Практическая работа   
Методика проведения закалки и отпуска стали
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Llens 3aHATUA: M3y4uTb TEOpeTUYECKMe OCHOBLI BbIOOpa TemnepaTypbl 3aKankum yrnepoaucTbiX cTanei.
N3yunTb BNUsIHWE Cpeabl OXNAXKAEHUS (CKOPOCTU OXNaXaeHWs) Ha TBEPAOCTb CTanu Npu 3akarke.

KpaTtkoe pykoBOACTBO:

Bpemsi HarpeBa cTanu noj 3akarnky cknaablBaeTcsi U3 BPEMEHW nporpeea obpasua Ao 3aJaHHON
TeMnepatypbl U BPEMEHU BbIAEPXKM NpU Temnepatype 3akanku. [nNUTeNnbHOCTb BbIAEPKKM NpM
TeMrnepatype 3akamnku OnpefdensieTcss BpeMeHeM, HeobXoauMmbiM Ans NpPeBpalleHuss UCXOAHOM
CTPYKTYPbI B aycTeHuT. OBLUee Bpems Harpesa noj 3akanky MOXHO onpeaenuTb No AaHHbIM Tabnuubl 1,

B KOTOPOW NpuBEAEHbI HOPMbl Harpeea CTanu npu TepMudeckon obpabotke B nabopaTopHbIX
SMEeKTPUYECKUX Nevax.

Tabnuua 1 — HopMbl HarpeBa ctanu npu TepmMuyeckon obpaboTtke

Harpesa, °C
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MpPoAOMKUTENBHOCTb HArpeEBa B MUHYTaX
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CKOpOCTb OXmnaxkaeHusi, obecneduBaroLLasa NOMydeHne CTPYKTYpbl MapTEHCUTa, onpeaensiercs
3KCnepuMeHTansHo. Hanbonee pacnpoCTpaHEHHbIMU OXMaXKAALWMMU CPefaMn B TEPMUYECKMX Lexax
ABNAKOTCA BOAA U BOAHLIE PAcTBOPLI COMEN M LIENOYEN, MUHEpParbHblE Macra, BO3MOXHO MPUMEHEHUE B
KayecTBe oxnakgawuwlen cpeabl Bo3ayxa (CMOKOWHOrO WMnuM umMpkynupyowero). Oxnaxaasa obpasubl,
HarpeTole 4O TeMnepaTyp 3akanku B pPasfMyHbIX cpejax, OnpeaensiorT ONTUMAanbHYK cpeay
oxnaxaeHusi. Obpasubl, NONy4YuBLUME B pe3ynbTaTe HarpeBa W OXNaKAEHWUA CTPYKTYPY MapTeHcuTa
(TBEpAOCTL ANs CTanu C AaHHbIM COAEpXXaHUem yrnepoga COOTBETCTBYET 3HAYEHUIO Ha puc. 2),
ABNAKOTCA 3akaneHHbimu. OOpasubl e, He MNOJIyYMBLUME MAaKCUMAarnbHO BO3MOXHOW TBEPAOCTM AN

[laHHO CTanu, 3aKaneHHbIMWU CYUTaTb HEMb3SI.
Bce cBefieHust 0 pe3ynbTaTtax NPOBEeAEHHOT0 SKCNEPUMEHTAa CBOAATCA B Tabnumuy 2.

Tabnuua 2 — Pe3ynbTaTtbl SKCNEPUMEHTA

Pexum 3akanku
Mapka TeepaocCTs,
cranu

Temnepar Bpemsa Cpeaa CTpykTypa
p p pea HRC PYKTYp

. HarpeBa, Harpesa, oXnaXkgeHus,
°C MUH. °C/c

Mo pesynbTatam paboTbl CTyAEHTbl NOArPYNNbI AenaiT 06LIme BbIBOAbI U CTPOAT CneayoLlime
rpadounku:

a) 3aBUCMMOCTb TBEPAOCTU CTanu OT CKOPOCTU OXNaXkKaeHus (MPUHUMAasa CKOPOCTb OXNaXkaeHus:
B BOAE - 600 °Clc, B macrne - 150 °C/c, Ha BO3ayxe -
30 °C/c);

0) 3aBMCMMOCTb TBEPAOCTU 3aKaNEeHHON CTanu OT COAEMKaHUA yrnepoaa.
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oxnaxaeHun. Hanbonbumn apdekt npu 3akanke HaOMOAAETCS B XKENE30-yrnepoaucTbiX ChnaBax —
crangax. AycTeHuTt (TBepAblii pacTBOpP yrnepoja B y-Xernese) MOXeT pacTBOpPUThL yrnepoaa B COTHU pas
Gonblie, YeM dheppuT (TBEPAbIN pPacTBOp yrnepoaa B o-xenese). MoaTomy, ecnu HarpeBaTb CTanb A0
TeMnepaTyp NepecTporKM pPeLlleTKM M OXNnaxgaTb, HE JaBas yrnepoay BO3MOXHOCTW BbIAENATLCA U3
aycTeHuTa, TO nNpu oBpaTHOW NEPECTPONKE PELUETKM BO3HMKAET OYeHb BOMbLIOE MepeckileHue xenesa
yrnepoaom. Takoe NepechileHUE BbI3bIBAET 3HAYUTENBHOE U3MEHEHNE CBONCTB.

CKOpOCTb OXnaXKaeHUsi, NpyU KOTOPOI Yrnepoa He ycneBaeT BblAENSTLCA M3 TBepAoro pacTeopa,
Ha3bIBAETCA KPUMUYECKOU CKOPpOCMbIO oxJiaxOeHus. OHa MOXET ObiTb onpeaeneHa no guarpamme
M30TEPMUYECKOrO NPEBPALLEHUS NEPEOXITIaXKAEHHOro aycTeHuTa Ans Kaxaon ctanu. FeomeTpuyeckn aTo
KacaTenbHas K KPUBON Havana npeBpalleHust aycTeHnTa B epputo-kapbuaHyro CMech.

Ha pucyHke 1 npeacrtaeneHa auarpamMma  M30TEPMUYECKOro  npesBpaweHua  (unu
C-obpasnaga anarpamma) ana cranu ¢ 0,8 % yrnepoaa.

[na yrnepoaucteix cTanein Bpemsa 40 Havana pacnaga aycrteHuTta ovyeHb Mano (tw = 0,5+1,0 ©),
U KPUTUYECKAA CKOPOCTb AOCTUrAETCA TOMbKO MPU OXIaXKAEHUM B BOAE UM B BOAHLIX pacTBOpax Conen

Mpn oyeHb Mamon ckopocTu oxnaxgenusa (V) aycreHut OygeT npesBpawaTbCa B mepsaum
(rpybas cMecb KpuctannoB deppuTta U UemMeHTuTa). C yBenuueHmeM cKkopocTu oxnaxgeHusa (Vo u Va)
YUCIO LEHTPOB 3apoXaeHus deppuTta U LEMEHTUTA YBENUYMBAETCA U pa3Mepbl KPUCTanmnoB atux das
ymeHbLuaTcsa. bonee ducriepcHbie (MENKO3EPHUCTLIE) CTPYKTYPbl — copbum, mpoocmum — UMEIOT
Oonee BbLICOKYIO TBEPAOCTb, Yem neprmTt. pu CKOpoCTU oxnaxgaeHus OGonbwe Vip npeBpalleHune
aycTeHuTa B CMecCb dheppuTa U LEMEHTUTA NPOM3ONTH HE MOXKET, Tak Kak CKOpocTb aAnddysun yrnepoga
npu TemnepaTypax HWXe 200 °C OYeHb Mana. OpaHako
y-peweTka AoMmKHa NepecTPOUTLCS B o-peLleTKy, 0bnagatowyo MEHbLUMM 3anacoM SHEPrUU NPy HU3KUX
Temnepatypax. ObpasyeTcsa nepechILUEHHbIR TBEPAbIA PacTBOpP yrnepoaa B o~kenese. PeweTka xxenesa
CUITbHO UCKaXKaeTcsl, CTAHOBUTCH TETPAaroHasnbHOW, a He KyOu4deckon. BosHukaeT GOnbLUOE KONUYECTBO
aucnokauuin n gpyrux gedekros. o3TOMy ChnnaB MMEET BbICOKYIO TBEPAOCTb U MPOYHOCTb, HO OYEHb
HU3KYIO MNACTUYHOCTb. Takasa CTPYKTypa HOCUT Ha3BaHUE MapmeHcum.
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PucyHok 1- [uarpamma W30TEPMWYECKOro pacnaga nepeoxnaXaeHHOro aycreHuTa 3BTEKTOUAHON
cramu

MoxHO ckasaTb, YTO 3aKanka cTanu — 3TO TepMuUYeckass onepauuss MonyvyeHus CTPYKTYpsl
MapTeHCKUTAa, NEPECHILLEHHOIO TBEPAOr0 pacTBopa yrnepoaa B o-Xenese.

OCHOBHbIM (pakTOpOM, OnpegensiowmMM TBEPAOCTb M MPOYHOCTb MAapPTEHCWUTA, SABNAKOTCA
UCKaXKEHUSI KPUCTaNTIMYECKON PELUETKU o->KENe3a, BbI3BaHHbIE BHEAPEHHLIMKU aTOMaMu yrnepoga. Yem
fonblue coAepXaHue yrnepoga B MapTeHcuTe, Tem OOonblue mempasoHaibHOCMb PELLETKU W Bbille
TBEpPAOCTb MapTeHCUTa (PUCYHOK 2).

NcxoaHbiMu  ycrnoBusimu Bblibopa Temnepatypbl 3akankm sBnsioTcs Tpebyemble CBOIICTBA,
KOTOpbIe A0MKHA 06ecneyYnThb 3aKaneHHas cTarb.

KoHcTpykumoHHaa cranbe (<0,8 % C) npumeHseTca ANA UW3roTOBMEHMS JeTanei MalluH,
MEXaHU3MOB M Pa3fIMYHOrO poAa KOHCTPYKUMA. CTanum AOJSDKHbI MOCMNE 3akanku obnagatb BbICOKUMMU
NPOYHOCTHBLIMKU CBOWCTBAMU, OCODEHHO BbLICOKOW YCTANOCTHOM MPOYHOCTLIO, T.K. AeTanu MawuH u
MEXaHU3MOB UCMbITLIBAIOT CIIOXKHbLIE 3HAKONEPEMEHHLIE HArPYXKEHUS.

Ha pucyHke 3 npegcraBneHa neeas (Tak HasblBaeMas «CrasibHasi» 4acTb Auarpammbl XKeneso-
uemeHTuT). C NOMOLLUBK AuarpaMmbl NPOCNEANM 3a MpeBpaleHnAMU, MPOUCXOAALMMU NPU Harpeee
cranen. [pu Harpese Bbiwe nNUMHUKM PSK (MNW KPpUTUYECKOW Temnepartypbl Aci1), HO Huxe GS
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(kpuTHyeckas TemnepaTypa Acs) CTpPyKTypa cranu OygeT COCTOATb U3 3epeH aycTeHuTa u eppuTa.
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PucyHok 2 -TBepaoCTb MapTeHcUTa B 3aBUCUMOCTU OT COAepXKaHus yrnepoaa
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PucyHok 3 - «CtanbHasa» Jyactb gnarpammel Fe-FesC

Mpu nocneayloLWEM OXMAXKAEHUN CO CKOPOCTbIO, PABHON MMM GOMbLUE KPUTUYECKOW, ayCTEHUT
npeBpaTuUTCa B MapTEHCUT, a peppuT npeBpaLlleHnin He UCNbIThIBaeT. ocne Takon 3akanku CTPyKTypa
OyaeT COCTOSATb U3 OYEeHb TBEPAbIX KPUCTANIOB MapTeHCUTa M MATKMX, NNACTUYHBIX KPUCTanmoB
¢depputa. OTCI0A4A HU3KAA TBEPAOCTb M MPOYHOCTb, a rNaBHOE — HU3Kas ycTanocTHas (UuKnuyeckas)
NPOYHOCTbL cTanu. CnegoBaTenbHO, Takasa 3akanka He 0becnednT BeICOKUE JKCMIyaTauMOHHbIE CBOWCTBA
KOHCTPYKLUMOHHBIX CTaneu.

Ecnu npu 3akanke HarpeTb A03BTEKTOMAHYK CTanb Bbile nuHuM GS (Acs), TO Npousonaer
npespawleHue hepputa u nepnurta B aycreHut. lNocnegylowee oxnaxaeHne ¢ KpUTUMECKON CKOPOCTbIO
MO3BOMUT MOMY4MTb OAHOPOAHLIA  MAPTEHCUT, XAapaKTEPU3YIOWMICA BbICOKOW MNPOYHOCTLIO U
3HaYUTENbLHON YCTaNOCTHON NPOYHOCTbIO.

Bonbwoe BNMsHWE Ha CBOWCTBA CTanuM MOCME 3aKanku OKasblBAET TeMnepatypa Harpesa u
BpeMsl BbIAEPXKKM NPU 9TOW TemnepaType. Yem BbilLe Temnepatypa Harpesa W AnWTenbHEe BblAeprkka
npu 3TOM TeMnepaTtype, TEM MHTEHCUBHEE MPOMUCXOAMUT POCT ayCTEHWTHLIX 3epeH. POCT 3epHa npu
HarpeBe BbI3LIBAETCA CTPEMIMEHMEM CMfaBa K YMEHbLLUEHMIO MOBEPXHOCTHOW 3JHEeprum 3epeH. U3
KPYMHO3EPHUCTOrO ayCcTEHUTA MOCME OXMaKIAEHMS NONy4aTca KPynHble KpucTamnfbl MapTeHcuTa
(KpynHOUronb4aTblii MapTEHCUT). 3TO NPUBEAET K BLICOKOW XPYNKOCTU CTanu.

CnepoBartenbHo, 0719 0038MEKMOUOHbLIX (KOHCMPYKUUOHHbIX) cmanell memnepamypa 3akarnku
domkHa bbimb 8biuie Modku Acs (nuHUU GS), 0OAHAKO 3TO NPEBLILUEHUE HE AOIMKHO ObITh OOMbLUMM.

Ons nonydyeHuss onTUMarneHbIX CBOMCTB MOCME 3akankyu HeobXxoAuMMO NPOW3BOAMTL Harpes Ao
TemnepaTypsbl, ONpeaenaeMon aMNMpu4eckon hopmynoin:

t sax. goser. = Acs + (30 = 50) °C. Q)

Bce 3a3BTeKTOMAHbIE CTanM — WHCTPYMEHTanbHble. Martepuanbl, uaylime Ha W3roTOBNEHWE
MHCTPYMEHTOB (0COBEHHO PEeXyLuux), AOMKHbI 06ecneYnBaTh BbICOKME TBEPAOCTb U M3HOCOCTOMKOCTD,
BbICOKYIO MPOYHOCTb. 3TW CBOWMCTBA MONy4aloT 4acTo B yliep® NIacTMYHOCTWM CTanu, B NPOTUBHOM
criydyae UHCTPYMEHT He ByaeT obnagatb BbICOKMMU PEXKYLLIMMU CBONCTBAMM.

MNpu Harpese Bbiwe nuHuM SK (Acq) NpeBpalleHne npeTepneBaeT nNub NepnuT (PUCYHOK 3), a
LEMEHTUT HEe ycneBaeT pacTBOPUTLCA B aycTeHuTe. [locne Harpesa A0 9TUX TemnepaTyp CTpykTypa
cTanu — ayCcTeHWT M UeMeHTUT. [pyu OXNakgeHWM CO CKOPOCTbIO DOMbLUe KPUTMYECKOM MOonyyaeTcs
CTPYKTYpa, COCTOALLAsA U3 TBEPAbIX U UBHOCOCTONKUX KPUCTANMOB MApPTEHCMTA U KPUCTaNNOB LLEMEHTHUTA,
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umerowmx ewe 6onblUy TBEPAOCTb U U3HOCOCTOWKOCTb. Harpe Ao Gomnee BbICOKMX TEMNEpATyp He
NpPUBEAET K NOBbLILUEHUIO TBEPAOCTU; HO PE3KO YBEMUUUTCA pasMep 3epeH aycTeHuta (T.K. pacTBOPEHUE
KPUCTAnNnoB LEMEHTUTa yke He OyaeT caep)uBaTb MX POCT), YTO OTPULATENbHO CKAXKETCHA Ha
MEeXaHU4eCKMx CBONCTBAX.

CnepoBatenbHO, 0n8 3a38MeKmMouUldHbIX (UHCMPYMeHMarbHbiX) cmanell memnepamypa
3akasku 0ormkHa 6bimb ebille moyku Acy (nuHUU SK).

HarpeB noa 3akarnky MHCTPYMEHTanbHbIX CTanel oCyLLeCTBASETCs 40 TeMnepaTyp:
t sak. saser. = Acq1 + (30 + 50) °C. 2

O6nacTb onTUManbHbIX TEMMEpPATyp HarpeBa cTanei noj 3akanky npeAcTaBreHa Ha pUcyHke 3.

KoHTpoOrbHbIE BONPOCHI

1. B kakoMm TeMnepaTypHOM MHTEpBane obpasyeTcs copout npu M30TEPMUYECKOM NPEBPALLEHNM
aycreHuTa?

2. Kakylo peLueTky uMeeT MapTeHCUT nocne 3akanku?

3. C kakoi uenbio NpoBOAAT 3aKanky cranu?

4. B 4yem OCHOBHOE OTNMYNE MAPTEHCUTA OT ayCTEHUTA, M3 KOTOPOro oH obpasoBanca?

5. Uem oTnnyaeTca CTpykTypa ctanu ¥12 nocne 3akanku oT TeMmnepaTtypbl HEMHOIO BbilLe Act OT
CTPYKTYPbI 9TOW XK€ CTanu nocne 3akanku oT TEMnepaTypbl Boile Acs?

6. Kak BnuseT noBbILLEHWE COAEp>KaHMA yrnepoda B AO9BTEKTOMAHOW CTanu Ha TemnepaTtypy
HarpeBa cTanu nog 3akanky?

7. Yt0 aBnsieTca ob6A3aTenbHbIM Pe3yNbTaToOM 3aKanku?

8. OT yero 3aBMCUT 3aKanUMBaeMOCTb CTanu (TBEPAOCTL CTanu Nocne 3akanku)?

9. YUeM 06 BACHAETCS BbICOKAsi TBEPAOCTb, M NPOYHOCTbL 3aKaNeHHOW cTanmn?

PekomeHayeMasa nutepaTypa u UHTEPHET pecypcebl:
1. borogyxoB C.A. Kypc maTepuanoBeaeHusi B BONPOCax U OTBETaX [BNEKTPOHHLIA pecypc]: y4eo.
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368 c.
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