOIAIIMXCS HA OOHY
3JIEMEHTAPHYIO STYEHUKY KPUCTAIIMYECKOU PEIIETKU.

Bpou3sl - 3TO 1BOiHBIE WIM MHOTOKOMIIOHEHTHBIE CIIJIaBbl MEJH, OOBIYHO C OJIOBOM B KauecTBE
OCHOBHOTO JIETHPYIOIIEr0 KOMIIOHEHTa, HO K OpOH3aM Take OTHOCAT MEJIHBIEC CIUIaBBI C AITIOMHUHUEM,
KpeMHueM, OepHJUIMEM, CBUHLIOM U JPYTHMMHU JIEMEHTAaMHU, 32 UCKJIFOUEHHUEM IIMHKA

BakaHcHs - 3TO OTCYTCTBUE aTOMOB B Yy3JIaX KPUCTAJUIMYECKON PEMIETKH, «ABIPKW» (HE3aHATHIE
aTOMaMU MeCTa B AYelKax KPUCTAUINYECKON PEIIETKH).

BbiHOCAMBOCTL - 3TO CHOCOOHOCTH MaTepuaja BOCHPHUHHMATh MHOTOKpPaTHOE JIEHCTBUE
MEPEMEHHBIX HAIpPsDKEHHH (CocOOHOCTh MaTephalia CONPOTHUBIIATHCS MOBTOPHBIM 3HAKOIIEPEMEHHBIM
Harpy3kam).

BsizkocTb - 3TO CHOCOOHOCTH MaTepuana IOrJolaTh MEXaHWYECKYH0 JHEpruio (yJapHble
Harpy3ku), 6e3 pa3pyleHus: 1 HapyleHUs CIUIOIHOCTH CTPOEHHUSL.

I'padurn3zanus - 5TO Tpomecc BbACICHUS TpaduTa B CBOOOJHOM COCTOSHUHM IIPH
KPUCTAJUIM3ALUH WM OXJIaKICHUH YyTyHa.

/IBOMHMKOBaHME - O3TO MOBOPOT OJHOM 4YacTH KpHUCTaUla B IIOJOXEHUE CHUMMETPUYHOE
OTHOCHTEJIBHO JAPYTOM €ro 4acTH.

Jepopmanus - 370 U3MEHEHHE (POPMBI M pa3MEPOB TeJja Mo JeHCTBUEM BHEIIHUX HATPY30K.

Jedopmanuss ynpyrass - 370 JedopManus, KOTOpas IOJIHOCTBIO HCYE3aeT IOC]Ee CHSITHS
BBI3BIBAIOIINX €€ HArPy30K.

Jedopmanus niaacrtudeckasi (ocraroyHasi) - 3To JedopMmanusi, KOTopas IMOJHOCTHIO WIIU
YaCTUYHO COXPAHAETC IOCIE MPEKPALIECHUS IEHCTBHS BbI3BABIINX €€ HAIPY30K.

JluarpaMMa CcOCTOSIHUSI - 3TO rpaduyeckoe H300paKeHUE COCTOSIHUS CHUCTEMBI CIUIaBOB,
IIOCTPOEHHOE B 3aBUCUMOCTH OT KOHLEHTPALUHU (XUMUYECKOTO COCTaBa) U TEMIEPATYPHI.

JluaMarHeTMKM - 5TO BEIIECTBA, HAMarHWYMBAIOIIMECS IIPOTUB HAIPaBJICHUS BHEIIHETO
MAarHuTHOTO ITOJISL.

JlucjoKkaumMu - 3TO JMHEHHbIE JePEeKThl KPUCTAUINYECKOTO CTPOEHMS, MPEACTaBIAIONIUE CO00M
JIMHUH, BIOJb U BOJU3M KOTOPBIX HApPYIIEHO XapaKTEepHOE JUIsl KpUCTaJlja MPaBUJILHOE PACIIONIOKEHHE
ATOMHBIX IJIOCKOCTEH.

JMuciaoxanusa (KpaeBasi) - 5TO MECTHOE MCKaXEHHE KPUCTAJUIMUECKON PEIIETKH, JIUHMUS, BAOJb
KOTOPO#M BHYTpPHU KpHCTaJla 0OpBIBAETCS Kpail «JIHMIIHENH» MOTYMIOCKOCTH.

JucaonnpoBanublii (MexXy3eabHbINH) aTOM - 3TO aTOM, BBIIEAIINN U3 y3J1a KPUCTAIUIMUECKOMN
PEIIETKH U 3aHSBIINN MECTO B MEXKI0Y3JIUU.

KuBy4yecTp - 3TO Pa3HOCTh MEX]y YHUCIOM ILMKJIOB JO IOJHOIO pa3pylIEHHs Marepuajla U
YKCJIOM LIMKJIOB JI0 MOSIBJIIEHUS YCTAJIOCTHOM TPEIIHUHBI.

H3orponus (M30TponHOCTB) - 3TO OJIMHAKOBOCTH CBOMCTB cpefbl ((PU3MYECKHX, MEXaHUYECKUX
U T.J1.) B pa3JIMUHBIX HANIPABICHUAX BHYTPHU 3TOH Cpe.bl.
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KBa3u H30TPONMHOCTH - 3TO MHMMAas HM30TPONHOCTh METAJUIOB, CBSI3aHHAs C XaOTHYHOM
OpUEHTALIMEeH KPUCTAITMYECKUX PEHIETOK (3€pEH) BHYTPU KpUCTaJUIa.

KommnoHeHTBI cmiiaBa - 3TO XMMHUYECKME D3JIEMEHTbl WM HX YCTOMYMBBIE COEAUHEHMS,
o0pa3yromIue CIUIaB.

Komnonent cmiaBa (M30bITOYHBINH) - 3TO KOMIOHEHT CIUIaBa KPUCTAJUIM3YIOIIUUCA 10
00pa30BaHMsI SBTCKTHKH.

KoHoaa - 3T0 0Tpe30K rOPU30HTAILHOM JIMHUY WIH H30TepMa, MMPOBEAEHHAS BHYTPH IBYX(a3HOM
00JIacTH TUarpaMMBbl COCTOSIHHSA JI0 TIEPECEUCHUS C IMHUSIMH TPaHHIl ABYX(Pa3HON 00JIaCTH.

Koopmuuanuonnoe umceao (kK ) Kpucrauindyeckol pemieTKH - 3TO YHCIO AaTOMOB,
PAacIoyIoKEHHBIX Ha OJIDKaiIeM OJMHAKOBOM PACCTOSHUU OT JIFOOOT0 aToMa B JJAHHOM pemeTKe.

Kpucramnusanusa - 5T0 IPOLECC MEPEXO0]a BEIIECTBA U3 JKUIKOIO COCTOSIHUSA B TBEPIOE, IIPU
KOTOPOM TIPOUCXOAUT 0Opa3oBaHME IEHTPOB KPUCTAJUIM3ALMU B KHUAKOH (Dase M pOCT KPUCTAJUIOB U3
00pa30BaBIIMXCS LIEHTPOB KPUCTAIUIU3ALINY.

Kpucrannuyeckass pemérka - 3T0 BooOpakaemas NPOCTPAHCTBEHHas pELIETKA, B Y3Jax
KOTOPOH pacroyiaraloTcsi YacTHUIBI (aTOMBI, MOHBI), oOpasymromue TBEPAOE TEI0 M HaXOMISAUIHecs B
YIOPSIIOYEHHOM COCTOSTHUU.

Kpucramnorpagpuuyeckoe HampasjieHHMe - 3TO IpsAMas, NOpoxXojduias 4Yepe3  y3JIbl
KPHUCTAJUIMYECKON PEIIETKH.

Kpucramnorpagpuuyeckas IJIOCKOCTH - 3TO IUIOCKOCTb, IIPOXOJAINAs  4epe3  y3JIbl
KPHUCTAJUIMYECKON PEIIETKH.

Kputnyeckuii pasMep 3apoibllia NPU KPUCTAUIM3ALUMM - 5TO  MHHUMAJIbHBIA pa3Mep
3apojiplia (KprcTasia), CliocoOOHOr0 K AajJbHEHIIEMY pOCTY.

JlaryHu - 3TO JBOMHBIE WM MHOTOKOMIIOHEHTHBIE CILIaBBI HA OCHOBE MEAM, OCHOBHBIM
JIETUPYIOIIKM 3JIEMEHTOM KOTOPBIX SIBISETCS LIMHK (Zn).

Jlenebyput (JI) - 3TO MexaHHuUecKas SBTEKTHUECKasi CMECh (IBTEKTHKA) KPUCTAIJIOB ayCTeHUTa A
u nementura L B untepBane temneparyp 727 — 1147°C, u nepauta II (cm. Huxke) u nuementura L npu
temmneparypax Huxe 727°C, conepxkamas 4,3% yraepona (C).

Marneriiam - 3710 (QopMmMa B3aUMOJAEWUCTBUSA JBMXKYLIUXCA AJIEKTPUYECKUX  3aps/oB,
OCYIIECTBJIsIEMasl HA PACCTOSIHUM ITOCPEICTBOM MAarHUTHOTO MOJIS.

MaxkpocTpykrypHbiii (MakpocKonMYecKHid) aHAJIM3 - 3TO METOJ HCCIEAOBAaHHUS CTPOCHHUS
(CTpYKTYyphl) META/NIOB U CILUIABOB HEBOOPYKEHHBIM TIJlazoM uiu npu HeOosbimoMm (o 30 — 50 pa3)
YBEJINYCHUH.

Mertasuiorpagus — 5T0 HayKa O CTPYKType METaJUIOB U CILJIaBOB.

MarepuaJjioBeieHHE - ITO HayKa, U3y4arollas CBA3b XMMUYECKOIO COCTaBa, CTPOCHUS U CBOWCTB
MaTepHualoB MPU Pa3INYHbIX TEPMOJNHAMUUYECKUX YCIOBHSIX.

MuxpocTpyKTypHbIii (MHKPOCKONUYECKHI) AaHAIU3 - OTO METOJ MCCIECOBAaHUS BHYTPEHHETO
CTpOEHHS (MUKPOCTPYKTYPhI) METAJIJIOB U CIUIABOB C IOMOIIbIO METAJIOrpadUueCKuX MUKPOCKOIOB MpU
yBesnueHuu ot 50 1o 2000 pas.

MukpocTpyKTypa - 3T0 BHYTpEHHEE CTPOCHHE MeTalia, HabJI0JaeMO€e C ITOMOIIBIO ONITHYECKUX
MHKPOCKOIIOB.

Mexanuyeckue CBOICTBA MaTEePHAJOB - 3TO CBOWCTBA, XapaKTEpU3YIOIIWE CIIOCOOHOCTH

Marepuraia COnpOTUBIATHCA JleﬁCTBHIO TEX WM UHBIX BHCIIHUX HAIrpy30K, HC pa3pymiasacChb.
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MexaHu4eckHe CMeCH - 3TO BHUJBI CIUIABOB, KOTOpBIE 00pa3yroTcs MEXAy KOMIIOHEHTaMH
CWJIBHO Pa3IMYaIOLMMCs 10 CTPOCHHIO U CBOMCTBAM, €CJIM CHJia B3aUMOAECHCTBUS MEXYy OJHOPOJAHBIMU
aToMaMH OOJIbIIE YeM MEXIy pPa3HOPOAHBIMH a TakXKe B ClIydae, KOIJa COCTaBJISIOIIME CIIJIaB
KOMIIOHEHTBl HE CIIOCOOHBI K B3aUMHOMY pacTBOPEHHUIO B TBEPAOM COCTOSIHUM U HE BCTYNAIOT B
XMMHAYECKHE B3aUMOJICHCTBHSA C 00pa30BaHUEM XUMHUECKUX COCTMHEHUH.

MoaudunupoBanue ciuiaBa - 3To J00aBJICHUE B KHUIKUHA METaJUl CICIHUANbHBIX J100aBOK -
MOJU(UKATOPOB, KOTOPbIE YBEIMYHBAIOT YHUCIIO IIEHTPOB KPUCTAUIM3AIMH M YMEHBIIAIOT CKOPOCTh
pocTa KpUCTaJLIOB.

Haxnén - 310 siBleHHE YIPOYHEHHSI METAJUIOB U CIJIABOB B CIEACTBUE U3MEHEHUS UX CTPYKTYpPBI
B IIpOIlecce MIAaCTUYECKOH ehopMaly U TEMIIEPAaType HUKE TEMIIEPATypbl pEKPeCTAILTH3AIHH.

Hanpsixenue - 370 cuiia, JeHCTBYIOIIAs HA €IMHULLY IUIOIAAHN TIONEPEYHOTO CEUYEHUs JETAIH.

OTtHocuTenbHOE cy:KeHHe () - 3TO OTHOIIEHWE YMEHBUICHMS IJIOLAAN MONEPEYHOIO CEUCHUs
obpasna AF mocne pa3psiBa k HadabHOU miomaau FO momepednoro ceuenus, [%].

OTHoOCUTEIbHOE YIUITHHEHUE(E) - OTO OTHOIICHUE IPUPAIICHUS PACUETHON JUTMHBI 00pa3Iia mocie
paspbiBa K €ro rnepBoHavYaJIbHON pacu€THOU JuinHE, [%].

OtpaxaTeslbHAasi CHOCOOHOCTH - 3TO CHOCOOHOCTh MeETajyla OTpa)kaTb CBETOBBIC BOJHBI
OIpeIeNIEHHON JUIMHBI, KOTOpPasi BOCIPUHUMAETCS YEJIOBEYECKUM IJIa30M KakK L(BET.

ITapamMarHeTukm - 3TO BEILLECTBA, KOTOPbIE HAMAarHWYMBAKOTCS BO BHEIIHEM MAarHUTHOM II0JI€ B
HaIpaBJIEHUU BHEIIHETO MarHUTHOI'O TOJISl M UMEIOT IOJIOKUTEIbHYIO MArHUTHYO BOCIPUUMYHUBOCTb.

Ilepeoxna:xknenue paciiiaBa (GKMIAKOCTH) - 5TO OXJIAXICHUE >XUIKOCTH (pacruiaBa) HUKE
PaBHOBECHOM TeMIepaTypbl KPUCTAIU3ALINH.

IMepuoa KpuCTANIUYECKOI PEIETKH - 3TO PACCTOSIHUE MEXK/Y LIEHTPaMH OJIMKAUIIINX aTOMOB.

IInaBaenue - 370 mpoiecc nepexojaa TBEPABIX TENl B XKHUJIKOE COCTOSHUE, IIPU ONpPEIENEHHOM,
3aBUCSILEN OT JaBJIEHUs TEMIIEpaType.

[InacTU4YHOCTD - ATO CBOMCTBO MaTepUaOB MOJHOCTHIO MM YaCTUYHO COXPAHATH AePopMariiu
IOCJIE CHATHS HArpy30K, KOTOPbIE UX BbI3BAJIU, 0€3 HapyLICHUS 11€I0CTHOCTH CTPOEHUSI.

Ilnacruyeckoe  nepopMuUpoBaHME - OTO  BO3MOXKHOCTh  CKOJBXKEHHUS  Pa3IMUHBIX
KpUCTAIIIOTpapUUECKUX MIIOCKOCTEN APYT OTHOCUTENBHO JIpyra 0e3 MOTepu CBSA3H MEXAY aTOMaMHu.

[InoTHOCTH YIAKOBKH aTOMOB B KPUCTAJLUINYECKOH peméTke - 3T0 00bEM, 3aHATHI aTOMaMu
B OJIHOH 3JIEMEHTApHOM siueiike, KOTOpbIE YCIOBHO PACCMATPUBAIOTCS KaK KECTKUE IIAPHI.

IToBepxHOCTHBINH edeKT KPUCTANIMYECKOI0 CTPOEHHUsI - 3TO MOBEPXHOCTb pasjeia MEXIy
OTJIEbHBIMU KPUCTAJUIAMU MJIM UX OJIOKaMH.

IMos3yyecTts - 53TO MeJUIeHHasl IUlacTUYecKkas aedopmanus MaTepuana IMojA AeHcTBHEM
MTOCTOSITHHOM Harpy3Kku, OOJIbIIeH TIpeiesia yInpyrocTy Mpu JaHHOW TeMIlepaType.

IMosmmop¢u3m - 3To BO3MOXKHOCTb CYIIECTBOBAHUS OJHOTO U TOTO K€ XUMUYECKOI0 3JIEMEHTA B
HECKOJIbKUX KpHcTajuiorpaguyeckux (opMax B 3aBUCHUMOCTH OT BHEUIHMX YCJIOBUH (JlaBIeHHE,
TeMIIepaTypa).

IIpenes TekydecTm - 3TO MEXaHUYECKass XapaKTepUCTHKAa MaTepuaia, XapaKTepH3yrollas
HanpspKeHUe, Mpu KOTOPOM JieopMaIiii MPoA0JDKAIOT PacTh 0€3 YBETUUEHUS Harpy3KH.

IIpenes BBIHOCIAMBOCTH - 3TO MaKCHUMaJIbHOE HANpPSKEHHE IIUKIIA, TP KOTOPOM HE MPOUCXOIUT
YCTAJIOCTHOTO pa3pyllieHusi o0paslla M3 JaHHOIO MaTepuajia Mocje IMPOU3BOJBLHO OOJBIIOrO uucia

IMUKJIOB HArpy>XCHU.
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IIpenes MPOYHOCTHM - O3TO MEXAaHWYECKOE HAIMPSIKCHHE , BBIINIE KOTOPOTO MPOUCXOIUT
paspymieHue marepuana. 1. e. mpenen MPOYHOCTH €CTh MOPOroBasi BEIWYHMHA, IPEBBIMIAs KOTOPYIO
MEXaHUYECKOE HANPSHKCHHUE Pa3pyIIUT HEKOE TEJIO U3 KOHKPETHOTO MaTepHaa.

IIpeaen MponopuHOHATBLHOCTH - 3TO MAaKCUMaJIbHAS BEJIMYMHA HANPSHKEHUS, TIPU KOTOPOM emlé
BBINOJIHSACTCS 3aKOH 'yKa, TO ecTh AedopMarus Tena npsMo NpONOpIHOHATIbHA TPUIIOKEHHON Harpys3Ke
(cume).

IIpenen ynpyroctu matepuajia - 3TO HauOoJbllIee HaNpsHKEHUE, MPH KOTOPOM OCTaTOYHOE
yanuHeHue oopasua gocruraer 0,05% ot ero nepBoHayanbHON pacYETHON JAJIUHBL.

Ipumecn (CneunuajbHble) - 3TO NPUMECH, KOTOpBIC CICIHMAIbHO BBOAATCSA B CTallb IS
MOJTy9CHUS 3aJJaHHBIX (PU3NKO-MEXaHUIECKUX CBOUCTB.

IIpoYHOCTH - 3TO CBOWCTBO MaTepualia, XapaKTEPHU3YIOLIee €ro CIHOCOOHOCTh COMPOTHBISATHCS
nedopMaIusaM 1 pa3pymeHuro.

IIceBocniiaBebl - 3TO CIJIaBBI OJTYYCHHBIE METOJAMHU CIIEKaHUS, JIEKTPOJIN3a, BO3TOHKH.

Pa3pyumienue - 3TO mporecc 3apokKIeHHs W Pa3BUTHS B METaUIe TPEUIMH, NMPUBOIAIMIMN K
pa3AeIeHNIO €ro Ha YacTH.

Pa3pyuieHnne MHTEPKPHUCTAJJIMTHOE - 3TO MPOLECC PACIPOCTPAHEHHS TPEIIMHBI 0 TPAHUIAM
3épeH (Bcerga XpymnKoe pa3pylieHue).

Pa3pyuienue TPaHCKPHUCTAJUIMTHOE - 3TO MPOLECC PACIIPOCTPAHEHHS TPEUIMHBI 110 TNy 3epHa
(kpucramia).

Pexpucraniauzanmsa - 5TO Tpomecc oOpa3oBaHHMs M pPOCTa (MM TOJBKO POCTA) OIHHUX
KPUCTAJUTNIECKUX 3EPeH (KPUCTAIUTUTOB) MOJMKPUCTAIIA 32 CUET APYTUX (as.

CBoOogHasi JHeprusi CUCTeMbl - 3TO Takas COCTAaBJAIOLIAs BHYTPEHHEH SHEPrUM CHCTEMBI,
KOTOpast B U30TEPMHUYECKUX YCIOBUAX MOKET OBITH TIPEBpaIIeHa B paboTy.

Cucrema - 5TO rpynma TeJl WIX BEIIECTB, BhIACTsIeMast ISl HAOIOICHUS U U3yUeHHUSI.

CucreMa CIUIaBOB - 3TO COBOKYITHOCTh O€CKOHEUHO OOJIBIIOTO YMCiIa CIJIAaBOB, 00OPa30BaHHBIX
CIUTABJISIEMBIMH METaJUIaMH (M/WJIM HEMETAJJIaMK) B JIMANa30HE KOHIIEHTPAIIMU KaXKJ0TO CIUIABISIEMOTO
kommonenTta ot 0 1o 100% (macc.).

CkopocTh pocTa KPHUCTANIOB - 3TO CKOPOCTH YBEIMYCHHS JIMHEHHBIX pa3MepoB KpHCTaila,
[MMm/c] umu [MM/MUH].

CkppITasi Tema0Ta KPUCTAIM3AUMM - OTO KOJMYECTBO TEIUIOTHl BBIICISIOMASNCS B
OKPY’KaIOIIIYIO Cpely MPH KPUCTATUTM3AIMU MeTasuia (CIjiaBa).

CmiaBel - 9TO  CJIOXHBIE TIO COCTaBy CHUCTEMBbI (BEIIECTBA), IMOJy4aeMble B pe3yibTaTe
CIUTABJICHUS IBYX WJIA HECKOJIBKUX METAJUIOB, JTMOO METAJUIOB C HEKOTOPBIMH HEMETaJIIaMH.

CniaB MeTa/IMYeCKMii - 3TO CIUIaB, MPUTOTOBJICHHBIA MPEUMYIIECTBEHHO M3 METAJUTHYECKUX
AIIEMEHTOB M 00J1aIAI0IINIA METAJUIMYECKUMHU CBOHCTBAMH.

Craasb - 370 cruiaB Ha ocHoBe xene3a (Fe) u yrnepona (C), ¢ comepxkanuem yriaepozaa (C) e
6onee 2,14% (macc.).

Cranb (JlernpoBanHas) - 3TO CTajlb, KOTOpasi, KpOMe OOBIYHBIX IPUMECEH, COIEPIKUT FITEMEHTHI,
CTEIMANBHO BBOJIMMBIC B ONPEACTIEHHBIX KOJIMYECTBaX JJIs oOecredeHns TpeOyeMbIX (PU3HUECKUX WIIH
MEXaHUYECKHUX CBOMCTB. DTH JIEMEHTHI Ha3bIBAIOTCS JICTUPYIOMIAMHU.

Crammn (Yraepoaucrtbie) - 310 cruiaBbl xene3a (Fe) ¢ yrmeponom (C), comepxamue mo 2,14%
yraepoaa (C) u HeOONbLIOE KOJIMYECTBO IPYIMX 3JIEMEHTOB, TaK HA3bIBAEMbIX, CKPBITBIX INpUMeEcel
(mapranern, kpeMuuii, pochop, cepy, BOJIOPOI, a30T, KUCIOPOI).
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TBépaocTb - 3T0 COCOOHOCTH MaTepHaja COMPOTUBIATHCS MPOHUKHOBEHUIO B HETO JPYroro,
0osee TBEpAOro MaTepuana (Tena).

TBépable pacTBOpPBI - 3TO BUIBI CIUIABOB, COCTOSIIME W3 ABYX WM 0Oojiee KOMIIOHEHTOB, B
KOTOpBIX aTOMbI PacTBOPMMOI0 KOMIIOHEHTA PAacIOJIaraloTCsl B KPUCTAIIIMYECKON PELIETKE OCHOBHOIO
KOMITOHEHTA (PacTBOPUTEILS).

TemnepaTypa niaBJieHHs - 5TO (pU3UUECKas BEJIMYMHA, XapaKTEPU3YIOIIas Nepexo1 MeTalia u3
TBEPIOTO COCTOSIHUS B )KHJIKOE.

Temy10éMKOCTh - 3TO CIIOCOOHOCTH MaTepHaja IMPH HArpeBaHHWU TOTJIOUIATH OIpPENeTIEHHOE
KOJIMYECTBO TEIlIa, & IPU OCTHIBAHUU €0 OTAABATh.

TemnonpoBogHOCTH - 3TO BEJIMYMHA, XapaKTEpU3YIOLass CKOPOCTh IMEpeAayu TEIIOBOU
SHEPruy OT OAHOM YacTH Teia K APYyrod (MOJIEKYJSIPHBIM IEpPEHOC TEIUIOThl B CIUIOIIHOM cpene,
00yCJIOBJICHHBIM HAIWYHEM TpaaueHTa Temneparypsl), (kB1/m-°C) (mmm Jx/m-c-K).

Tepmuyeckuii aHaau3 - 3TO METOJ HCCIEIOBAaHUS IPOLECCa KPUCTAUIM3ALUKA METAUIOB U
CIUIaBOB COCTOSIIIUN B ONPEEIIEHNN KPUTUUECKUX TOUEK U TeMIiepaTryp (pa3oBbIX MpeBpalleHui.

Tepmonapa - 3T0 yCTpOWCTBO [JIsi MU3MEPEHHUS TEMIIEPATyphl, COCTOSILEE U3 JIBYX IPOBOJIOK
(IByX  TEpMOAJIEKTPOJOB) M3  PAa3HOPOAHBIX  METAJIOB  (CILIaBOB),  OOJNAAAIONIMX  Pa3HOM
ANEKTPOOTPHULATEILHOCTBIO, CHASHHBIX Ha OJTHOM KOHIIE

Yrpyrocrs - 3TO CIIOCOOHOCTh T€Ja BOCCTAHABIMBATH INEPBOHAYAIBHYIO (OpMy H pasmepsl
mocJie MpeKpamieHus IeHCTBHS BHEIIHUX HAarpy30K, BBI3BIBAIOIINX €r0 Ae(opmMariuio.

Yeranocrs - 3TO IpOLECC MOCTENEHHOTO HAKOIUIEHWsI MOBPEXACHUNM MaTepuana JAeTaad WU
9JIEMEHTAa KOHCTPYKLMU I0J JIEHCTBUEM NOBTOPHO-NIEPEMEHHBIX HAIPSHKEHUH, MPUBOJIAIIMX K
00pa30BaHMIO U PA3BUTHIO YCTAIOCTHBIX TPEIINH.

YcrajocTHasi /10JTr0OBeYHOCTh - 4YHCIIO LMKIOB HarpyXKeHHsi Marepuana oOpasla mepen
paspylLIeHUEM NIPU 33JJaHHOM Halps>KEHUH.

®a3a - 5TO OJHOPOAHAS YacTb CUCTEMBI, MMEIOLIAs TI'PAaHUIy pas3jena, NpU IMEepexoae 4depes
KOTOPYIO CBOMCTBA PE3KO U3MEHSIOTCA.

®@eppuTt - 3T0 TBEPBIA pacTBOp BHeApeHus yrieponaa (C) B a-xenese (Fea).

®eppoMarHeTMKH - 3TO BEILIECTBO, KOTOpoe (Ipu Temreparype Hike Touku Kropu) crocoGHO
o0ja1aTh HAMarHHYEHHOCTHIO B OTCYTCTBUE BHEIIHET'O MarHUTHOT'O MOJISI.

D10KeHbI - ’TO TOHKHE TPEIIMHbI OBATbHON WIIM OKPYIJION (POPMBI B CTPYKTYpPE CTAJIH.

®parmentanus ([lonuronusamnus) - 3To mpoiiecc AeneHus 3€peH (KpUCTALIOB) Ha (parMeHTHI.

XuMHYecKHe COeMHEHMsI - 3TO BHJbI CILUIAaBOB, KOTOpbIE OOpa3yrOTCs MEXAY 3JIEMEHTaMH,
3HAYUTENIBHO pPa3IMYalolIUMUCS 110 CTPOEHUIO M CBOICTBaM, €CIIM CHJIa B3aUMOJIEHUCTBUS MEXKIY
Pa3HOPOAHBIMU aTOMaMU OOJIbIIIE, YEM MEXKTY OAHOPOJHBIMU.

XpynkocTb — 3TO CBOMCTBO MaTepuana pa3pyuiarbcsi NMpu HeOONbLIOW (IPpEeuMyIIeCTBEHHO
ynpyroi) aegopmanuu HoJ JEHCTBHEM HANpsKEHUH, CpeJHUNl ypOBEHb KOTOPBIX HUXKE Ipeena
TEKY4YECTH.

HemenTur — 310 XMMHYeckoe coeamHeHue xenesa (Fe) c yrmepomom (C) (xapbun sxenmesa
(Fe3C)), congepxaree 6,67% yraepona (C).

LeHTpHI KpUCTANIM3ALMUN - 3TO MAJICHbKUE KPUCTAIIUKU, OOpa3yIolIuecs B KUAKOM MeTalljie
(pacruiaBe) MpH COOTBETCTBYIOIIEM IOHM)KEHMH TeMIlepaTypbl (Haudajao Mpolecca KpUCTATU3alUun
MeTasa).
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Yucio creneneil cBo6oabl cucreMbl (BapuaHTHOCTB) — 3TO YHCIIO HE3aBUCUMBIX IEPEMEHHBIX
napaMeTrpoB ( TemIepaTypa, JAaBJIEHUE, KOHIEHTpalus CIUlaBa), KOTOpPbIE MOYKHO M3MEHATh B
OlpeIeIEHHBIX MpeeliaxX, He Hapylllas paBHOBECHUS CUCTEMBI.

Yyrynsl - 370 ciiassl xkenesa (Fe) ¢ yrmeponom (C), ¢ conepxanuem yriepoaa (C) ot 2,14% no
6,67% (macc.).

Yyrynsl (beable) - 310 uyryHsl, kpucrammsyroumecs no auarpamme «Fe-Fe3C», B KoTopbIx
BeCh yriepoJ (uiau OOnbplIasi ero 4acTh) HAXOJUTCS B XUMHUYECKU CBS3aHHOM C JKEJIE30M COCTOSIHHM B
Bujzie uementura (Fe3C).

Yyryusi(Cepble) - 3T0 UyTyHbI, KpHCTALIM3YIOLMecs o nuarpamme «xkene3o (Fe) — rpadur
(C)», B xoTopbIx OOmbmas yacte yriaepona (C) HaXOAUTCS B CTPYKTYPHO-CBOOOJHOM COCTOSIHUM — B
BujIe BKItoYeHmi rpadura (C).

Yyrynsl (BbICOKOMpOYHBIE) - 3TO YYTyHBl C IIAPOBUIHOW (BEPMHUKYISAPHOH) (GOpMOit
rpadUTHBIX BKIIOYCHUH.

Yyryusl (KoBKue) - 3T0 4yTryHBI ¢ XJIONBEBUIHON (HOPMOIi TpaUTHBIX BKIFOYCHUI.

Yyryusl (Cepble 00bIKHOBEHHBIE) - 3TO YYTyHBI C ()OPMOH TpaUTHBIX BKIIOYCHUH B BHJIE
M30THYTBIX TUIACTUHOK.

IBTEKTHKA - 3TO MEXaHUYECKasi CMECh JIByX BUJOB Pa3HOPOJHBIX KPUCTAIIOB, OJHOBPEMEHHO
KPUCTANIM3YIOIIMXCSA TPU IOCTOSHHOW TeMIlepaType, MHUHHMaJbHOM /il BCEM CHCTEMbI CIUIABOB,
MMEIOLIas TOCTOSIHHBIN KOJIMYECTBEHHBIN COCTaB KOMIIOHEHTOB.

DJIEKTPOAHBIN MOTEHIHAJ MeTala (CTAHIAAPTHBIN) - 3TO KOJMYECTBEHHAs XapaKTepUCTHUKa
XUMHUYECKON aKTUBHOCTH METAJIIOB.

DJieMeHTapHasi siyeiika - 3TO IEeMEHT 00BhEMa, COCTOSIIUN W3 MHHUMAJIHHOTO KOJUYECTBA
aTOMOB, XapaKTEPU3YIOIIUI MPOCTPAHCTBEHHOE PACIIONIOKEHHE X KPUCTATUIMYCCKOM PEIIETKY.
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