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JIABOPATOPHAS PABOTA Ne 1
IHJIACTUYECKASA NJE®OPMAIUA, HAKJIEIL
N PEKPUCTAJJVIM3AIIUA METAJLJIOB

Hesanb padoTsl

1. V3yunTh BIUSHHE IJIACTUUECKON Jeopmaliuu Ha CTPYKTYPY M Me-
XaHWUYECKHNE CBOMCTBA METAJLIOB.
2. 3yuuts BIMSHME HarpeBa Ha CBOMCTBA Ae(hOPMUPOBAHHOTO METAJLJIA.

O0opynoBanue U MaTepuaJIbl 1JI BINOJHEHUS PA00ThI

1. HarpeBarenpHbIC 1€UM ¢ TEPMOIMAPAMHA U aBTOMATUYECKHUMH TPHUOO0-
paMu ISl pEryJIMPOBaHUS TEMIIEPATYPHI.

2. IIHeBMaTHYECKU KOBOYHBLIM MOJIOT.

3. TBepnomepst bpunens TII-2.

4. O0pa3lbl TEXHUYECKU YUCTON MEJIU.

ITopsaoK BbINOJIHEHHSI PA0OTHI

1. O3HaKOMHUTBHCSA ¢ OCHOBHBIMH MOJIOXKEHUSIMHU pabOTBHI.

2. BBITIONHUTB B COOTBETCTBUU C 33JJaHUEM 3KCIIEPUMEHTAIBHYIO YacCTh
paboTHI.

3. IIpoananu3upoBaTh MOJYYEHHBIE PE3YyJbTAThl U HA OCHOBAHUH TEO-
PETHUYECKOr0 MaTepHasa ciejaaTb HE0OXOAUMbIE BBIBOJIBI.

4. BBINOJHUTH OJHY U3 3a/ay (10 yKa3aHWIO MpernojaBaTress) U Mosc-
HUTb PEIICHUE.

[inacTuyeckas gegpopmanus MeTALI0B

BaxxneiiinM 1 HanboJiee XapaKTepHbIM CBOMCTBOM METAJIOB SIBIISIETCS
nACMUYHOCMb — CTIOCOOHOCTh TIpeTepIieBaTh OOJbINYI0 Aehopmanuio 0e3
paspyuieHus. B codeTaHuu ¢ BBICOKOM IMPOYHOCTBIO 3TO CBOWCTBO JEJIAET
METaJulbl HE3aMEHUMBIMM [JIsl COBPEMEHHOW TeXHUKU. Ecnu aedopmarus
METAJJIOB UCUYE3AET IOCIIE CHATUS HATPY3KH, TO 3TO yupyzas oegpopmayus, a
€CIIA OCTAETCSA, TO 3TO HaAcmuiecKkasn oegpopmayus.

[Tpu ynpyrom nedpopmMupoBaHuU 1O AEHCTBUEM BHEIIHEHW CHJIbI U3MeE-
HAETCS PACCTOSAHUE MEKIY aTOMaMH B KPUCTAJUIMYECKOW pemieTke. CHATHE
Harpy3Ku YCTpaHseT IPUYHMHY U3MEHEHHS MEKATOMHOI'O PACCTOSIHMS, aTo-
MBI CTAaHOBSITCSI HA IPEXKHUE MECTA, U IepopMalius ucuesaer.

3HaunTENBHO 00JIee CIOXKHBIN MPOIIecC MPEACTABIAECT COOOM MIacTHyIe-
ckoe JneopMUpOBaHUE, KOTOPOE OCYUIECTBISETCS MpPU HANPSHKEHUSX,
0O0JIBIINX Mpe/ena YIPYroCcTH MeTajuia.
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B koHeuHoM wuTore muactudeckas aedopmaliusi MpeacTaBiseT coOoi
CIABUT OJHOM YacTH KPUCTaJula OTHOCHUTENIBHO Ipyrou. Kakos e MexaHu3Mm
IJIACTUYECKOTO clBUTa? ECTECTBEHHO NMPEANOJIOKUTh OJJTHOBPEMEHHOE CMeE-
IIEHHUE BCEX aTOMOB OJHOTO CJIOS MO OTHOIIEHUIO K aTOMaM COCEJIHETO CJIOS
no miockoctu capura MM (puc. 1), — Tak CKONB3AT OyMa)kKHbIE JIUCTHI B
nayke Oymarw mpH CABHUTE €€ BEpXHEW JacTh. Y cuine, KOTOPOe Halo MpHU-
JIOKUTh ISl OCYIIECTBIICHUSI TAKOTO CABHUIa, MOYXHO MOACYUTATh U ONpELe-
JUTH TAKUM 00pPa30M TEOPETHUECKYIO TPOYHOCTh. Takoi pacdeT ObLI caenan
.. ®penkeneM, U MOTYUUIIOCH, YTO IS JKeJle3a MPOYHOCTh JOJKHA ObITh
paBHa 1300 krc/Mm’, TOr/1a Kak B JeHCTBHTEILHOCTH HPe/Ies MPOYHOCTH Ke-
nesa 15 kre/mm?, T.e. B 100 pa3 MeHbIIre.

OOBsicHEHUE peaJbHOr0 MEXaHU3Ma CIABUTOBBIX IMPOIIECCOB JA€T TEO-
pus oucnokayuit — ocodboro pojaa JUHEUHBIX HECOBEPIIECHCTB (1€(PEKTORB)
KpUcTauinueckoit pemerku. [IpecTaBieHust o qucaoKanuax ObUTH BBEICHBI
B METAUIO(PU3UKY JUIsI TOTO, YTOOBI OOBICHUTH HECOOTBETCTBUE MEXKAY Ha-
0JIr01aeMOM ¥ TEOPETUUYECKOM MPOYHOCTHIO U OMUCATh ATOMHBIN MEXaHU3M
CKOJIbXKEHUS MPU TJIACTUUECKON edopMalui KpUcTaiioB. Eciiu Ha mepBbIX
ATamax pa3BUTUS ITOW TEOPHUH MPEACTABICHUS O TUCIOKAIUAX ObUIN Mpe]i-
MOJIOKUTENBHBIMHU, TO 3aT€M ObLIM MOJIYYEHBI MPSMbIC JOKA3aTEIbCTBA UX
CYILIECTBOBAHMS, & B HACTOSINIEE BPEMSI UMEIOTCS MHOTOUYHMCIICHHBIEC JIAHHBIC
HaOIIOAECHUS TUCIOKAIINH.

Hanbonee mpocToit W HarisgHbIl crioco® oOpa3oBaHUS JIHUCIIOKAITAN
B kKpucTayie — casur (puc. 2, a). Eciu caBur mpousolen TOJbKO B YacTH
IJIOCKOCTH CKOJIBXEHUS U oxBarbiBaeT miomanky ABCD, to rpanuna AB
MEXK]ly YYaCTKOM, IJIe CKOJBKEHUE YK€ MPOU30IIIIO0, U HEHAPYIICHHBIM y4a-
CTKOM B TUIOCKOCTH CKOJIBXEHHUS W OyJeT IuciIoKanuei. ATOMHas IIOC-
KOCTbh, TIEPIICHANKYJISIPHASL K TJIOCKOCTU CKOJIBKEHHUS M MPOXOJsIas yepe3
AB, sBisieTcst kKak OblI JUITHEH U €€ HA3BIBAIOT IKCMPANIOCKOCHbIO, & JIAC-
nokanuo AB — kpaeeoii oucnoxayueit, o6o3nadaemoii 3Hakom L. Bozmoxk-
Hbl W JIpyTM€ BUJIbI JUCIOKALUA, HArpuMep, eunmoeas (puc. 3, a) uiu
cmewmannan (puc. 4, a). BunToBas quciokaiys mojay4dusia CBO€ Ha3BaHUE W3-
3a TOr0, YTO KPUCTAJLI MPU TOM MOXKHO pacCMaTPUBATh COCTOSIIUM U3 OJI-
HOW aTOMHOM IUIOCKOCTH, 3aKPYYEHHOU 110 BUHTOBOM IOBEPXHOCTU BOKPYD
nucnokanuu AB (puc. 3, a). HerpyaHo BuaeTh, Kak ABMKECHHUE JAUCIOKAIIUM
4yepe3 KPHUCTALT BBI3BIBACT OCTATOUHYIO NMedopmaruio kpuctamia (puc. 2-4
0, B, T). [lepemernienue auciokauili MPOUCXOAUT MO CXEME, U300paKEeHHOU
Ha pucC. 5, U3 KOTOPOTO BUAHO, UTO MPU MEPEMEIICHUU JUCIOKAIIMU HA OJTHO
MEKAaTOMHOE PACCTOSIHUE KaXKIbId aTOM SKCTPAIUIOCKOCTH U TUIOCKOCTH B
HIKHEN 4acTH KpUCTaula MepeMeIlaeTcsl Ha 3HAaUYUTEIbHO MEHBIIYIO BEIU-
yuny. [Ipu noouepeanom, sctaheTHOM NepeMeIeHuH aTOMOB Ha
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CBolicTBa, Gy, O

Gy — IpCaCiI IPOYHOCTH,

O — OTHOCHUTEJIBHOE
yIJIMHEHUE

Hedopmarius

e=0% e=30% e=60%

Puc. 6. I3meHeHnne cTpyKTyphl U CBOHCTB Ae(OPMUPOBAHHOTO METaIIA
B 3aBUCUMOCTH OT CTEIEHU AePopMaIuu

PACCTOSIHUSL MEHbIIIE MEKAaTOMHOT0, TUCIOKALIUSI CKOJIB3UT HA OOJbIINE pac-
CTOSIHUSI Yepe3 BECh KpUCTAIUI. ECiii mpM 0IHOBPEMEHHOM CABMIe BEpXHEMN
YacTHU KpUCTaJlIa O OTHOUIEHHUIO K HUKHEH He0OX0IUMO MPEO0I0JIETh MEXK-
ATOMHBIE€ CBSI3M MEXKJY BCEMHU I'DAaHMYHBIMHU aTOMamMu MO 00€ CTOPOHBI OT
MJIOCKOCTH CKOJIbXKEHUS (CM. puc. 1), TO Npu nepeMelieHUH IMCJI0OKAIUM B
COCEJIHEE TMOJIO)KEHHUE Pa3PhIBAIOTCS MEKATOMHBIE CBSI3M TOJBKO MEXKIY
IBYMSl LIETIOYKaMHu atoMoB (puc. 5). IMEHHO 3TuM OOBSCHSETCS HHU3KOE
ONBITHOE 3HAYEHNE KPUCTAUIMYECKOTO CKAJIBIBAOLIETO HAMIPSKECHUS.

WNHTepecHo, 4TO U B )KMBOM MPUPOJE UCTIOIB3YETCS TUCIOKAIIMOHHBIH
NPUHLIMI IBHKEHUS, HAIPUMED, 3MEHU U TYCEHHIIbI OOBIYHO MOJI3AI0T 3 CUET
00pa3oBaHMs CKIANKU (MOJOKUTEIBHOW JUCIOKAIUM») OKOJIO XBOCTa W
MIPOJIBMXKEHUS ATOU CKIIAJIKU B CTOPOHY T'OJIOBBI.
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HakJjen n PEKPpUCTAVIN3ANUA METAJJIOB

Haunbounee Bre4aTIsIOIIMM CBOMCTBOM METAJUIOB MpPU IIJIACTUYECKON
nedopmaruu SBISETCS AePOPMAINMOHHOE YIPOYHEHUE, WIH CIIOCOOHOCTH
METaJUIOB CTaHOBHUTHCA MpovHee npu jaedopmanuu. M3 TUCIOKAIIMOHHON
TEOpUU CIEAYET, UTO AJISl YIPOUYHEHUS METAJUIOB HEOOXOAUMO KaKHUM-ITHOO
0o0pa3oM 3aTpyAHUTH JBHKEHUE Auciiokauui. CyliecTByeT HECKOJIBKO CIO-
cOOOB 3aKperieHUsl TUCIOKAIMi, OJUH U3 KOTOPBIX sIBIsETCS AedopMariu-
OHHBIM. PaHee paccMOTpeHHOE MpocTeiiliee BBEACHUE TUCIOKAIUH B

CBoiicTBa, G,, O

|
!
_K: Jehopmarust
|
|

Temmneparypa

Puc. 7. I3MeHeHue CTpyKTyphl U CBOMCTB 1€(pOPMUPOBAHHOTO METAJIJIa
MIpU HarpeBe

KpUCTaJUI TIPU CHIBUTE IOKAa3bIBAET, UTO IUIACTHYECKas aedopmanus
YBEJIIMYMBAET KOJIMYECTBO JIMCJIOKAIMKA B KpUCTauie. YeM CuiibHEE BO3JEH-
CTBHE Ha METaJlI, TeM OoJjbllie B HEM oOpasyercsd nuciokauuii. Ha Hauanb-
HOM ctamuu Aedopmalusi IPOUCXOJNUT 332 CUET CKOJBKEHUS OTHOCHUTEIHHO
HEOOJIBILIOTO KOJMYecTBa AMCIOKalui. B mpoiecce nepopmupoBanus OHU
JOBUXKYTCSI 4€pe3 KPUCTAIUI U MOTYT 3aKPEIUISITHCS Pa3IMYHbIMU MPEHSATCT-
BUSIMU. Takue 3aKperuIieHHbIC HMCIIOKAIMKA CaMHU 3aTPYIHSIOT JBUXKEHUE
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BHOBb BOZHHUKIIIHUX JUCJIOKALUN, T.€. CO3/IAETCS YNPOUYHEHHUE CAMUMHU JIUCIIO-
KarnusiMu. B aToM citydae roBopsT 00 ynpouHeHUH AeopMariueii uir mpocTo
0 Haknene Mmetamna. [lnactudeckas geopmainys OKa3bIBae€T CYIIECTBEHHOE
BJIMSTHUE Ha MEXaHUUECKHE CBOMCTBA METAJUIA U €r0 CTPYKTYPY (puc. 6).

Ha puc. 6 noka3ano, kak moj JeUCTBUEM MPUIIOKEHHON HArpy3KH 3€p-
Ha, U3 KOTOPBIX COCTOAT BCE TEXHUYECKHUE METAILJIbI, HAUNHAIOT Ae(hOPMHUPO-
BaThCS U BBITATUBATHCSA, COXpaHssA CBOW 00BbEM. DTO CTPYKTYpHO HEYCTOM-
yuBoe coctosHue. KpoMme Toro, BHyTpH Ka)Ja0ro 3epHa U MO €ro rpaHuiiam
COCPEIOTAYMBACTCS OOJIBIIIOE KOJTUIECTBO AUCIOKAIH, TUIOTHOCTH KOTOPBIX
BospacraeT ¢ 10°-107 cm™ st HexedopmupoarHoro meramia go 10'°-10"
cM” it neopMHpoBaHHOTO. TO €CTh, KPHCTAIUIMYECKAs PEIIeTKa 3epeH
CTAHOBHUTCSl HMCKa)XEHHOW, HecoBepuIeHHOW. C yBEIMYEHUEM CTEIEHU Jie-
(hopMal HaKJIeN YBEJIUYHUBACTCSA, a TIIACTUYHOCTh YMEHBIIAETCS, YTO MPU-
BOJUT TIpU OOJIBIION cTeneHu aedopManvd K BOSHHUKHOBEHHUIO TPEIIMH U
pa3pylICHHIO.

Jlist cHsATHA HakJena 1eopMUpyeMblii METaJT HarpeBaroT, B pe3yJibTa-
T€ TMPOUCXOSIT MPOIECCHl MepepacnpeaciCHUus U YMEHbBIICHUS KOHIICHTpa-
MU CTPYKTYPHBIX HECOBEPIUEHCTB: 6038pamd, NOIUSOHU3AUUU W PEeKpU-
cmaniuzayuy. 3aKIIIOUUTENbHBIM U CHJIBHO AEHCTBYIOIIMM IIPOLIECCOM, Iie-
PEBOJIAIINM HAKJICTIAHHBIN METaJUl B YCTOMYMBOE COCTOSIHUE, SBISETCSA PEK-
pucmaniuzayua — NPoIecC MOTHOW WM YaCTUYHOM 3aMeHbl JedopMupo-
BAHHBIX 3€peH AaHHOM (ha3bl IPyTruUMH, 00JIee COBEPIICHHBIMHU 3€pPHAMM TOU
xke ¢assl (puc. 7). Pekpucramimzamus 3aKiIr04aeTcs B 3apOXKISHUA HOBBIX,
0oJiee COBEPIIEHHBIX 3€PEH U MX POCTE 3a CUET MEHEE COBEPIIEHHBIX, T.C.
pekpucTauM3alusa ABiaseTcs AUQPQGy3UOHHBIM TMPOIIECCOM, MPOTEKAIOIUM
BO BPEMEHHU.

Hanmensbiiyio Temmeparypy, pyu KOTOPO HAUMHAETCS IPOLIECC PEKPU-
CTAJUIM3allMM U TPOUCXOJUT Pa3ylNpOUYHEHHE, HA3BIBAIOT MEMREPamypoil
pekpucmannusayuu. Mexay temneparypoit pekpucramnusauuu (T,) u Tem-
neparypoit mnaBieHus (T,;) METa/IOB CyIIECTBYET MPOCTask 3aBUCUMOCT,
omnpezaeneHHas MetaiioBenoM A.A. bouBapowm:

T, = o- Ty, (K).

Hwxe nmpuBeseHa teMmneparypa peKpUCTAIIU3AIMA METAJJIOB U CILIa-
BOB:

T, = (0,1 + 0,2)-Ty; — A1 YUCTBIX METAILIOB,

T, = 0,4-T,; — 111 TEXHUYECKH YUCTBIX METAJIIOB,

= (0,5 + 0,6)- T, — ns1 crIaBoB (TBEPABIX PaCTBOPOB).

TemnepaTypy Hauana peKpUCTAUIM3ALMU ONPEAENSIOT MeTajiorpadu-
YECKUM W PEHTTCHOCTPYKTYPHBIM METOJaMH, a TaKXKe [0 H3MEHEHUIO
ceoicTB. Eciu T, onpenesior mo u3MEHEHHIO TBEPAOCTH, TO 3a T, npuHu-
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MaloT TEeMIIepaTypy, IpU KOTOPOH NPHUPOCT TBEPIAOCTH, CO3/IaHHBINA Je-
dbopmarueli, yMeHbIIIaeTcs BABOE (CM. pucC. §).

) epaoctb, HB
AHBL

| |aHBf2 |

e e

¥
tp Temneparypa Harpesa

Puc. 8. Onpenenenune remnepaTypsl peKpUCTAUIM3AUN
110 U3MEHEHUIO TBEPAOCTH IIPH HAarpeBe

Temmneparypa pekpucTalIU3alUui HEOOX0auMa JjIsi Ha3HAYCHUS PEXKU-
MOB PEKpUCHAIUAYUOHHO20 OMIHCU2A — TEPMHUUECKOW 00paboTKu AJis
CHATUA Hakjena. TemmepaTypa Takoro OTXKHUTa JOJDKHA OBITH BBIIIE TEMIIE-
paTyphl peKPHUCTAITN3AINAH JIJIs1 JAHHOTO CIUTaBa.

BenuunHa pexkpuCTaIIM30BaHHBIX 3€PEH (3€peH IMOCie PEeKpHUCTaLIn3a-
IIMOHHOTO OT)KHUTA) OYCHb CHJIPHO 3aBHCHT OT CTeneHH nedopmary (puc. 9).

CymectByet HeOombIas creneds aedopmaiuu (1o 10 %), HazpiBaemas
KPUTHUYECKOU, MPU KOTOPOU pazMep 00pa3yrolerocsi peKpucTaiin30BaHHO-
ro 3¢pHa B HECKOJIbKO JIECSITKOB pa3 MPEBBIIIAET UCXOHOE, HEAEPOPMUPO-
BaHHOE 3epHO. DTO SBIIEHHE MOBCEMECTHO BCTPEYAETCS B TEXHUKE, TIC Je-
dbopmarust uzmensercst ot 0 v 10 OOJIBIINUX CTEMEHEH, U €0 CIeAYEeT YUUThI-
BaTh T.K. B HEKOTOPBIX CIydasx YKPYIMHEHHE 3epHA HEXKEIaTeIbHO (CHIBHO
CHUAETCS yapHas BS3KOCTh), a B IPYTUX OJAronpusTHO (MOJTy4YeHUE Tpe-
OyeMBIX 3JIEKTPOMarHUTHBIX CBOWCTB, MOBHIIICHUE KaPOIIPOYHOCTH).

Benuunna 3epnHa

|
|
|
I
|
|
|
]

Expur. Hedbopmarus

Puc. 9. Bnusinue crenenu negopMaivivi Ha BETUIHHY
PEKPUCTAIIIM30BAHHOTO 3€pHA
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Pexpuctainmuzanuss B 00JacTH KpUTHUUECKOM cTeneHu Aedopmaiuu
oOycioBieHa 00BEAMHEHUEM TPYII 3epeH B 0AHO. C yBEIUYECHUEM CTEIICHU
nedopmanuu BeTUYMHA PEKPUCTAILUIM30BAHHOTO 3€pHA YMEHbBIIAEeTCs, UYTO
CBSA3aHO C YBEJIUYEHUEM LEHTPOB PEKPUCTAILTU3ALNH.

[To Temmeparype peKpUCTAILUIM3AIMN PA3INYAIOT XOJIOIHYIO U TOPSUYIO
MIACTUYECKYIO 1e(POpMAIUIO METAIIIOB.

Xonoounasa oegpopmayus — nedopmarisi MeTaia, KOTOpasi OCYIIECTB-
JSIeTCS MPU TEMIepaType HUXKe TeMIlepaTypbl pekpuctamizanuu. [Ipu xo-
JOoMHOU nedopManuu yBEIMYUBAETCS TUIOTHOCThH JUCIIOKAIMi, 3epHA BBITSI-
TUBAIOTCS B HAMpPaBJICHUU JiepopMaliiy, YBETUUUBACTCS MPOYHOCTh METaJljia
Y CHMXKAETCS MJIACTUYHOCTb.

T'opauaa oepopmayusn — nehopmaiusi Mmerasuia, KOTopasi OCYIIECTBIIS-
eTCs MpHU TEMIIEPATYypE BbILIE TeMIEpaTypbl pekpucTtamum3annu. [Ipu rops-
yeil 00paboTke naBieHUEM (MPOKATKE, KOBKE, IITAMIIOBKE, MPECCOBAHUM)
yIpOYHEHHUE, CO3/laBaeMoe B Tpoliecce aepopMaliiii, CHUMAETCS B pe3yJiib-
TaTe PeKPUCTAIIN3ALMHU B X0JIe caMOi AedopmMaliiu.

3agaHus 119 BBINOJHEHUS PadoThI
(a1 moaArpynnsl 2-4 4ea0BeKa)

1. lna obpasnoB menu, aedopmupoBanHbix Ha 30-40 %, ompenenuTsb
TEMIIEpaTypy PEKPUCTATUIM3ALMN MEIH MO0 U3MEHEHHIO TBEPAOCTH MOCIIE Ha-
rpeBa Ha pa3IMyHy0 TeMmueparypy (Imo rpauueckoi 3aBUCHMOCTH «TBEp-
JIOCTh — TeMmIepaTypay»). 3a LEHTp TEeMIIEpaTypHOrO0 HWHTEpBajia HPHUHSITh
TEMIIEpaTypy PEKPUCTALIM3AIMN MEIU, OmNpelneleHHyo mo dopmyne A.A.
bouBapa. TemmneparypHslil ar OT LEHTPa UHTEPBAJIA B CTOPOHY YMEHBbIIIE-
HUS ¥ yBennueHus temnepatypsl npussaTh S0 °C. Temnepatypa niaBiaeHuUs
Menu 1083 °C. CpaBHHTE TEOPETUUECKYIO TEMIEPATYPY PEKPUCTAILIA3ALNN
MeEJIU C OTIPEeICTICHHOM B pab0Te M OOBSICHUTE IPUUNHY Pa3IUYUSL.

2. IIpoBecTy XOJOAHYIO AepopMalio 00pa3OB TEXHUYECKHU YUCTOMN
MEIM Ha pa3IMuHyI0 CTENEHb AepopMali U ONPEeIUTh U3MEHEHUE TBEP-
OCTU 1e(OpMUPOBAHHBIX 00Pa3llOB B 3aBUCUMOCTH OT CTENEeHH aedopma-
117078

Crenenb neopMaliiv pacCYUTHIBAETCS MO Gopmyie:

& = (hy — hy)- 100/ hy, %,

rae hy — TonuHa o6pasua 1o aedopmaruu,
hy — TommuHa 06pasna mocie aedopmarum.
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ﬂBFA3IIBﬂIIHﬂ

Pe3ynbTaThl M3MepeHuil BHECTH B Tabs. 1 ¥ MOCTPOUTH TpadUUYECKyIO
3aBUCUMOCTH TBEPJAOCTH OT CTETICHU Je(POPMAIIHH.

Taomuma 1
N Ucxonnas Koneunas Crenens aedop- Teepnocts, | IIpumedanue
n/n | TtommmHa hy, | Tonmmmua hg, MM Mauuu €, % HB
MM

3. IIpoBectr Topsiuyro Aedhopmaruio o0pas3oB TEXHHUYESCKH YUCTON Me-
JI1 Ha Pa3IMYHYIO CTENEHb JedopMaluy U ONpPeeTuTh U3MEHEHUE TBEP/I0-
CTH TopsYeaeOPMHUPOBAHHBIX OOPa3lOB B 3aBUCHMOCTH OT CTEIICHH -
dbopmaruu. Pe3ynbTaThl U3MEepEeHUN BHECTH B TaOIMUIYy 1 U MOCTPOUTH rpa-
(hrUYeCcKyr0 3aBUCUMOCTD TBEPIOCTH OT CTENEHHU Topsueit Aedopmariiu.

4. XonogHoaepopMHUpOBaHHBIE O0pa3lbl MEAW MOABEPTHYTH PEKpH-
CTaJUTM3aIMOHHOMY OTXKUTY B TedeHue 10 MUHYT U onpenenuTb U3MEHEHUE
TBEPJIOCTH OTOXKEHHBIX OOpa3lloB B 3aBUCHMOCTU OT CTerneHu naedopma-
uuu. Pe3ynbTatsel U3MEepeHuil BHECTH B Ta0d. 1 W MOCTpouTh rpaduyeckyro
3aBUCHUMOCTb.

3agaumn

1) OObpacHUTE CTApUHHBIA [IUPKOBOM HOMEP: MOYEMY COTHYTYIO CHJIa-
YOM IOJIKOBY IIPEIarajioch pa3orHyTh 3pUTENsiM, a He Ha000poT?

2) Jleranu u3 HU3KOYTIEPOIUCTON CTaJIM, MMOJTYYEHHBIE LITAMIIOBKON B
XOJIOTHOM COCTOSIHUH, UMEJIH TOCJE MTAaMIIOBKH HEOJMHAKOBYIO TBEPJIOCTh
B Pa3JIMUHBIX y4yacTkax: oHa koyiebanach oT 120 HB ngo 200 HB. Teepaocts
ctaiu 710 mraMnoBku coctasisia 100 HB. O0bsacHUTE, TOYeMy CTajlb MOJy-
Yyuja HEOJUHAKOBYIO TBEPIOCTbh.

3) OOBICHUTH, MOXHO JIM OTJIMYUTHh MO MUKPOCTPYKTYpE METalll, Je-
(hopMUPOBAHHBIN B XOJOAHOM COCTOSIHUHU, OT MeTalia, 1e(OpMUPOBAHHOTO
B TOPSYEM COCTOSIHUM, M yKa3aTh, B YeM 3aKIIOYACTCA PA3IHUYUE MHUKPO-
CTPYKTYBHL.

4) Tpu oOpaslia HU3KOYTJIEPOJAUCTON CTalu MOABEPTaIUCh XOJIOTHOM
nedopmanuu: nepsolii HAa 5%, BTopoi Ha 15%, Tpetuii Ha 30%, a 3aTeM Ha-
rpeBanuchk o 700 °C. Vkaszarb, B KakoM oOpasie chopmupyercs Ooiee
KPYITHOE 3€pHO U KaK BJIUSET POCT 3€pHA HA CBOMCTBA CTAJIH.

5) OObsicHUTB, TTOYEMY TIPH ropsueld 0OpabOTKe /MaBICHUEM HE PEKO-
MEHJIyeTCsl POBOJIUTH MOCJICIHIO OMEPAIUI0 ¢ MAJIOW CTETICHBIO 00XKaTHS
M KaK MOKET Takas nedopmarivs BIUSITh HA BEIMYUHY 3€pHA U CBOMCTBA Me-
Tasia.
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4 HHBTHH“HUH“I][“ MeToamueckune YKa3aHus K BbINOTHEHWIO na6opaToprlx pa60T
ObPA3OBAHKA

6) OOBACHUTH, MOYKHO JIM CO3/1aTh 3HAUUTEIbHOE YIIPOUYHEHUE CBUHIIA,
€CJI ero MOJIBEprHyTh Ae(opMaIiii mpyu KOMHATHOW TEMIEpaType.

(ty; Pb=327,4°C.)

7) Yka3aTh, KaK MMOBJIUAET HA 3HAUEHUE TBEPJOCTH, ONPEIEIECHHOM, Ha-
OpUMep, MIAPUKOM 110 bpUHEI0, HIOBTOPHOE U3MEPEHUE HA y4acTKe, B He-
HOCPEICTBEHHON OJIU30CTH OT HETO.

8) Bonouenue npoBoJIOKK MPOBOJAT B HECKOJIBKO NepexoaoB. Ecnu Bo-
JIOYEHUE BBITIONHSIIOT 0€3 MPOMEKYTOUHBIX OMEpalMii OTKUTa, TO MPOBOJIO-
Ka Ha MOCJIEJHUX Mepexoax JaeT pa3pbiBbl. OOBSICHUTH IPUUYMHBI PA3PHIBOB
M yKa3aTh MEPHI IS NPEAYNPEXKACHUS ITOTO.

9) IlpyTox natyHu nocie u3ruda B XOJOJHOM COCTOSIHUM MOJBEPraroT
PEKPUCTAIUIM3ALUY U1 CHATHS HAKJIeNa. YKa3aTb, OyJeT JIM NPYTOK IMOCIIE
PEKPUCTAIUIM3ALMNA UMETh OJMHAKOBBIE 10 pa3MeEpy 3€pHa IO BCEMY cede-
HUIO.

10) O6bscHUTD, K KAKOMY BUAY Ae(POpMaLlUU — XOJIOJHOM WK ropsdet
— HaJl0 OTHECTH:

e TMPOKATKY 0JIOBA IPU KOMHATHOM Temmepatype (t,; Sn =232 °C);
e nedopmanuto ctanu mpu 400 °C (t,,; ctanu = 1500 °C).

Copepxanue oryera

1. HaumeHoBaHue u 11eJ1b pabOTHI.

2. ObopyaoBaHUE U MaTEpHUabl, UCIOJIb3yEeMbIe B paboTe.

3. OcHOBHBIE MOJOXKEHUS 1O AePOpMAIINK, HAKIICTY U PEKPUCTATIIN3A-
UM METAJUIOB (KPaTKO).

4. Onucanue SKCNEPUMEHTAIBLHON YaCTH paOOThI U MOJIyYEHHBIE PE3YIlb-
TaThI ¢ HEOOXOUMBIM IPaPUICCKIM MAaTePHAIOM, aHAJTN30M, BEIBOTAMH.

5. O6ocHOBaHHOE pelIeHUEe YKa3aHHOW MPENo aBaTesieM 3aJauH.

JIMTEPATYPA

1. HoBukoB .M. JledekTbl KpUCTANIMYECKOTO CTPOCHUS: yueOHOE MOo-
cobue ISl CTYyJICHTOB By30B. — M.: Mertamnyprus, 1978. — 208 c.

2. I'ynse A.Il. MeramnoBenenue: y4eOHHMK IJi1 CTYJIEHTOB BBICIIHMX
TeXHUUYECKUX yU4eOHBIX 3aBefieHui. — M.: Meramnyprus, 1986. — 544 c.

3. Jlaxtun KO.M., JleontheBa B.M. MarepuanoBenenue: y4eOHUK st
CTYAEHTOB MAIIMHOCTPOUTENIBHBIX CIEUAIBHOCTEN By30B. — M.: MammnHo-
ctpoenue, 1990. — 528 c.
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JIABOPATOPHAS PABOTA Ne 2
TEPMHUYECKASI OBPABOTKA YIJIEPOJUCTBIX CTAJEM

Hesanb padoTsl

1. M3ydyeHnue TeopeTHYECKUX OCHOB 3aKAJIKH M OTIYCKa YTIEPOJIUCTHIX
cTajei.

2. W3yyeHue BIUSHUS COACP)KAHUS Yriepoja B CTajld Ha pe3yJbTaThl
3aKaJIKH.

3. W3zydeHue BIUSAHUS CPEAbl OXJIAKICHHUS (CKOPOCTH OXJIXKICHUS) Ha
TBEPIOCTh CTAJIM MPU 3aKAJIKE.

4. N3ydeHue BIUSHUSA TEMIIEPATYPhl OTITYCKa Ha TBEPJOCTh CTaJIH.

O0opynoBanue U MaTepuaJibl 1JI5 BbINOJHEHUS Pa0OThI:

1. HarpeBarenpHbIC MeUnM ¢ aBTOMAaTHYECKHUMH TpHOOpaMU I PETy-
JUPOBAHUS TEMIIEPATYPHI.

2. baku ¢ pa3IMuHBIMU OXJaXKAAI0UMU cpeaamu (Bojia, Maclio).

3. Teepmomep PokBemia ¢ anMa3HbIM HAKOHEUHUKOM.

4. OO6pa3ibl YrIepOJUCThIX CTAJIEH C Pa3IMUHBIM COJICPKAHUEM YTJie-
pona.

OcHoBHbBIE TCOPETUYCCKHUC ITOJTOKCHUSA

CBoiicTBa crjiaBa 3aBUCAT OT €ro CTPYKTypbl. OCHOBHBIM CIOCOOOM,
MO3BOJISIIOIIUM U3MEHATh CTPYKTYpPY, a, CIEJI0BATEIIbHO, M CBOMCTBA CIUIaBa
SABJSIETCA TepMuueckas oopabotka. Tepmudeckas oOpabOTKa MPeECTaBIISIET
co00¥ COBOKYITHOCTh OTIEpAIIMil HATPEBa, BHIICPKKU U OXJIAKICHUS C LEIbIO
W3MEHEHHUS BHYTPEHHErO0 CTPOCHHUS CIJIJaBa M TOJY4YEHHS TpeOyeMbIX
cBoicTB. OCHOBHBIMU BHJIAMH TEPMHUYECKON OOpPaOOTKHU SIBIISIOTCS OTKWT,
HOpMasu3alus, 3aKkajika u OTIYCK.

OTxUr W HOpManu3alMs TPUMEHSIOTCS JUId YCTpaHeHHUs JedeKTOB
MpEeABIIYIINX TEXHOJOTHYECKUX omneparuil (00paboTKH JaBIE€HUEM, JIUThS,
CBapKH) M JJIsl MOJTOTOBKU CTPYKTYPHI M CBOMCTB Marepuaia JJis Mocie-
OYIOUIUX TEXHOJIOTUYECKUX omepanui (s yJIydiieHus oopadaThiBaeMOCTH
JABJICHHEM, pPE3aHUEM, OKOHYATCIBHON TepMHUecKol o0paborku). Harpes
[IpU omoicuze, B 3aBUCUMOCTH OT Ha3HAYCHUS, MOXKET ObITh HUKE WUJIU BBIIIIC
KPUTUYECKUX TeMIieparyp (TemrepaTyp, COOTBETCTBYIOMUX (ha30BBIM Mpe-
BpalIEHUsIM). XapaKTEPHBIM SIBISIETCS MedJleHHOe OXAadcOeHue emecme C
neuvto. B pe3ynbTaTe OTKUTa YACTUYHO WA MOJHOCTBIO YCTPAHAETCS XUMHU-
yeckasi HeOJHOPOIHOCTh, YMEHBIIIAIOTCA BHYTPEHHUE HAIPSHKCHUS, U3MEITb-
YaeTcsa 3€PHO, MOBBIMIAIOTCA IUIACTUYHOCTh U BSI3KOCTh, CHUYKAIOTCS MPOY-
HOCTb ¥ TBEPAOCTD, yIy4dlIaeTcsi 00padaThIBAEMOCTh PE3aHUEM.
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[Ipu Hopmanuzayuu cranb HATPEBAIOT 0 AYCMEHUMHO20 COCTOSHUS

(ma 30+50 °C Beime auauu GSE mo gmarpamme Fe-Fe;C), BeiiepxuBaroT

JUIS TIPOTpeBa MO BCEMY CEUEHUIO JIeTajeil U 3aBeplieHus (a3oBbIX MpeBpa-

HIEHUN U oxnaxcoarom Ha 6030yxe. B pesynbrare ycTpaHseTcsi KPYIHO3Ep-

HUCTas CTPYKTYypa, IBTEKTOU MpruodpeTaeT 601ee TOHKOE CTPOSHHUE, B 3a9B-

TEKTOUJIHBIX CTAJISIX YCTpaHseTcs rpy0as ceTka eMEHTUTa. JTO IPUBOJIUT K

VIIYYIICHUIO 00pabaThIBAEMOCTH PE3aHUEM U ITAMITyEMOCTH CTaJIH, TIOBBI-

HMICHUIO COMPOTHUBJICHUS XPYIKOMY paspylieHuo. JlJis HU3KOYTIIepOaUCThIX

CTaJlel HOpMaIM3aIMI0 MPUMEHSIOT BMECTO OTKHra Kak 0ojiee SKOHOMHY-

Hy10 omnepanuio. [I[poyHOCTh U TBEPOCTH HOPMAJIM30BAHHOW CPEHE- U BbI-

COKOYTJIEPOAUCTON CTAJIM BBIIIE IO CPAaBHEHHUIO C OTOXOKEHHOM. Hopmanu-

3allMI0 Yalle MPUMEHSIOT KaK MPOMEXKYTOUHYIO ONEpalMIo, YJIyYIIAIoU[ylo

CTPYKTYpYy, HO MHOTZa, MPHU TMOJYYCHUH YIOBIETBOPUTEIHHBIX MEXaHHUe-

CKHUX CBOMCTB, — KaKk OKOHuaTelbHyl0. Hampumep, HopManuzanuu mnoasep-

raroT KpymHOrabapuTHBIC CTAJbHBIE OTIWBKHU JUIsl yJIydIICHHs CBOMCTB, a
TaK)K€ COPTOBOW MPOKAT — PEJIbCHI, IBEJJIEPHI, TPYOBI U T. 1.

3axanka ctanu — TepMuueckas 00paboTKa, 3aKJII0YAIOIIAsICsl B HArpeBe

BBIIIIE Temreparyp (a3oBbIX MpeBpalleHUuM, BBIICPKKE ISl 3aBEPIICHUS

MPEBpPAIEHUSI M JOCTaTOYHO OBICTPOM OXJIAKACHUU C ILEThI0 IMOJABUTH

¢ ¢y3uoHHble mpouecchl. [Ipu 3ToM noayyaeTcs nepechlieHHbI TBEpAbIN

pactBop yraepoma B Fe, —

mapmencum. Llenv 3axanku cta-

T — MOJIyYEHUE MAaKCUMaJIbHOU

MPOYHOCTH U TBepHocTH. [lepe-

CBILIIEHHE TBEPAOTO pacTBOpa

BBI3BIBAECT CHJIbHBIC MCKaXKCHUS

KPHUCTAJUINYECKON pELIETKH,

KOTOpBIE MPUBOJAAT K OONBILINM

HANPSDKCHUSM U TIOSIBIICHUIO

nuciokanuid. Uem Oosbiie yr-

Jepoja B MapTEHCUTE, TeM

CWIbHEE HCKAXKEHUS KPUCTal-

JUYECKON pelIeTKH, OoJblIe

IUIOTHOCTh  JMCJIOKAIlMM, TO-

Puc. 1. TBepaocTh MapTeHCUTA B ATOMY BBIIIE NMPOYHOCTh U TBEP-
3aBHCHMOCTH OT COJACPIKAHMs yriae-  JOCTh cTaiu (puc. 1), HO HuUXe
pona IJJACTUYHOCTb.

Bribop TemmepaTypel Ha-
rpeBa MoJ 3aKajKy MPOBOJAT IO AUarpamme kene3o-reMeHTuT (puc. 2). s
JOBTEKTOMAHBIX (KOHCTPYKIIMOHHBIX) CTaJeH Temmeparypa 3aKajiKu JOJIK-
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&Y

Ha OBITh BbIIIE TOUKU Ac; (munuu GS), HO ITO NMPEBBIIIEHUE HE JOKHO ObITh
OOJBITTNM:
tsal«. JOIBT. — AC3 + (30 - 50) °C.

[Ipu TakoMm HarpeBe MPOM3OUIET MpeBpalieHue Geppura u nepiaura B
aycTeHMT (T. €. mojHas nepekpuctaimmzanus). [locnenyromee oxnaxneHue
CO CKOPOCTBIO HE HWKE€ KPUTHUYECKON TIO3BOJUT IMOJYYUTh OAHOPOIHBIN
MapTeHCUT. [IpeBbllieHre ONTUMaIbHON TEMIIEPATYphl BBI3BIBAET POCT ay-
CTEHHUTHBIX 3€peH. M3 KpYNMHO3EPHUCTOIO ayCTEHUTA IOJYy4Yarcsl KPYIHbBIE
KPUCTAJUTHl MapTEHCUTA C TOBBIMICHHOW XPYMKOCTHIO. DTOT BHUA AcheKTa
Ha3BIBAIOT nepezcpesom. lleperpeB MOKHO UCIPaBUTh MOBTOPHBIM HArpeBOM
10 onTuMainbHOU TemiepaTypsl Acs + (30 + 50) °C, npu KOTOPOM MPOUCXO-
JUT TIOJTHAS MEPEKPUCTATITU3AIUS.

IHTepBan sakanoYHbx
TemMnepaTyp

0,02 08 2,14 %C

Puc. 2. lnarpamma cocrosauust Fe-Fe;C ¢ nuHTepBanom 3akaaouHbIX
TEMIIEPATYp IS J10- U 3a9BTEKTOUAHBIX CTalleh

HarpeB mojn 3akanky 3a’BTEKTOUJIHBIX (MHCTPYMEHTAJbHBIX) CTaJjiei

OCYHICCTBIACTCA OO0 TCMIICpATyp:
tsaK. 39BT. Acl + (30 - 50) °C.
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[Tocne HarpeBa 10 3TUX TeMmIepaTyp CTPYKTypa CTald — AyCTEHUT U
LEMEHTHUT (T. €. MPOUCXOJUT HEMOJIHAS Nepekpuctamzanus). [lpu oxmax-
JIEHUU CO CKOPOCTHbIO OOJIbIlIE KPUTHYECKON MOIydaeTcsi CTPYKTypa, CO-
CTOSIIAsA U3 TBEPBIX U U3HOCOCTOMKHUX KPUCTAIIJIOB MAPTEHCUTA U KpUCTAJ-
JOB IIEMEHTUTa, WMEIOIIUX

t’C aycTeHnT 72714
' eme OONBIIYI0 TBEPAOCTh U
oar nepnuT i
W, 1ep MU3HOCOCTOMKOCTh. Harpes mo
600f Wy copbut 0ojiee BBICOKHX TeMIepaTyp
- TPOOCTHT HE TIPUBEIET K TOBBIIICHHUIO
| Vs TBEPAOCTH, HO PE3KO YBEIHU-
4000 | 9UT pa3Mep 3epeH ayCTCHHTA,
A YTO OTPHIIATEIBHO CKaXeTCs
300k nepeoxn; N
| ~_ M,y Ha MEXaHHYECKUX CBOMCTBAX.
200 ] Y O6mactb ONTUMANBHBIX TEM-
| i nepaTtyp HarpeBa CTajed 1oj
100 | AT MaEpTEHCT 3aKajJKy [IpPeICTaBlIeHa Ha
0 ' puc. 2 (3alITPUXOBAHA).
T M, 19T
-60 K MunumanbpHasi CKOPOCTh

OXJIAXKJICHUS, TP KOTOPOH
BECh AyCTCHHT TMEepeoXJIax/aa-
€TCsl 10 TeMIiepaTyphl T. My u
MpeBpaIaeTcss B MapTEHCHT,
Ha3bIBACTCS KpUmuyeckou
ckopocmbio 3akanku Vkp. Ee MOKHO ompeneiuTs o AuarpaMmme U30TepMHu-
YECKOT0 MPEBpAIEHUs MEPEOXJIAKIECHHOTO ayCTeHUTA I KaXKJ0M CTallu.
['eomeTpuueckn 3TO — KacaTelbHas K KpUBOHM Haudana AudGy3noHHOTO Tpe-
BpallleHUsI ayCTeHUTa B PeppuUTO-IIEMEHTUTHYIO cMech. Ha puc. 3 mpeacras-
JieHa IuarpaMMa M30TepMHuYecKoro mpeBpamieHus (wim C-obpasHas nua-
rpamma) juist ctanu ¢ 0,8 % yrimepona. Jlist yriiepoaucTsix cTalieid Bpems 10
Havyana qud@Py3uoHHOTO pacriajga ayCTeHHUTa T,,, oueHb Maino (0,5+1 c), u
KPUTUYECKasi CKOPOCTh JOCTUTAETCS TOJBKO MPU OXJIKICHUH B BOJE WIH B
BOJIHBIX pacTBopax cojied. [Ipu oxaxaeHuu cTaim co CKOPOCThIO, OOJbIeH
kputuueckoi (V> Vkp), npeBpallieHne HaunHAeTCs IPU TeMIepaType Haya-
Ja MapTEHCUTHOTO MpeBpaimleHuss My W 3aKaHYMBaeTCs MpU TeMIlepaType
OKOHYAHHUS MapTCHCUTHOTO mpeBpamieHus My. [Ipn MEHBIIUX CKOPOCTIX
OXJXJEHUS, ayCTEHUT OyJeT mnpeBpamarbcs B (PEeppUTO-LEMEHTUTHYIO
CMECh IUIACTUHYATOTO CTPOCHMsI, KOTOpas, B 3aBUCHMOCTH OT MEXKIIJIacTH-
HOYHOTO PAcCTOSHMS HA3bIBAETCS MEPJIUT, COPOUT UM TpoocTut. IIpu ma-
Jo¥ ckopocTu oxyaxaeHus (V;) aycreHUT OyneT mpeBpaliarbCcsi B MEPIIUAT
(rpy0ast cmech KpucTaIUIoB deppuTa U 1eMeHTuTa). C yBEIMYCHHEM CKOPO-

Puc. 3. luarpamMmma u30T€pMUYECKOTO
pacrazia nepeoxaaxIeHHOr0 ayCTEHUTA
cranu ¢ 0,8 % C
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ctu oxnaxaeHus (V, u V3) uucino LEeHTpoB 3apoxacHust hepputa U 1eMeH-
THATa YBEIUYUBACTCS, U pa3MEphbl KPUCTALIOB 3TUX (a3 ymeHsbInaroTcs. bo-
Jee oucnepcuole, T. €. MEIKO3EPHHUCTBIC, CTPYKTYPhI (COPOUT M TPOOCTHT),
UMEIOT 00Jiee BBICOKYIO TBEPOCTb, YEM TEPIIHT.

Omnyck — 3TO HarpeB 3aKajJeHHOM CTaju 10 TEeMIIEpaTyp HUKE KPUTH-
YECKUX C IENTBI0 IPUIAHMS CTATA TPEOYEMBIX SKCIUTYyaTallHOHHBIX CBOWCTB.

[TepecwimeHHpId TBEPABIA PacTBOp yriepoaa B o-Fe (mapmencum) o6-
nagaeT OOJBIINM 3aacoM CBOOOHOM SHEPTUH, U TIOFTOMY HE SIBIISIETCS CTa-
OowrbHBIM. ClieIOBaTENLHO, B 3aKaJCHHOW CTaNM JOJDKHBI MPOTEKATh IMPO-
IIECChI, TPUBOASAIINE CUCTEMY K 00Jiee YCTOMUYMBOMY COCTOSIHUIO, T. €. yTiie-
PO OJKEH BBIIENATHCS U3 PEIIETKH MapTeHcuTa. [Ipu HarpeBe CKOpPOCThb
mudy3un yBeIUMUMBACTCS, U YEM BBIIIE TEMIEPaTypa, TEM BBIIIE MO IBHUK-
HOCTh aTOMOB yriepoja. Takum o0pa3om, MPOUCXOIUT paciiajl NepechIeH-
HOTO TBEPJOr0 pacTBopa ¢ 0Opa3oBaHMEM pPAaBHOBECHBIX (a3: kapOUIOB U
dbeppura.

Paznuyaror Tpu Buaa oTmycka:

1) Hu3KOTEMITEpaTypHBIi oTIycK — oT 160 10 200 °C;

2) cpeaHeTemIiiepaTypHblil otiyck — ot 350 no 450 °C;

3) BbIcOKOTEMITepaTypHbIi oTiyck — oT 500 1o 600 °C.

TemnepaTypy OTIycka BBIOMPAIOT, HCXOAS U3 TPEOYEMBIX 3KCILTyaTa-
IIMOHHBIX CBOWCTB KOHKPETHOM netanu (puc. 4).

Huskuii (nuskomemnepamypuulii) omnyck TpUMEHSETCA IS JeTanei,
OT KOTOPBIX TPEOYIOTCS BBICOKAsl TBEPJIOCTh M HM3HOCOCTOMKOCTh. Hu3kuii
OTIMYCK Ha3HayaeTcs IS MOBBIIIEHUS BS3KOCTH U IJIACTUYHOCTH CTaIM 0e3
3aMETHOTI0 CHMXKEHUS TBEpJIOCTU. [Ipu TakoM OTIyCKE MPOUCXOAUT YaCTHY-
HOE BBIJICJICHUE YIJIEPOJa U3 MapTeHCUTA B BUJE OYEHb MEJIKUX KapOUI0B
Fe;C (T.e. MapTEeHCUT CTAaHOBUTCA MEHEE HANpPsKEHHBIM). Takas CTPyKTypa
Ha3bIBaeTCsl Mmapmencum omnycka. llpu 3TOM TPOUCXOAUT YMEHBUIEHUE
BHYTPEHHHUX HaIpPSKEHUN. ITOT OTITYCK MPUMEHSIETCSA, B OCHOBHOM, JIJIsl pe-
KYIIUX U MEPUTEIBHBIX HHCTPYMEHTOB, TTOCJIE [IEMEHTAIUH.

Cpeonuii (cpeOnememnepamyphsiii) omnyck TPUMEHSETCS I H3Je-
JUH, OT KOTOPBIX TpeOyeTcsi BhICOKUE yrpyrue cBoiicTa. [Ipu Temneparype
OTITyCKa BECh MU30BITOUHBIA Yriiepoa BblaensieTcs u3 Fe, B Buae MeNKux
KPHUCTAJJIOB LIEMEHTUTA

UrojibyaTol Qopmbl (T.e. MapTEHCUT pacmnajgaercia Ha GeppuTo-
IIEMEHTUTHYIO cMeCh). Takass peppUTO-IIeMEHTUTHAsI CMECh, B KOTOPOH I1e-
MEHTUT UMEET MEJIKOUT0JIbUaTyI0 (POpMY, HA3BIBAECTCS MPOOCMUM OMNYCKA.
B pe3ynbpTaTe pe3ko yMEHbIIAETCA XPYNKOCTb, CHUYKAETCS MPEaea MPOUYHO-
CTH, HO CWJIBHO TOBBIIIAETCS Mpeesl yIPyroctu. TakoMy OTIYCKY IOJABEp-
raroT MPY>KUHBI, PECCOPBI, TOPCUOHBI U IPYTUE JACTaH, KOTOPbIE pabOTarOT

17

YUYEBHO-METOOWNYECK WA SAKPBITH

OOKYMEHT

X




HHCTHTVT
ﬂ“BTﬁH“HUH Hnl'n KOHCprKLlMOHHoe MarepuanoseneHue

MeToamueckune YKa3aHus K BbINOTHEHWIO na6opaToprlx pa60T

05FA3IIBMIHH

NpU 3HAKONICPEMECHHBIX HArpy3kax W JOJDKHBI OBICTPO BOCCTAaHABIUBATH
cBoto (popmy mocie aegopmaruu. OOBIYHO 711 U3TOTOBIEHUS YIPYTUX dJie-
MEHTOB HCIIONB3YIOT CTaJH ¢ coaepxkaHueM yriepoaa ot 0,5 no 0,7 %, xak
YIJIEPOTUCTBIE, TaK U JICTUPOBAHHBIC. ITU KOHCTPYKIIMOHHBIC CTAJIA BBIJIE-
JICHBI B 0COOYI0 TPYIIY PECCOPHO-TIPYKUHHBIX CTAJICH.

Bovicoxuti (gblcokomemnepamypHulii) omnyck TPUMEHSIOT IJIsi OTBETCT-
BCHHBIX JIeTajell MaIlliH, UCTIBITHIBAIOIIUX MPH SKCIUTyaTalliH CIOXKHBIC BU-
Ibl HATPYXXEHHsI: CTaTWYECKHE, yAapHbIE W 3HAKOIEPEMEHHBIC HAarpy3KH.
CtpykTypa mocie BBICOKOTO OTITyCKa COCTOUT W3 (eppuUTa M JOBOJIBHO
KPYITHBIX KPUCTAJUIOB IIEMEHTHTA OKPYTJION (OPMBI M HA3BIBACTCS COpOUMm
omnycka. BrIcokuii OTIyCK o0OecrieyrBaeT HaMIydilee COYeTaHHe MPOYHO-
CTH, TUTACTUYHOCTHU ¥ YAaPHOU BSA3KOCTH, ITOJIHOE CHATHE HATIPSKEHUH.

HB

MexaHnuecKue CBOMCTBA

200 400 600

TemnepaTypa ornycka,® C

o

Puc. 4. Biusinue temnepaTypbl OTIIyCKa HA MEXaHUYECKUE CBOKCTBA
3aKaJICHHOW yIJIEpOAUCTON CTaln

3akajnka B COYETAHWU C BBHICOKUM OTITYCKOM HOCHUT Ha3BaHUE )ayyule-
Hue. Takomy Bumy 00pabOTKH moABepraeTcst ocodasi rpymnna KOHCTPYKIIMOH-
HBIX cTalnei (¢ comepxanuem yriepoaa ot 0,3 no 0,5%), Hocsias Ha3BaHUE
yayuwaemvle cmaay. Ctanb B YIy4IIEHHOM COCTOSSHUM UMeEET 0osiee BBICO-
KHE XapaKTEPUCTUKU MIPOYHOCTH (Gy, U Gy ), INIACTUYHOCTH (5, W) M BA3KO-
cti (KCU) 1o cpaBHEHHIO CO CTaJIbIO0 B OTOXOKEHHOM cocTossHuu. OTcrona u
BO3HUKIIO Ha3BaHUE «YIYyYIICHUE)» — MEXaHMUECKHUE XapaKTEPUCTUKU CTaJIA
YIIy4IIatoTCs.
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3az[amm AJIS1 BBINNOJTHCHUSA paﬁoTLl

1. OnpenenuTh copepkaHue yriepojaa B CTal 10 0003HAYCHHUIO Map-
KA ¥ BBIOPATh IO JUarpaMMe COCTOSIHHSI CUCTEMBI (OKEIIe30-I[EMEHTUT) OII-
TUMaJIBHYIO TEMIIEPATYPY 3aKaTKU I JaHHOU CTaJIH.

2. Ucxons u3 TemmepaTypsl HarpeBa M pa3MepoB 00pasloB, BHIOpATh
BpeMs HarpeBa 00pasIoB B IEYH.

3. OnpeaenuTs S3KCOEPUMEHTAIBHO CKOPOCTh OXJIAKJICHUS, 00eCIeUn-
BAIOIIYIO MOTYYCHHE CTPYKTYPBI MapTeHcuTa. [[ist 3Toro oxmaauTs oOpasiisl,
HArpeThie JI0 TeMIIEPaTyp 3aKaJIKH, B PA3IMYHBIX CpEAax: B BOJE, B MHUHE-
paJIbHOM Macjie ¥ Ha CIOKOMHOM BO3JyX€ M W3MEpPHUTh TBEPAOCTh 1Mo Pox-
BeJuty. Pe3ynbpTaTel MpoBeIeHHOTO SKCIIEpUMEHTa BHECTH B Ta0. 1.

Tabmauma 1
PexxnMm 3akanku
iﬁi&l;a TTeZ[ Ezf“)aé— H]:II“) 6:1[:; Oxraxcnazontas TB?I)II;O((;TB, CtpykTypa
yp o p pesa, cpena u Vg, °Cle PYKIYP
Ba, °C MUH.
BOJA,
BCT3 600 °C/c
Cranb BOJIA,
45 600 °C/c
Boxa, 600 °C/c
macio, 150°C/c
V12 ’
BO31yX, 30°C/c

4. Tlo pe3ynbratam paboThl TOCTPOUTH TPAPUKHU:

a) 3aBUCHUMOCTb TBEPJOCTH 3aKAJICHHOM CTalM OT COJEp KaHUsl Yriepo-
71a B CTaJIH,

0) 3aBUCUMOCTb TBEPJIOCTH 3aKJICHHOU cTanu Y12 OT CKOpOCTH oXJia-
KICHUS.

5. 3akaneHHble 00pa3Ubl Pa3IUYHBIX MapOK YIIEPOJIUCTBIX CTajeu
MOJBEPTHYTH O0TNyCcKy npu temmeparypax 200, 400 u 600 °C. Bpewms ornyc-
Ka mpuHATH paBHBIM 0,5 yaca. OxyaxIeHue mocie OTIyCcKa MPOU3BOIUTh Ha
BO3JIyX€.

6. 3amMepuTh TBEPAOCTh 00OPA3IOB IMOCIE OTMycka Ha mpubdbope Poxsen-
Ja, pe3yibTaThl BHECTH B Ta0JI. 2

Tabmauma 2
TBepnocts Bpewms TBepnocTthb
Mapka IOCJIE t oTycka, Harpesa u ocJIe Crpykrypa
cTanu 3aKaJIKH, °C BBIIEPKKU OTITYCKa,
HRC T, MUH. HRC
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7. Tlo pe3ynbraram 3aMepoOB MOCTPOUTH TpadUKHU 3aBUCUMOCTH TBE-
JIOCTU OT TEMIIEpATyphl OTITYCKA JIJI1 BCEX MUCCIIEA0OBAHHBIX CTaJCH.
8. CraenaTb BBEIBOJEIL.
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