1. KIACCUO®UKAIIUSI BUJOB TEPMHUYECKOM OBPABOTKH

Tepmuueckoir 00pabOTKON Ha3bIBalOT Mpouecc 0oO0pabOTKH U3AEAUN U3
METAJIOB M CIUIABOB ITYTEM TEIUIOBOTO BO3JCHCTBUS C LEIbI0 HM3MECHEHHUS WX
CTPYKTYphl W CBOWCTB B 3aJaHHOM HAaIlpaBICHWU. OTO BO3JEHCTBHE MOXKET
COUYETAaThCA TAKKE C XUMHUYECKUM, JehOPMAllMOHHBIM, MAarHUTHBIM W APYTUMHU
BO3/JICUCTBUSMHU.

Tepmuueckass oOpaboTka — caMmblii paclHpOCTPaHEHHBI! B COBPEMEHHOMN
TEXHHUKE CIIOCOO M3MEHEHUsI CBOMCTB METAJIOB U CIIaBOB. Ha MeTammypruyeckux u
MaIIMHOCTPOUTENBHBIX 3aBOJAaX TepMUUYECKas o0O0paboTKa SBISETCS OJHUM U3
BRXHEHUIIINX 3BEHHEB TEXHOJIOTHYECKOIO TpoIecca MPOU3BOICTBA MOIy(hadpUKaToB
U JeTajiel MallnH.

TepMo0oOpabOTKy TMPUMEHSIOT KaK MPOMEXYTOUHYIO OIEpaluio s
yIYUIICHHUS] TEXHOJIOTHIECKUX CBOMCTB (00pabaThiBAEMOCTH JaBICHUEM, PE3aHHEM U
Ap.) ¥ KaK OKOHYATENIBHYIO OTEPALUIO IS MPUAAHUS METAJUTYy WM CIUIaBY TaKOTO
KOMIUIEKCAa MEXaHWYECKHX, (U3NYECKUX U XUMHUYECKHX CBOWMCTB, KOTOPBIA
o0ecrnedurBaeT HEOOXOAWMBIE HKCIUTyaTAaI[MOHHBIC XapaKTePUCTHKU wu3aenus. Yem
OTBETCTBEHHEH KOHCTPYKIUS, TEM, KaK TMpaBWIO, OOJbIIE B HEW TEPMHUYECKU
00paboTaHHBIX JIeTAJICH.

Teopuss Tepmuyeckoii 0OpaOOTKH SBISETCS YacThlO MaTepuUajIOBEICHUSI.
['maBHOE B MaTepUATOBEICHUHN — 3TO YUYECHHUE O CBSI3U MEXAY XHMHUECKUM COCTaBOM,
CTPOCHHEM M TEXHUYECKH Ba)XHBIMU CBOMCTBAMHU METAIJIOB M CIUTaBoB. [Ipu Harpese
U OXJIAXKJICHHA M3MEHSETCS CTPYKTypa METaUIMYeCKOro Marepuaia, uTo
00yCTIOBIIMBAaE€T M3MEHEHUE MEXaHMYECKHX, (PU3UUYECKUX M XUMHUYECKHX CBOWCTB U
BIIMSET HA €T0 MOBEJICHUE MpU 00pabOTKe U IKCIUTyaTallUH.

Teopuro Tepmmueckoii 00pabOTKH COCTaBISIET YYE€HHE OO0 W3MEHEHHSIX
CTPOCHHS M CBOWCTB METaUIOB WJIM CIUIABOB MPH TEIUIOBOM BO3JCWUCTBUHU, HE
MCYE3aI0IKX MOCTIE €ro MpeKpalleHus.

JroOo#t mporiecc TepMHUECKOH OOpabOTKH MOXKHO OINUCATh TpaduKoM,
MOKa3bIBAIOIINM U3MEHEHUE TEMIIepaTyphl BO BpeMeHH. [1o TakoMy rpaduky MOXHO
OTNIpEeICTTUTh TEMIIEpaTypy HarpeBa, BpeMs HarpeBa M OXJIAXKICHHS, CpPEIHHE U
WCTHHHBIE CKOPOCTH HarpeBa M OXJIAXKICHHS, BPEMS BBIICPKKH TPU TEMIIEpaType
HarpeBa M O0IIYI0 POJIOKUTEITHFHOCT TIPOU3BOJACTBEHHOTO IIUKJIA.

Ho mo ¢opme sToro rpadguka HUYETO HENMb3sI CKa3aTh O TOM, C KaKUM BHIOM
TepMoOoOpabOTKM MBI HMeeM Jeno. Bumg TepMooOpaboTKu ompenensercs He
XapakTepoM H3MEHEHHsI TeMIepaTypbl BO BpPEMEHH, a THUIOM (a30BBIX H
CTPYKTYPHBIX H3MEHEHHUH B METaIe.

OcHoBbIBasick Ha  mociegHeMm  mpu3Hake, A.A.bouBap pazpaboTtan
KJIaCCU(UKAIIUIO, OXBATHIBAIOIIYI0 MHOTOUMCIICHHBIE PAa3HOBUAHOCTH TEPMHUYECKOU
00pabOTKM YepHBIX M IBETHBHIX METAJUIOB M CIUIaBOB. Ha ocHOBe kiaccudukamuu
A.A.bouBapa ObutM pa3paboTaHbl KiIaccu(UKaMs BUIOB W PA3HOBHIHOCTEH
TEPMHUYECKON OOpabOTKM CTalied M M[BETHBIX METANIOB W CIUIABOB, a TaKXke
COOTBETCTBYIOIIAS] TEPMUHOJIOTHSI.



Ha puc. 1.1 nmpuBeaeHa cxema KiacCU(pUKAITUA OCHOBHBIX BHJIOB TEPMUYCCKOMN
00pabOTKU METAJJIOB U CILJIABOB.
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Puc. 1.1. Cxema knaccudukanum OCHOBHBIX BUI0OB TEPMUYECKON 00pabOTKH
METaJUIOB U CIUIaBOB

Tepmuueckass 00paboTka moapasziensercss Ha COOCTBEHHO TEPMHUUYECKYIO,
TEPMOMEXAaHUYECKYI0 M  XUMHKO-TepMHuuyeckyto. CoOCTBEHHO  TepMUYECKas
00paboTKa 3aKJII0YaeTcs TOIbKO B TEPMUUYECKOM BO3/ICHCTBUU HA METAJUI WU CILIAB,
TEPMOMEXAaHUYECKasl — B COYETAHUU TEPMHUYECKOIO BO3JIECHCTBUSA U IUIACTUYECKOMN
nedopmaliu, XUMUKO-TEPMUUYECKasi — B COYETAHUM TEPMUYECKOTO U XUMUYECKOIO
BO3JCUCTBU.

Cob6cTBeHHO TepMuyeckast 00paboTKa BKIIOYAET CIETYIONINE OCHOBHBIE BUIbI:
- oTKUT 1-ro poxa;

- OTXUT 2-r0 poAa;

- 3aKaJIKy C OJTUMOP(HBIM MPEBPAIICHUEM;
- 3aKaJKy 06e3 MOoJIMMOP(PHOro NpeBpaLCHUS;
- OTIIYCK U CTapEHHE.

OTH BUIIBI TEPMUYECKON 00paOOTKM OTHOCSTCS K CTAJISIM, YyT'YHAM U I[BETHBIM
MeTauiaM W cruiaBaMm. Kaxablii U3 BUIOB TepMOOOpaOOTKH MOJpa3feisieTcss Ha
Pa3HOBUHOCTH, CTIELIM(PUUECKUE AJI CIJIABOB HA Pa3HBIX OCHOBAX.



2. OT’KHI' IEPBOT'O POJA

Orxur 1-ro poga 4YacTMYHO WM TOJHOCTBIO YCTPAaHSET OTKIOHEHUS OT
PaBHOBECHOTO COCTOSIHUSI, BOSHUKIIWE MPU Tpelbaylieil o0paboTke, MpUYEM €ro
MpoBelieHHe He 00ycnoBieHO (a3oBbIMU  mpeBpauieHusiMA.  OOpaboTKOM,
MpeAlecTBYIONEH OTKUrYy 1-ro poaa, MOryT OBITh JHThe, 0OpabOTKa NaBJIEHUEM,
CBapkKa, TepMuueckasi o0paboTKa U Ipyrue TEXHOJIOTHYECKUE MPOLIECCHI.

B 3aBucuMOCTH OT TOro, Kakue OTKJIOHEHUS OT PaBHOBECHOTO COCTOSHHS
YCTPAHSIOTCS, Ppa3IMYalOT CIEAYIOIIHE pPa3sHOBUAHOCTUM OTXKura 1l-ro popa:
TOMOTE€HHU3UPYIOLUN U PEKPUCTAIIIN3AUOHHBIN.

[Iponecchl, yCTpaHSAOMIKME OTKJIOHEHHS OT PAaBHOBECHOIO COCTOSIHUSA, UIYT
CaMOITPOU3BOJIbHO, U HAarpeB IpH OTXKUTE 1-ro pojia MpOBOAAT JUIIb I YCKOPEHUS
3TUX npoueccoB. OCHOBHBIE MAPAMETPBI OTXKUTa 1-ro poa — reMnepaTypa HarpeBa u
BpeMsl BbLAEpKKU. CKOpOCTH HarpeBa M OXJIAXKICHUS HUMEIOT TOJAYUHEHHOE
3HA4YCHHUE.

2.1. 'oMoreHM3upy0muil OTKUT

['oMoreHu3upyOUH OTXKUT — 3TO BUJ TEPMUUYECKON 00pabOTKH, TPH KOTOPOM
TJIaBHBIM MPOLIECCOM SIBIISIETCA YCTPAHEHUE MOCJIEACTBUI AECHIPUTHOW JMKBauuu. B
pe3ysbTaTe ACHAPUTHOW JIMKBAIIMA BO3HUKAET XMMHYECKass MUKPOHEOIHOPOIHOCTD
BHYTPH KPHUCTALUIOB TBEPJOrO0 pPACTBOpPAa — OCHOBBI CIUIaBa M MOTYT TOSIBUTHCS
HEpaBHOBECHbIE U30BITOUHbIE (a3pl. [lo OKOHYaHWM KpUCTAJIM3AIMHU CIUIaBa
KOHIIEHTpALMSl  JIETUPYIOLIETO d3JIEMEHTa MHUHUMajlbHAa B CEpeIUHE, a B
MIOBEPXHOCTHOM CJIO€ COOTBETCTBYET TOYKE MPEIEIbHON pPacTBOPUMOCTH IIpHU
ABTEKTHUYECKOU TEMIIEpATYpE.

B pe3ynbpraTe OTKIOHEHUS OT PaBHOBECHS B IIPOLIECCE KPUCTATUIM3ALMH JTUTOMN
CIUIaB UMEET CJIEYIOLIHE OCHOBHBIE HETOCTATKHU:

1. IInacTuyHOCTH cIjlaBa OOBIYHO CHHMXKAETCS, €CIIU B PE3YJIbTaTe JCHIPUTHOM
JUKBALIMKM TOSBIIsAETCS M30bITOuHAs xpynkas (aza. OcoOEHHO CHIIBHO CHMXKAeTCs
IUIACTUYHOCTh MpU OOpa30BaHUM MO TPAHMIIAM JEHAPUTHBIX SYEEK CIUIOLIHBIX
MPOCTIOCK U3 IPyObIX YaCTHI] XPYNKUX COCAUHEHUN (MHTEpMETAITUAOB, KapOUI0B U
Jp.).

2. LleHTpanpHbIE YYaCTKH ACHAPUTHBIX SYEEK M HMX TPAHMIIBI, HUMEIOIIUE
pa3HbIl XMMHUYECKUH cOCTaB, oOpa3yloT MHKporaibBaHW4Yeckue mapel. IlosTomy
BHYTPUKPUCTAJUIMTHAS JINKBALMS TBEPAOrO PacTBOpPa CHUYKAET CTOMKOCTh NPOTHUB
ANEKTPOXUMHUYECKON Koppo3uu. [losiBieHMe HepaBHOBECHON W3OBITOYHOW (ha3bl B
TBEPAOM PACTBOPE OOBIUHO TAKKE CHHXKAET CTOMKOCTh MMPOTUB KOPPO3HUHU.

3. Ilpu oOpaboTke JaBieHHWEM, Hampumep, NPOKATKE U MPECCOBAHHM,
MHKPOYYaCTKH, MUMEIOIINE PA3HbIA XUMUUYECKUH COCTaB, BBITSATHBAIOTCS U MOXKET
BO3HUKHYTb CTpPOYEUHAas CTPYKTypa. Takas cTpykTypa 00yCIOBIMBAET aHU30TPOITHIO
CBOMCTB B M3JEIMHU U MOBBIILICHHYI CKJIOHHOCTh K MEXKKPUCTAJUIMTHOMY, & TaKXKe
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mudpepHoMy U3JIoMy. B monepedHoM HampaBleHUHW MOXKET HaOJI0AAaThCsl CHUIIBHOE
CHUKEHHUE OTHOCUTEIIBHOIO YJJIMHEHHUS, CY’)KEHHS U yITapHON BA3KOCTH.

4. JenapuTHas JTUKBaLUs MOHWKAET TEMIIEPATYPY COJUAYyCa CIUIaBa, YTO, KaK
MpaBWiio, HexenaTelnbHo. Hampumep, mpu OBICTpOM HarpeBe MOJA 3aKaJKy WU
00paboOTKy JaBlI€HHWEM H3JeNIMe MOXET YaCTHYHO OIUIaBUThCS. OIuaBistoTcs
YYaCTKH, B KOTOPBIX HAXOJUTCSI HEPABHOBECHO 00Pa30BaBIIasiCs IBTEKTHKA.

5. CTtpykTypa M CBOHCTBa JMTOrO CIUlaBa HeCTaOWIbHBI BO BpemMeHU. B
U3JIeTUH, pabOoTaroIeM NPH MOBBIIIEHHBIX TEMIIEpATypax, MOI'yT CaMOIPOU3BOIBHO
IIOCTENIEHHO  BBIPABHUBATBCS COCTAaB TBEPAOrO pPACTBOpPa M  PacTBOPSATHCS
n30bITOYHBIE (ha3bl. DTH TPOLECCH BBI3BIBAIOT YCKOPEHHE TOJ3YYECTH, a TaKKe
IIOCTENEHHOE N3MEHEHHNE CBOMCTB, KOTOPOE MOXKET BBIMTH 3a JOIYCTUMBIE MTPEIETIBI.

st ycTpaHeHUsi HEJOCTATKOB JHUTOW CTPYKTYpPhl CIMTOK WIH (PACOHHYIO
OTJIMBKY ITOJABEPTAIOT FTOMOT€HU3UPYIOLEMY OTXKUTY.

B omgHodasHBIX cImaBax, HaIpWMEpP, B MEIHOHUKEIICBOM CIIAaBE CHCTEMBI C
HEMIPEPBIBHBIM ~ PSAJOM  TBEPABIX  pPacTBOPOB,  TJABHBIA  MpOIECC  MpHU
TOMOTCHHU3UPYIOIIEM OT)KUTE — BBIPAaBHHBAHUE COCTaBa 3€PEH TBEPJIOIO pacTBOpa,
T.€. YCTpaHCHHWE BHYTPUKPHCTAJUIMTHOW JIMKBallMM. B cIiaBax, cojaepikamumx
HEPaBHOBECHYIO M30BITOUHYIO (Da3y, MPU TOMOTECHU3HPYIOUMIEM OTKHUIE MPOTEKAIOT
JIBA OCHOBHBIX IpoOIleCCa: BhIPABHMBAHWE KOHIICHTPAIIMH BHYTPU 3E€pPEH TBEPIOTO
pacTBOpa M pPAcCTBOPEHHE HEPAaBHOBECHBIX H30BITOUYHBIX (a3. B ocHOBe 3THX
MIPOIIECCOB JIKUT TUDPY3Uss M TOITOMY TOMOTCHU3UPYIOIIMH OT)KHI HA3bIBAIOT
TaKke Oupdy3uoHHbiM.

Cnutkn W3 YIJICPOAMCTBIX  CTalleld  OOBIYHO  HE  IOABEPraroT
TOMOTCHHU3UPYIOIIEMY OTXKHUTY, TaK KaK B HUX IPH HArpeBe MO TOPSIYI0 00paboTKy
JaBJICHUEM H3-3a ObICTpOH AU dy3un yriepoja B ayCTEHUTE JACHIPUTHAS JIMKBAIIHS
yCIIeBaeT UCUYE3HYTh. JISTMPOBAHHBIC CTAIM IS YCTPAHCHHUS BHYTPHUKPHCTAITUTHOM
JUKBAIlMM W PACTBOPCHHMS HEPAaBHOBECHOTO H30BITKA KapOWIOB 3SBTEKTHUYECKOTO
MIPOUCXOKICHUS MPUXOTUTCS MOJABEPraTh rOMOTEHU3HpYIomeMy OoTxKUry mpu 1050-
1250°C.

HaunbGonee WHTEHCUBHO TOMOTCHHM3AIlMs IPOTEKACT B HAYaJbHBIM TEPHUOA
omkura. [loBellleHNe TeMIIepaTyphl OTXKUTA JACHCTBYEeT HECpaBHEHHO 3(QeKTUBHEE,
9YeM YBEIIMYCHUE BPEMEHU BBIICPIKKH.

BpeMs BBIICpKKH TIPH TOMOTCHU3HPYIONIEM OTXKHUTE€ OOBIYHO KOJIEOJETCS B
mpeaenax OT HECKOJbKHX 1O JIECATKOB 4YacoB (HE CYUTas BPEMEHH IIPOrPeBa).
[ToBeimas TeMrepaTypy, MOKHO COKPATHTh BPEMSI BBIICPKKH TIPH OTHKUTE.

BpeMs mo1HOM roMOTeHH3AIMU 3aBUCUT HE TOJIBKO OT TEMIICPATyPhl OTXKHUTa U
MPUPOABI CIUIaBa, ompeaeisomux Audy3HOHHYIO TOJIBM)XHOCTh KOMIIOHCHTOB B
TBEpAOM pacTBope. Ha BpeMs TOMOTICHM3allUd CHJIBHO BJIHMSICT HCXOJHAS
MHUKPOCTPYKTypa JIUTOTO ciuiaBa. CKOPOCTh TOMOTEHHU3AIMH 3aBHCHT OT TOJIIIMHBI
JacTHIl H30BITOYHOH (ha3bl U pa3Mepa JACHAPUTHOM STYCHKU OCHOBHOM (has3bl.



2.2. PekpucTa/NIn3anMOHHBINA M TOPEKPUCTAIN3ANNOHHBIA OT/KUT

Pekpucraniu3allioOHHBIA ~ OTXKUT  —  3TO  TepMHUYeckas  o0paboTka
ne(pOPMUPOBAHHOTO MeETajula WM CIJlaBa, NMPU KOTOPOW TIJIABHBIM TMIPOIIECCOM
SIBJIICTCS] PEKPUCTAUTH3AITHA.

JIOpeKpUCTANIN3AIMOHHBIA ~ OT)KHT —  3TO  TEpMHYecKas o00paboTka
ne(pOPMUPOBAHHOTO MeETajula WM CIJlaBa, NPU KOTOPOW TIJIABHBIM TIPOIIECCOM
SIBJIICTCS] BO3BpAT.

O6e 5Tu pa3HOBUIHOCTH TEPMHUUYECKON 0O0pabOTKH wyalle MPUMEHSIOT TOCIe
XOJIOAHOW 00pabOTKHU JaBICHUEM.

HN3meHeHne CTPYKTYPBbI MeTaJlJia PH X0JIOAHOI 00padoTKe JaBJIeHHEM

[Tmactuyeckas aeopmaiiisi BHI3BIBACT B METAIJIE CTPYKTYpHBbIC M3MEHEHUSI,
KOTOpBIE BKJIIOYAIOT M3MEHEHHE (OPMBI KPUCTAJUIUTOB, UX KPUCTAIIIOTpaduIecKon
MIPOCTPAHCTBEHHOW OPUEHTUPOBKH M BHYTPEHHETO CTPOSHUS KaXKI0TO KPUCTAJINTA.

dopma 3aroToBKH NpU OO0paOOTKE MaBICHUEM H3MEHSETCS MO JeHCTBHEM
BHEIIHUX CHJI BCIEACTBHE IUIACTHYECKOW IedopMaliu KaKJOTO0 KPUCTALTUTA B
COOTBETCTBHH CO CXEMOM TIaBHBIX JehopMaInii.

OcHoBHOE u3MEHeHHE (OPMBI KPUCTALTUTOB COCTOMT B TOM, YTO OHHU
BBITATUBAIOTCS B HAIPaBJICHWU TJIABHOW aedopmaruu pacTsbkeHus (Hampumep, B
HANPaBIICHUU TPOKATKU WU BoJouyeHHs). C TOBBIIICHHEM CTETICHH XOJOIHON
aepopManui  3epHa Bce OoJiee BBITATHUBAIOTCS, H CTPYKTypa CTaHOBHUTCSA
BOJIOKHUCTOM.

[lpu mnnacTuueckod AedopManui  KPUCTAUIMYECKHWE  PEIIeTKA  3epeH
MPUOOPETAIOT MPEUMYIIIECTBEHHYIO MMPOCTPAHCTBEHHYIO OPUEHTUPOBKY — BO3HUKACT
TEKCTypa AeGopMaIium.

OT0  OOHO W3  BAKHEUIIUX  CIEACTBUH  KpUCTaorpaduueckoi
HANPaBIEHHOCTH CKOJBKEHUS B KaXKJIOM 3€pHE IO OINpPEAETICHHBIM IIOCKOCTSIM H
HaTpaBICHUSIM MIPOCTPAHCTBEHHOM peIIeTKH, KOTOpBIC 3aKOHOMEPHO
MOBOPAYMBAIOTCS IO OTHONICHUIO K OcsM nedopmanuu m3aenus. Hanpumep, npu
pacTsOKEHUH MOHOKpHCTAJNIa HAaIpaBlICHWE CKOJBKCHHUS NPUOMIKACTCS K OCH
pacTsoKEHUSI.

PentreHoBckuid aHanmu3 (QUKCUPYET TOSBICHHE TEKCTYPhl  XOJIOJHOMN
nedhopmanuu npu obxkatusax 10-20%. B nepopmMupoBaHHOM MeTaie HE Bce
KPUCTAJUTBI UMEIOT HACaTbHYI0 TNPEUMYIIECTBEHHYI0 OPHEHTUPOBKY. B o0mem
cllyuae C yBEJIMYEHHEM CTeneHW JedopManuyd TEKCTYpPHBIE KOMITOHEHTHI
MPOSBIISIOTCS 00JIee YETKO.

HN3meHeHne BHYTPEHHEr 0 CTPOEHMSI 3¢PEH MPHU X0J0AHOH 00padoTKe
JAaBJICHUEM
Jo 10% paboTel, 3aTpayeHHONM Ha XOJOJHYIO Ae(opMaluio, MOIJIOIIAETCs
MeTaJlJIoM (OCTaJlbHas €€ 4acTh pacceMBaeTcs B BHUJAE TeIuloThl). HakorieHHas B
METajle PHEPTusl «3aJePKUBACTCA» B BHUAEC SHEPIHH Je(EKTOB KPUCTAIINYECKOU
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pelIeTKH, 00pa3yIouXcs NPy MIACTUYECKON nedopmaliim, a TakKe B BUJIE SHEPTUU
ynpyroi aedopmaiy Npyu BOSHUKHOBEHUU OCTAaTOYHBIX HAPSIKEHU.

Baxxneliee n3MeHeHHE BHYTPEHHETO CTPOCHUS KaXKIOTO KPHUCTAIIUTa IMpHU
XOJOIHON JnedopManMd — YyBEJIMYEHHE IUIOTHOCTA JUCIOKAMi (OTHOLIEHUS
CYMMAapHOM JJIMHBI IUCIIOKALUN K 00beMy MeTallia).

Y  Xopomo OTOXXKEHHOTO MOJUKPUCTAUIMYECKOrO0 MeTalla IUIOTHOCTh
mucnokanuit pasHa 10°-10° cm?, mpm xomommol aeopMAalMM HA HECKOIBKO
POLEHTOB OHa BospactaeT 10 10°—10' cM™, a mpu cunbHON nedopmarmu (Ha 30—
40% u 6oxee) — mo 10''-10"% cm™.

CnenoBaTenbHO, IJIOTHOCTh JIUCIOKAMA MpU  XOJOAHOM  oOpaboTke
JaBJICHUEM MOKET BO3PACTH HA MATh-IIECTh MOPSIKOB.

[Ipu mnnactudeckoil aedopManvv BO3pacTaeT M KOHIEHTpAlLMs BaKaHCHUH,
reHepUPYEMbIX TOPOTaMH CKOJIB3SIIIMX BUHTOBBIX TUCIOKAIUH.

B nporeccax dbopmupoBaHus CTPYKTYpbI npu OT)KUTE
X0J0/IHOAC(OPMHUPOBAHHOTO MeETaJlJIa MCKIIOYUTENBHO BaXXHYIO pOJb HIparoT
pa3HOrO0 THUIMA W MPOUCXOXKACHHS JIOKAJIbHBIE HW3MEHEHHUS OpPUEHTHUPOBKU
KPUCTAJNIMYECKOW  PEIIeTKH, BO3HUKAIOIIME B  pe3yjbTaTe  IUIACTUYECKOU

nedopMarum.
350 47
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Puc. 2.2. 3aBUCMMOCTh MEXaHHUYECKUX CBOUCTB AypantoMuHa J[1 ot crenenu
oOxxatust ipu xonoHou npokarke (A.B.Tperbskos, K.M.Panguenko)
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N3meHeHne CBOWCTB MeTAJLJIA MPH X0JI0HOI 00padoTKe JaBJIeHUEM

Haknen. OObIMHO MO/ HAKIENOM IOHMMAIOT YIpPOYHEHHE TMpu 00padoTke
napieHueM. B Oonee IMIMPOKOM TOHMMAHMM HAakJIen — 3TO COBOKYMHOCTb
CTPYKTYPHBIX H3MEHEHUH U CBS3aHHBIX C HUMH HW3MEHEHUH CBOWCTB TMpuU
rIacTHYecKou nedopmanuu.

C yBenuyeHuEeM CTENEeHHU XOJIOAHOU JepopMalMy MOKa3aTeu COMPOTUBICHHUS
neOpMHUPOBAHUIO (BPEMEHHOE CONMPOTUBIICEHUE, MpPEAe]l TEKYYeCTH U TBEPAOCTD)
BO3pacTaloT, a MOKa3aTely IUIACTUYHOCTH (OTHOCUTEIBHOE YIJIUHEHUE U CYKEHHE)
nazgaiot (puc. 2.2).

[Ipu nedopmupoBanun Meramia co creneHblo aedopmanuu Oonee 50-70%
BPEMEHHOE CONPOTUBIIEHUE U TBEPJOCTh OOBIYHO yBeJIMUMBarOTCs B 1,5-2, a uHornaa
1 B 3 pasa B 3aBUCHUMOCTH OT NMPUPOJIbI METAIJIA U BUJa 00paOOTKH J1aBJICHUEM.

HeGonpmme nedopmanuu (mo 10%), kak mpaBUiio, 3HAYUTEIBHO CHUJIbHEE
BIUSIIOT Ha Tpe/ie] TEeKYy4ecTH, YeM Ha BpeMeHHoe compoTuBieHue. [Ipu Oombimx
cTeneHsax aedopmali y HEKOTOPBIX CIUIaBOB IMPeJea TEKYYECTH MOXKET BO3PaCTU B
5-8 pa3 u 6onee. OTHOCUTENBHOE YIJIMHEHUE PE3KO YMEHBIIAETCs YKe MPU CPaBHU-
TEJIHHO HEOOJNBIINX JAe(POpMaLIUSIX.

CunpHass paedopMaivs, YBEJIMYMBAIONIAs BPEMEHHOE CONPOTUBICHUE U
TBEPAOCTH B 1,52 pasa, CHMKaeT OTHOCUTENIbHOE yauHeHnue B 10—20, a uHoraa u B
3040 pa3 u 6oree.

Poct nmnokazareneii compoTuBieHUs JIeDOPMUPOBAHHUIO UM  CHUXKECHHE
nokasareyieil MIACTUYHOCTU C YBEJIMYEHHEM CTEeNeHH MpPe/IBAPUTEIHHOM XOJIOAHOM
nedopMalii MPOUCXOAAT B pe3yjibTaTe MOBBIIICHUS IUIOTHOCTH Juciokaiuil. B
HAKJICTIAaHHOM METaJlJie M3-3a TOBBIIIEHHOW IJIOTHOCTH AMCIOKALMNA 3aTpyaHEHO
CKOJIbKEHHME YK€ UMEIOLIMXCS, a TaKK€ FeHEPUPOBAHUE U CKOJBKEHUE «CBEKHUX»
JTACIIOKAIUH.

Anuzomponusa ceoiicme. CBoiicTBa X0J0AHOAe(HOPMUPOBAHHOIO METAJJIa MO
pa3HBIM HAMPABJICHUSM pa3IUYHbl. AHU30TPONHUS CBOWCTB OOYCJIOBJIEHA JBYMS
MPUYMHAMU: BOJIOKHUCTOCTBIO CTPYKTYPHI U TEKCTYpOil AedhopMaliuu.

[lo nnuHe pa3pbiBHOTO 00pasiia, BBIPE3aHHOTO IOMEPEK BOJIOKHA, YHCIIO
MEXK3EPEHHBIX TPaHMI] 3HAYUTEIHHO OOJIbIIIE, YeM B 00pasile, BBIPE3aHHOM BIOJIb
BOJIOKHA. Ha MeX3epeHHBIX IpaHUIIaX COCPENOTOUYECHBI IPUMECH U HEMETAIUINYECKUE
BKJIFOUEHMSI, HAIIPUMEDP, OKCHUJIBI.

MexaHnnyeckue CBOMCTBA MeTajula BJOJb W IONEPEK BOJOKHA pPa3HBIE.
[ToaTomy mpu KoHTpoJe TonypabpuKaToB, MOTYUYCHHBIX 00OpaOOTKOW JaBIICHHUEM,
pa3IUYalOT  «IPOAOJBHBIE» M  «IIONEpPEYHbIe» O00pa3llbl U  COOTBETCTBEHHO
«MPOJIOJIBHBIE» U «IIONEepeyHbIe» CBOMCTBA. OOBIYHO MOKA3aTeNW IJIACTUYHOCTU U
ylapHasi BA3KOCTh Ha MOIMEPEUHBIX 00pa3iiax HIKE, YeM Ha IPOJI0TIbHBIX.

Kaxnpii  KpuCTaUIMT  QHM30TPOINEH, €ro  CBOMCTBAa  3aBUCIT  OT
Kpuctaorpaduyeckoro HampamieHus. B Meranmine ¢ XaoTMUHOW OPUEHTUPOBKOM
KPUCTAJUIOB CBOMCTBA MO BCEM HAIIPABJICHUAM CTATUCTUUYECKU YCPEAHSIOTCA. Takou
MeTaJll KBa3UU30TPOIICH.
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B TexkcTypupoBaHHOM MeETaie C MNPEANOYTHTEILHOW OPUEHTHUPOBKOM
KPHUCTAJUIOB MMEIOTCS HalpaBJICHUS, BIOJb KOTOPBIX OJHU CBOWCTBA YCHUJICHBI,
npyrue ocnabsensl. [loaTomy TekcTypa negopmariuu 00yCIOBIUBAET aHU30TPOIHUIO
CBOWCTB.

N3MeHeHHEe CTPYKTYPHI IPH TOPEKPUCTAIN3ANMOHHOM OT/KUTE

XomonHass oO0paOoTKa JaBJICHHEM MPHBOJUT METaNI B HEPABHOBECHOE
cocrostHre. HaknenmaHHBI METall CTPEeMHUTCS CaMOMPOHM3BOJIBHO TEpEelTH B Ooiee
PaBHOBECHOE COCTOSIHHE.

BoccTanoBUTEIBHBIC MPOIIECCHI CBOISATCS B OCHOBHOM K YMEHBIIICHUIO OOIIETO
KOJIMYeCTBa JE(PEKTOB KPUCTAUIMYSCKONW PEIICTKH W TEpepaclpeic/icHHI0 HX B
KpUCTAJUTHTaX ¢ oOpa3oBaHHEeM OoJiee paBHOBECHBIX KOH(HUTyparuii. DTH MpOIECcCh
COBEpIIAIOTCS TyTeM IEePEeMEIICHU aTOMOB, M pCIIAIOIIee BIUSHUEC HA HHX
OKa3bIBAaCT TEMIIEpaTypa.

Y  OOJNBIIMHCTBA TPOMBIIUICHHBIX METANIOB M CIUIABOB, HCKIIFOYas
JICTKOIIABKUE, MPU KOMHATHOW TeMIIEpaType MOJABHKHOCTh aTOMOB HEJ0CTaTOYHa,
9TOOBI ~ O0OCCHEYNTh AaKTHBHOE  PA3BUTHE  BOCCTAHOBUTCIBHBIX  ITPOIIECCOB
HaKJICTIAHHOTO MaTepuaia.

YroObl YACTUYHO WM TIOJIHOCTHIO YCTPaHUTh HaKJEN 3a MPaKTHUYCCKU
MPUEMIIEMOE BPEMs, TPHUXOJHUTCS IMPOBOJWTh HArPeB — OTIKUT TOCIE XOJIOTHOM
00paboTKHU J1aBJIICHUEM.

B 3aBucuMocTH OT TeMmmepaTypbl W IPOJOJDKATEIBHOCTH OTXHTa B
X0JI0THOAC(OPMHUPOBAHHOM  METa/UIe  MPOTEKAIOT  pas3iu4yHble  CTPYKTYPHBIC
W3MCHEHUS, KOTOphIE TOApPA3AENsAI0T Ha TPOIECCHl BO3Bpara W IPOIECCHI
PEKpHCTAIA3AIIHH.

[locne HarpeBa HAaKJIECMAaHHOTO MeETala TMPH CPABHUTEIBHO HHU3KHX
TeMIiepaTypax (s MeTaioB OObIYHOW 4YMcTOTHI HIbke ~0,3T.;) mMoa CBETOBBIM
MHUKPOCKOIIOM HE HaOJII0Ia0TCS U3MEHEHHUS (OPMBI U pa3MepoB 1ePOPMUPOBAHHBIX
3epeH, He 0OHAPYKUBAIOTCS HOBHIE 3€pHA.

OnHako TakoW JOPEKPUCTAIUIM3AIMOHHBIA OT)KHT BBI3BIBACT 3aMETHOC
U3MCHCHHE HEKOTOPHIX CBOWCTB METa/la, a C IOMOIIBI0 PEHTTCHOCTPYKTYPHOTO
aHaM3a, JJICKTPOHHOH MHUKPOCKOIMH M APYTHX MPSAMBIX M KOCBEHHBIX METOJOB
(UKCUPYIOTCS U3MEHEHUS BO BHYTPEHHEM CTPOCHUU J1e(hOPMHUPOBAHHBIX 3¢PEH.

COBOKYITHOCTB JTIOOBIX CAMOIIPOU3BOJIBHBIX MPOIECCOB U3MEHEHHUS TUIOTHOCTH
u pacrpeacneHuss JaedexkToB B Ae)OPMUPOBAHHBIX KpHCTAIaX JO0 Hayaia
PEKPHCTATN3AIMH HA3BIBAIOT 8038PANOM.

DTOT coOMpaTeIbHBIM TEPMHUH, OTHOCAIIUKCS K BEChbMa pa3HbIM IO CBOEMY
MEXaHU3MY SIBJICHHSIM, HUCIIOJIB3YIOT B CBS3M C TEM, YTO HEKOTOPHIC CBOWCTBA
HAKJICTTAaHHOTO MeTa/lla TpPH JOPEKPUCTALTU3AIMOHHOM OTKUTE YaCTHYHO WIIH
MOJTHOCTHIO BO3BPAIIAIOTCS K 3HAYCHHUSIM CBOMCTB TIepe]] XOJIOAHOH AedopMaIiiei.

Ecnu Bo3BpaT mporekaeT 0e3 0O0pa3oBaHUSA W MHUTpAIlUU CyOTpaHUI] BHYTPH
neOpPMHPOBAHHBIX 3€pPEH, TO €ro Ha3BIBAIOT BO3BPATOM IIEPBOTO pPOJA, WIH
omovixom. Eciu ke Tpu BO3Bpare BHYTpU JIe(OPMUPOBAHHBIX KPHUCTAJUIMTOB
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GhOpMUPYIOTCS M MUTPUPYIOT MAJIOYTJIOBBIE TPAHUIIBI, TO €r0 Ha3bIBAIOT BO3BPATOM
BTOPOTO POJIa, UIIN NOIUSOHUIAYUEU.

Omowvix. 3HaHug O MEXaHU3Me OTJbIXa 0a3upyIOTCs TIaBHBIM 00pa3oM He Ha
NPSIMBIX CTPYKTYPHBIX HAONIOJEHUAX TMOBEAEHUs Je(PEeKTOB KpUCTAIIOB, a Ha
pe3ysbTaTax M3y4eHHs] KMHETUKH WU3MEHEHHS 3JIEKTPOCONPOTHUBIICHHMS, BBIIACICHUS
HAKOIUICHHOM MpHU HaKJIENe YHEPTUU U APYTUX KOCBEHHBIX JIAHHBIX.

CkopocTh OTABIXa MAaKCMMajbHa B HaYaJbHbIH MOMEHT U HENPEPHIBHO
YMEHBIIIAETCSI C YBEJIMYEHHUEM BPEMEHU H30TEPMHUECKON BBIAEPXKKHU (puc. 2.3).
XapakrepHasi OCOOEHHOCTh OTIbIXa — OTCYTCTBME HWHKYOAIlMOHHOTO Mepuoja.
H3MeHeHre CBOMCTB HAUMHACTCS C CAMOI'0 Hayaja OTXKUTa.

{boucmbo

Bpera

Puc. 2.3. Cxema n3zmeHeHus: GuU3NUECKUX CBOMCTB MPHU OTIbIXE

Otapix — camasi HU3KOTEMIIEpaTypHasi pa3HOBUIHOCTb CPEAU BCEX SIBICHUMU
CaMOTMPOU3BOJBLHOTO TMEpexoJa HaKJICNaHHOTO MeTamia B 0ojiee paBHOBECHOE
COCTOSIHME. OKCHEPUMEHTBHI C MEAbI0O U 30J0TOM, Je(POPMUPOBAHHBIMH TPU
TeMIepaType >KUIKOrO Telius, MOKa3adu, YTO YMEHBIIECHUE DJIEKTPOCONPOTUBICHUS
HauMHAETCA yxe npu Ttemneparype okoio -190°C. C noBellieHHEM TeMIEpaTypbl Ha
KPUBOW M3MEHEHUS DJICKTPOCONPOTUBICHHUS HUMEETCS HECKOJIbKO Teperuoos,
CBHUJIETEIBCTBYIOIIMX O PAa3HBIX CTaAUAX OT/AbIXA, PA3HbIX MEXaHU3MaX IMPOLECCOB
YMEHBIIICHUs] HAKOTIJIEHHOU MpH Je(hopMalivy SHEPTHUH.

Ilonuzonuzayua. J\ji1 XapakKTEPUCTHKU TOPEKPUCTAUIN3ALMOHHOTO OTXKUIA,
IIPY KOTOPOM 3€pHA MeTajlla NMOAPAa3IEIOTC Ha YacTH, CJIETKA pa3jIMdyaroluecs
MeXAy co0oil Mo KpucTamiorpadguyecko OpPUEHTHUPOBKE, CYIIECTBYET TOHSATHE
«BO3BpaT BTOpPOr0 poJa» B OTJIMYME OT BO3Bpara IIEpBOrO poaa, He
COIIPOBOXK/IAIOIIEr0csi 00pa3oBaHUEM CYO3EpEH.
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OOHapy>keHO, YTO U30THYTHIH MOHOKPHUCTAJI IIMHKA TIPU OTXKHUTe pa3OuBaeTcs
Ha OJIOKM, MpUYEeM KPHUBOJMHEHHAs OCh W30THYTOI'O KpHCTaula pa3OuBaeTcs Ha
OTPE3KH, SIBISIOIINECS CTOPOHAMH MHOTOYTOJIBHUKOB. JTO SIBICHUE OBLIO HA3BaHO
MOJIMTOHU3aIen (poligon — MHOTOYTOJIBHUK).

Teopuss amcrmokarnuii TO3BOJMMIA OOBSCHUTH MEXaHW3M MOJUTOHHU3AIINH.
OcTatouHblii M3ru0d KpUCTamia CBA3aH C M30BITKOM KpPAeBbIX TUCIOKAIMK OJHOTO
3Haka (puc. 2.4,a). COOTBETCTBYIOIIME WM HEIMOJHbIE BEPTUKAIbHBIE ATOMHBIC
TUTOCKOCTH, BBIXOJAIIME Ha BEPXHIOK TpaHb KPHUCTaJia, NEUCTBYIOT KaK KIHMHBS,
M3rUOArOIINe KPUCTAIII.

[Ipy omxure JUCIOKALMM OJHOTO 3HAKa I[epepacupelessiorcs |
BBICTPAaMBAIOTCSA OJHA HaJ Jpyroil B creHku (puc. 2.4,0). [Ipu sTom moxa oOaacThio
pa3pekeHusi OT OJHOW JHMCIOKAIIMH OKa3bIBACTCA O0JIACTh CTYHICHHUS OT JIPYTrou
JAUCIOKAIINK, W TIONIs YNPYTUX HANpsOKEHUH AWCIOKAIMi B 3HAYMTEIHLHOM Mepe
B3aMMHO KOMIICHCUPYIOTCS.

CreHka W3 JUCIIOKAIlMi OJHOTO 3HAaKa SIBJISETCS MaJOYTJIOBOW T'paHHICH,
pasfensiomel cocelHue cyO3epHa C HEOONBIIOW Pa3OpPUEHTHUPOBKOM pEHIETOK.
Takum oOpa3om, mpu BO3BpaTe CyO3epHa BO3HHUKAIOT BCIEICTBUE BBICTpAUBAHUS
JVCIIOKAINI B CTEHKH — MQJIOYTJIOBbIE TPAHMIIBI.

TemmepaTypa oT)KuTa AJI TOJIWTOHHU3AIMH JODKHA OBITH BBINIE, YEM TOJIBKO
IUTSL OT/IBIXA.

A I o L o L

HHHHH -

@*5

Puc. 2.4. CxeMa NOAUTOHU3ALNN: & — XAOTUYHOE PACTPEICICHUE KPAEBbIX
JAUCIIOKAIMi B U30THYTOM KpHUCTaJuIe; O — CTEHKU U3 AUCIOKALMH Iociie
MOJINTOHU3AIUN

Cy03epHa, 00pa3oBaBIIKecs MPU MOJUTOHU3AIUU, C YBETUYEHUEM BPEMEHU U
MOBBIIIICHUEM TEMIIEPATyPhl OT)KUTa CTPEMSITCS YKPYITHUTHCS.

ATOMBI TIpUMeceil TOPMO3AT MOJMIOHHU3ALMI0 U3-3a o0pa3zoBaHMs aTMochep
Korrpenna, 3arpynHsarommx mnepepacnpenenenue auciokanuil. [lpu onunHakoBoi
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TeMIepaType OTKHUra 0oJiee YMCTHII MeTal IMOJIMIOHU3YETCS 3a 0osee KOPOTKOE
BpeMs.

IlepBuuHas pekpucTANIN3ANNA (PEKPUCTAIIA3ANUA 00PA0OOTKH)

Hauunnas c OTIPEICIICHHON TeMIEPaTypHl, npu OTXKHTE
XOJOAHOAE(OPMUPOBAHHOTO  METaJJla  MPOUCXOMASIT  CHUJIbHBIE  W3MEHEHHS
MUKPOCTPYKTYPHI, KOTOPBIC OTHOCSITCS K  IpoIieccy, Ha3bIBAEMOMY
pEKpUCTAILTU3AINEH.

Hapsiny ¢ BBITSAHYTBIMH 1€(OPMUPOBAHHBIMH 3€pHAMU Ja)Ke MpPU HEOONbIINX
YBEJIMUEHUSX CBETOBOTO MHKPOCKONA MOXHO Pa3IU4UTh HOBbIE, 00Jiee WM MEHee
PaBHOOCHBIE PEKPHUCTAJUIM30BaHHbIE 3epHa. [lo Mepe yBenuyeHuss BpEMEHU WIH
TeMIlepaTypbl OTXKUTa IUIOMIaAb HUIMda, 3aHsATas HOBBIMHU 3€pHAMH, BO3PACTAeT, a
cTapble 1e(OpMHUPOBAHHBIEC 3€PHA MOCTEIIEHHO UCYE3al0T.

PeHnTreHoBckUl aHanmu3, a MO3JHEE OJJIEKTPOHHAS MHKPOCKOMUS (POJIbr
MOKa3aJid, 4YTO HOBBIE PABHOOCHBIE 3€pHA OTIMYAIOTCS OT CTapbIX BBITAHYTHIX 3€pEH
nehopMHPOBAHHON MATPUILIbI HE TOJIBKO (POPMOI, HO M, YTO TOpa3/lo BaxkHee, Ooiiee
COBEpIIEHHBIM BHYTPEHHHUM CTPOCHHMEM, PE3KO MMOHMWKEHHOM IUIOTHOCTHIO
aucinokanuii. Ecnv mIoTHOCTh AMCIOKaMi B CHIIBHOJE()OPMUPOBAHHOM MeTajlie
cocramser 10''-10"* cM?, TO mOCHE HPOXOXKACHHS PEKPHCTATIHM3ALME OHA
camkaercs 10 10°-10° em™.

B omnuume OT MOJIUTOHM30BaHHOW CTPYKTYpBI, KOTOpas Takxke Oosee
COBeplleHHa, dYeM JAedOopMHUpOBaHHAs MAaTpUIA, PEKPUCTAIUIM30BAHHbBIE 3€pHA
OTJEJeHbl OT MaTpHIbl HE MAaJIOYIJIOBBIMHM, Kak Cy03epHa, a BBICOKOYIJIOBBIMU
rpaHUuLlaMH. DTO pa3indyue UMEET MPUHIUITUATIBLHOE 3HAUCHHE.

bnaronaps ObICcTpOi MUTPALIH BBICOKOYTJIOBBIX IpaHull
PEKPUCTAITU30BAHHBIC 3€PHA HHTEHCUBHO «I10EAAI0T» 1e(POPMUPOBAHHYIO MATPUILY.
Cy0O3epHa Ha cTaauu MNOJUTOHU3AIMU HMEIOT OpPUEHTALUI0 Je()OpPMUPOBAHHOIO
KPUCTAJNINTA, a POCT PEKPUCTAJUIM30BAHHOTO 3€pHA, OKPYKEHHOTO BBICOKOYTJIOBOM
IpaHULIE, MOXET ObITh CBA3aH C CUJIBHON IEpEeOpUEHTALMEH KpUCTAIUTMYECKOU
PEIIETKH.

OO6pa3zoBaHue U pOCT 3€peH ¢ 0oJiee COBEPIICHHON CTPYKTYPOU, OKPY>KEHHBIX
BBICOKOYTJIOBBIMU TPAaHULIAMHU, 32 CYET UCXOJIHBIX 1e(hOPMUPOBAHHBIX 3€PEH TOM Ke
(da3bl Ha3bIBAIOT MEPEUYHOU PpeKpucmaniu3ayueil Wil peKpucmaniusayuerl
oopabomku.

[Ipu ananu3e KUHETUKHU MEPBUYHOM PEKPUCTAJUIM3ALUU ONEPUPYIOT TEMH XKe
napamMeTpaMM, 4YTO U B KHUHETHKE (a30BbIX MpPEBpallleHH, a UMEHHO CKOPOCTHIO
3apOXKJICHUS LEHTPOB PEKpUCTAIIU3AIUN (aT0 YHCIIO0 LEHTPOB
PEKPUCTAINIM30BAHHBIX 3€PEH, BO3HUKAIOIIMX B EAUMHUILY BPEMEHH B EIUHUIIC
o0beMa) M JMHEHHOW CKOPOCTBhIO pOCTa 3E€PEH, T.€. CKOPOCThbIO IepeMeleHUs
rpanuiibl 3epHa. C pocToM TeMneparypbl 00a 3TH apameTpa yBEeIUUHBaIOTCS.

['maBHBIM B MeXaHU3M€ 3apOKICHHSI PEKPUCTAUIM30BAHHBIX 3€PEH B JIFOOBIX
Marepualiax M B JIIOOBIX YCIOBHUSIX SBISETCS (HOPMUPOBAHUE OKPYKEHHOI'O
BBICOKOYTJIOBBIMU T'PAHUIIAMH YYACTKa C BHICOKUM CTPYKTYPHBIM COBEPIIEHCTBOM.
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B 3aBucumMoctu ot 0coO0eHHOCTEN CTpOEHUSI Ae(OPMUPOBAHHOTO MaTepuaia u
MPOLIECCOB BO3BpaTa, MPOTEKAIOUIEr0 Ha HAayaldbHBIX CTAIUAX OTKUIa, KOHKPETHBIC
MECTa M MEXaHU3Mbl 3apOXKJEHHUS LIEHTPOB PEKPUCTAIIM3ALMNK ObIBAIOT BeChMa
pa3HbIMU. LIeHTpbl pekpucTaiiu3alud MOTYT MOSBISATHCA: a) HEMOCPEIACTBEHHO Ha
rpaHuliax 3epeH AedOpMHPOBAHHOIO Marepuana M 0) BHYTpH 3€peH B ydacTKax
CHWJIBHOT'O JIOKAJIbHOTO U3MEHEHUSI OPUEHTHUPOBKH PELIETKH.

[Ipu pa3paboTke pPEKUMOB TEPMUUYECKOM OOpaOOTKM U ISl JPYrux Ueneu
HEOOXOIUMO  yMETh OJKCHEPUMEHTAIBHO  (UKCUPOBATH HAyajao  MOSBICHUSA
PEKPUCTAIITU30BAHHBIX 3€PEH CPABHUTENIBHO MPOCTHIM METOJIOM.

[Ipu pemenun OONBIIMHCTBA TNPUKIAAHBIX 3a7a4 YCIOBHOE HAydajo
PEKPUCTATM3AIMKN  ONPENENSIIOT € TMOMOLIBI0 CBETOBOM MHUKPOCKONHUHU IO
MOSIBJICHUIO TEPBbIX, OOBIYHO 00Jiee CBETJIBIX PaBHOOCHBIX 3€peH Ha (poHe cuiibHee
TpaBsinieicss AeOpMHUPOBAHHON MAaTPHUIl WM PEHTTEHOBCKMM METOJOM TIO
MOSIBJICHUIO TOYEYHBIX MATEH («YKOJOBY») Ha pa3MbIThIX HMHTEP(EPEHINOHHBIX
JUHUSX peHTreHorpammbl. Kaknoe Takoe MATHO COOTBETCTBYET OTPAXKEHUIO
PEHTT€HOBCKUX JTyuel OT peKpUCTAJUIM30BAHHOTO 3€pHA Pa3MEPOM 2-5 MKM.

CBeToBasi MUKpPOCKOINUSI HAJIEKHO BBISBISET PEKPUCTAIIM30BAHHBIE 3€pHA
nocyie JocTHkeHuss umu pasmepa 10-50 mxm. MHornma Havano pekpuCTaIM3aluu
ONpEENSIOT 10 Hayajdy HWHTEHCHUBHOIO TMAJEHUs TBEPIOCTH WU BPEMEHHOIO
conmpoTuBieHus. TemmnepaTypa TMOSBICHUS PEKPUCTAUIM30BAHHBIX 3€pEH, T.€.
Temrepatypa Hadaja pexkpuctaumzauud  (Tpeq), HE ABIsgeTCS  (PU3MYECKOH
KOHCTaHTOM, TaKOW KaK TOYKA IJIABJICHUS.

1 8MIE0aTIL T HIHAT
DEKOUCTIAUS

o

g

Limenems GegooMa il

Puc. 2.5. Bausinue ctenenu aedopManuu Ha TeMIepaTypy Hadaia
PEKpUCTAIUIU3 AN

B ornauume ot TemmepaTypbl ()a3oBOro paBHOBECHS TeMIlepaTypa Haudaja
PEKPUCTAITU3AIMHN 3aBUCUT OT BPEMEHHU OTKura. Eciu Bpemsi OT)KHMra COCTaBIISIET
1000 munH, TO mpu 325, 350 m 370°C nepBuYHAs PEKPUCTAIIM3ALMUS YCHEBAET
MIOJIHOCTBIO 3aKOHYUThCS, a npu 310°C oHa eme Tonapko HaunHaeTcs. [Ipu BpeMeHu
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omkura 10 MuH Haudano pekpuctaumzanuu duxkcupyercs npu 370°C, a npu Gosee
HU3KUX TEMIIEpaTypax HOBBIC 3epHA HE OOHAPYKUBAIOTCS.

Hpyroit  Qakrtop, CWIbHO  BIMSIOIMA Ha  TeMIepaTypy  Hayaia
peKpUCTAIIU3AaIMM — CcTeneHb Jaedopmaruu npu  oOpaboTtke napieHuemM. C
yBEJIMYEHUEM CcTerneHu jaedopMmalid TemIepaTypa Hadajga peKpUCTaUIM3aluu
camkaercs (puc. 2.5). OObAcCHSETCS O3TO TEM, YTO C YBEIMYCHUEM CTEICHH
nedopManui pacTyT IUIOTHOCTb JUCIOKAIIMM M DSHEPrusi, HAKOIUICHHAs TIpH
nedopMaiu, T.€. BO3pacTaeT TePMOJIUHAMUYECKUI CTUMYIT PEKPUCTATUTH3AIIHIH.

Tak kak TUIOTHOCTH MAMCJIOKAIMA €, COOTBETCTBEHHO, HAKOIUICHHAs MpHU
nedopMaluy YHEPTUs C YBEIWYECHUEM CTENEeHU JedopMaliuu pacTyT C 3aTyXaHHEM,
TO W TeMIlepaTypa Hauajla PeKPUCTAIIIN3AIMN CHUKACTCS MPU YBEIUYECHUH CTCTICHU
nedopManuu ¢ 3aTyXaHWeM, JOCTHrasl OIpEeeJCHHOTrO IMpeaeia Npu JTaHHOM
BpeMeHH oTxkura (puc. 2.5).

Mexay TemIepaTypHbIM TOPOTOM PEKPUCTAUTM3AlMK U TEMIIEpaTypoit
IJIABJICHUS METaUIOB  HMMEETCSl IPOCTOE  COOTHOIICHHUE: PEeKpUCTALIU3AIUS
HAYWHACTCSI TIPU TEeMIepaType, COCTaBIISIIONICH OJMHAKOBYIO IS BCEX METAJUIOB
JIOJIEO OT TeMIEPaTyphl TUIABICHUS MO a0COMIOTHOM ITKaJie, a8 UMEHHO

Tperp = (0,3-0,4) T, .

Koaddumuent 0,3-0,4 B 3T0#1 hopmysie OTHOCUTCS K METaJIaM CPAaBHUTEIBHO
BBICOKOW TEXHMUYECKON YHUCTOTHI (0K0JIO 99,99%). [yt 0co00 YHCTHIX METaJIOB
Tperp = (0,25-0,3) Ty

Hanpumep, MOXHO OLIEHUTh TEMIIEpATypy Hauajga peKpUCTAJUIM3alUK CBUHIIA:

(327+273)-0,4 — 273=-33°C..

N3menvuenue ncxomaHoro (1o nedopmainuiu) 3epHa MPUBOIUT K MOHUKEHUIO
TeMIlepaTypbl Hayaja peKpUcTalIM3alluu, TaK Kak B 0ojiee MEIKO3EpHUCTOM
MeTasuie OoJbllle cyMMapHas IJIOIIalb BBICOKOYTJIOBBIX T'PaHUIL, TJI€ 3apOKIAI0TCA
IEHTPBI PEKPUCTATUIM3ALINH, U OOJIbIIIe HAKOIUICHHAS TIpH AehopMallii SHEPTHsl.

Pexpucrannu3oBaHHbie 3epHA PACTYT MyTeM OBICTPON MUTpPAIIMU WX TPAHUIl B
CTOpOHY Ae(hOpPMUPOBAHHON MAaTPHUIIbL. JIBIKYIIEH CHUIION TaKOW MUTPAIUU SIBISETCS
Pa3HOCTh B YIPYrod SHEPTHHU KPUCTAIIIIOB 110 00€ CTOPOHBI OT TPAHUIIBI U3-32 Pa3HOMN
IJIOTHOCTH JUCTOKanui. B oTiaudyue oTr coOupaTesbHOM peKpUCTALIU3ALUA TIPU
MEPBUYHON PEKPUCTAIUIM3ALMU TPAHULIA 3€PHA MUTPUPYET B CTOPOHY OT LIEHTpa
KPUBU3HBI.

Murpanunio BBICOKOYTJIOBOM TPaHHUIbl IIPA PEKPUCTATUIM3ALUU  MOKHO
paccMaTpuBaTh KaK  pe3yJibTar VHIUBUIYaJIbHOTO 1581051 TPYIIIOBOTO
HEYMOPSJOUYEHHOTO  TIepexoja aToOMOB  OT  JeopMUpPOBaHHOrO 3€pHa K
PEKPUCTAIITU30BAaHHOMY. ATOMBI TI0 00€ CTOPOHBI OT T'PAHUIILI IPU KOJIeOATEIHHOM
JIBUKCHUU BPEMs OT BPEMEHM OTPBIBAIOTCS OT OJHOIO 3€pHA U MPUCOEHUHSIOTCI K
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apyromy. Takoil MexaHu3smM 1o cBoei mpupoge — JIuPy3HMOHHBIN (UAET
HarpaBiieHHas caMoiu(y3usi aTOMOB MEPIECHIUKYISIPHO TPAHUIIE).

CobOuparenbHasi peKPUCTAIIN3ANUA

[lo OKOHYaHMHM TIEPBUYHOW  PEKPUCTAIUIM3AIlMH, KOTJa  HCYE3al0T
neOpMHpPOBAaHHBIC 3€pHA, CTPYKTypa OCTAcTCS HECTAOWIBHOW H3-3a Pa3BUTOU
MOBEPXHOCTH TPaAHUIl PEKPUCTAIIM30BAHHBIX 3€PEH M HEYPABHOBCIICHHOCTH
MOBEPXHOCTHOTO HATSDKCHHS Ha 3TUX TPaHHUIIAX.

B peanbHOM MeTalie MpU MEPBUYHON PEKPUCTAUIM3AIMU 3EpPHA TMPUXOIAT B
CONPUKOCHOBEHHE MEXIy COOOH B pa3Hble MOMEHTHI BPEMEHH B pPa3HBIX TOYKax
CBOCH TOBEPXHOCTH, M IO OKOHYAHWUHU TIEPBUYHOW PEKPUCTAUIM3AIUN OHU HMEIOT
HETMPaBWIBHYIO (OPMY, Pa3HbIC pa3MepPbl U pa3HOE YUCIIO TPaHCH.

B mmockoit Mmojienu Takue 3epHa H300paXkaroTCs MHOTOYTOJIbHUKAMH C Pa3HBIM
YUCJIOM CTOPOH, Hampumep, 3, 4, 6, 10, 50 u T.14. (puc. 2.6).

50 \

4 #

A

U

Puc. 2.6. [Inockast Mozenp CTpOEHUS METaJlIA U3 3€PEH C Pa3HbIM YUCIIOM
rpaHull (CTPENKH YKa3bIBalOT HAIIPABJICHUE MUTPALIMH TPAHMUII)

BropuyHas pekpucTajan3anus
[Ipu cobuparenbHON pEKpPUCTAIIM3ALKUM 3€pHA YKPYHHSIOTCA Ooljiee WM
MEHEE PAaBHOMEPHO M METAaI MOXKHO XapaKTEPU30BaTh OJJHUM CPEIHUM 3HAYECHHEM
pa3Mepa 3epHa. Takol poCT 3€peH HA3bIBAETCS HOPMAJIbHbBIM.
B omnpeneneHHBIX YCIOBUSAX TMOCIE OTKHUra OOHApYXHMBAaeTCs CTPYKTYpa,
COCTOSIIIIAasi U3 MHOXKECTBA CPABHUTEJIBLHO MEJKUX 3€PEH MPUMEPHO OJMHAKOBOTO
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pa3Mepa ¥ ropa3fo MEHBLIErO0 YMCJIa OYEHb KPYNHBIX, MHOTJA TMTAaHTCKUX 3€PEH,
JOCTUTAIOLIUX pa3Mepa B HECKOJIBKO CAHTUMETPOB (puc. 2.7).

Takast cTpykTypa BO3HHMKA€T B pe€3yJbTaTe HEPABHOMEPHOTO pOCTa 3€pHA,
HA3bIBAEMOTI'0 BTOPUYHOM peKpUcCTaUIM3alueli: OOJIBIIMHCTBO 3€PEeH YKPYIHSETCS
OYEHb MEIJIEHHO WJIM NpPaKTUYEeCKH BOOOIIE HE pacTeT, a OTACJIbHbIE 3€pHA
BBIPACTAIOT 10 OOJBIINX PA3MEPOB, «IOEAas» CBOE MEIKO3EPHUCTOE OKPYKEHUE.

BropuyHnas pekpucTaiiM3alys HAYMHAETCS C ONPENCIICHHOW TeMmIepaTyphl,
HUKE  KOTOpPOM  BO3MOXHA  TOJIBKO  OY€Hb  MEHJIEeHHas  coOuparenbHas
PEKpUCTAIIIIU3 AU

[Ipu Temmnepatype 925°C 3a Bpems 1 4, mpeBbllIaroniee MHKYOAIIMOHHBIN
IIEpUOJ] BTOPUYHON PEKPUCTAIUIN3ALNUN, PAa3MEpP OTACIBbHBIX 3€PEH YBEIMYHBACTCS
npuMepHo B 50 pa3, gocturas BennuuHbl 10 MM. OCHOBHas k€ mMacca 3€peH NpH
925°C coxpanser pazmep okoJio 0,02 mm.

Puc. 2.7. T'panuna Mexay MEJIKHMH 3€pHAMH ¥ KPYITHBIM 3€PHOM,
00pa30BaBIIMMCS B IIMHKE B PE3yJIbTATE BTOPUYHON PEKPUCTAILIN3AINH BO BPEMS
omkura rpu 200°C. x60 (Bypke)

Pa3mep pekpuCTANIN30BAHHOIO 3€PHA

Pa3mep pexkpucTamiin30BaHHOTO 3€pHAa — OJJHA U3 BAXKHEWILINX XapaKTEPUCTUK
OTOXOKEHHOTO MeTaslia.

Bpems oTxwura, kak MpaBUJIO, MPEBBIIMIAET MPOJOJKUTEILHOCTh MEPBUYHOMN
pexpuctamuzanuu. [loaromy Ha pa3mep 3epHa OTOXOKEHHOIO MeTalljia BIUSIOT BCE
Te (PaKTOphl, KOTOpPBHIE CKAa3bIBAIOTCS M Ha MEPBUYHON, M Ha COOHMpaTEIbLHOU
PEKPUCTAITU3AIIH.

Pa3mep 3epHa K MOMEHTY OKOHYAHUS MEPBUYHOMN PEKpUCTATUIM3ALUU 3aBUCUT
OT COOTHOILLECHHS CKOPOCHIU 3APONCOEHUA UEHMPOE KPUCTAIUIN3ALNNA U JUHEIHOU
CKOpocmu pocma 3epeH.

Yem OGosibliie CKOPOCTH 3apOKIACHUS LIEHTPOB M MEHbIIE JIMHEHHAas CKOPOCTh
pocTta, TeM MeJb4€ TMOJy4yaeTcss 3€pHO K MOMEHTY OKOHYaHUs MEepPBUYHOM
PEKPUCTAILTU3AIMH, U HA00O0POT.

[locie OKOHYaHUS NEPBUYHOM PEKPUCTAUIM3AIMU 3€pHA YKPYIHSIOTCS
BCJIEACTBUE cOOMpaTeNbHOM pekpucTam3anud. [103ToMy Ha KOHEUYHBIM pa3mep
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3epHa BIIMAET TAKXE JUHEIHasi CKOPOCTh POCTa KPUCTAJUIUTOB MPHU cOOUpaTEIbHOM
PEKPUCTAIIIU3ALUY.

K ocHoBHbIM  (¢akTOopam,  BIMAIONIMM  Ha  KOHEYHBIH  pa3mep
PEKPUCTAITIM30BAHHOIO 3€pHA, OTHOCSTCS TEMIEpaTypa W BpPEMs OTXKWra, CTEIICHb
nedopmaliu, XuMUIeCKUid U (pa3oBbIiA COCTaBBI CILIABA.

Bauanue cmenenu depopmayuu. VICKIIOUNTENBHO CUJIBHO HA pa3Mep 3€pHa B
MOMEHT OKOHYaHUSl NEPBUYHONW PEKPUCTAIUIM3ALMK BIUAET CTENEHb AepopMaluu
(puc. 2.8).

Tak Kak MPONOIKUTENBHOCTh OTKHUTAa OOBIYHO TPEBHIIIACT JAJIUTEIBHOCTD
NEPBUYHON pPEKpPUCTAIM3AaLUMU, TO Tpaduku, MOAOOHBIE MPEACTaBICHHOMY Ha
puc. 2.8, oroOpa)kaloT BIUSAHHE CTENECHH JepopMallid Ha KOHEUHBIN pa3mep 3epHa,
MOJIyYCHHBIA TIocne coOupaTelnbHOM pekpuctamzauud. llocnenuss — auib
YKPYIHSAET 3€pHO M KAYECTBEHHO HE MEHSAET XapakTepa 3aBHCHUMOCTH pa3Mmepa
KPUCTAJUNIMTOB OT CTENeHUu JedopManvd B MOMEHT OKOHYAHMS MEPBUYHOU
pPEKpUCTAUIN3ALIMH.

FaMen 360H0
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Puc. 2.8. BnusiHue crenenu aedopManuy Ha pa3Mep 3epHa, OJyYSHHOTO TIPH
HOCIIEYIOIIEM OTXKUIe IIPH JBYX TEMIIEPATYpPaXx ti, ty; £q— KPUTHYECKAs! CTEIIECHD
nedopmanuu



[Ipu cpaBHUTENBHO HEOOJNBIION KpuTHUYECKON nedopmaruu (00b4HO OT 1 110
15%) npu oTkHUre BbIpacTaeT OYE€Hb KPYMHOE 3€pHO, HHOTJA JOCTHUTaloIlee
HECKOJBKUX CAHTUMETPOB. MexaHu3M 00pa3oBaHMsl KPYMHOIO 3€pHa IpHU
KpUTUYECKOH fedopMaliii KaueCTBEHHO OTIUYEH OT MEXaHU3Ma PEeKpUCTAIIN3aALUN
B 3aKPUTHYECKON 00J1acTH, T. €. pu 0oJiee BBICOKUX CTENEHIX AedhopMaliiu.

CTpyKTypHble M3MEHEHHs NpU OTKHUre AeHOPMHUPOBAHHOIO MeETajlia IMOCie
KpuUTHUYecKoil nedopmaiuu U OJNM3KUX K HEW J0- U 3aKpUTHUECKHX JedopManuii
COCTOSIT B CJEAYIOLIEM.

[Ipu  omxure mociie  JOKPUTHYECKUX  JAepopMaluid  MPOUCXOAUT
MOJINTOHMU3AIMSA, & TAKXKE MePEMEIIEHUE BEICOKOYTIJIOBBIX TPaHUI] 1€(pOPMUPOBAHHBIX
3epeH Ha HeOOJIbLINE PACCTOSIHUS, COCTABJISIONIME BCETO JIUIIb COThIE-IECATHIE TOJIU
pa3mMepa 3epeH.

C yBenuueHueM cTeneHu AedopMalvy B JOKPUTHUECKONW 00JaCTH BO3pAcTaeT
HEOJHOPOJHOCTH HaKJIena pa3HbIX 3€pPeH.

Kputnyeckas crenens aedopmanud COOTBETCTBYET COCTOSIHMIO, KOT/a 3Ta
HEOJHOPOJHOCTh CTAHOBUTCS CTOJIb OOJBIION, YTO M3-3a PA3HOCTH B HAKOIUICHHOW
00BEeMHOM SHepruu (MIOTHOCTU AMCIOKALMNA) COCEHUX 3€pEH MpU HArpeBe HJIET
ObICTpasi MUrpalusi OTACIbHBIX IPAHUI] Ha PACCTOSHUSA, COU3MEPUMBIE C pa3MepoOM
3epeH, T. €. OTJEJIbHbIE HMCXOJHbIE 3€pHA PACTYT 3a CYET COCEAHHUX, HECKOJbKO
CUJIbHEE HAKJIETTaHHBIX 3€PEH.

OO61mast TIOTHOCTh AMCIOKAMK M M30BITOK JUCIOKALMK OJHOTO 3HaKa IpH
KpUTUYECKON Jedopmaliii elie HeJAO0CTAaTOYHbI, 4TOOBl BBI3BATH MPHU HArpeBe
oOpa3oBaHHE HOBBIX  BBICOKOYIJIOBBIX TpaHUI] M  LIEHTPOB  IEPBUYHOU
PEKPUCTAITU3AIIH.

CrnenoBatenibHO, MPU OTXKUTE TIOCTE KPUTUUYECKOH JepopMaluy mpoTeKaeT He
NepBUYHAs  peKpUcTauiM3alus, a OJHU ciabogedopMHpOBaHHbIE  3€pHA
YKPYIHSAIOTCS 33 CUET APYruX AeOpMHUPOBAHHBIX 3€pEH, IPUUEM JABUKYILIEH CUION
TaKOW pPEKpUCTAJUIM3ALMU SBISETCS Pa3sHOCTh B OOBEMHON SHEPIHMM HEOJMHAKOBO
nehOpMUPOBAHHBIX COCEAHUX 3EPEH.

B o6mactu pnaneko 3akpuUTHUECKUX JAedopManuii  00IIas IUIOTHOCTb
JUCIOKAIMM W U30BITOK JTUCIOKAIMNA OJHOTO 3HaKa HACTOIBKO BEJIMKH, YTO MpHU
omkure  ObIcTpo  oOpasyercss  OOJbIIIOE  YHCJIO  IICHTPOB  MEPBUYHOM
PEKPUCTAITU3AINH, KOTOPasi 0XBAaThIBAET BECh 00BHEM METaIlNIA.

[Ipu omxure nocne nedopmanuii, HEHAMHOTO MPEBBIMIAIOIINX KPUTHUECKYIO,
KOrJIa YHWCJIO LIEHTPOB TNEPBUYHOM pEKpUCTAJUIM3ALMK €HIe OYeHb Mallo,
KOHKYPHUPYIOT JBa MpOIecca: YKpPYIHEHUE 3€pEH BCIEICTBUE MUTPALMU UCXOIHBIX
IPaHUIl U POCT HOBBIX 3€PEH U3 LIEHTPOB MEPBUYHON pekpuctammzauuu. Bropoii
npolecc MPUBOJUT K TOMY, YTO CPEIHUM pa3Mep 3epeH MOJIydaeTcs MEHbIIE, YeM
IIPU OTXKUTE MOCIe KPUTHUECKOU epopmanuu.

C mnoBbllIeHHEM TeMIepatypbl nedopMupoBanus KpuTHueckas nedopmarius,
BBISIBIISiEMas MpH TMOCIEAYIOIEeM OTXure, Bo3pactaeT. I[lpu 0Oornee BBICOKHX
temreparypax jaedopmMupoBaHus TpeOyeTcsi Oosbliee o00kaThe, YTOOBI JOCTUYD
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HEOOXOAMMON HEOJHOPOAHOCTH HAKJIENa COCEJHUX 3€PEH, TaK KaK YK€ BO BpeMs
camoro Je(popMHUpPOBAHUS TPOUCXOIUT BO3BPAT, YACTUYHO YCTPAHAIONINI HAKIIe.
Huazpammor pekpucmannuzayuu. 3aBUCUMOCTb pa3Mepa 3€pHa OT BCeEX
PacCMOTPEHHBIX BbIIIE (PAKTOPOB HEBO3MOXKHO H300pa3uTh rpaduyeckd B BUC
ofHOW  guarpamMmbl.  JloBOJIBHO  0OJBIIOE  PACIPOCTPaHEHHE  MOIYUYWIH
MIPOCTPAHCTBEHHBIE JTUAarpaMMbl PEKPUCTAIU3AIMY, MMOKA3bIBAIOIIUE 3aBHCUMOCTD
pa3Mepa 3epHa MeTalla WM CIUlaBa OT CTENeHW AedopMaluud U TeMIepaTyphl
OTXKUTa TIPU ONPENIEICHHOM BPEMEHHU BBIIEPKKHU (pHUC. 2.9). DTU nuarpammsbl JaioT

BO3MOXXHOCTh B CaMOM II€pBOM MNPUOIMKEHUH BbIOPATh PEXKHUM OTXKHUra s
MIOJIyYEHHUS JKEJIaTeIbHOW CTPYKTYPHI.
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Puc. 2.9. JlnarpamMmma pexkpuCTaIIIU3alUU SJIEKTPOTUTUYECKOTO Keyesa.
Hcxoanas o0paboTKa: KoBKa 1 oTkHMI 11pu 930°C; okoHYaTenbpHas 00paboTKa:
XoJoaHoe ocaxkuBanue u oTxur 1 1 (O6eproddep, Optenn)

Ha HmwxHell TOpU30HTANIbHOW IUIOCKOCTH JAHAarpaMMbl pEKpUCTAILIM3AIUU
4acTO MPUBOMAST KPUBYIO 3aBUCUMOCTH TEMIEpPATyphl Hayalla peKpUCTAIU3AlUU OT
cTerneHu aegopManuu (IyHKTUP HA puc. 2.9).

[Tonb3ysich AMarpaMMaMu peKpUCTaIU3alui, HEOOX0IUMO CTPOr0 YUUTHIBATh
T€ YCJOBHS, NMPU KOTOPBIX OHU MOJYYEHbI, a UMEHHO: BpEMs OTIKUTa; COJIepKaHHe
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MpUMECEH; UCXOHBIN pa3Mep 3epHa; CKOPOCTh HArpeBa MpPH OTKUTE; BUJ 00padOTKU
JABJICHUEM U JIP.

[ToaToMy KaxkIyr0 AuarpaMmy pPEKpUCTAILIM3ALUU CIEAYET COMPOBOXKIATh
NOJAPOOHBIMU CBEICHUSIMU 00 MCXOJHOM COCTOSSHUM W OKOHYATeJIbHOW 00paboTKe
Metaia. Tak kak BechbMa HeOoJblIME KOJeOaHUs B COAEPKaHUU NIPUMECEH, a TakKe
pa3nuYHbIe HEy4UThbIBaeMble (DAKTOPhl CYIIECTBEHHO CKa3bIBAIOTCS Ha pa3Mepe
36pHa, TO OTO B 3HAYMUTEIIBHOM MEpPE CHUXKAET ULEHHOCTh JHarpaMm
PEKPUCTAIIIM3ALUN KaK KOJIMYECTBEHHBIX XapaKTEPUCTUK METAILIA.

OTH nuarpaMmsbl JArOT CKOpEE MOJYKOJINYECTBEHHBIE JAHHBIE, MMO3BOJISIIOLINE
OpPUEHTUPOBATHCS B TOM, KaK CTENEHb Je(opMaluu U TeMIlepaTypa OTKUTa BIUSIOT
Ha pa3Mep 3epHa METaJljla UK CIUIaBa.

Pasnoszepnucmoie cmpykmypuor. Ilociie peKpUCTaUIM3aLIMOHHOIO OTXKUTa B
pa3HbIX y4YacTKax M3JEIHs 3€pHO MOXET OBbITh MPUMEPHO OJIMHAKOBBIM IO pa3Mepy
(HampuMep, TOJIBKO MEJIKUM WM TOJbKO KPYIHBIM), HO MOXET HaOMIoAaThCs U
HE)KeJlaTellbHasl Pa3HO3EpHUCTOCTh. OCHOBHBIE €€ (POPMBL:

1) paBHOMEpHasi pa3HO3EPHUCTOCTh — 3aKOHOMEPHOE YEPENOBAHUE 10 BCEMY
00BEMY KPYITHBIX U MEJIKHX 3€PEH;

2) 30HalbHAs pa3HO3EPHUCTOCTh — PACMOJIOKEHHWE KPYIHBIX 3€peH B
OINPEIECIICHHBIX 30HAX U3JEIINs;

3) cTpodeuHas Pa3HO3EPHUCTOCTb — BBITAHYTOCTh KPYIHBIX 3€pE€H, OOBIUYHO
BJI0JIb HaIlpaBJIEHUs TJIaBHOMU Jedhopmalii;

4) ocTpOBHas pa3HO3EPHUCTOCTh — IPYMIBI OUEHb KPYIHBIX HJIM OUEHb MEJIKUX
3epeH, HE3aKOHOMEPHO PaCIpeleIeHHbIE 10 00BEMY U3IEIHSL.

[Ipy4nHbBI U yCIOBUS MOSBICHUSI Pa3HO3EPHUCTOCTH BECbMa MHOTO0OOpa3Hbl U
MOT'YT pPa3jIM4aTbCs JAaXe B CIIydyae OJHOIO THUIlA PA3HO3EPHUCTOCTH B pPa3HBIX
CIUIaBaX U U3JACIIHX.

Pasnomepnas  pasnozepnucmocms  MOXKET  BO3HMKHYTH Ha  CTaguu
HE3aBEPIICHHON BTOPUYHON PEKPUCTATUIU3ALUU.

CtpoueyHoe pacrmoJIOKEHUE AMCIEPCHBIX YacTull B J1e(OpMUPOBAHHOM
15631 (17071 MOXET BBI3BAaTh CMPOYEUHYIO PA3HO3EPHUCTOCTb npu
PEKPUCTAIUIN3ALIUOHHOM OTXKUTE.

3OoHaJIIbHAS JIMKBallMsl B CIWTKE MPUBOJAUT K MAaKPOHEOJHOPOIHOCTH IIO
XUMHYECKOMY COCTaBy B JAe(OpPMHUPOBAHHOM H3JEIHU, M B Yy4acTKax pa3zHOIo
cocTaBa C pa3HOW CKOpPOCTBbIO HUAYT IMEepBUYHAsA, coOuWpaTenabHass W BTOpPHUYHAA
PEKPUCTAIIIIN3ALUY, BBI3BIBAS 30HAILHYIO WU OCMPOEHYI0 PAZHO3EPHUCTOCTb.

Perynupys YCIIOBUS KpUCTaJUIU3alun CIIUTKA, pexuM ero
TOMOTE€HU3HUPYIOIIEr0 OTXKUI'a, YCIOBHUA OOpabOTKM [aBICHHEM, a TaKKE COCTaB
CIUIaBa, MOKHO OOpPOTBCSl C TOSBIEHUEM pa3zHO3epHUCTOCTU. M3-3a MHOrOooOpasus
OpUYdH U (QOpM TPOSBICHUS PA3HO3EPHUCTOCTH JUIsl KOHKPETHBIX M3ACNIUN
IPUXOJIUTCS pa3pabaThiBaTh CBOIO TEXHOJIOTHIO IPOU3BOJICTBA, 00ECIEUMBAIOIIYIO
[IOJIy4€HUE PABHOMEPHOU 3€PHUCTOU CTPYKTYPHI.

23



HN3MeHeHMe CBOMCTB MeTAJLJIA NPH TOPEKPUCTAILIM3ALMOHHOM U
PEKPUCTALIN3ANMUOHHOM OTKUTE

[Ipu oTXKure HAKJIEMAHHOTO METalljla CBOMCTBA M3MEHSIOTCS OOpaTHO TOMY,

KaK OHM W3MEHSUIMCh MpPU XOJOAHOW jJedopMmManuv, a HWMEHHO — TIOKa3aTelu

COMPOTHUBIICHUS J1eHOPMUPOBAHUIO (BPEMEHHOE CONMPOTHUBIICHUE, TIPEET TEKYyUECTH,

TBEPJIOCTh) YMEHBIIIAIOTCSA, a TTOKa3aTEeIH MJIACTUYHOCTH (OTHOCUTEIBHOE yIJIMHEHUE

U CYy>)KCHHUE) BO3PACTAIOT.

Pazynpounenue npu omoycuce. B 3aBUCUMOCTH OT TeMIEpaTypbl U
MPOAOJDKUTENILHOCTH OTXKMI'a B METaule ¢ TOW WJIM WHOM MOJHOTOW MPOXOIST
pa3Hble CTPYKTYpHbIE HW3MEHEHHUA UM COOTBETCTBEHHO IMO-pa3HOMY MPOTEKAET
pasynpoyHEeHHUE.

Ha puc. 2.10 cxemaTH4yHO TNOKa3aHbl TPU THUIOBBIX ClIydyas HW3MEHEHUS
MPOYHOCTHBIX CBOMCTB C YBEIMYEHHEM MPOJOKUTEIBHOCTH OTXKHUTa IMpHU
MOCTOSIHHOM Temmeparype. B uHKyOallMOHHBIA TMepuoj A0 Havalla MEPBUYHOM
pEeKpUCTaJUIM3alluk, KOTJa TMPOMCXOIMT TOJBKO BO3BpAT, HAKJIEN MOXKET
MPAKTUYECKHA COBCEM HE YMEHBIIAThCS (KpuBasi 1), 4aCTUUHO yMEHBIIATHCS (KpUBast
2) ¥ IOJTHOCTHIO CHUMAThCS (KpuBas 3).
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Puc. 2.10. Cxembl 3aBUCUMOCTEN MTPOYHOCTHBIX CBOMCTB HAKJICTIAHHOTO
MeTajla OT BpEMEHH U30TEPMUYECKOTO OTKHUIa

BTOpI/I‘IHaH PEKpUCTAJLUIN3AalHA, Odrolias OYCHb KPYIIHOC 3CPHO, a4 TaKKe
PasHO3CPHUCTOCTb CHHUKAIOT ITOKA3aTCJIN IIJIACTUIHOCTHU.
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AHU30TPONHS CBOMCTB O0TOK/KEHHOT0 METAJLJIA

B pekpucramiM3zoBaHHOM MeTallie € XaOTHMYHO OPUEHTUPOBAHHBIMU
KPUCTAJNIMTAMU BEKTOPHBIE CBOMCTBA OTIEIbHBIX MOHOKPHUCTAJUIOB CTaTUCTUYECKH
YCPEIHSIOTCS TI0 BCEM HAMPAaBIECHUSM B MaKpOOObeMe MOTUKPUCTAILIIA.

[Ipy HaIMUMKM  TEKCTYpbl  PEKPUCTAIUIM3ALMU  OTOMOKCHHBIM — MeTall
aHM30TpoNeH. Ero aHM30TpONHs MPOSBIAETCS TEM CHUJIIBHEE, YEM COBEpUICHHEE
Tekctypa. Yamie Bcero aHMU30TPOIMs CBOWMCTB BpE/IHA, HO B OTAENBHBIX CIIydasx
TpeOyeTcs MONYYUTh U3JIeNIue, B KOTOPOM KaKOe-TO CBOMCTBO JIOJKHO OBITh YCHUIICHO
B OIPEAEICHHOM HaIlPaBJICHUM.

[lony4yeHne OTOXKEHHOIO M30TPOIHOIO MeTajia, WM HaoOopoT, MeTaa C
SAPKO BBIPAKEHHOW aHU3O0TPONUEH CBONCTB — BakKHAas Hay4yHass U TEXHHUYECKas
3a/1aya.

BaxxHbIM npuMepoM MPOMBIIIJIEHHOTO MaTepualia, B KOTOPOM TEKCTypa
PEKPUCTAITU3AIMKN  TIOJIE3HA, MOXKET CIYXUThb MPAaHchHOpMamopHas Ccmaib.
CranpHO# JMCT B cepjeUHUKe TpaHC(opMaTopa HEMPEPhIBHO MEepeMarHUYMBAETCA.
Okonmo 0,4% oOmero pacxoma »dJIEKTPOIHEPIHU TEpsieTCs Ha HarpeBaHUE
CEpIACYHUKOB TpaHC(HOPMATOPOB. Bricoknii K.ILI. TpaHchOpMaTOPOB
o0OecrieynBaeTcs MHHUMAJIbHBIMUA TOTEPSIMH HA TEpeMarHMYMBaHHE  BIOJb
HaIpaBJIeHUs] MarHUTOIIPOBO/IA.

Tpancdopmartopnas crans coaepxut 2,8-3,5% Si 1 MUHUMaJILHO BO3MOXKHOE
KOJIMYECTBO yriiepoAa. MarHuTHbeIE CBOWCTBA MOHOKpPHUCTAJIJIa KPEMHHUCTOTO XKeJe3a
CWJIBHO aHU30TPOIHBI: MarHUTHAsl MPOHUIIAEMOCTh BJIOJIb OJHOr0 HampasieHus B 30
pa3 OoJibliie, 4YeM BIOJIb APYTroro HarpaBieHUs.

Pa3paboTtana TexHOJIOTHs TOJy4YeHHUS TpaHCHOPMATOPHOM CTadu C PE3KO
BBIPA)KEHHOM TEKCTYpOH peKpHUCTaJUIM3allui, KOoTopas oOecrneurnBaeT Haubolee
BBICOKYI0 MarHUTHYIO MPOHUIIAEMOCTh B HAIpPaBICHUU MPOKATKH M MUHUMAaJIbHbIC
MOTepU Ha TUCTEPE3UC, MPU ATOM YXYAIIAIOTCS MArHUTHbBIE CBOMCTBAa B APYIrHX
HarpaBiIeHUsIX. MarHuTONnpoBOA U3 TEKCTYPOBAHHOW CTalM HU3TOTOBISIOT TaK, YTO
HaIlpaBJICHHE MPOKATKH JINCTA COBNAAAET C HAIIPABIEHUEM MarHUTHOTO MOTOKA.

B Hacrosimiee BpeMs NPOMBIIUIEHHOCTh Bce€ B OOdbIIMX MaciiTadax
MPOU3BOJIUT XOJOJHOKATaHYI0 TPaHCPOPMATOPHYIO CTallb C OCTpPOW pedpoBoi
TEKCTYPOH, Ha3bIBaeMOM TEKCTypoi I occa.

[Tpombiiennpid et tommmuon  0,2-0,5 MM ¢ peOpoBoOl  TEKCTypoit
MOJIYYarOT XOJIOJHOM MPOKATKOW, OTKUroM Ipu ~850°C U BBICOKOTEMIIEPATYPHBIM
JUTUTENBbHBIM OTXUTOM Tipu ~1100°C B Bogopoe.

XonogHokaTaHble (M OTOXOKEHHBIE) TpPaHC(POPMATOPHBIE CTAIU C PeOpOBOIt
TEKCTYpPOU NMPAKTHUECKU BBITECHWIM H30TPOIHBIE ropsiueKaTaHble B IPOU3BOJICTBE
CEpJIEYHUKOB CHJIOBBIX TpaHcpopMaTtopoB. X mpuMeHeHHe MO3BOJSET YMEHbIIUTD
Maccy U rabapuTbl MOIIHBIX TpaHchopmaTopoB Ha 20-25% W CHUIBHO CHIDKAET
MIOTEPU JIEKTPOIHEPTUU B HAPOJHOM XO3SAMCTBE.
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3. OT’KHI' BTOPOT'O POJA

OTxur 2-ro pojla OCHOBAaH Ha MCHOJb30BaHUM AUPDY3MOHHBIX (Pa30BBIX
MPEBPAILICHUN MTPU OXJIAXKICHUHA METAJUIOB U CILJIAaBOB.

[IpyHIMNUATBHYIO BO3MOXKHOCTh MPUMEHEHHUS K CIUIaBy OTXKWra 2-To poja
MO>XHO YCTaHOBHUThH MO JAMAarpaMMe COCTOSIHUS. B TBepOM COCTOSIHUU MPOTEKAIOT
pazHoOOpa3Hble  (a30Bble  MpEBpallleHUs:  MOJIUMOpP(HOE,  IBTEKTOUIHOE,
pacTBopeHue OoJHON (a3pl B Ipyrodl mpu HarpeBe W oOpaTHOE BBIJCICHHE NpPU
OXJIAXKJICHUU U AP.

Omxur 2-ro pojga MOXKHO HIPOBOJAUTH C TMOJIHBIM H3MEHEHHEM (ha30BOro
coctaBa, kKorjaa ¢asbl, CyUIECTBOBABLIME NPHU KOMHATHOM TeMIiepaType, HCue3aroT
npu Harpese, a ¢asza, craOuibHasl MPHU TMOBBIILIEHHON TeMIlepaType, UCYe3aeT Mpu
oxynaxJaeHuu. Ilpumepom SBISIOTCA NpEeBpallleHHE NEpIUTa B ayCTEHUT M pachaj
ayCTeHHUTa ¢ 00pa30BaHUEM IEPIINTA.

Ecin wusmeHenue (ha30BOro cocTaBa CBA3aHO TOJNBKO C IEPEMEHHON
PacTBOPUMOCTBIO KOMIIOHEHTOB B TBEPJIOM COCTOSIHUM, TO OCHOBHAas (paza, B KOTOpOii
pacTBopsieTcs u30bITOUHas (ha3a, craOuWiabHA W TpPU HU3KUX, U TPU BBICOKUX
TeMIiepaTypax. B criaBax 3TOro Tuma npu HarpeBe M OXJIAXICHUM H3MEHSETCS
TOJIBKO KOJINYECTBEHHOE COOTHOIIEHHE (a3 (BKIIIOUAs MOJIHOE MCUE3HOBEHUE OJHOU
u3 HUX npu Harpese). [Ipumepom sBisiercst nepexoa CuAl, B antoMUHUEBBIA PaCTBOP
IpU HarpeBe M BBIJEICHUE 3TOr0 MHTEPMETAIMAA M3 TBEPIOrO pacTBopa NpU
OXJIAXKICHHH.

OcHOBHBIE TapaMmeTpbl OTXKHUIa 2-ro poja: TeMmIeparypa HarpeBa, BpeMs
BBIJICPXKKU TPU 3TOM TeMIEpaType U CKOPOCTh OxJaxaeHus. Temneparypa Harpesa u
BpEMsl BBIIEPKKU JIOJDKHBI O0OECIEYUTh HEOOXOAMMbIE CTPYKTYPHBIE H3MEHEHWS,
HalpuMep, MOJTHOE PaCTBOPEHHE U30BITOUHOM (a3bl. CKOPOCTh OXJIAXKACHUS JOKHA
OBITh JIOCTATOYHO MaJyia, 4YTOOBbl MPH TMOHMWKEHUU TEMIEPaTyphbl yCHedu NPOUTH
oOpaTHble (ha30BbIE MpEBpalIeHUs, B OCHOBE KOTOPBIX JEKUT auddy3us (wiu
camoau@dysus). OOBIUHO MPU OTXKUTE U3/CIIHS OXJIAKIAIOT BMECTE C MEUbI0 WM Ha
BO3/lyX€ BHE IEUH.

Tak kak OTXKHUT 2-T0 po/ia OCHOBAaH Ha MCIOJb30BaHUM (a30BbIX MPEBPAIICHUMA
B TBEPJOM COCTOSIHHM, TO BHayalle pacCMOTPUM OOIIME 3aKOHOMEPHOCTH TaKHX
IIPEBPALLICHUN.

3.1. O0mme 3aKOHOMEPHOCTH (pa30BbIX NPeBPALCHUI
B TBEP/OM COCTOSIHUM

Tepmoaunamuka ¢pa3oBbIX NpeBpaLeHU I
Kak w3BecTHO, ©IpM MOCTOSAHHBIX TEMIEPAType MW  JaBICHUHU  BCE
CaMOIIPOU3BOJIBHBIE IMPOLIECCHI B CUCTEME UAYT B CTOPOHY YMEHBUICHHS SHEPIUU
['u60ca. PaBHOBECHOE COCTOSIHME XapaKTEepU3YyeTCS MUHHUMAJbHBIM 3HauY€HUEM
sHepruu ['nb0Oca.
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Paccmorpum (a3oBoe mpeBpallleHHe B OJAHOKOMIIOHEHTHOM cuHcTeMe, B
YaCTHOCTH, MOJIUMOP(HOE MpEeBpalieHUE B METaLIE.

7

Ty Ag

— we HogFuR f L0

a7,
- [ EMTEDATRGT T

Puc. 3.1. 3aBucumocts sueprun ' m66ca nByx a3 oT remneparypbl

Ecnmn nBe ¢a3bpl OMHOKOMIIOHEHTHOW CHCTEMBI MOTYT HAaXOAWTHCA B
paBHOBecUHU, TO KpuBble sHepruii ['m66ca »Tux a3 MOMKHBI nepecekaTrbest (puc.
3.1). Touka nepeceueHui KPUBBIX NMOKA3BIBAET PABEHCTBO dHepruii ['m66ca nByx ¢as
¥ COOTBETCTBYET TeMIIepaType ux ycroiunBoro pasaHoBecus (Ty).

N3 rpaduxa Ha puc. 3.1 BugHO, UTO HUXKE TemrepaTypsl Ty a-daza obmamaet
MeHbIlel sHeprueit I'm66ca, yem B-dasza. Tak Kak cucTeMa CTPEMUTCS YMEHBIIUTH
cBOIO sHepruto ['mb6ca, To mpu oxnaxzaeHuu B-dasza JoJKHA MPU TeMIepaTypax
ke T mpeBpaTtuthes B a-pasy.

TemmepaTypa npeBpalieHus Ipy OXJIAKICHUN JIS)KHUT HIDKE, YeM TeMIepaTypa
oOpaTHoro (a3oBOro NpPEBpallleHUs NpH HArpeBe. IJTO SBIECHUE HA3bIBACTCS
menyosvim 2ucmepesucom npespawenus. Hanpumep, 6eroe 010BO MpeBpamiaeTcs B
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cepoe TOJIbKO MPH CHIIBHBIX MOPO3aX, XOTs TeMIepaTypa paBHOBecHUsl Oeoil u cepoit
Moaudukanuii paBaa +13°C.

PazHocTh Mexnay TemriiepaTypoil ycToluuBoro paBHoBecust AByX (a3 (To) u
(baKkTHUECKOW TeMIepaTypoi MpeBpaIieHus Mpu OXJIaXJACHUN HA3bIBACTCSA CHENneHblo
nepeoxnadcoenus (AT). CTeneHb nepeoxynakIeHUs pacTeT C YBEIMUYEHUEM CKOPOCTH
oxnaxnaenud. CnegoBaTellbHO,  TMEPEOXJAXKACHHE  CBSI3aHO C  KaKUMHU-TO
3aTpyIHEHUSIMU B ()a30BOM IMPEBPAIICHUH.

[".'TammaH BBeJl KOJIMUYECTBEHHbIE XapaKTEPUCTUKH MPOLIECCa KPUCTAIU3AINT
paciuiaBa — CKOPOCTb 3apO’KIEHUSl LIEHTPOB KPUCTAJUIM3ALMU, BO3HUKAIOIIHMX B
€AVHUI]y BpEMEHU B eauHule oObema (C.3.1.), U JMHEHHYI0 CKOPOCTh pOCTa
KPUCTAJIJIOB U3 3TUX LIEHTPOB (J1.C.P.).

C yBenuyeHUEM MEPEOXJIAXKIACHUS O00€ OSTU XapaKTEPUCTHUKU paCTyT,
JOCTUTAIOT MAaKCUMyMa M 3aTe€M MaJaroT 10 HyJs. ['paduku 3aBUCUMOCTH CKOPOCTU
3apOXKJICHUS LEHTPOB KPUCTAIIIU3ALNU U JTMHEMHONW CKOPOCTU POCTa KPUCTAIIOB OT
MEePEeOXJIKICHUS Ha3bIBalOT KpUBbIMU TamMmana. OHU MOKa3aHbl Ha puc. 3.2.

AP
MM/ 3l
qao7 - I
/ICP Jowe
Q005
s’
qo03
L3l
| ot
3007
I
{7 Iy 200 300 400
Cmeners npeoxaaxdess
I I I I I
723 627 523 473 373

Termepanypa rpetpayenus

Puc. 3.2. 3aBUCUMOCTD CKOPOCTH 3apOKIAEHUS LIEHTPOB U JINHEITHON CKOPOCTH
poCTa NMEePIUTHBIX KOJIOHUM OT CTeNEeHHU nepeoxiaxaeHus B ctanu ¢ 0,8% C
(mo N.JI.Mupkuny)
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VYCTaHOBIEHO, YTO KPHUCTAUIM3AMOHHBIE MpoIlecChl o0pa3oBaHus ¢a3 B
TBEPAOM COCTOSIHUM TOJUYUHSIOTCS TEeM K€ OOIIMM 3aKOHOMEPHOCTSAM, YTO H
MPOLIECCHI KPUCTAILIIU3AIUH KUJIKOCTH.

B xpucranne koneOunromuecss aTOMbl HENPEPHIBHO OOMEHUBAIOTCS MEX]Y
co00ll KMHETUYECKON sHeprueil. M3-3a XaOTUYHOCTH TEIJIOBOTO JABUKEHHUS SHEPrus
pacnpeiesieHa MEXy aTOMaMH HEepaBHOMEpHO. B ompeneneHHbIiI MOMEHT 3Heprus
pa3HbIX aTOMOB pa3JinyHa, a JIJIsi OAHOrO0 aTOMa OHAa MEHSETCS OT OJHOI'0 MOMEHTa
BpeMEHU K Jpyromy. Bcerga umeroTcss aToMbl W TPYNIbl aTOMOB, KHHETHYECKas
HHEPrUsl KOTOPHIX OOJIbILIE UM MEHBIIIE CpEeTHEN BETUUHHBI.

Bo Bpems mpeBpallieHus B TBEPJOM COCTOSTHUU JICUCTBYET elle oauH (akTop,
3aTpyIHSIONINK 3apoKeHue IEHTPOB npeBpaieHus. Hoas ¢asza Bcerna otmnyaercs
OT HCXOAHOW CTPYKTYpOoM U yIelnbHbIM o0ObeMOM. Tak Kak mpeBpalleHue
pa3BHUBAETCS B YNPYrod KpUCTAUNIMUECKOU cpefie, TO U3MEHEHHE YAEIbHOro o0beMa
IIPU 3TOM BBI3BIBAET MOSBICHUE PHEPTUU YIPYroil nedopmaiuu B OQHOW WM 00enx
(azax, 4To 3aTpyIHAET MpeBpalleHre 1 MoBbIaeT 3Hepruto ['ndoca.

CnepnoBartenbHO, B ©3MeHeHUe 3Heprun ['nd0ca npu npeBpalieHu B TBEPIOM
COCTOSIHUM BHOCHUT TOJIOKUTENbHBIN BKJIaJ HEKOTOpas yIpyras COCTaBJISIOLIAS.
Hanpumep, u3-3a yBenauueHus yneiabHoro oorema Ha 25% mpeBpaiieHue 0esoro
0JIOBa B CEPOE CBSI3aHO C BO3HUKHOBEHHEM CTOJIb OOJIBIION BEJIMYUHBI YNPYTron
COCTaBIIAIONIECH, YTO OHO HAYMHAET CAMOINPOM3BOJIBHO Pa3BUBATHCA TOJIBKO Ha
Mopoze mpu -20°C um TO BechMa penKko (Temmeparypa paBHOBecUs 00eux
Moaupukanuii omosa +13°C).

AHanu3, aHaJOTMYHBIA NMPUBEICHHOMY JUJIS C.3.1., MO3BOJSET TEOPETHUYECKU
OOBSCHUTH XapaKTep 3aBUCUMOCTH JIMHEWHON CKOPOCTH POCTa KpUCTALIOB (JI.C.p.)
OT CTEINEHHU MEePEOXITAKICHUS.

MakcuMyMbl ~ CKOPOCTH  3apOKIEHUS M JIMHEWHOHM CKOpPOCTH  pocTa
COOTBETCTBYIOT Pa3HbIM CTENEHSIM MEPEOXTaKICHUS, MPUYEM BOCXOJAIas BETBb

KPUBOH CKOPOCTH 3apO’KJICHHS CIBUHYTa B CTOPOHY OOJIBIIHUX MEPEOXJIAXKICHHM
(puc. 3.2).

£ peaHas CKODoCTIE

Paspbozo noelom s

To ———= [menewe nepeoxaxdens AT

Fermepanipa T
Puc. 3.3. 3aBucumocTb cpeiHelt CKopocTu (ha3o0BOro npeBpamieHus oT CTENeHU
MEePEeOXTKICHUS
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CKopoCTh 3apOXIEHUs LEHTPOB W JIMHEHHAs CKOPOCTh POCTA KPHCTAJIOB
OTPEENSIIOT CYMMAapHYIO CKOpOCThb (ha3zoBoro mnpeBpauieHusi. CpemHsisi CKOpOCTb
M30TEPMHUYECKOT0 (pa30BOT0 MPEBpPAILEHUs BHAUYAJIE PACTET C YBEIUYCHUEM CTEIICHU
NEePeoXIKICHUSA, TOCTUraeT MaKCUMyMa U 3aTeM mnajaaet (puc. 3.3).

Cpennioro ckopocTh (ha30BOro MpeBpalleHus] SKCIEPUMEHTAIBHO ONPEACIIIIOT
KaK 0OpaTHYIO BEJIMYHUHY BPEMEHHU MOJHOI0 U30TEPMHUUECKOT0O IPEBPAILCHUS.

TepMmoaunamuyeckuid aHaiu3 00pa3oBaHUS  3apoibllied  HOBOM  (pa3bl
OTHOCHUTCSI K H30TEPMHUYECKUM YCIOBUSAM. CKOPOCTH 3apOXKACHUS U JUHEWHOIO
pocTa y4acTKOB HOBOM (a3pl JKCHNEPUMEHTAIBHO TaKXKE HU3MEPAIOT IpH
ONpEJEICHHBIX TMNEepPeoXJaXIeHUsIX. B mpakTuke xe TepMUYecKod o00padoTKu
HanOOJBIINI yJIEeIbHBIN BEC 3aHUMAIOT MPOLECCHI C HEMPEPHIBHBIM OXJIAXKICHUEM.

D710 He 00€CIIEHUBAET BBIBO/JIbI, MOJIYUYEHHBIE JJIsI H30TEPMUUYECKOTO (ha30BOro
IIPEBPAILCHUs, TAK KaK IPU HENPEPBIBHOM OXJIAXIACHUU METAJUI IIPOXOIUT 4Yepe3
OecuncIeHHOe MHOXKECTBO CTerneHel nepeoxinaxaeHus. Yem ObICTpee oXiakaaercs
MeTajl, TeM MEHbBIIE YyCleBaeT 00pa30BbIBATHCA IIEHTPOB KPHUCTAIIM3ALUA HOBOMU
da3pl MpU KaXJI0M CTENEHU MEePeoXJaXJACHUS U TeM CHIIbHEE NEepEeOoXJIaKIaeTcs
ocHoBHas (aza.

I'omorenHoe u rereporenHoe 3apo:xaeHue ¢gas

3apoxeHre HOBOM (ha3bl, MPOUCXOSIINEE COBEPIICHHO CIy4YailHBIM 00pa3oM B
pa3HbIX MeCcTax 00beMa UCXOTHOM (a3bl, HA3bIBAIOT 20MO2EHHBIM.

OaHUM 13 MEXaHU3MOB TOMOTE€HHOI'O 3apOKJICHUS SBISETCS (PIYKTYallMOHHOE
oOpa3oBaHuWe KpuUTHYECKHX 3apoablmieid. Camu  ¢QAyKTyalud OSHEpPruu H
KOHIEHTpAIMN SABJISIIOTCA PE3yJbTaTOM XAOTHYHOIO TEIJIOBOTO JBWXKECHUS, U
BO3HUKHOBEHHE MX B Pa3HbIX YYacCTKaX HCXOJIHON (a3bl HOCUT BEPOSTHOCTHBIN
xapaktep. IlosTomy u pacmpeneneHue mo oObeMy HUCXOAHOM (a3bl 3apoabliieid,
BO3ZHUKIIMX Ha 0a3e TakuX (IyKTyaluii, TakxKe cIyqaiHo.

B TBepaoM COCTOSIHUM YCIOBHUS JId MPEANOYTHUTENBHOTO 3apOKICHHUS
KPUCTAJNIOB B ONpPEAENIEHHbIX MecTax elie Oojee OnarompusiTHbl, 4YeM THpH
MEePBUYHON KPUCTAIM3AIMH, TaK KaK B UCXOJHOU (ha3e UMEeTCs MHOXKECTBO MECT C
MOBBIIIEHHON sHeprueil ['mbOca, xotopas crnocoOCTByeT mpeBpauieHuio. Takumu
MECTaMU SIBIISIIOTCS TpaHUIbl 3€peH U CyO3epeH HUCXOAHOW ¢asbl, JucrepcHbIC
BKJIFOUEHHUSI IpYTUX (a3, TUCITOKAUU U 1e(PEKThl YIIaKOBKH.

TepMHUH «reTeporeHHOe 3apOoXkACHHE» PACHpOCTpaHsIeTCs Ha BCE Clydau
MPEANOYTUTENILHOTO 3apOKICHUS 3€peH B TBEPJIOM (pa3e HE3aBUCUMO OT MPHUPOIBI
MECT, B KOTOPbIX 00pa3yrOTCs 3apOIbIIIIH.

[Ipu cemepocennom 3apoxaeHUN B TBEPJOM COCTOSHUM MOKHO BBIJICJIUTD JIBE
MPUYKUHBI 00pa30BaHUS 3apOIbIlIa KPUCTAIU3ALUU:

1) noHWXeHHYI0 MeX(pa3Hyl0 OHHEPrui0 Ha TOTOBOW TpaHUIE paszzela
3apojbllia U MaTpUllbl;

2) moJIHOE WJIM YaCTUYHOE MCUE3HOBEHHE B UCXOJHOM (aze nedexra pereTku
Y CBSI3aHHOM ¢ HUM >Heprun ['uboca.
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3aposcoenue na cpanuyax zepen. OONErdyeHUe 3apOXKJACHUS Ha TpaHUIAX
3epeH MCXOJHON (pa3bl MOKHO OOBSCHUTH TaK: MPU 0O0pa30BaHUM 3apObIIIa HOBOM
(ha3pl Mcue3aeT HEKOTOpask YacTh MEXK3EPEHHOW TpaHMIlbl, ¥ BBICBOOOXKIAIOIIASCS
MIPU 3TOM M30BITOYHAS DHEPTHSI MEK3EPEHHOW TpaHUIBI UCXOHOM (a3bl ujeT Ha
oOpa3zoBaHue 3apojbillia HOBOW (pa3bl, T.e. Ha MOCTpOCHUE MeXK(a3HOU TpaHUIIBI U
KOMIICHCAIIMIO BOSHUKAIOIIEH YIIPYTOil SHEPTUHU.

NmeroTcss 1 apyrue NpuurHbl MPEANOYTUTEIBLHOTO 3apOKICHUSI HAa TpaHUIaX
3EpEH.

Camonpoun3BOJIbHOE 00OTAaIllCHHE TPaHUIl 3€PEH PACTBOPECHHBIM DJIEMEHTOM,
Ha3bIBAEMOE PABHOBECHOU cezpecayueli, YCUIIUBACTCS C YBEJIMYCHUEM BpPEMEHU
M30TEPMUUYECKON BbIICPKKUA. OTHON M3 NPUYMH PABHOBECHOW CErperanuu siBIseTcs
yIOpyroe B3auMOJCUCTBUE AaTOMOB PACTBOPEHHOTO »JJIEMEHTa C MEX3EpEHHOU
IrpaHuLICH.

B pactBopax 3amemnieHuss H3-3a Pa3sMEPHOrO HECOOTBETCTBUSI aTOMOB
KOMIIOHEHTOB BOKPYI' aTOMOB pPAacTBOPEHHOI'O 3JEMEHTa pelieTka HCKaxkeHa. Ha
MEXX3E€pEHHON TPAaHUIIE aTOMBI PACIOJ0XEHbl HENPABWIBHO, U HUMEIOTCS Y4YacCTKHU
Pa3peKeHUs U CTYIICHUsI. ATOMBI paCTBOPEHHOTO AJIEMEHTA C TUAMETPOM, OOJIBIITNM,
9YeM y OCHOBHOI'O MeTajlia, OyAyT CTPEMUTHCS MOMACTh B Pa3peKCHHbIC YYaCTKH Ha
IpaHULIe 3€pPEH, 2 ATOMbI PACTBOPEHHOTO AJIEMEHTA C MEHBIIUM JUAMETPOM, YEM Y
pacTBOPUTEIS, B YUACTKU CTYIICHUSI HA MEK3EPEHHOW TPaHHUIIE.

B pactBopax BHeApEeHUs aTOMBl PACTBOPEHHOIO 3JIEMEHTA TaKXe CO37al0T
HUCKaXEHUsI B 00beME KpHUCTaJla HM3-3a TOr0, YTO MX JUaMeTp Oojblile pa3mepa
MyCTOT PELICTKH, B KOTOPHIX OHU Pa3MEIIAIOTCI. OTHUM aTOMaM  TaKXe
DHEPreTUYEeCKH OoJiee BBITOJHO pa3MelaTbesi Ha MEX3EPEHHOW TpaHHIle B
pa3peKEHHBIX YUaCTKaX.

Takum oOpa3oMm, ABUXKYIIEW CHIONM pPaBHOBECHOW CeTperanuu SBIsSeTCs
Pa3HOCTh B DHEPIUU MCKAKEHUHN PEIIETKH BOKPYT aTOMa pPacTBOPEHHOI'O 3JIEMEHTA B
o0beMe KpUCTalIa U Ha MEXK3EPEHHOM rpaHuile. DTa pa3HOCTh MPEACTABIsAECT COOOM
SHEPryI0 YNPYrol CBSI3M aTroMa PACTBOPEHHOTO 3JIEMEHTa C rpanuuen zepeH. Ot
BEJIMYMHBI ATOM PHEPTUM U OT KOHIICHTPAIMHU PACTBOPEHHOTO AJIEMEHTa B 00BEeMeE
3€pHa 3aBUCUT KOHIIEHTPALIUS €T0 Ha TPaHHUIIE.

Yem Oosbllle pa3MEepHOE HECOOTBETCTBHUE AaTOMOB, TE€M OOJBIIE JIHEPTHS
yOpyroro B3aUMOJACHCTBUA. B o.IL.LK. pemerke pasMep MOycTOT, B KOTOPBIX
pa3MeIIalTCsl aTOMbl BHEAPEHHUS, MEHbBIIIE, YEM B T.IL.K. PEIIETKE, MO3TOMY B HEW
aTOMBI BHEAPEHUS JTOJKHBI CUIIbHEE CETPETUPOBATh K MEK3E€PEHHOU T'PaHUIIE.

Tak kak BOKpPYr aTOMOB pAacTBOPEHHOTO 3JIeMEHTa B 00bEeMe KpucTasia
peleTka Bcerja HMCKaXKeHa, TO, CJEJ0BaTelIbHO, BCErJa CYLIECTBYET YIPYroe
B3aUMOJICMCTBUE ATUX ATOMOB C MEX3EPEHHON IPaHULICH.

OIHAaKO HMMEIOTCS SKCIEPUMEHTAIbHBIE aHHBIE O TOM, YTO KOHLEHTpalus
HEKOTOPBIX JIEMEHTOB Ha TPaHMIIE 3€PEH MEHbIIE, YeM B 00BbeMe. DTO 3HAYMT, UTO,
KpOME YNPYroro, CYIIECTBYET €€ MU XUMHYECKOE B3aMMOJCUCTBUE AaTOMOB
PACTBOPEHHOI'O 3JIEMEHTa C MEXK3EPEHHOW TIpaHUlleld, KOTopoe (B 3aBUCUMOCTH OT
OCOOCHHOCTEM  AJIEKTPOHHOTO  CTPOCHUS  aTOMOB) MOXET  CIIOCOOCTBOBATH

31



PAaBHOBECHOM cerperaluy Ha TpaHUIIE, a MOXKET, MEPEeKphIBask yIPyroe NPUTHKEHUE,
BBI3BIBATh OUMIIICHUE TIPUTPAHUYHON 30HBI OT aTOMOB PaCTBOPEHHOTO AJIEMEHTA.

PaBHOBecHast cerperaisi OJHOTIO OJJIEMEHTa WM, HAo0OpOT, OOeqHEeHHuE
MPUTPAHUYHON 30HBI JPYTUM DJIEMEHTOM MOXKET CHJIBHO BJIMSATH Ha 3apOKJICHHE
HOBOH (pa3pl MO TpaHMIAM 3€peH, NMPUUYEM B MPUHITUIIE BO3MOXKHO U OOJIeTYeHUE U
3aTpyIHEHHE 3/1eCh (Pa30BOTO MPEBPAILICHHUS.

3aposcoenue na Oucnoxayuax. BOKpyr HUCIOKAMKM CYIIECTBYET I0OJIE
yOpyrux HanpspkeHuil. Hanpumep, B ciaydyae KpaeBOM IUCIOKALMM IIOJ Kpaem
HEIMOJIHOM aTOMHOM MJIOCKOCTH HaXOAUTCS 00JIACTh PACTSIKEHUS,  HAJl 3TUM KpaeM —
00J1aCTh CHKaTHS.

[ToaTOMYy CTPYKTYypHOE HECOOTBETCTBHE 3apOAbIIIA U MUCXOAHOU (Pa3bl MOXKET
OBbITh YAaCTUYHO WJIM TOJHOCTbIO CKOMIIEHCHUPOBAHO AMCIIOKAIMEH, 4YTO CIYKUT
OJIHOM M3 MPUYUH MPEANOUYTUTETLHOTO 00pa30BaHusl HA JAMCIOKALMAX 3apPOJIbIIIEH ¢
MOJIYKOT€pPEHTHBIMU U HEKOTepeHTHbIMU rpaHuiiamu. [Ipum oOpa3oBaHHM TaKoro
3apojibllia yrpyras SHEprusi peleTK UCX0IHOH (ha3bl B HEKOTOPOI 00JacTu BOIM3U
JIMHUM JUCIIOKAIUU YHUUTOXKAETCH.

Jlpyras npuyuMHa MPEANOYTUTEIBHOIO 3apOXKICHUS Ha JIUCIOKALUAX —
oOpa3oBaHu€ BAOJb JUHUN JUcIOKauui ammocgep Kommpenna M3 aTOMOB
pacTBOpEHHOro »3JeMeHTa. Ecau 3apoaplll  OTIMYAETCs OT HUCXOAHOM  (ha3bl
MOBBIIIEHHBIM COJIEP’KaHUEM JIETUPYIOIIETO 3JIEMEHTa, TO €My Jierue o0pa3oBaThCs
TaMm, e yK€ UMEETCs cerperauus d3Toro jemMeHra. HakoHen, 3HEprus akTUBALUU
muddy3un BOIb KpAaeBbIX AUCIOKALNNA MPUMEPHO BIBOE HIXKE, UeEM B 00BEME 3epHA
BJAJIM OT IUCIIOKALIUM.

3aposcoenue na oOegpexmax ynaxoeku. Jlepext ymnakoBKu, Hampumep, B
I'paHCICHTPUPOBAHHON KyOn4ecKoi pelIeTKe, SIBIISICTCSI IPOCTIOMKOM
IeKCAarOHAJIbHOM TUIOTHOYITAKOBAaHHOM pemeTkd, W Haobopor. Ecim HoBas ¢asa
UMEET PEIIETKY TOTO JK€ THMa, 4YTO M Je(EKT YHaKOBKH, TO OH MOXET CIYKHUTb
TOTOBBIM 3aPOIbIIIIEM HOBOH (has3bl.

Tak kak pacTBOPUMOCTbH JIETUPYIOIIETO 3JIEMEHTAa B OOIEM cllydae J0JKHA
OBITh pa3HOW B PEIICTKax Pa3HOro THIA, TO aTOMBI MEPEPACIPEICIIIOTCS MEXTY
ne(EeKTOM YIaKOBKH U OCTAJILHOM peleTkoi ucxomaHou (asbl, o0pasys ammocgepul
Cy3yKu, KOTOpbIE CITIOCOOCTBYIOT 3apOKICHUIO (Da3bl, OTIMYAIOLIEHCS IO COCTaBY OT
HCXOJTHOM.

[To >TMM JBYM TpUYMHAM PACTSHYTHIE TUCIOKAIIMH, B KOTOPBIX He(EKT
YVIIAKOBKH  CBSI3BIBACT  YACTUYHBIC TUCIIOKAIIMK,  SIBJSIOTCS ~ MECTaMH
MPEAMOYTHTEIIBHOTO 3apOXKICHIS HOBOU (pa3bl.

3apoorcoenue na exknwuenuax. B ucxogHoi aze yacTo UMEIOTCS BKIIOYCHUS
OKCHJIOB, KapOHI0B, HUTPUIOB, MHTEPMETAITUIOB U APYyTruX ¢a3. BxiatoueHus Moryr
00JIErYUTh 3apOXKJAeHHE HOBOM ¢a3bl B TOM Cilydae, KOTJla pelleTka BKIIOYCHUS
n30MOp(QHa peleTKe 3apoAbIia.
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BriIroueHUsT MOTYT YCKOPSATH 3apOXIACHUE HE TOJIBKO HEMOCPEICTBCHHO, HO M
yepe3 oOpa3oBaHWE TUCIOKaIMil. M3-3a pasHUIBI B TepMUYCCKHX KO3 HIMeHTaX
pacIIMpeHUsT BKIIOYCHWH HW MATpPHUIBI TMPH TEPMHUUYECKOW 00pabOTKE BOKpPYT
BKJIFOYCHHI MOTYT BO3HUKHYTh TaKWUE€ HANPsDKCHUS, YTO B MAaTEPUHCKOH (ase
TCHEPUPYIOTCS JTUCIOKAIIMU, HAa KOTOPBIX MOXKET MPEINOYTHUTEIBLHO 3apOKIAThCS
HOBas (asa.

[Tpu mpeBpamieHUsAX B TBEPJAOM COCTOSSHHH 3apOXKIACHUE HETIOCPEACTBEHHO Ha
MOBEPXHOCTH BKIIOYCHUW WIpaeT, KaK IPAaBWIO, BTOPOCTEICHHYIO pOJb TIO
CPaBHCHHIO C 3apOKJICHHEM Ha pa3HOro poja jJedeKrax pemeTku (IpaHHIaxX 3epeH,
CyOrpaHMIax, AUCIOKAINAX), YACIO KOTOPBIX M MPOTSHKCHHOCTh OOBIYHO HAMHOTO
00JbIIIe, YeM BKIIOUCHUH.

3.2. OTkur crajien

OTxur ctayneu (OTKUT 2-r0 poJia) — ITO TepMHUUECKas 00paboTka, IPU KOTOPO
IJIaBHBIMM TIPOLIECCAMH SIBJISIFOTCSI AyCTEHUTHU3ALMSL C TOCIEAYIOIUM TEPIUTHBIM
MIPEBPAIICHUEM.
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OO0pa3oBaHue ayCTeHUTA NIPU Harpese

Mexanusm u kunemuxa aycmenumusayuu. Ilepen oOpazoBaHueM aycTeHUTa
UCXOJHOM CTPYKTYpOil daie Bcero siBiserca cmech o-(aspl (peppur ¢ O.IL.K.
peleTkoil) u kapouaa (B OCHOBHOM IIEMEHTHTA). B yrimepoancThIX CTalnsX ayCTCHHUT
IIPU TEMIIEPATYPE HECKOJIBKO BbIIIE TOUKU A; coaepkutT okoso 0,8%C, B To BpeMs
Kak (QeppUT B HCXOMHOH CTPYKType COMEPKUT COThIE IIOJIM MPOIEHTa yriiepoa
(puc. 3.4).

Kakum o6pa3oM BO3HUKAET ydyacToK Y-(asbl (ayCTEHUTA C T.IL.K. PEIICTKON) U
CPaBHUTEIIPHO BBICOKUM COJCpKAHHEM YIJIepoJa. ODKCIepUMEHTAIbHBIC TaHHBIC
yKa3bIBAIOT Ha JIBYCTaINiHOE (POPMHUpPOBAHUE AyCTCHUTHBIX 3apPOIbIIICH.

[lepBast craguss — mNOAUMOPPHOE O—Y-TIPEBpAlIEHUE TIO0 CABHTOBOMY
MEXaHW3MYy C O0pa30BaHHEM METacTaOWIBHOTO MAaJOYTJIEPOJIUCTOTO AYCTCHHTA.
Bropas ctamus — yBennueHHE KOHIIEHTPAIMM YIJIepoJa B TaKOM ayCTEHHUTE, T.C.
NpUOIKEHUE €T0 K PaBHOBECHOMY COCTaBY BCIIEJICTBHE PACTBOPEHUS B ayCTCHHTE
4acTull KapOu/a.

B MOPBTEKTOMIHBIX CTajsAX MEPBBIE YYACTKH ayCTEHUTA MPEANOYTUTEIHHO
MOSIBIIAFOTCS. HA TPaHUIIAX 3epeH U cy03epeH B U30BITOYHOM (heppuTe U 1Mo TrpaHuIaM
NEPIUTHBIX KOJIOHHH.

['omoreHu3anusi ayCTeHUTa WUIET TOPa3l0 JOJBIIEC B JICTUPOBAHHBIX CTASX.
Jlerupytomue 5SIEMEHTHI HEPABHOMEPHO paclpelnelieHbl MeXIy GeppuroM
kapouaoMm. HexapOumooOpasyromue dJIeMEHThl HaxoAsTcs B deppute, a
KapOu1000pa3yromme — MPeuMYIIIECTBEHHO B KapOu/ie.

[lo  OKOHYaHWUHM  TEPIUTHO-AyCTEHUTHOTO  MpPEBpAIICHHUS  AyCTCHUT
HEOJHOpOJIeH. B ydacTkax ayCTeHHWTa, COOTBETCTBYIOUIMX MCUE3HYBIINM YacCTHIIAM
depputa W KapOuma, pa3nIuyHa KOHIICHTpAIMs HE TOJNBKO yriepoaa, HO U
JCTUPYIOIIUX IIEMEHTOB.

Xota ckopocTh nuddy3un yriepoaa B ayCTEHHUTE Ha HECKOIBKO MOPSIKOB
OoJbIlIe, YeM Y JISTUPYIOUINX JIEMEHTOB, €T0 KOHIICHTPAIUS HE MOKET BBIPOBHATHCS
70 TeX TOp, TIOKa HE UCUE3HET IPaJUCHT KOHIIEHTPAIIU JIETUPYIOIINX JIEMEHTOB.

Bpemst BbIIEp)KKHU TP HArpeBe OMPEeIIeTCs TeM, HACKOJIBKO MOTHO TOJIKHBI
IOPOUTH caMble MEJJICHHBIC MPOIECChl — PAacTBOpEHUE KapOWIOB W TOMOTEHU3AIUS
aycteHuTa. [Ipm HarpeBe IOIBTEKTOMIHON CTall C YKOPOYCHHBIMH BBIJCPIKKAMU
MOXKHO TIpHM TEMIEpaTypax BBIIIE TOYKH Aj; TOJYYUTh ayCTEHHUTHO-KapOWIHYIO

CTPYKTYDY.

Paszmep aycmenummnozo 3epna. W3-3a oueHb OONBIIOTO YHCIIA LIEHTPOB
oOpa3oBaHUsl ayCTeHUTa K KOHIY O—Y-TIpeBpamieHus GOpMUPYeTCs MeEIKoe
ayCTEHUTHOE 3€pPHO. JTO 3€pHO ayCTEHUTA, Ha3bIBAEMOE Ha4YaJIbHBIM, OOBIYHO UMEET
pazmep okojio 10-20 MkMm.

C mMoBbIIIEHHEM TEeMIEpaTypbl C.3.1. ayCTEHUTAa BO3pAacTaeT OoJbIle, YEM
J.C.p., U COOTBETCTBEHHO HauyajJbHOE 3€PHO AayCTEHUTa TIOJydaeTcsa MeJbye.
CrnenoBarenbHO, TpPU OBICTPOM HArpeBe 10 BBICOKHMX TEMIIEPATyp M KOPOTKHX

34



BBIICP)KKaX MOXKHO TIOJIy9aTh MEIKOE€ ayCTEHHUTHOE 3E€pHO, YTO BaXKHO MJIA
TEpMOOOPAOOTKH CO CKOPOCTHBIM HArPEBOM.

[lo OKOHYAaHWM ayCTEHUTH3AIMU 3€pHA ayCTCHHTa CIOCOOHBI K POCTY,
ABWKYIICH CHIJION KOTOpPOTO SIBIISIETCS 3epHOTpaHWdYHas >Heprus. C TOBBIICHHEM
TEeMIIepaTypbl POCT 3€pHA ayCTEHUTa YCKOpSETCs. 3epHO MOXET PacTH pPaBHOMEPHO,
KaKk TpH CcOOMpaTeNbHON pEKpPUCTAIUTH3AIMK, HO MOXXET HaOmogaThCs W
HEPaBHOMEPHBIN POCT, KOTJIa HEOOJBIIIOE YUCIIO KPYIMHBIX 3€PEH ayCTEHUTAa PacTeT
3a CUET MHOXKECTBA MEJKUX, TIOKa OHM HE HMCYE3HYT. DTOT IMPOLECC IO CYIIECTBY
SBIISICTCS. ~ BTOPHUYHOM  peKpucTauM3anuei.  Menkue  3epHa  ayCTCHHTA
CTaOMIM3UPOBAHBI TIPOTHB POCTA JAMCIIEPCHBIMUA YACTHIIAMH, B YaCTHOCTH, HUTPHIA
ATFOMHUHUSL.

XOoTs MpU OXJITKICHUHN ayCTEHUT TpEBpaIiaeTcs B Apyrue ¢asbl, pazMep ero
3epHa SBISICTCS BAXKHOM XapaKTEPHCTUKOW CTaUd. DTO OOBICHIETCS TEM, YTO BCE
CTPYKTYpPHBIE COCTABJISIIOIINE TPU MEAJICHHOM M TpU OBICTPOM OXJITAKICHUH CTald
dbopMupyIOTCA B Ipeiesiax KaXJa0ro ayCTeHUTHOTO 3epHa. UeM Melbye ayCTEHUTHBIS
3epHa, TeM Melb4e ceTKa M30BITOYHOTrO (heppuTa Mo WX TpaHUIAM, MEHBIIE pa3Mep
NEPIUTHBIX KOJIOHUW U MEHBIIIE pa3Mep MapTEHCUTHBIX KPUCTAILIOB.

[TosToMy MenkoMy 3epHYy B AayCTCHHTHOW 0OJAacTH COOTBETCTBYET
MEJIKOKPUCTANIMYECKUI ~ W3JI0OM, a  KPYINHOMY AayCTCHHTHOMY  3€pHY —
KPYIMHOKPUCTAJUTMUECKAN HU3JIOM CTald MPH TE€X TeMIlepaTypax, I/ie ayCTCHHTa yKe
HET.

K pasHomy pasmepy 3epHa aycTeHHWTa OCOOCHHO YYyBCTBUTENIbHA YAapHas
BA3KOCTh, KOTOpash TajaeT C €ero YyKpymHEeHHeM. TemmepaTypHBIA TOpOT
XJ1aTHOJIOMKOCTH TTOBBIIIAETCS C YBEJIIMYCHUEM pa3Mepa ayCTEHUTHOTO 3epHa.

Pazmep 3epHa aycTeHHTa XapaKTEpU3YIOT YCIOBHBIM HoOMepoM (Oaiom)
CTaHJAPTHOHM MHIKaIbl MUKPOCTPYKTYp. Kaxmomy HOMepy 3epHa N COOTBETCTBYET
OIpE/IeNIeHHOE CPeIHEee YHCIO 3epeH M Ha Iwomamu | MM~ mummpa ¥ yCIOBHEIH
MPOCTPAHCTBEHHBIN pa3Mep 3TUX 3epeH D.

B oOCHOBYy mOCTpOCHHS CTaHIAPTHON IIKaIbl MHUKPOCTPYKTYp IOJIOKEHA

dbopmyna
m=2 N3

CranpaptHas mkana uMmeeT 18 HoMepoB 3epHa: -3, -2, -1, 0, 1, 2, ..., 14. Uem
BBIIIIE HOMED 3€pHA, TEM MEHBIIE Er0 pa3Mep.

Homepy 3epHa -3 COOTBETCTBYET CTpYKTypa ¢ m = 1 MM~ u D = 1 MM, HOMepY
6 — cTpykTypa ¢ m = 512 MM~ u D~40 Mxm, Homepy 14 — cTpykTypa ¢ m = 131072
MM~ 1 D =20 MKM.

W3 gopmynbl cienyeT, 4To IpH BO3pacTaHUM HoMepa 3epHa N Ha €IUHUILY
ylBauBaeTcsl BelnunHa m. [y ObICTpOM OIEHKH HOMEpa 3epHa MPUMEHSIOT METO]
CPaBHEHHSI HUCCIEAYEMON CTPYKTYpbl C OJTaJOHHBIMU CTPYKTypaMu CTaHIApPTHOU
HIKajbl (IpU OAMHAKOBOM YBEJIMUYEHUN ).
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[ToBpIlIIeHNE KOHIICHTPAIIMH YIIepo/ia B raMMa-pacTBOPE CIIOCOOCTBYET POCTY
3epHa, YTO MOKHO OOBSICHUTH MOHIKEHHUEM COJIUAYCa CIUIaBa U COOTBETCTBYIOIIUM
POCTOM TOMOJIOTHYECKOM TeMIIepaTyphl IPH MOCTOSHHOW TEMIIEPAType OTHKUTA.

[ToBblllIcHHE CONEpKaHUs YIIepola CBEPX TNPEICIbHON KOHIEHTPALUA B
aycteaute (nmmaus ES nmuarpammber  cocrosHust Fe—Fe;C) 3arpyassier poct
ayCTEHUTHOT'O 3€pHA, YTO OOBSCHSACTCS TOPMO3SIINM JEHCTBIEM YaCTHI] IIEMEHTHUTA.

[Toutn BCEe IETHPYIOMIME SJIEMEHTHI TOPMO3ST POCT ayCTEHHWTHOTO 3EpHa.
HckimoueHrne cOCTaBIIsIeT MapraHell, KOTOPBI YCHJIMBAaeT POCT 3epHA AyCTCHHTA.
CwIbHO TOPMO3ST pocT aycteHuTHoro 3epHa V, Ti, Al, Zr, W, Mo u Cr u cna6o
neicTBytoT Ni u Si.

OCHOBHOW TPHYMHOW 3TOTO JEHCTBHUS JIETHPYIOIIUX JJIEMEHTOB CUHUTACTCS
o0pa3oBaHHE TPYIHOPACTBOPUMEIX B ayCTCHHUTE KapOUI0B, HUTPHUIIOB U JIPYTUX (a3,
KOTOpBIE SIBISIOTCS OappepaMu Ui pacTylIlero 3epHa. Takue axkTHBHBIC
KapObugoobpaszoBarenu, kak Ti, Zr u V cunbHee TopMO34T pocT 3epHa, ueMm Cr, W u
Mo, Tak kak KapOuWIbl TMEpBBIX OoJiee yCTOMYMBBEI M TpYyIHEE PACTBOPSIOTCS B
ayCTEHHUTE.

PasHble TUTaBKM CTajay OJHOW MapKd MOTYT CHJIBHO pa3iuvaTbCs TI0
CKJIOHHOCTH K POCTYy ayCTEHHTHOTO 3€pHa, TaK KaK OHHM COJEp)KaT pa3HbIe
KOJIMYECTBA JUCIEPCHBIX TPYTHOPACTBOPUMBIX YacTHUIl KapOWIOB, HUTPUAOB U
apyrux (a3 — OapbepoB UIsi pocTa ayCTEHWTHOro 3epHa. JlucmepcHOCTh
pacmpesieieHue 3THX YacTHUI[ 3aBUCAT HE TOJBKO OT YCJIOBHH BBIJIABKH CTAlUd U
ropsiaeid  00pabOTKM JaBICHHEM, HO W OT MPEABAPUTEIBHONH TepMOOOpabOTKU
(oTxwura).

CrnemoBaTelbHO, CKJIOHHOCTh CTalld K POCTY 3€pHa TPU HArpeBe 3aBUCHT,
MIOMHMO €€ COCTaBa 10 OCHOBHBIM KOMITOHEHTaM, OT METATyPIHYECKOTO KadecTBa,
TEXHOJIOTMH TPOU3BOJCTBA, T.€. OT €€ HCTOPHH, KOTOpas TMPEAIIeCTBYET
TepmMooOpaboTke. B CBs3M ¢ ATUM pa3nuyaroT HACIEACTBEHHO KPYIMHO3EPHUCTHIC H
HACJIEICTBEHHO MEJKO3EPHUCTBIE CTAIIH.

B nacneocmeenno xpynnozepnucmoii cmanu 3epHO MHTEHCHUBHO PacTeT IMpHU
OTHOCHTETFHO HEOOBIINX MPEBHIMICHUAX TEMIIEPATyphl HaJl TOUKOH Acs.

B nacneocmeenno menkosepnucmou cmanu MEIKOE ayCTEHUTHOE 3€pHO
MOJYyYaeTCsd B LIMPOKOM JWANa3oOHEe TeMmeparyp: OT Touku Acz mo 950-1100°C.
[lepexon depe3 3TOT TeMIlepaTypHbBIH MOPOT MPUBOANT K TIEPETpeBy HACIEICTBEHHO
MeNKo3epHUCTOM cTanmu. [lomg meperpeBoM 37ech MOApa3yMeBaeTCsl WHTCHCHBHOE
YKpYIHEHHE 3epHa U CBA3aHHOE C 3TUM TaJIeHHWE yAapHOW Bsi3kocTu. [Ipm croimb
BBICOKHX TEMIIEpaTypax 3€pHO B HACJICICTBEHHO MEIKO3CPHUCTOW CTaTd MOXKET
OKa3aThCs ake Oosiee KPYMHBIM, YeM B HACJICJICTBEHHO KPYITHO3EPHHUCTOM CTaJIH.

ANFOMUHHI 0COOEHHO CHIIFHO BIHUSIET Ha POCT 3€pHA ayCTEHUTA MPHU HArpeBe
ctanu. HacneacTBEHHO METKO3EPHUCTYIO CTalb MOJTYYaloT BBEJCHUEM B KOBII TIEpe]]
paznuBkoit mpumepHo 0,05% Al Menpyaiiiiue 4acTUYKU HUTPUIOB M OKCHUIOB
ATFOMHHUS TOPMO3SIT POCT 3€PEH ayCTEHUTA.

VHTeHCHBHBIA POCT 3epHA B HACJIEICTBEHHO MEIKO3CPHHUCTOW CTad BHIIIE
950-1100°C oOBbscHsieTCS pacTBOPEHHEM M, BO3MOXKHO, Koaryisiuuen OapbepHBIX

36



yactull. [Ilpm 3TOM U3-32 HEOJAHOBPEMEHHOI'O B pa3HbIX MecTax ociabieHus
O0appepHOoro 3¢@dexra MOKET BO3HUKHYTh XapakTepHas Ui  Ieperpena
HACJIEICTBEHHO MEJIKO3EPHUCTBIX CTAJIEN pa3HO3EPHUCTOCTb.

Takum oOpazoM, pa3nuyalOT HACIEICTBEHHOE 3€PHO U JIEUCTBUTEIILHOE 3€pHO
aycrenuta. Hacneocmeennoe 3epno TIONy4yaeTcsi B CTaHAAPTHBIX YCJIOBHSX U
XapaKTEpPU3YyeT CKIOHHOCTh CTalM K POCTY 3€pHa. [etlicmeumenvrnoe 3epHo — 3TO TO
3epHO, KOTOPOE MOJIyYaeTcsl B pe3yJIbTaTe TOW WM UHOW ONepalii TepMOOOpadbOTKH.
OHO MOXeT OBITh OOJIBIIIE WJIM MEHbIIIE HACIEACTBEHHOTO 3€pHA B 3aBUCUMOCTH OT
Toro, Bbimie uiu Huxke 930°C temnepaTypa HarpeBa CTaJiv Mpu TepMOOOpadoTKe.

CTpyKTypHasi HACJEACTBEHHOCTh U MEPEKPUCTAIIN3ANNUA ayCTEHUTA

[Tpu oxnaxkaeHUU BCeX YIIEPOIUCTHIX U OOJIBIIMHCTBA JISTUPOBAHHBIX CTaICH
ayCTEHUT MPETEpIeBaeT NEPIUTHOE, MAPTCHCUTHOE WJIM OCHHUTHOE TIPEeBpalllCHUE.

[Ipy moBTOpHOM HarpeBe, Korja BHOBb oOOpa3yeTcs ayCTEHUT, B
OTIPENICNICHHBIX YCIOBUAX pa3Mep, hopMma M KpucTauiorpaduyeckas OpUEHTHPOBKA
€ro 3epeH MOTyT OBbITh TaKUMH >K€, KaK U y HCXOJHOr0 3€pHa ayCTCHHUTa Tepe
MEPBBIM TEPJIUTHBIM, MAPTCHCUTHBIM WJIM OEWHUTHBIM TMIpeBpalieHueM. Takoe
HaclieJJoBaHue pasMmepa, GOpMbI U OPUEHTUPOBKH AaYCTEHUTHOTO 3€pHA HA3bIBAIOT
CMPYKMYPHOU HACTIeOCME8EHHOCMbIO.

[IposiBneHue CTPYKTYpHOU HACJIEJACTBEHHOCTH 3aBUCUT OT MCXOAHOU (Tiepen
MMOBTOPHBIM HAarpeBOM) CTPYKTYPHI CTaJIM U €€ COCTaBa, OT CKOPOCTH ATOTO HarpeBa u
TeMIEpaTypbl ayCTEHUTU3AIUU.

Haubonee sipko CTpyKTypHasi HAclIEACTBEHHOCTb NPOSBIAETCS, €CIU Mepea
MMOBTOPHBIM HarpeBOM CTaJIb UMEJIa MAPTEHCUTHYIO WM OCHHUTHYIO CTPYKTYPY.

VY cranu ¢ heppUTHO-NEPIUTHON CTPYKTYPOHM HCXOIHOE ayCTEHUTHOE 3€pHO
0oObIYHO He Hacneayercsa. Ecnu panee Takas ctaib Oblia eperpera u MuMesa KpymnHoe
3€pHO ayCTeHUTAa, TO NIPH IMOBTOPHOM HarpeBe jao Temmepatyp Acz + (30-50)K
ayCTEHHT, 3apOKJasiCh BO MHOTHMX MECTaX, MOJy4aeTcss MeJIKO3epHUCThIM. KpymnHoe
ayCTEHUTHOE 3€pHO HACJIeIYyeTCs 3/1e€Ch TOJbKO MPHU UCXOIHOU GuUOMAHWMEmMMmMOBou
cmpykmype.

JI1s1 MapTeHCUTHOM, OCHHUTHOM, a TaK)K€ BUJIMAHIITETTOBOM CTPYKTYp 00IIeH
4epTod SIBISETCA KpHUcTauiorpaduueckas YIOPSAOUYCHHOCTh: B Mpenesiax oObema
3epHa HCYE3HYBUIETO ayCTEHUTa IUIACTUHBI 0-(pa3bl HUMEIOT ONpPeAeNICHHYIO
Kpuctaorpadguieckyro opueHTHUpoBKYy. [lpu HarpeBe ctanu 3apopsiimu y-(pasbl B
CBOIO OYepe/lb 3aKOHOMEPHO OPHEHTHPOBAHbI OTHOCUTEIBHO IUIACTHH o-(a3bl, B
pe3ynbrate 4ero B 00bEME MCXOJHOIO AayCTEHHUTHOTO 3€pHa IpU HEOOJbUINX
neperpeBax BbIIIE TOYKU Acz POpMHUpPYETCs TOUHO TAaKOE K€ ayCTEHUTHOE 3€pHO,
HAa3bIBAEMOE 80CCMAHOBICHHbIM.

Takum oOpazom, IJii BOCCTAHOBJICHUS ayCTCHUTHOTO 3€pHA MPHU MOBTOPHOM
HarpeBe CTajdud HEoOXOAMMO, BO-TIEPBBIX, MPOSIBJICHWE HACIEICTBEHHOCTH TIPHU
oXJIaKJIeHHU (0Opa3oBaHUE KPUCTAIOTPAPUUECKH YMOPSAOYEHHOTO KOMIUIEKCa O-
KPUCTAJIJIOB B MpeJesiax KaKJI0ro MCXOJHOTO0 ayCTEHHUTHOTO 3€pHa) M, BO-BTOPBIX,
MPOSBIICHUE HACJIECTBEHHOCTH IMPU IMOCJEAYIOUIEM HarpeBe cTaiu (mepexon
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YKa3aHHOT'O KOMILJIEKCa O-KPUCTAJUIOB B OJHO BOCCTAaHOBIIEHHOE ayCTEHUTHOE
3€pHO).

Kornpa aycrteHUT mnOpu OXJaXKACHUM CTaldd IPETEPHEBAECT MEPIUTHOE
MpeBpallleHHe U HE BO3HUKAET BHUJIMAHILITETTOBA CTPYKTYpa, oOpasyroluecs 3epHa
M30bITOYHOTO (eppuTa M KOJOHHHM TMEpJIHTa HE HMMEIOT CTPOTO 3aKOHOMEPHOM
KpucTajuiorpauueckoi OpPUEHTHPOBKH IO OTHOILIEHUIO K PEIIETKE MCXOJHOIO
ayCTEHUTHOTO 3epHa. B 3TOM ciyyae KOJIOHMM TeEpiuTa M 3epHa H30BITOUHOTO
dbepputa He 00pa3zylOT €AMHOTO KpUCTAIOrpauuecky yIopsJ0UeHHOIO KOMIUIEKCa
B Mpenenax o0beMa HCXOJHOIO AayCTEHUTHOIO 3€pHa, BHYTPH KOTOPOro MpHu
IIOCJICAYIOIIEM HarpeBe CTaJM BO3HHUKAET MHOIO Pa30pUEHTUPOBAHHBIX OIUH
OTHOCUTENBHO JPYroro 3apojbllIell ayCTeHWTa, M €ro 3epHO MoyydaeTcs Ooiee
MEJIKUM, Y€M UCXOTHOE.

Ecnau npu HarpeBe cTanu BblIE TOYKH Ac; BHAaYaje HACIEIOBAIOCH KPYITHOE
3€pHO ayCTEHMTA, TO IPU MOCIEAYIOLIEM ITOBBILICHUHA TEMIIEPATYPbl, @ UHOTAA U IIpU
YBEJIMUYEHUU BBIJEPKKUM BOCCTAHOBICHHOE 3€PHO ayCTEHHUTAa BMECTO TOTO, YTOOBI
YKPYIHATHCS, U3MeNbuaeTcsa. Takoe nu3MenbueHue 3epHa B TeMIIepaTypHOH 001acTH,
r7ie HeT HUKakuX (pa30BbIX MPEBpALIEHUH, TPOUCXOJUT B Pe3yibTaTe 3apOKICHUS
HOBBIX 3€pPEH ayCTeHHTa B OOJIBIIOM YHUCJIE MECT B Mpenenax o0beMa Kaxaoro
BOCCTAHOBJICHHOT'O 3€pHA.

DTOT npouecc CTPYKTYPHOU MEPEKPUCTAILTU3ALNN U 110 BHEIIHUM ITPU3HAKAM,
U 10 (PU3UYECKON CYUTHOCTH SABIISAECTCS PEKPUCTAIUIM3AUUOHHBIM. TOJIBKO B OTJIMYHE
OT OOBIYHOM TEPBUYHOW  pEKpUCTALIM3ALMM, KOIrJa HeoOXxoaumas s
dbopMHpoBaHUs €€ 3apoAblllel MOBBIIMICHHAS IUIOTHOCTh AMCIOKALMNA CO3/1aeTcs
nedopmaliel Merauila BHEIIHMMH CHJIaMH, B paccMaTpUBaeMOM Ciydae
MOBBIILIEHHAs IUJIOTHOCTh JUCJIOKAI[Mii BO3HUKAeT MpU BHYTpeHHEM (a30BOM
HaKJIEIIE.

@Da3o06blit HaKAen — STO TOBBINICHUE MJIOTHOCTU AUCIOKALMN B HOBOHM (aze B
xone (azoBoro mpeBpamieHus. OH MOXET BO3HHMKATh MpU JOOOM (a30BOM
MPEBPAILIEHUN U3-32 PA3HOCTH yJIETbHBIX 00BEMOB CTapOi U HOBOM (a3, a TakkKe Npu
MapTeHCUTHOM TNPEBpallleHnH, Korjga nedopmarus o00s3aTeIbHO COMPOBOXKIAET
oOpa3oBaHue Kaxaoro kpuctamia. [loBblieHHas MIOTHOCTH Je()EeKTOB B HOBOM (paze
MOXXET TaKX€ BO3ZHUKHYTh H3-3a «Iepefadyu» IUCIOKAIMI OT MCXOIHOM ¢a3bl K
HOBOM.

Ecnn B HaciaenqyeMoOM KpPymHOM 3€pHE ayCTEHUTa HMEETCS JIOCTATOYHO
BBICOKAsl TUIOTHOCTH JUCJIOKAIMi, TO 3TO M OOYCJIOBIMBAET Pa3BUTHE MEPBUUYHOU
pekpuctamszauuu. [lociie OKOHYaHUS NEPBUYHON PEKPUCTALIM3ALMU AYCTECHUTA C
YBEIIMUCHUEM BPEMEHU BBIICPKKM WIM [PU IOBBIIICHUU TEMIIEPATyphl HUIET
OOBIYHBIN POCT HOBBIX 3€PEH.

Takum o6pa3om, umerorcs ABa dTana (HOPMUPOBAHUS MEIKO3EPHUCTOU
CTPYKTYpPBI B CiIy4ae MPOSIBICHUS CTPYKTYPHOM HACIIEACTBEHHOCTH B cTanu. [lepBbii
sTan — 00pa3oBaHUE BOCCTAHOBJIEHHOI'O 3€pHa Y-(a3bl C MOBBIILIEHHON MIOTHOCTHIO
JTUCIOKAIMKM U3 KpUcTauiorpad@uuecku yrnopsJoueHHOTO KOMILJIEKCa KPUCTAIIJIOB O
da3pl B mpepenax o00beMa HMCXOJHOTO ayCTEHUTHOro 3epHa. Bropoit srtam —
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3apoXIeHWe W pocT Oojee COBEpIICHHBIX KpUCTAUIOB Yy-(a3bl, T. e.
PEKpUCTAIITU3AIMS, IPUBOJIAIIAS K YCTPAHEHUIO CTPYKTYPHON HACIEICTBEHHOCTH.

Jlns ycTpaHeHUsI CTPYKTYPHOM HACIEICTBEHHOCTH HArpeB JETHPOBAHHOM
CTalu OOBIYHO JIOJDKEH OBITh 3HAYMUTENIBHO BBINIE TOYKA Ac;, YEM Harpes
yraepoaucToi. Hampumep, s ucmpaBieHUs KPYITHOTO 3€pHA OTJIMBOK M3 CTaJH
20X13JI ux narpesatot 10 1100-1150°C, T.e. Bblllie Acs; npumepHo Ha 300K.

HcxonHoe ayCTEHUTHOE 3€pHO HACHEAyeTCs NpU HEOOJBIINX CKOPOCTIX
HarpeBa (Tpaaychl B MUHYTY), XapakKTEePHBIX Jsi oObIYHOTO TeyHOoro Harpema. C
yCKOpeHueM HarpeBa 3 (heKT HaclieI0BaHUsI UCXOHOTO 3epHa ociabeBaetr. Ecnu ke
3aKaJ€HHYI0 W HEOTIYIIEHHYIO CTajb HarpeBaTh OY€Hb OBICTPO (COTHHU TpajycoB B
CEKYH/y), TO CHOBA MPOSIBUTCS CUJIbHASI CTPYKTYpHAsi HACIECTBEHHOCTD.

JAu¢pPy3nonnbie npeBpalieHUs AYCTEHUTA MPH OXJIAKACHHUU
Ilepaummnoe npespaugenue. OCHOBHOE NPEBPAILCHHE, IPOTEKAIOIIEE BO BPEMS
OXJIAXKJIEHUS TIPU OTXKUIe CTAJIM — 3TO ABTEKTOUJHBIM pacmaj ayCTeHUTa Ha CMECh
dbepputa ¢ kapOumoM. KuHeTuka 3BTEKTOMIHOTO MpeBpalieHus uzooOpaxaerca C-
oOpa3HbIMU KpPUBBIMU Ha JMarpaMMe H30TEPMHUYECKOTO MpPEeBpAIllEHHs] ayCTEHHUTa
(puc. 3.5).
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Puc. 3.5. JlnuarpaMmma n30TepMUYECKOTO pacnaga ayCTeHUTa B SBTEKTOUIHOMN
CTaJIU: A — yCTOMYMBBIM ayCTEHUT; A, — epeoxyaxaeHHbId aycTeHuT; O — deppur;
K — xapbun

C-muarpamMMmy CcTposiIT clieayiomuM oOpa3oM. ToHkHe 00pas3ipl  CTadu
HarpeBarT 10 TMOJHOW ayCTEHUTH3AIMU M 3aTeéM OBICTPO MEPEHOCIT B TEPMOCTAT
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(CONsIHYI0 BaHHY) C TeMIEpaTypod HMXKE KpUTHUYeckor Touku. Hawano u koHen
pacrajia ayCTeHHWTa NpPU JAHHOW TEMIIEpAaType MOKHO OINpPENEIUTh HECKOJIbKUMU
METOJaMHU.

MuUKpOCTPYKTYpPHBIN aHAJINA3 — CaMbIM ITPOCTOM, BMECTE C TEM HAJEKHBIN, HO U
BeCbMa TpyAoeMkuil merona. OOpaslbl MOCIE Pa3IMYHOTO BPEMEHHU BBIJEPKKU B
TEpMOCTaTe 3akKajluBalOT B BoAe. M30TepMHYECKH HeEpacHaBLIMKCS ayCTEHUT
MIPEBPALIAETCA B MAPTEHCHUT, KOTOPBIM XOPOLIO OTIMYAETCS IMOJ MHKPOCKOIIOM OT
NpOAYKTOB pacnana aycrtenuta. Ilpum temmneparype 727°C ayCTEHUT HAaXOIUTCS B
TEPMOJIMHAMUYECKH YCTOMYHMBOM PaBHOBECHU CO CMEChbIO (eppuTa M LIEMEHTHTA.
UtoObI HayasiCcs pacnaj ayCTeHUTa, HE0OX0IUMO ero nepeoxiaautsb Huxe 727°C.

Yemouuusocmo nepeoxianicOeHHO20 aycmenuma XapaKTEepU3yeTCs
MHKYOAIMOHHBIM MEPHOJOM, T. €. OTPE3KOM BpeMEeHH (OT OCH OpJuHAT 110 JieBoi C-
KpUBOH, pHC. 3.5), B TEeUeHHE KOTOPOro OObIUHbIE METO/IbI HE (DUKCUPYIOT MOSABICHUE
MIPOIYKTOB pacnaja.

B sBTekTOMOHON cTanu npu Temieparypax okojo 550°C mepeoxnaxkAeHHBII
ayCTeHUT HamMeHee ycToluuB. Kak pa3 mpu 3TuX ke Temneparypax OOHapyKEHbI
MaKCUMYMBI ~CKOPOCTH  3apOXKIEHHS M CKOpPOCTM pocTa »BTEKTOMAa. B
UHKYOQUUOHHBILL ~ nepuo0 B TEPEOXJAXJACHHOM  ayCTEHHUTE  MPOTEKaIoT
MIOATOTOBUTEIBHBIE MPOLECCHI IEPEPACTIPEAECIICHUS YTIEPOIA.

[lepnut pacter U3 OTHAEIBHBIX LIEHTPOB B BHUAE KojoHuil (puc. 3.6, 3.7).
3apoapllieM MEpPIUTHOM KOJOHMHM MOKET OBbITh WIM IeMEHTUT (puc. 3.6,a), wiu
beppurt, 3apoKIeHHE KOTOPHIX 00JIErYeHO Ha TPaHUIIe ayCTEHUTHBIX 3epEH.
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Puc. 3.6. Cxema 3apoKI€HHUS U pOCTa JBYX NEPIUTHBIX KOJTOHUN
(Mboiin u Xorens)
40




[Ipu yTONIIEHMN LIEMEHTUTHOW IUIACTHHBI BOJIU3M HEE ayCTEHUT OOEIHSETCS
YIJIEpOJIOM U CO3JAI0TCA YCIOBHS JUISl 3apOKIEHUS IyTEM IMOJIUMOpP(HOro y—a-
npeBpalleHus peppUTHHIX MIACTHH, MPUMBIKAIOMINX K LIEeMEHTUTHOH (puc. 3.6,0).

[Ipu yrommeHnun xe (GEeppUTHON IUTACTHHBI, MPAKTUYECKU HE COJAepKallei
yriaepoga, OH OTTECHSETCS B AYCTEHHT, B pe3yJbTaTe 4Yero CO3AAarTCs
OJIaronpusATHBIE YCJIOBUS JIA TOSBJICHUS HOBBIX LIEMEHTUTHBIX IUIACTUH U T.J.

(puc. 3.6,r, n).
Takoe MHOTOKpaTHOE TONEPEMEHHOE 3apOKIACHHE TIUIACTHH ¢eppuTa u
[IEMECHTUTAa — HE EJIWHCTBEHHAs BO3MOXKHOCTH OOKOBOTO pPOCTA 3BTEKTOMIHBIX

KOJOHUU. J{pyroi sKcrepruMeHTalbHO YCTAaHOBIIEHHBIM MEXaHU3M OOKOBOT'O POCTa —
BETBJIEHUE TUIACTUH 00eux (a3, KOTopoe MOXKET MPUBOAUTH K (POPMUPOBAHMIO KaK
IJIOCKOIIapaJUIeNIbHbIX, TAK U BEEPHBIX CTPYKTYP.

Puc. 3.7. Ctpoenue nepiauta 0KoJIo TpaHuLbl KosloHuH (Buienna)

Kpome O0koBOro, WIeT TOPIOBBIA POCT IUIACTHH (eppuUTa M IIEMEHTHTA
(puc. 3.6,06, B). Ilepen Topuamu miactTud GeppuTa U HMEMEHTUTA KOHIICHTpAIUs
yriepojia B ayCTEHUTE COOTBETCTBEHHO IMOBBINICHA M MOHIDKEHA, T.€. CYIIECTBYIOT
rpareHThl KOHIICHTPAIIMHU TIEPIICHINKYISIPHO U MapajuiebHO (GPOHTY MpEeBpaIIeHUs
(mpu pocTe oHOM (pa3sl rpaIueHT KOHIIEHTPAIMA TOJBKO MEePICHINKYIISIpeH GpoHTY
MIPEBPALLECHNUSA).
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Poct MIEePIUTHOM KOJIOHUU KOHTPOJIUPYETCS muhPy3u0oHHBIM
nepepacrpeesicHueM yriiepoaa NapauieibHO (POHTY TpeBpalieHus B oObeMe
ayCTeHUTAa W TMpPsAMO [0 TpaHUIle MEepAUTHOM KoJioHnu. KoomepaTuBHBIN poOCT
nByx(¢a3Hoi KoJoHUHU nmyTeM aud@y3uoHHOTO MepepacnpeneeHuss KOMIOHEHTOB —
HanOoJiee XapakTepHasi 0COOCHHOCTh MEPIUTHOTO MPEBPAICHUS.

CkopocTh pocTa KOJOHMM W MEXKIUIACTUHOYHOE PacCTOsiHUuE (CymMMapHas
TOJIIIMHA TJIACTUH (eppuTa U MEMEHTUTA WU, YTO TO K€ CaMoe, PaCCTOSTHUE MEXTY
cepeuHaMU OJIIDKAUIINX OJTHOUMEHHBIX TIJIACTHUH) MOCTOSSHHBI TIPU JIAHHOW CTEIICHU
MepeOXJIAXKICHUS AyCTCHHTA.

MeXIJIaCTUHOYHOE PACCTOSIHUE B TMEPJIUTEe — BaKHEWIAs CTPYKTypHas
xapaktepuctuka. C ero yMeHbIIIEHHEeM MPOYHOCTHBIE CBOMCTBA CTAJIM BO3PACTAIOT.

B sBTEeKTOMIHON CTanuM mMpu pacliajiec ayCTeHUTa B 00JIaCTH TeMIIepaTyp oT A,
10 ~650°C MeXMIaCTUHOYHOE pacCTOsSiHME B KoOJOHMsAX paBHO 0,5-1 MKwM,
IByX(a3zHOEe CTPOCHHUE KOJOHHMM XOpOIIO BHIHO TPH CPEIHUX YBEIHUYCHUSIX
MUKpPOCKOIa. Takou 3BTEKTOU HA3bIBAKOT NEPIUTNOM.

IIpu pacnajge aycTeHWTa B HWHTEpBaje TeMmieparyp npumepHo 650-600°C
MEXIUIACTUHOYHOE paccTosinue paBHO 0,4-0,2 MkM, 1Byx¢a3zHOEe CTPOECHHUE KOJIOHUM
BBISIBJISICTCS JIUIIB TIPU OOJIBIITNX YBEJIUUYCHHUSIX CBETOBOTO MUKpPOCKOIA (TIpeAeabHOe
paspelaeMoe paccTOsSTHUE CBETOBOro MHKpockoma ~0,2 MkMm). Takoil 3BTEKTOHU]]
Ha3BIBAIOT COPOUMOM.

Pacnan ayctenuta B mHTepBaie temneparyp 600-500°C naer o4eHb TOHKYIO
ABTEKTOMJHYIO CMECh C MEXIUIACTUHOYHBIM paccTosiHueM okoio 0,1 Mkwm.
JIByxdazHoe CTpOeHHE TaKOrO JBTEKTOHWJA, HA3bIBAEMOIO  MPOOCHUMOM,
BBISIBJISIETCSI TOJIBKO TIOJ JICKTPOHHBIM MUKPOCKOIIOM.

[Ipu HempepbIBHOM OXJIaXJACHUU YKa3aHHBIE CTPYKTYpbl 0OO0pa3yroTcs B
yIIAEPOIUCTOM IBTEKTOUTHON CTAIU B CIAEAYIONIUX YCIOBUSIX:

nepaum — TPU OXJAXKICHUU CTald W3 ayCTEHUTHOIO COCTOSHUSI BMECTE C
MEYBI0 CO CKOPOCThIO HECKOJIBKO TPAlyCOB B MUHYTY;

copbum — TIpU OXJIAKJICHUU Ha BO3JYXE CO CKOPOCTHIO HECKOJIBKO JIECSITKOB
IpajycoB B MUHYTY;

mpoocmum — NpU OXJIAXKJACHUU B Maclie CO CKOPOCTbIO HECKOJBKO JECATKOB
IPajyCcoB B CEKYH/IY.

B cramu ¢ 0,8% C TBepmocTe mnepiuta, copOWTa W TPOOCTHTA paBHA
npubnmxenHo HB170-230, 230-330 u 330-400 cooTBETCTBEHHO.

[lepiuTHOE mpeBpalieHUe B  OBTEKTOMIHOW CTaldd MpPOTEKaeT TMpHU
mudy3noHHOM pacrajie ayCTeHHTa B HHTEpBaje OT A; 10 TeMIepartyp BOJIU3HU
m3ruba C-xpuBor. Hwmxke wmsrnba C-xpupoit B uHTepBaje mnpumepHo 500-250°C
MPOUCXOJIUT TMPEBpaAIllEHUE JAPYroro TUINA — OelHUmHoe, KOTOPOE SBISETCS
MIPOMEKYTOUHBIM MEXK]Y IEPIIUTHBIM U MAPMEHCUNMHBIM.

[lepnuTHBIE KOJIOHMM 3apOKIAIOTCS Ha TPaHUIAX AayCTEHUTHBIX 3E€pEH.
[ToaToMy ¢ yMeHBIIEHHEM pa3Mepa 3epHa ayCTEHUTa COKpaIlaeTcs W pa3Mep
MIEPIIUTHBIX KOJIOHUH (TIPU JAHHOM CTEMEHH MEPEOXJIKICHUS ayCTCHUTA).
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C pocToM CTENneHH MEepPeOoXJIAXKICHUS TEPIUTHBIE KOJOHMHM CTAHOBSTCS
HECKOJIbKO Menpue. Hu pa3mep ayCTEHUTHOTO 3€pHa, HHU pa3Mep MEPIUTHBIX
KOJIOHUH HE BIIMAIOT HA MEKIUIACTUHOYHOE PACCTOSIHUE, KOTOPOE 3aBUCHUT TOJIBKO OT
TEMIIEPATYPBI NPEBPAIICHUS.

Ilpespawenua aycmenuma 6 00I6MEKMOUOHBIX U 3AIEMEKMOUOHBIX
cmanax. B 109BTEKTOUIHBIX M 3a3BTCKTOUIHBIX CTAJISAX MEPIUTHOMY MPEBPAIICHUIO
JOJDKHO TIPEAIIECTBOBATh BBIACICHUE U3ObIMOUHbIX (ha3 — PeppuTa U BTOPUIHOTO
IIEMCHTHUTA.

Ha  gmarpaMMax  M30TEPMHYECKUX  TPEBpallcHUH  ayCTCHUTa B
JO9BTEKTOMJIHBIX M 3a9BTCKTOMIHBIX CTAISIX JIOJDKHBI ObITh HAHECCHBI JINHAK Hadalia
oOpazoBanus U30bITOUHOM (ha3el (puc. 3.8).
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Puc. 3.8. /luarpamma U30T€pMHUECKOTO paciiaja ayCTeHUTa B JJOIBTEKTOUIHON
cTasu (cxema): A — yCTOWYMBBIN ayCTEHUT; A, — MePeoXIIaXACHHBIA ayCTCHUT;
@ — depput; K — xapobun

B cnydae HempephlBHOTO OXJaXICHUS  M3OBITOUHBIA  (QEeppUT HAYMHAET
00pa30BbIBAaTLCS MPHU MEPEOXTAKICHUM AYCTEHHUTAa HUXKE TOUYKUM Az U MPOJIOJDKAET
3apOXKAATHCSA U PACTU 0 TEMIIEPATYP HHKE TOUKH A,
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[Ipu pocte deppura yriepoj HakKalUIMBaeTCs B ayCTEHUTE mepes (ppoHTOM
MpeBpallleHUs, TaK Kak (eppUT MOUTHU HE COAEPKUT yriepona. Ilpu temmneparypax
HUKE A; B 3THUX OOOrallleHHBIX YrIEPOJIOM YyYacTKax ayCTeHHTa 3apOKIaeTcs
nepyiuTHas KojoHusd. JlJis 3TOro coctaB aycTeHHWTa HE 0053aTeNbHO JOJIKEH
nocturath koHueHTpauuu 0,8%C.

B nepnute (copOute, TpoocTHuTe), OOpa3zoBaBLIEMCS U3 AayCTEHHUTa C
conepxxannem menee 0,8% C, yBenuueHa a0 (GEppUTHBIX MPOMEXKYTKOB. Takoi
OBTEKTOM]] C TMOBBIIICHHBIM TPOTHUB PABHOBECHON KOHIICHTPAIIMH JBTEKTOUTHOU
TOYKH COJIEp)KaHUEM JKeJle3a Ha3bIBACTCS K8A3UIBH EKNOUOOM.

B 3asBTekTonmHbIX cTtansgx ¢ coaepxkanuem Oonee 0,8% C KBa3UIBTEKTOU]T
o0oraileH yriaepooM Mo CPaBHEHUIO C COCTABOM TOUKH S.

[lepnuTHOE TmpeBpalieHre OBICTPO OXBaThIBA€T BeCh OOBEM ayCTEHUTA.
[ToaTOoMy mocie Hayana MEepIUTHOTrO MpeBpalleHus 00pa3oBaHHUE JAOIBTEKTOMIHOTO
beppuTa nouTH npeKkpaniaeTcs.

OTHOCHUTENIbHOE KOJMYECTBO CTPYKTYPHO CBOOOJHON H30BITOUHON (pa3bl
3aBUCUT OT CTENEHM NepeoxyNaxkjaeHus aycrenutra. C yBeIMYEHHEM CKOPOCTU
OXJIAXKJICHUS YMEHBIIAeTCsl KOJUYECTBO YCIEBAIOIIETO OOOCOOJIEHHO BBIPACTU
M30bITOYHOrO (eppUTa WIM BTOPUYHOTO LieMeHTUTa. [lpm moctaTtoyHO OOIBIIOM
NEePeoXNAKICHUN 00pa3oBaHue U30BITOYHOM (a3pl B BHUAE CAMOCTOSITEIbHOU
CTPYKTYPHOH  COCTaBISIOIIEH  MOJHOCTBIO  MPEAOTBpAIla€TCs U CTalb
HEIBTEKTOUHOTO COCTaBa MPUOOPETAET YUCTO KBA3UIBTEKTOUIHYIO CTPYKTYPY.

Bruanue nezupyrowiux 3nemenmoé Ha  nepaumHoe  npespauieHue.
Jlerupyromue 371€MEHThl OKa3bIBAIOT YPE3BbIYANHO Ba)KHOE IS IPAKTUKUA BIUSHHE
Ha KUHETHKY pachaja ayCcTeHUTa. 3a MHCKIIOUEHHEM KoOajbTa, BCE IHPOKO
UCIIOJIb3yeMbl€ JIETUPYIOLIUE JIEMEHTHI, pacTBopeHHble B ayctenute (Cr, Ni, Mn, W,
Mo, V u ap.), 3aMeasisiioT NMepiauTHOE MpeBpalleHue, CIBUras BEpxHIOW ydacTh C-
KpuBOH BIIpaBo (puc. 3.9).
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Puc. 3.9. Cxematnueckue quarpaMmMbl H30TEPMHUUYECKOTO pacajga ayCTEHUTA B
yIIAEPOIUCTOM (a) U JIErupoBaHHOM (0) cTasAX; IPU OJJMHAKOBOU CKOPOCTU
OXJIAXKIACHUSA cTeneHb nepeoxnaxacHus AT,>AT)
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[lpupona yBenWUeHUS YCTOWYHMBOCTH IMEPEOXJIAXKACHHOTO ayCTEHUTA O]
BIIMSIHEM JICTUPYIOIIMX JJIEMEHTOB JOBOJIBHO CJIOXHas. Ecom B yriaepoaucThIX
CTallIX TEPIUTHOE TPEBpAIlCHUE CBA3aHO C Y—0O-TIEPECTPOUKON pEIIeTKH U
1 Gy3NOHHBIM Tepepacipeie]iCHHeM yTriepoaa, TO B JIETHPOBAHHBIX CTAISIX K
ATOMY MOTYT H00aBUThCS OOpa3oBaHUE CIEHHAIBHBIX KapOumoB v aud @ y3noHHOE
nepepacrpe/ieiecHie JICTHPYIOIIMX JJIEMEHTOB, TMO-pa3HOMY pPAacTBOPCHHBIX B
beppuTte u kapoue.

PacTBOopeHHBIC B ayCTEHUTE JIETUPYIOLIUE AJIEMEHTHI HE TOJIHKO CaMH UMEIOT
Majblid kodddurmenT nuddy3un, UHOrAA B JSCATKH U COTHHM THICSY pa3 MEHBIIIE,
4yeM y yriaepojia, Ho HekoTtopeie u3 Hux (Mo, W) 3amenmsitor nuddysuto yriepoaa B
y-pemetke. Kpome Ttoro, Hekotopbie sieMeHTbl (Cr, Ni) 3aMmenisior y—ao-
MEPECTPONKY, SIBISIONIYIOCS COCTABHON YaCThIO MEPIUTHOTO MPEBPAILICHUSI.

Takum o00pa3oM, JEeTUPYIONIUE DJIEMEHTHl MOTYT 3aMEISATh TEePIUTHOE
MpEeBpaIICHHE TI0 CISAYIONINM MPUIHHAM

1) wu3-3a o00pa3oBaHMs CHEHHUATBHBIX KapOUIOB HM  HEOOXOIUMOCTH
¢ Gy3NOHHOTO TepepacipeiesieHus] B ayCTEHUTE JETUPYIONIUX JIEMEHTOB, aTOMBI
KOTOPBIX HECPAaBHEHHO MEHEE MOJIBIKHBI, UM aTOMBI yIIIepoIa;

2) u3-3a 3ameieHus (U y3un yrieposa;

3) u3-3a yMEHBIIEHHS CKOPOCTU MOTUMOP(HOTO Y— 0-ITPEBPALIICHHUS.

B 3aBHCHMOCTH OT cocTaBa CTaJld W CTETNCHH MEPEOXJAXKICHUS ayCTCHHTA
peIaonmM MOXKET OKa3aThCsl TOT WM MHOM W3 yKa3zaHHBIX (hakTopoB. Hampumep,
npu A00aBKe K 3BTEKTOMJHOU yraepomuctoit ctaiu 0,8% Mo mpoaomKUTeNIbHOCTD
MOJTHOTO pacmajia ayCTeHHTa MpH Temrepatype BOimm3u n3runda C-KpuBoii Bo3pacTaet
Ha YeThIpe MOpsIKA, MPUUYMHOW YEro SIBISETCS HEOOXOAMMOCTh IU((HY3UOHHOTO
nepepacrpesieiecHnss KOMIIOHEHTOB B ayCTCHHTE B CBSI3M C OOpa3oBaHHMEM KapOwia
(FC, MO)23C6.

bonee  cumpHBIA  3QdeKT  OKa3pIBa€T  JICTUPOBAaHUE  OJHOBPEMEHHO
HECKOJIbKMMH JJIEMEHTaMHU. 3aMelJIeHHe paclaja ayCcTeHWTa TMOJA JICHCTBHEM
JCTUPYIOMIUX DJIEMEHTOB IIUPOKO HCIONB3YIOT I YBEIWYCHHS MPOKATNBAEMOCTH
CTaJIH.

BaxHo, dYTO JerupoBaHHWE TPHUBOAUT K OOJbIIEMY TMEPEOXITAKICHUIO
ayCTEeHUTA TIPH HEM3MEHHOW CKOpOCTH oxnaxaeHus (puc. 3.9). JlerupoBannas ctanb
— MHOTOKOMITOHEHTHAsI CHCTEMa, B KOTOPOW B COOTBETCTBUU C TIPAaBHIIOM (pa3 BMECTO
OBTEKTOUIHOW TEMIIEpaTypbl HMEETCS OSBTCKTOMJHBIH HMHTEpPBaJl TEMIIEPaTyp,
MTOKa3aHHBIN Ha puUC. 3.9 ITPUXOBKOM.

Tak kak ¢ yBelMUEHHEM TEPEOXIKICHUS YMEHBIIACTCS MEXKIIAaCTHHOYHOE
paccTosiHue, TO TPU OAMHAKOBOW CKOPOCTH OXJIAXKICHHSI JETUPOBAHHAS CTalb IOCIE
NEPIUTHOTO MIPEBPAICHHS OKa3bIBACTCS IPOYHEE.

Pa3HOBHAHOCTH OT:KUIa cTaJIel
OcHoOBHO# (DakTOp, OT KOTOPOTO 3aBUCHT MHMKPOCTPYKTypa CTajdu IIOCIe
OTXKUTa 2-ro pojaa, — 3TO CTENEHb MEPEOXJAXKACHUA ayCTeHUTA. Pa3sHOBHIHOCTH
OTXKHUra 2-T0 poja pas3auyaroTcs TJIABHBIM 00pa3oM CIoco0aMu OXJaXACHUS U
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CTENEHBIO MEePEOXIIAKICHHUS ayCTEHNUTa, a TaKKe MOJOKEHUEeM TeMIlepaTyp Harpesa
OTHOCUTEIBHO KPUTHUYECKHUX TOUYEK.

HeoOxonumasi creneHb NEpeoxJIaXIACHUS ayCTEHUTa JIOCTUTaeTCs WIM TIpH
HEIMPEPHIBHOM OXJIaXJICHUU, WIN MPU U30TEPMUUECKOil 00padoTKe.

Ha puc. 3.10 Ha npumepe JO0PBTEKTOMJIHOM CTalld CXEMAaTUYHO H300PaKEHBI
PEXUMBI OXJIAXKACHHS, COOTBETCTBYIOIIME OCHOBHBIM PAa3HOBHUJIHOCTSIM OTXKHIra 2-ro
pona: mnonHeiii  (1); w3oTepmuueckud  (2); HOPMAIU3AIMOHHBIA  OTKUT
(HopManuzanus) (3); mateHTUpOBaHUE (4).

lemnepamypa

Bpemsg

Puc. 3.10. OcHOBHBIEC pa3HOBUJIHOCTH OTXHUTa 2-T'0 pOJia 103BTEKTOUTHOMN
cTaju

K 3a3BTEKTOMIHBIM CTaIIM NPUMEHSIOT CHEPOUAUUPYIOMIMA OTKUT U
HOPMAJIN3ALMIO.

Ilonnwtii omorcue. ] IpoBEACHNS NOJHOTO OTKUIa JO3BTEKTOMAHYIO CTAJIb
HarpeBaroT 10 TemrepaTypsl, kotopas Ha 20-40K Bbime Touku Acs (puc. 3.11,
nuHusg 1).

OxnaxxaeHue Mpu OTKHUIe NPOBOAST C TaKOMl Majoil CKOpPOCTbIO, YTOOBI
ayCTEHHUT pacnajajics Npu HEOOJIBIIOW CTENEeHUW NepeoxiaxJIeHus. Tak Kak B
JIETUPOBAHHOM CTajau ayCTEHUT OoJiee CKIOHEH K INepeoxiyaxaeHuto (puc. 3.9,0), To
UX CIENYET OXJIAXKIATh MPU OTKHUIE C MEHBUIEH CKOPOCTBIO, YEM YIJIEPOIUCTHIE.
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Ecnu yrinepoaucTteie cTany MOXKHO OXJIaXJaTh NPU OTKUTE cO ckopocThio 200 K/u,
TO JIETUpOBaHHbIE — cO cKopocThio 100-30 K/4.

Tak kak mpeBpalieHUE ayCTEHUTA MPHU OTKUIe MOJTHOCTHIO 3aBEpIIAETCS MPU
TeMIlepaTypax 3HAYUTENbHO BbIlle KU3rH0a C-KpHUBBIX, TO OTKUTAEMbIE H3ICIHS
MOYHO BbIIaBaTh U3 ME€YM Ha CIOKOWHBIA BO3ayX npu 500-600°C, ecnu HEe OmacHsI
TEPMUYECKUE HAMIPSHKEHUSI.

1000

900

a0l

=]
S

lernepamipa L

)N
S

500

I
J 05 10 15

Fpo (odepxanue % (no macce) '

Puc. 3.11. Temneparypa HarpeBa ctajiei 1Jig OTKHUra 2-ro pojaa: 1 — moaHbIi
OT)KUT; 2 — HETIOJIHBINA OTXKUT; 3 — c(heporuIu3upyIOMUN OTKUT; 4 — HOpMaTH3aIUsI

Ecnu ke omHOW W3 Iieled OTKHra SIBISICTCS YMEHBIICHUE HANPsHKEHUH B
JEeTau CJIOXHOW KOH(HTypaluu, TO CIEIyeT MPOBOIUTH OXJAXIECHHE C TEUYBIO
MOYTH JJO KOMHATHOU TEMIIEPATyPHI.

CTpyKTypa M03BTEKTOMJHOW CTaJIM MOCIE OTXKUTA COCTOUT M3 M30BITOYHOTO
bepputa u nepimra.

OCHOBHBIE IIeM TIOJHOTO OTXHUra CIEAYIONUe: YCTpaHEHHE MOPOKOB
CTPYKTYpPBI, BO3HHUKIIUX TPH MpeAbIaylied o0paboTke MmeTawia (JUThe, Topsueih
nedopMainum, CBapke M TEepMOOOpabOTKE), CMSITUECHHE CTalu Tepea o0paboTkoit
pEe3aHUEM M YMEHBIIICHUE HANPSKCHU.

47



B 103BTEKTOMIHOW CTad OTKUTOM YCTPAHSIOT JBa MOPOKA CTPYKTYPHI:
KPYIHO3EpPHUCTOCTh U BUAMAHIITETTOB (epput. KpynHbie 3epHa aycTeHUTa MOTYT
chopMHUpPOBATLCA MPHU 3aTBEPACBAHUM OTIMBOK M CBapHBIX IIBOB U3-3a MEperpeBa B
OKOJIOIIOBHOM 30HE U B CIIMUTKAaX, MOJABEPTrHYThIX romorennsauuu npu 1100-1200°C.
B 3Tux e ciyyasix MOXET NOSIBUThCA IpyOasi BUAMAHIITETTOBA CTPYKTYpa, CUIBHO
CHIKAIOIAS YITAPHYIO BS3KOCTH CTAJIU.

[Ipu omxure ¢ HarpeBoM A0 Ac3+(20-40)K oOpasyercss Menkoe ayCTEHUTHOE
3€pHO, U3 KOTOPOTO MPH OXJAXKJIECHUU (HOpMUpYyETCS paBHOMEpHash MEIKO3epHUCTAs
bepputo-nepauTHas CTpyKTypa.

Ecnu B cTanu ¢ BUAMAHIITETTOBBIM (PEPPUTOM (2 TaKkKe ¢ MAPTEHCUTHOU WIIH
OCHHUTHON CTPYKTYpOM, 0Opa3oBaBIICHCS W3-3a TOAKAIKH TMPH YCKOPEHHOM
OXJIaXJEHUN Ha BO3JYXE OTJIMBOK, CBAPHBIX LIBOB, TOPAYErO MpOKaTa U MOKOBOK U3
JIETUPOBAaHHBIX CTajleil) MpU HarpeBe HaCJIEeAyeTCsl HCXOJHOE KpPYIHOE 3€pHO
ayCTeHUTa, TO JUISl JOCTWKEHHUS CTPYKTYpPHOM NEPEKPUCTAIIU3ALUU CIENYET
MIPOBOJIMUTH BBICOKOTEMITEpATypHbIA OTkUT. Hanpumep, otnusku u3 cranu 20X13J1
cinenyet orxurath npu 1100-1150°C, uyro npumepno Ha 300K Bbie Touku Acs. [lpu
TakOM HarpeBe JIOCTUraeTcs TeMIepaTypa IMEepBUYHONW  PEKPUCTAIIM3ALUU
ayCTEHUTA.

[enstm 0OBIYHOTO TIOJIHOTO OTXKHTa, U3MENBYUAIOIIETO 3€PHO, MPOTUBOIOI0KHA
LEb OT’)KUTA, YBEIIMUMBAIOLIETO 3€PHO.

OTmxur Ha KpynHoe 3epHO ¢ HarpeBoM 10 950-1100°C npuMeHSIIOT K MATKUM
HU3KOYTJIEPOJUCTBIM CTaJIsIM JIJISl yIydlleHus: oOpadaTbiBaeMOCTH pe3aHueM. Takue
CTaJIA JAIOT BSI3KYIO, TPYIHO OTAEISEMYIO CTPYXKKY, CIIOCOOHYIO MPUBApUBATHCS K
pEeXyILIEMy HHCTPYMEHTY, YTO J€JIa€T IMOBEPXHOCTh IIEPOXOBATOM. YIIYULIECHUIO
KauecTBa MOBEPXHOCTU U OOJIbIIEH JIOMKOCTU CTPYXKH HU3KOYTJIEPOAUCTHIX CTaJIeh
CIIOCOOCTBYET CTPYKTypa C KPYINHBIMU KOJOHHUSAMH IJITACTUHYATOTO MEPINTA,
KOTOPYIO ¥ MOJIyYatOT MPHU BBICOKOTEMIIEPATYPHOM OTKUTE, YBEITUYUBAOIIEM 3EPHO.

Ecnu cTpykTypy mneperpeBa cTaad MOXHO YCTPAHUTh OTXKHUIOM (WM
HOpMaJIM3alMe ), TO MEePEekKOr, CBA3aHHBIN C OKMCICHUEM I10 TPaHUIIaM ayCTEHUTHBIX
3epeH, — 3TO HEUCIPAaBUMbBIN Opax.

Henonnwtii omorcue. HenonmHbIN OTKUT TOIBTEKTOUIHOM CTaIU IPOBOIAT IIPU
HarpeBe J10 TeMIeparyp Bbile Acy, HO HUXE Acs (puc. 3.11, nunus 2).

OTOT OTXKUT Uil JO3BTEKTOWUJIHBIX CTajell NMPUMEHSIOT OrpaHuyeHHoO. [lpu
TeMIlepaType  HENOJHOIO0  OTKHMra  U30bITOYHBIM  (QeppuT He  Hcuesaer.
CrienoBaTenbHO, HEMOIHBIM OTKUT HE MOKET YCTPAHUTh YKA3aHHBIX BBILIE MOPOKOB
CTaJIU, KOTOPBIE CBSI3aHbI C HEXENAaTeJbHBIMU pazMepamMu U (popmMoil M30BITOUHOTO
beppura.

HenonHelil OTXKUT AO3BTEKTOUIHOW CTaIM HCIOJB3YIOT JJISl CMSTYECHUS €€
nepea 00pabOTKOM pe3aHueM, TaKk KaK B PE3yJIbTaTe€ 3BTEKTOUHOTO MpEeBpalICHUs
IIPU HEMOJIHOM OTXKHUre oOpa3yercst MArkuil nepaut. Hermonusiil cMsryaromui OTaKUr
MO3BOJISIET CAKOHOMUTD BPEMS U CHU3UTh CTOUMOCTH 00paOOTKH.
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Copepouousupyrowguii omorcue. J{i1s1 3a3BTEKTOUIHBIX CTaJEH MOJHBIN OTKUT C
HarpeBoM BbIle A, (puc. 3.4, nunus ES) BooOle He MCMONB3YyIOT, TaK Kak IpH
MEIJICHHOM OXJIaXJCHUU TOclie TaKoro HarpeBa oOpasyercss rpyOas ceTka
BTOPUYHOTO IIEMEHTHUTA, YXY/IIAI0N[as MEXaHHYeCKUE CBOMCTBA.

K 3a3BTeKTOMAHBIM YIJIEPOJUCTHIM CTANSIM IIHPOKO TMPUMEHSIIOT OTXKHUI C
HarpeBoM 10 740-780°C u mocneayomum MeAIEHHBIM oxJaxaeHueM. [locne takoro
HarpeBa B ayCTEHUTE OCTaeTCs OOJIBIIOE YHCIO HEPACTBOPUBIIUXCS BKIIOUYEHUM
IIEMEHTUTa, KOTOpbIC CIyXaT IIEHTpaMH KpUCTAUIM3allMd BO BpeMs pacraja
ayCTEHUTA MIPU OXJIAKICHUU.

B pesynbraTe oOpa3zyercs CTpyKTypa 3epHHCTOro mnepiuta (cdepousa),
MOYeMY ATOT OTXKUT U Ha3bIBAIOT cepouausupytonum (puc. 3.11, nunug 3). Menkue
YJaCTHUIIbl IIEMEHTHTA NIPU TeMIIepaType OTXKHUra B MHTEpBalie A|—A.y, MOTy4arOTCs B
pe3yibTaTe JefeHUus IIEMEHTUTHBIX IJacTUH. [Ipu neneHnn miacTuHbI pacTBOPSIOTCS
B HaumOojiee TOHKHMX YyyacTKax, a Takke B MeCTaX BbIXOJa Ha MexXdasHyro
MOBEPXHOCTh CyOTpaHuIl B IIEMEHTUTE WJIU AYCTCHUTE.

JleneHue LEMEHTUTHBIX TUIACTUH MOXHO YCKOPHUTbH, NMPUMEHUB XOJOJHYIO
MJTACTUYECKYI0 WK TeIUTyto jaedopmaiuio npu Temmeparypax Huxe A;. [Ipu stom
IIEMEHTUTHBIC TUUIACTUHBI HE pa3pylIaloTCcs, a IiacTudecku aedopmupyrorcs. [pu
HarpeBe Mmocjie XOJOJHOW M BO BpeMs Teruion aedhopMaliid MyTeM IMOJTUTOHU3ALNH
0o0pa3yroTcsi CyOTpaHHUIlbl, CHOCOOCTBYIOIIUE JEJICHUIO IIEMEHTUTHBIX IUIACTHH.
[Tocne neneHus MIACTUH MEJIKHWE UX YaCTUIIBI CPEpOUTU3UPYIOTCA IMyTEeM MepeHoca
yraepo/ia yepe3 OKPYKaIOIINi TBEPABIM pacTBOP.

Jns  pexuma cPepouIU3UPYIONIETO OTXKHUIa 3a3BTEKTOMIHBIX  CTaJIeH
XapakTepeH Y3KHM TeMmmepaTypHbld wuHTepBaid. HipkHSs ero rpaHdia JOJDKHA
HaXOJIUTHhCS BBIIIE TOYKM A, a BEpXHSAS TpaHUIa HE JOJKHA OBITh CIUIIKOM
BBICOKOM, TaK KaK MHA4Ye H3-3a PACTBOPEHUS B ayCTEHUTE IICHTPOB KapOWIHOTO
BBIJICTICHUS NIPU OXJIAKICHUM 00pa3yeTcs MIaCTUHYATHIN MEePIInT.

Tak kak TOYKkH Ay U Aj CXOIATCS MPU IBTEKTOMIHON KOHIICHTPAIMHU, TO Y
cTajnel, OJIM3KUX K SBTEKTOUHOMY COCTaBYy, yKa3aHHBIN MHTEPBAJI OT)KUTA OCOOCHHO
y30k. Hanmpumep, ans craneit YOA u Y10A rpanunst atoro uarepsaia 740-750°C, B
To BpeMs Kak mis ctanedl Y11A, YI2A u V1I3A onu HaxoasTca B npenenax 750-
780°C.

KoneuHast cTpykTypa 3aBUCHUT OT CKOPOCTH OXJIOKICHHUS U TEMIIEPaTyphl
chepouu3upyIomero omkura. Yem MeHbIIE CKOPOCTh OXJaXACHUSA, TEM JI0
OOJIBIIIMX pa3MEpPOB BBIPACTAIOT 3€pHA KapOuaa Mpu pacraje aycTteHurta. Perymupys
CKOPOCTh OXJIOKJCHUsI, MOXKHO TIOJydaTb CTPYKTYpbl 3€PHUCTOTO TMEpJIUTa OT
TOYEUHOTO0 J0 KPYHMHO3EpHUCTOro. bojee MenKo3epHUCTHIM MepauT oO0agaeT
MOBBIIIIEHHON TBEPIOCTHIO.

CheponnnzupyromnieMy OTKUTY TOJIBEPraroT YIIEpOIUCThIe U JISTUPOBAHHbBIC
WHCTPYMEHTAJIbHbIE W IMIAPUKOMOIIIUITHUKOBEIE cTanu. CTalb €O CTPYKTYpOu
3€pPHHUCTOr0 TepiiuTa 00JIaJlaeT HAaMMEHBIIEH TBEPJOCThIO, Jierde oOpadaThIBaeTCS
pe3aHueM, 4To 0COOECHHO Ba)KHO, HaNpUMeED, MJis padOThl aBTOMATHYECKUX JTUHUMA B
YCJIOBHUSIX MACCOBOT'O MOITUITHUKOBOTO IMPOU3BOJICTBA.
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Kpome TOro, 3€epHUCTBII MEpPAUT SBISETCS ONTHUMAJIBHOM HUCXOJHOMN
CTPYKTypod mepes 3akaikoi. IIpu HCXOIHOM CTPYKType 3€pHUCTOrO TNEepJiuTa
MEHbIIE CKIOHHOCTh K POCTY ayCTEHMTHOIO 3€pHa, HIMpPE JONYCTHUMBIA MHTEpBal
3aKaJOYHBIX TEMIIEpaTyp, MEHbILIE CKJIOHHOCTh K PACTPECKUBAHUIO NpPHU 3aKajKe,
BBIIIIE TMPOYHOCTh M BA3KOCTh 3aKAJICHHOW cTanu (MEJIKHE 3€epHa pPaBHOMEPHO
pacnpeiefieHbl B MapTEHCUTE 3aKaJIeHHOW 3a9BTEKTOMIHOM CTaJN).

H3zomepmuueckuii omorcuz. Manasi CTENEHb NEPEOXJIAKICHUS ayCTCHMTA,
HEO0OXoIUMasi TIPU OTXKUTE, MOXKET OBITh MOJIy4€HAa HE TOJBKO IMPU HENPEPHIBHOM
OXJaXIEHUN CTAIM C Tne4ybto. Jpyro nyTh — CTYNEHYaTOE OXJIAXKICHHUE C
M30TEPMHUYECKON BBIICPKKOW B MHTEpBalie mepiauTHoro mpespamieHus (puc. 3.10,
nuHus 2). Takas TepMooOpabOTKa Ha3bIBAETCS U30TEPMUUYECKUM OTIKUTOM.

Ilocne HarpeBa 10 TeMHEpPAaTyphl BhIIE A3 CTalb YCKOPEHHO OXJIAXIAKOT 10
TEMIIEPATYPbl U30TEPMHUUYECKON BBIACPKKH, KOTOpPAask HAXOIUTCS HHMIKE TOUKH Aj.
3aTeM MPOBOAAT YCKOPEHHOE OXJIaXKIEHUE Ha BO3AYyXE; MEJKHE HW3JENIHS IPOCTOU
KOH(UTypallui MOXKHO OXJIaIUTh B MOJOIPETON BOJE.

Bpems wu3zorepmMuueckoil BBIAEPKKU JOJKHO OBITh HECKOJBKO OOJbIIIe
BPEMEHM MOJHOIO0 M30TEPMUUYECKOT0 NPEBPALIEHUs aYCTEHHUTA, ONPEAEIIEMOro Io
C-nuarpamme.

Yem Ommke TemmepaTypa H30TEPMUYECKOM BBIIEPKKH K TOYKEe Aj, TeM
0O0JIbIlIEe MEXIUIACTUHOYHOE PACCTOSIHUE B MEPJIMTE UM MArde CTajib, HO OOJblIE U
BpeMsl IpeBpalieHus. Tak Kak OCHOBHOE HA3HAYEHHE M30TEPMHUYECKOTO OTKUIa —
CMSITYEHHE CTAJIM, TO MPAKTUYECKU BHIOUPAIOT TAKYIO TEMIEPATYPy U30TEPMUUYECKON
Boiepkku (Ha 30-100K Hmke temmeparypbl A;), OpU KOTOPOH MOJydaercs
J0CTaTOYHOE CMATYEHHE CTAJIM 32 CPABHUTENIbHO HEOOJBIION MPOMEXKYTOK BPEMEHHU.

N3oTepMudecKkuil OTXKUT IO CPAaBHEHHUIO C OOBIYHBIM OTKHUIOM HMMEET JBa
npeumyniectsa. Ilpexne Bcero, OH MOXET [aTh BBIUTPBIILI BO BPEMEHU, €CIH
CyMMapHO€ BpeMsl YCKOPEHHOTO OXJaXIEHUS, H30TEPMUYECKOW BBIAEPKKUA H
MOCJEAYIOMIETO  YCKOPEHHOTO  OXJIAXKJEHHMS MEHBIIE BpPEMEHHM MEIJIEHHOTO
HETPEPBIBHOTO OXJIAKICHHS U3JIENINS BMECTE C IEYBIO.

Oco0eHHO  OONBIIOW  BBIMIPHIII  BPEMEHHM  MOXKHO  MOIYYUTh  MpPH
M30TEPMHUUYECKOM OTXKHUI'€ JIETUPOBAHHBIX CTAJNEH C YCTOMYMBBIM MEPEOXIAKICHHBIM
ayCTEHUTOM.

Jlpyroe mnpeuMylIecTBO HU30TEPMHUYECKOTO OTKUIa — TOJlydeHue Oolee
OTHOPOJHOU CTPYKTYpBI, TAK KaK IPU U30TEPMUUYECKON BBIIEPKKE TEMIIeparypa 1o
CEUCHMIO W3JeNUsl BBIPABHMBAETCS U MpEBpalleHuEe BO BCeM OObEeMe CTalu
MIPOUCXOJUT IIPU OJAMHAKOBOW CTENEHU NEPEOXIIAKICHHUS.

Hopmanuzayua. Ilpu HOpManu3anuu cTajb HarpeBalOT A0 TEMIEpaTyp Ha
30-50K Bbrime muauun GSE u oxnmaxpaior Ha Bosayxe (puc. 3.11, nunus 4).
VYCKOpEeHHOE MO0 CPAaBHEHMIO C OTXKHUIOM OXJIaXACHHE OOYCIOBIMBAET HECKOJBKO
Oonpiiee nepeoxnaxaeHue aycrenurta (puc. 3.10, munus 3). Ilostomy mnpu
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HOpMaJIU3AIMK TOJTy4aeTcsl 0ojiee TOHKOE CTPOCHHE SBTEKTOWA (TOHKHHA TEPIIAT
WU COpOUT) U 00JIee METKOE IBTEKTOUIHOE 3€PHO.

Kpome Toro, 4acTHYHO MOJABIsAETCS BBIACICHHE W30bITOUHOM a3kl (heppura
WM BTOPUYIHOTO IIEMEHTHUTA) H, CJCAO0BATEIIEHO, 00pa3yeTcsl KBa3UABTEKTOU . Takum
o0pa3oM, MPOYHOCTh CTaJIM IOCIIC HOPMAaJW3allMd JIODKHA OBITH OOJbIe, YeM
MIPOYHOCTH IOCJIC OTIKHUTA.

HopManuzaruio NpuMEeHSIOT Yallle BCEro Kak MPOMEXYTOYHYIO OTICPAIIHIO JIsI
YCTPaHEHHUS IIOPOKOB CTPOCHHUS M OOIIETO YIYYIICHUS CTPYKTYPHI ITepe] 3aKaJIKOMH, a
TaKKe JUIsl CMSTUYCHMS CTalu TMepeln oOpaboTkoil pe3anueMm. Takum 00pazom,
Ha3HAUCHWE HOpPMAaJHM3allMM KaK IPOMEXKYTOYHOW OOpabOTKH  aHaJOTHIHO
HA3HAYCHUIO OTXKUTA.

HopManuzamuio MHPOKO MPUMEHSIOT B3aMEH OTXKWTa [JI  YCTPaHCHUS
MTOPOKOB CTajI¥, BO3HUKIIUX IIPH ropsuei aedopmaiuu U TepMHIECKOH 00paboTKe:
KPYITHO3CPHHUCTON, BHJIMAHINTETTOBON CTPYKTYPBI, CTPOYCYHOCTH. Bo MHOTHX
CIy4astX HOpMaJlM3allisl JaeT JIydIlhe pe3yiabTaThl, YeM ODTKHur. Hampumep,
CTPOYCUHOCTh B CTaJW JIET4Ye yCTPAHWUTh HOPMAJU3AIMCH, TaK KakK IMpH OOJIbIIEM
MEPCOXIAKICHUN ayCcTeHUTa (EpPpUT BBIICIACTCS HE TOJIBKO HA BBITIHYTHIX
IIUTAKOBBIX M CYJIb(UIHBIX BKIIOYCHHUAX, HO U BO BCEM 00beMe ayCTCHUTHOT'O 3€PHA.

B 3a’BTEKTOMIHON CTanmm HOpMajau3amMs yCTpaHseT TpyOyro CEeTKy
BTOPHYHOTO IrieMeHTUTa. [Ipu HarpeBe BbINIE TOYKH A, (uHus ES) BTOpUYHBIH
IIEMEHTHUT PACTBOPSACTCS, a MPH TOCIEAYIOIIEM YCKOPSHHOM OXJIAKICHUU Ha BO3yXe
OH HE ycreBaeT 00pa3oBaTh rpyOyr0 CETKY, TOHMKAIONTYIO CBOHCTBA CTaJIH.

Hampumep, eciu mociie ropsiueii IpOKaTKH B HHCTPYMEHTATBHBIX cTAIAX Y 11-
V13 umeercs rpyOasi IEMEHTUTHAs CETKa, TO Nepel CHepONaU3UPYIOIIMM OTKUTOM
€€ YCTpaHsAIT Hopmanu3zauueil ¢ HarpeBom a0 850°C wu mocienyromum
OXJIAKJICHUEM, YCKOPEHHBIM C ITOMOIIBIO BEHTHIISTOPOB.

HopManuzamuio HCIONb3yIOT U KaK OKOHYATEIbHYI0 00pabOTKy cpeaHe- U
BBICOKOYTJICPOJMCTBIX JIOBTCKTOMUIHBIX CTaJield, eciu TpeOOBaHHUS K CBOHCTBaAM
yYMEpPCHHBIE U HeoOs3aTeIbHA 3aKaJIKa C BBICOKUM OTITYCKOM.

Ilamenmupoeanue. J1j1s1 1I0JIy4eHNs! BBICOKOIIPOYHOM KAaHATHOM, NPYKUHHOU
U POSUIbHOW TPOBOJIOKM NPUMEHSIOT HM30TEPMHUECKYI0 00paboTKy, KOTOpas
MOJIy4YHJia Ha3BaHUE NATEHTUPOBAHMS.

[IpoBONOKY M3 yriaepoAucThix craneu, copepxkamux ot 0,45 go 0,85% C,
HarpeBalOT B NPOXOAHOW mneyn J0 Temneparypel Ha 150-200K Beime Acs,
MPONYCKAaIOT Y€PEe3 CBUHIIOBYIO WJIA COJISIHYIO BaHHY ¢ Temrmeparypoi 450-550°C u
HaMaTbIBalOT HA MIPUBOJAHON OapabaH.

Pacran aycrenuta mnpoxoauT okoyio u3ruba C-kpuBod BOMU3M HUXKHEH
IPaHULIbl TEMIEPATYPHOTO MHTEpBaia MEepIUTHOrO npeBpaiienus (puc. 3.10, nuHus
4).

[lo BBIXOJIe U3 BaHHBI IPOBOJIOKA UMEET (PEPPUTO-LIEMEHTUTHYIO CTPYKTYPY C
OY€Hb MaJbIM MEXKILJIACTUHOYHBIM paccTosHHeM. Ee MpuHSATO Ha3biBaTh COPOUTOM

51



MATEHTUPOBAHUS U TPOOCTUTOM. M30bITOUHBIN (hepPUT UIIK BTOPUUHBINA IEMEHTUT HE
ycreBaeT 00pa3oBaThCs, U BCA CTPYKTYpa SBISAECTCS KBA3UIBTEKTOMIHOM.

[locnie maTeHTUPOBaHUS TMPOBOJOKY MOABEPTalOT MHOTOKPATHOMY XOJIOJTHOMY
BOJIOYEHUIO C OOJBIIMM CyMMapHbIM oOkaTueM. OOBIYHO MOIYYaroT MPOBOJIOKY C
BPEMEHHBIM CONPOTUBIIEHUEM, paBHbIM 1500-2000 MI]a.

3.3. OT:KUT 4YyTYHOB

OcHOBHBIE KOMIIOHEHTHI YyT'yHa — KeJe30, yriepoa u kpemuuidi. Kpome Toro,
OOBIYHBIC UYTYHBI COZEpKAT Mapranell, hochop u Apyrue JIEMEHTHI.

HecMmoTpss Ha CJHOXKHOCTHP XHMHUYECKOTO COCTaBa 4YyryHa, BaKHEHIIHe
CTPYKTYpPHBIE U3MEHEHUS MPU €TO OTKUTE KAaUECTBEHHO MOXKHO MPOAHAIM3UPOBATH C
HCIOJIb30BAHUEM JMarpaMMbl COCTOSIHUS ABOMHOM cuctemsl Fe — C. B 3T0i1 cucteme,
KaK M3BECTHO, AyCTEHUT U (EPPUT MOTYT HAXOAUTHCS B CMAabOUIbHOM PABHOBECUU C
epagumom (MyHKTUPHBIC JTUHUMU HaA puc. 3.4) U B mMemacmabuibHOM pPAGHOBeCUU C
yemenmumom (puc. 3.4, CIUTOLIHBIE JTUHUN).

I'padutr mo cpaBHEHUIO C LIEMEHTHUTOM TpYAHEE 3apoXAaeTcss U TpyJHEe
pacTeT B MeTajuiMueckord matpuie. [ns 3apoxaeHus rpadura TpeOyroTcs ropasio
Oompive QIyKTyaluu KOHUEHTpaluK, Tak Kak rpadut — 3to npaktuuecku 100% C
(pacTBOPUMOCTH KeJie3a B HEM HUYTOXKHA), a IIEMEHTUT COACPKUT TOIBKO 6,67% C.

[Ipu pocte rpaduTHOrO KpUCTalyia HEOOXOAMMO IMOYTH MOJHOE YJaldeHHe
aTOMOB >KeJie3a OT ()pOHTA MPOABUKEHHS €ro IpaHullbl B METAINIMYECKON MaTpHIle.
[loaToMy 0Opa3zoBaHHME METACTAOMJIBHOIO LEMEHTUTA B ONPEIEICHHBIX YCIOBHSIX,
HarpuMep, TMpPU YCKOPEHHOM OXJIaXJACHWU, KUHETUYECKH Oojiee BBITOJIHO, YeM
oOpa3oBaHue CTaOMIbHOTO rpaduTa.

Opnako mMeTacTaOUILHOE paBHOBECHE ayCTEHUTA UK (eppuUTa ¢ IEMEHTUTOM
COOTBETCTBYET OTHOCUTEIBHOMY MHUHUMYMY »dHeprun ['ub0ca, a crabuibHOE
paBHOBecue c rpapuToM — aOCONMIOTHOMY MUHUMYMY sHepruu ['nb0ca. IlosTomy
BBIJIEP)KKA UYYT'yHa TIPU TMOBBIIICHHBIX TeMIepaTypax IOJDKHAa B KOHIIE KOHIIOB
MIPUBECTH K 3aMEHE [IEMEHTHUTA IpapuTOM.

Kpemuuii, Hukenb, aglOMUHUA W JAPYrHe DJIEMEHThI  CIIOCOOCTBYIOT
rpaduTU3aMK, a MapraHel, XpoM, BaHaJWi, MarHuii, LEpud, cepa W JpPyrue
AIIEMEHTHI 3aTPYIHAIOT €e.

da3oBble MpeBpalleHUs IPU TEPMUUECKON 00pabOTKe YyryHOB BKIHOYAIOT BCE
T€ OCHOBHBIE TPOIECCHI, KOTOPbIE BCTPEUYAIOTCA B CTalsIX, U JIONOJHUTEIHHO
OCJIOXKHEHBI ITPOIIECCaMU, CBSI3aHHBIMU C TIOBEJIeHHEM rpaduTHOM (a3bl.

OCHOBHBIE Pa3HOBUIHOCTH OTXKHUTa 2-TO poja YyryHOB — IrpadUTU3UPYIONTUIA
OTXKUT U HOPMaJIU3aIusl.

I'pagpuru3upyrommi OTKUT YYIT'YHA

['padutns3upyromuii OTXKUT 4YyryHa — 3TO TepMuueckas o0paboTka, mpHu
KOTOPOM TJIaBHBIM IMPOLIECCOM sIBIsieTcsl oOpa3oBaHue rpaduTa ¢ OJHOBPEMECHHBIM
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YaCTUYHBIM WJIU TOJHBIM MCUE€3HOBEHHEM IIeMEHTHUTA. [ paduTU3UPYIOIIEMY OTKUTY
MOJIBEPraloT Oenvie, cepvie U 8blcOKONpouHble (MOIU(DUIIUPOBAHHBIC) YYTYHBI.

Omorcuz 6enozo yyzyna na koekuil. benvlii 4yryH TBEp U OYEHb XPYNOK U3-32
OOJIBIIOr0 KOJUYECTBA IBTEKTUYECKOTO IIEMEHTUTA B €ro CTpyKType. COBpeMEHHbIH
Croco0 MOMy4YeHUs KOBKOT'O0 YYryHa Tpa@UTH3UPYIOMIMM OTKUIOM O€Joro HIMPOKO
pacnpoCcTpaHeH B MPOMBIILIEHHOCTH.

B mHacrosmiee BpeMss KOBKMA YYryH — OTO IIHPOKO MPUMEHIEMBIH
MAaIIHHOCTPOUTEIBHBI MaTepHal, COUYCTAIONIUI MPOCTOTY U JEHICBU3HY MOITYYCHUS
OTJIMBKOM (pacCOHHBIX J€Taleii ¢ BRICOKUMH MEXaHMYECKHMH CBOHCTBaMH.

Jiss  mpou3BOACTBA  KOBKOTO — YYI'yHa  HCIHOJNB3YIOT  OTJIMBKH U3
JI0IBTEKTHYECKOTO OesIoro uyryHa, coaepxariero 2,2-3,1% C, 0,7-1,5% Si, 0,3-1,0%
Mn u g0 0,08% Cr. Conepxkanue B IIUXTE KPeMHUS, 00JIerdaoero rpadguTus3anuio,
M Maprasiia ¢ XpoMOM, 3aTPYAHSIONIMX €€, PEryJIUPYIOT TaKUM 00pa3oM, YTOOBI
MOJIABUTh KPUCTAIU3ALNIO TpaduTa U3 pacijaBa U o0ecrneyuTh BO3MOXKHO Ooliee
OBICTpOE MPOXOXKIACHHUE TPAPUTU3AINH IIPH OTKHTE.

[Ipy KpucTaIM3alMKU CEpOro 4YyryHa rpaduT pacTeT U3 paciuiaBa B
HEOMaronpusTHON (hopMe pa3BETBICHHBIX KPaOOBUIHBIX PO3ETOK, CEUCHUS KOTOPHIX
Ha nuMde UMEIOT BUJ U30THYTHIX MacTuH. [Ipu omxure 6enoro yyryna (puc. 3.12)
rpaduT, Ha3bIBAEMBIA YTIJIEPOAOM OTXKHIa, O0Opasyercs B 3HAYUTENBHO Ooliee
KOMIIaKTHOM, OJIArONPHUATHOMN /I MEXaHUYECKUX CBOHCTB opMe.
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Puc. 3.12. I'paduk omxura 6emnoro yyryHa Ha koBkuii: | u Il — nepBas u BTopas
cTaauu rpaduTU3aLuU

XOTsl KOBKMM UYyryH W HE KYIOT, HO OTHOCUTEIBHOE Y/UIMHEHUE Yy HEro
HaxomuTcs B npeaenax 2-20 % (B 3aBUCHUMOCTU OT CTPYKTYpbl), B TO BpeMs Kak y
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0eJioro uyyryHa OTHOCHUTeNbHOE ysiHeHue He npesbimaeT 0,2 %, a y ceporo — He
6oxee 1,2 %.

Hcxoaubiil ¢pa3oBblil cocTaB 6€J10ro yyryHa Takoi e, Kak y ctanu — GeppuT u
LIEMEHTUT, TI03TOMY MEXaHM3M €ro ayCTeHUTH3auuu aHamoruyeH. [lpu Harpese
BHayaje MPOUCXOJUT MEPIUTO-ayCTeHUTHOE IMPEeBpAllleHUe, 3aTeM pPACTBOpPEHHUE
BTOPUYHOTO LIEMEHTUTA U TOMOTeHu3anus ayctrenuta no C u Si.

Ilepsasa cmaousa cpapumuzayuu. Bo Bpems Bbiepkku okoio 10 4 mpu 900-
1050°C mpoxomut mepBasi cranus Tpadutuzanuu (puc. 3.12), Mo OKOHYAHUH
KOTOPOH BECh IIEMEHTUT JBTEKTHYECKOTO IMPOUCXOXKICHUS M OCTATKH BTOPUYHOIO
IIEMCHTUTA 3aMEHSIOTCS TpapUTOM U CTPYKTypa H3 ayCTEHUTO-IICMEHTHUTHOM
MPEeBpaIIaeTCs B ayCTEeHUTO-TPpaUTHYIO.

JlokazaHo, 4To TpaduTH3aMsa OEIoro 4yyryHa Ha MEpPBOM CTAIUH COCTOUT B
3apOKJICHUH TpaduTa Ha TPAHMUIC AyCTCHHUT-IIEMEHTUT M BIAIH OT IEMCHTHUTHBIX
KPUCTAJNIOB W pocTe rpaduta TpH OJHOBPEMEHHOM pPACTBOPCHHUHM IIEMCHTHUTA B
ayCTEHUTE IyTeM IEePEHOCa aTOMOB yIJIepOIa Yepe3 ayCTCHUT OT IPaHUIIbI AyCTCHHT-
IIEMEHTHUT K T'PaHMIIC ayCTEHUT-Tpadwr.

YnaeneHbIE 00BeM TpaduTa B HECKOJIBKO pa3 Ooiblle, YeM y ayCTeHHTA, U
MOTOMY €ro TOMOT€HHOE 3apOXJCHHE B IUIOTHOH METAUTMYECKOH MAaTpHIle
MaJIOBEPOSATHO.

Jluciokanuu, CyOrpaHUIlBI U BBICOKOYTJIOBBIC TPAaHUIIBI Manod()(PEKTUBHBI B
KayeCTBE MECT T€TePOreHHOT0 3apOKICHUS TpaduTa.

Kak u3BecTHO, cepoe 0J0BO, YICNbHBII 00hEM KOTOPOTO HAa OAHY YETBEPTh
Oonpie, yem Oenoro, 3apoXkIaeTcsl MPEINOYTHTENIbHO Ha OTKPBITONH MOBEPXHOCTHU
oOpasnia 6emnoro ojyoBa. [Ipu rpadurtuzaruu, Korja yneidbHbIH 00beM HOBOHM (a3l
emie Oojiee pe3Ko OTIMYAETCS OT YIAEIBbHOTO 00beMa MCXOAHOM (ha3bl, 3apOjbIlIn
rpagura TaKXKe NPEHMYIIECTBEHHO BO3HHMKAIOT Ha CBOOOJHOW ITOBEPXHOCTH
ayCTEHHUTA.

B o0bemMe OTIMBKM MECTaMH TeTEpOTEHHOTO 3apOoXKIeHHUs TpaduTa CIyKat
HECIUIONTHOCTH, CKOIUICHUS BaKaHCHH, yCaJOYHbIE W Ta30BbIE MHUKPOIYCTOTHI,
MUKPOTPCIIMHBI, pa3pblBbl HA TpaHUIE ayCTCHUTAa C HEMETALINYCCKUMU
BKIIFOUCHHSIMH  M3-32 PA3HOCTH HMX TEPMHUYECKOTO pacmupeHus. Mecrtamu
3apokJeHus rpadura MOTryT OBITh TU(QPY3HOHHBIC IOPHI, BO3HHUKAIOIINE IPH
TOMOTCHHM3alluM aycTeHuTa. Hampumep, mpw BbIpaBHUBAaHWM COCTaBa ayCTCHUTA
Moclie yXoJla aTOMOB KPEMHHs M3 OOOTAlICHHBIX UM YYacCTKOB OCTaeTcsi M30BITOK
BaKaHCHU, 00pa3yIOIIUX MOPHI.

DTUM MOXKHO OOBSCHUTH YCKOpEHHE TpadUTH3AINN TIOJ] ICUCTBUEM KPEMHHUS,
KOTOpPO€ TMPOUCXOJIUT, HECMOTpsl HAa TO, YTO KpPEeMHHUH 3amemuseT AudQy3uto
yriepoja B ayCTEHUTE.

[Tocne oOpa3oBaHUS LEHTPOB TpadUTH3AUN B AYCTCHHTE CYIIECTBYET
IPaJUeHT KOHIICHTPAIMH yTIiepoja, Tak KakK IpeIeiabHas paCTBOPUMOCTh IIEMCHTHTA
B HEM BHIIIIe, YeM TpaduTa (Ha 1uarpamme cocTtosHus puc. 3.4 muaus ES Haxomures
npasee auHuK E'S').
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Hanpumep, ecnu nepBas ctaaus rpaguTuzanuy NpoxXoauT Mpu Temmneparype t*
(puc. 3.13), To cocTaB ayCTeHUTAa Ha TPaAHULE C IIEMEHTUTOM HU300pa)xaeTcss TOUKOU
b, Ha rpanune ¢ rpadUuTOM — TOUKOH a.

BoipaBHuBaHME KOHIIEHTpallMM yrjiepoja B ayCTEeHUTE JellaeT  €ro
HEHACBIIIEHHBIM T10 OTHOIICHHWIO K IEMEHTUTY (Ha TpaHUlle ayCTeHUT-UEMEHTUT
COCTaB ayCTEHUTA CABUTAETCS BIEBO OT TOUKHU a) U MEPECHIIIEHHBIM 110 OTHOIIECHUIO
K rpaduty (Ha rpaHule ayCTEHUT-TpadUT COCTaB CABUTAETCS BIPABO OT TOUYKH a). B
pe3ysibTaTe HENpPephIBHO, BIUIOTH JI0 HCYE3HOBEHHUS, PACTBOPSETCS LEMEHTHUT WU
pacteT rpadur.

Kpome mnepeHoca aromMoB yriepoga dYepe3 TBEpAbIH pacTBOp, AJIs
rpauTU3aluu HEOOXOIMM elle OAMH mporecc — aAuddys3us aToMoB kene3a OT
MOBEPXHOCTH pacTyilero rpadura, 4ToObl OCBOOOAUTH TPa@UTy MHPOCTPAHCTBO.
Umenno »t1or nud@y3uoHHBIH Mpolecc, a He MPUTOK aTOMOB YIiepoja
KOHTPOJUPYET CKOPOCTh pocTa TrpadUTHBIX BKIIOYEHUH B ayCTEHUTE, TaK Kak
b dy3uoHHas TOABUKHOCTh aTOMOB KeJie3a HAMHOTO MEHBIIIE, YEM Y YIJIepo/ia.

®dopma rpaduTa 3aBUCUT OT TEMIIEPATypPhl OTXKUTA U COCTaBa YyTyHA.
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Puc. 3.13. Yuactok nquarpammsel cocTosinus cucteMbl Fe—C co CIutonHbpIMU
JUHUSAMU CTAaOUIBLHOTO U MYHKTUPHBIMY JIMHUSIMA METACTAOUILHOTO PAaBHOBECHS
(cxema)
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J1o0aBKM ¥ MPUMECH OKa3bIBAIOT CIOKHOE BIUSHUE HA POCT yriepoa OTKUTa.
Hanpumep, manbie no6aBku Maraus (<0,1%) oOGecrneunBaroT pocT yriepoja OTKUTa
B KOMIIAaKTHOM (opMme.

Bmopaa cmaoua zpagpumuzayuu. Metannuyeckas MaTpulia KOBKOTO 4yryHa
dbopmupyeTcss TpU SBTEKTOMAHOM paclajie aycTeHuTa. [ mnoiydeHuss dYucTo
(dbeppUTHON MaTPUIIBI OXJIAXKICHHE B MHTEpBAJIe TEMIIEpATyp IBTEKTOMHOTO paciajia
JIOJKHO OBbITh MemsieHHbIM (puc. 3.12). 3pmech MNpOXOAWT BTOpas CTaaus
rpaduTH3anuu — ayCTeHUT pacnaaaercs no cxeme A—@O+T".

Yem Oonblie cTEneHb NepeoxyaxAeHUs: (Uiu OOJIblEe CKOPOCTh OXJIAXKIACHUS
IpU HENPEPHIBHOM MMOHWXEHUU TEeMIIepaTypbl), T€M OoJiblIas A0JsS ayCTEHHUTA
pacnagaercsi 1o cxeme A—®+Il. Ecium oxnaxaeHue OTIMBKA B HHTEpBAJIEC
ABTEKTOMIHOTO MPEBpAIICHUsS] HE 3aMEUIMTh, TO MOJYYUTCS YUCTO MEPIUTHBINA
KOBKHUH 4yryH. ETo CTpyKTypa cOCTOUT U3 yriepoja OT>KUra U NepIUTHON MaTpULIbI.

[lepnutr mpumepHo B 2,5 pa3a mnpouyHee U TBepke (eppura, HO MeHee
mactTuueH. [loaToMy ¢ yBenMYeHUEM KOJIMYECTBA MEpPIUTa B CTPYKTYype KOBKOIO
YyryHa IMPOYHOCTHBIE CBOMCTBA pacTyT, a MJIACTUYHOCTh CHUXKaeTcs. Hampumep, y
depputHoro koBkoro uyryHa mapku KY37-12 6,=370 Mlla u &=12 %, a y
nepautHoro yyryna mapku K463-2 ¢,=630 Mlla u 6=2 %.

Pa3Butue BTOpO#l cTamuu rpaduTH3AUU MOXKHO OOECIEYUTh HE TOJIBKO
3aMeIJICHHEM OXJIAKJEHUs B OBTEKTOMJIHOM HWHTEpBaje TeMIlepaTyp, HO U
M30TEPMHUYECKON BBIACPKKOW TOcie OOBIYHOIO, HE 3aMEMJICHHOTO OXJIaXKIEHUS
(myHKTHpHas 1Iomaaka Ha puc. 3.12).

[Ipu HenpepbIBHOM OXJIAXJECHUU HJET MEPIUTHOE MpEeBpalIeHUE ayCTeHUTa, a
noclieytonias JJIATEIbHAs BbIJEPKKA MNPUBOAUT K TpaduTH3aUMU NEPIUTHOTO
eMeHTuTa. Mexanusm rpadurusaiuu 37ech NPUHIMIHAIBHO TaKoW ke, KaK M Ha
NEepBOM CTaJANM, TOJBKO rpaguTH3alug HAET IyTeM MepeHoca yriepoja He uepes
ayCTeHHUT, a 4Yepe3 (eppUT OT TpaHUlbl (HEPPUT-LIEMEHTUT K TrpaHuile (Geppur—
rpaduT. Y3KUM 3B€HOM mporiecca siBisiercs AudPys3us aToMOB xkejeza B peppuTe oT
MOBEPXHOCTH pacTyIlIero rpadura.

OnHOBpeMEHHO ¢  rpaguTU3alMed  MEepIUTHOr0  LEMEHTUTa  IpH
M30TEPMHUYECKON BBIIEPKKE TMPOUCXOAST JCJICHHE I[EMEHTUTHBIX IUIACTHH H
chepounuzaius eMEHTHUTA.

[lonnep>xuBasi MOBBIIIEHHOE CO/IepX)aHue MapraHia B muxre (10 1%), MoxHO
PE3KO 3aMeIUTh IpaUTU3ALUIO IEPIUTHOTO [IEMEHTUTA, YTOOBI COXPaHUTh MEPIUT
U C IOMOUIBIO cheponan3alnu MoJIy4UuTh KOBKHIM YyTyH ¢ MaTpHilei u3 chepoua.

UyryH ¢ MaTpuleld U3 3epHUCTOTO MEePIUTa OTIMYAECTCS COUETAHUEM BBICOKOM
MPOYHOCTH M MOBBIIIEHHOMN IUIACTUYHOCTH, a TaKXKe Xopollei o0padaThiBa€MOCThIO
pe3aHueM U BBICOKUMU aHTU(PPUKIMOHHBIMU cBoMcTBamu. Ilpu o©,~600MIla
OTHOCUTENBHOE yJIJIMHEHUE Y Takoro yyryHa jpocturaetr 10% u uM MOXXHO 3aMEHUTH
JUTYI0 U KOBaHYyIO CTalib. M3 KOBKOro 4yryHa ¢ OCHOBOW M3 3€pHHUCTOrO IMEpiuTa
W3TrOTABIMBAIOT JaXe TaKue OTBETCTBEHHbIC W3JENUs, Kak KoJieH4YaTble U
KyJa4KOBBIE BaJIbI.
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Hopmanu3anus yyryHna

Yopounsitomas TepMuyeckas o0paboTka ceporo 4yryHa He MoJIyduJia TaKoro
IIMPOKOT0 PacCIpOCTpaHEHHUs, KaK TEpMOOOpaboTKa cTamu. IDTO OOBICHSAETCA TEM,
YTO IJIACTUHYATHIA TpaduT, ACHCTBYsS KaK BHYTPEHHHE HAAPE3bl, CHJIBHO CHIKACT
MPOYHOCTh M IJTJACTUYHOCTh METAJUIMYECKoi OCHOBBL. [loaTOMy wu3MeHeHue ee
CTpOEHUS MIPU TEPMHUUECKON 00padoTKe HE JaeT O6oabpIoro 3pgexkra ynpouyHeHus u
4acTO HEPEHTAOETBHO.

OddexTuBHee TepMooOpabOTKa YYryHOB ¢ Oojiee OyiarompusTHON (Gopmoi
rpa¢uTa, B OCOOEHHOCTH BBICOKOIPOUHBIX YYTYHOB C IIapOBUAHBIM Tpadurom. K
TaKOW TepMHUYECKOM 00pabOTKE 4YyryHa OTHOCUTCS HOpMaju3allvs, MOBBIIIAIOIIAS
MPOYHOCTh, TBEPAOCTh U U3HOCOCTOMKOCTb.

HopManuzamuss uyyryHa — »3To TepMmMuyeckas o00paboTka, Mpu KOTOPOil
TJIaBHBIMU TIPOIIECCAMU  SIBJIIIOTCSL ayCTEHUTH3AlUsl U TOCJEAYIollee MEepPIUTHOE
npeBpaiienre. HopManuzamuu mojBepraroT OTIMBKM TJIaBHBIM  00pa3oM ¢
beppuTHOIl 1 HEepPUTO-TIEPIUTHON MATPULIEH U PEXKE — C TIEPIUTHOM.

OtnuBku HarpeBatoT 10 850-950°C m mocne Boeaepkku B TeueHue 0,5-34
OXJIAKJIAI0T HAa CIOKOMHOM BO3JyX€ WJIM B BO3AYLIHON cTpye. OTIMBKHU CIIOKHOU
GbopMBI I YMEHBIIIEHUS OCTAaTOYHBIX HAIPSIKEHUM PEKOMEHAYETCsl, HauhHas ¢
temneparypsl okoio 500°C, oxnaxaaTh B EYH.

[Ipu nHarpeBe cHayana MNPOXOJUT AayCTEHUTH3ALUs, BKIIOYAIOMIAs O—-
MpeBpallleHue, pacCTBOPEHHE B ayCTEHUTE IpaduTa M MEPIUTHOIO LIEMEHTUTa (eciu
MaTpuia coAaepKuT nepaut). [locne aycTeHUTU3aluKU CTPYKTypa YyryHa COCTOUT U3
ayCTeHHTa U rpadura.

[Ipu nanpHeleM HarpeBe rpaduUT YaCTUYHO PACTBOPSIETCS B ayCTEHUTE B
COOTBETCTBHH € XOJ0M JUHUHU S'E' 1 KOTUYECTBO CBSI3aHHOTO yriepoja BO3pacTaer.
B cnydae ycKOpeHHOro oXJiak/IeHHs Ha BO3/1yX€ MJIET MEePIUTHBINA pacnaj ayCTeHHUTa
U BCSA MaTpulia IpUOOPETAET MEPIUTHYIO HIIM COPOUTHYIO CTPYKTYPY.

YopouHeHue mpu HOpMaju3allud JOCTUraercs Onarojgaps ABYM (akTopam:
YCTPAHEHUIO CTPYKTYpPHO CBOOOAHOrO (epputa (MOBBILICHUIO KOHIEHTPALUU
CBSA3aHHOTO B IIEMEHTUTE YIJIepoJla) U YBEJIWYEHUIO JUCHEPCHOCTU MEPIIHTA.
TBepaocts uyryna Bo3pacraer or HB150 no HB200-250.

OddexT ynpoyHeHUs 3aBUCUT OT MCXOJHOW CTPYKTyphl. Haumbombiee
YIPOYHEHHE TOJIyJaeTCs MpU HopMalu3auu (eppuTHOTO YyT'YHA, TaK KakK MpHU 3TOM
MArkas (QeppuTHas OCHOBa 3ameHseTcs Oojee TBepao mnepnutHou. Ilpu
HOpMaJM3allM¥  TMEPJAUTHOTO 4YyryHa JIMIIb  YBEJIWYUBACTCS  JHCIEPCHOCTh
sBTeKkTOMAa. Ho gaxke B 9TOM ciydae COINPOTUBIIEHHE M3HOCY MOKET BO3PACTH B
MOJITOpa pasa.
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4. 3AKAJIKA

3akanka — 3TO TepMuYeckas oOpaOOTKa, MPU KOTOPOW TJaBHBIM ITPOIIECCOM
saBisieTcss  (OPMHUPOBAHUE HEPABHOBECHOW CTPYKTYPhl BO BpEMSI YCKOPEHHOTO
OXJIAXKJICHMS.

Cy11ecTBYIOT JBa MPUHIUMHAIBHO OTIUYHBIX OJMH OT APYTroro BUJa 3aKaJIKU:

- 3aKaJIKa C MOJIMMOP(HBIM ITpeBpaIlicHUEM;

- 3aKajika 0e3 MoJIMMOp(HOro MpeBpalieHus.

N3 camoro Ha3zBaHHUsSI 3TUX BHJIOB TEPMHYECKOW OOpabOOTKH BHJIHO, YTO OHH
pa3IuyaroTCsl TUIIOM (Pa30BBIX MPEeBpaICHUN.

3akanka ¢ MOJIMMOP(HBIM TpeBpalieHreM (WM 3aKajika Ha MapTEHCHUT) ATO
OCHOBHOUM crmoco0 YIpOYHEHHUs CTajield. 3akallky Ha MapTEHCUT MPUMEHSIOT HE
TOJIBKO K CTQJISIM, HO M K HEKOTOPBIM CIIJIaBaM I[BETHBIX METAJIOB.

3akanka 0e3 TONMMMOP(HOTrO MpeBpalleHUsT B COYETAHUM CO CTapeHUEM
SIBJISIETCS. OCHOBHBIM CIIOCOOOM YIIPOUHEHHMS CIUIABOB Ha OCHOBE IIBETHBIX METAJIJIOB.
Ee mnpombIuieHHOE UCMOIL30BaHUE HAYAJIOCh OJHOBPEMEHHO C TMPUMEHEHUEM
IypaJtOMUHa B aBUACTPOCHUHU.

OcHOBHBIE TTapaMeTPhl 3aKaJKH JIIOOOT0 BUJIa — TEMIIEpaTypa Harpena, BpeMs
BBIJICPYKKU U CKOPOCTh OXJIAXKICHHUS.

TemmnepaTypa HarpeBa W BpeMs BBIJACPKKU JOKHBI OBITH TaKMMH, UYTOOBI
MPOM30IIM  HEeoOXoauMble (a30Bble  HM3MEHEHHUS, Hampumep, oOpa3oBaHHE
BBICOKOTEMIIEpATYpHOH (pa3bl U3 OJHON UM HECKOJIBKUX HU3KOTEMIIEPATYPHBIX (a3,
pacTBopeHUe M30BITOUYHOM (Da3bl B MAaTpUYHOW U JIp. B 3TOM OTHOIIEHHMH 3aKayika
aHaJIOTUYHA OTXKUTY 2-TO poja.

CKopoCTh OXJIQXIEHUS TpPHU 3aKaJIKe JOMKHA OBITh JOCTAaTOYHO OOJBIIONH,
9TOOBI TIPU MOHWXEHUU TEeMIepaTypbl OblIN MoAaBieHbl auddy3uoHHbIe (Ha30BbIC
MpeBpalieHuss U 00pa3oBbIBajlach MeTacTaOWIIbHAs CTPYKTypa. OTHM 3aKalka
OTJIMYAETCA OT OTXKUTa 2-TO poja.

4.1. 3akauka 0e3 mMoJIUMOP(HOro NpeBpaeHust

3akanka 0e3 moJuMop(HOro MpeBpalieHus — ITO TepMHUecKas o0paboTka,
bukcupyromas npu 0oee HU3KOW TeMIepaType COCTOSIHHE CIIaBa, CBOHCTBEHHOE
eMy nipu OoJiee BBICOKOU TeMIieparype.

3akanka 0e3 moIMMOp(HOTro MpeBpalieHus] MPUMEHNMA K JIFOOBIM CIIaBaM, B
KOTOPBIX OJHa (a3a MOTHOCTHIO UM YACTUYHO pacTBOpsieTcs B Apyroi. Hampumep, B
crutaBe Cy Ha puc. 4.1 npu HarpeBe 10 T.y B-daza pacTBopsieTcss B MaTpu4HOU -
¢daze. Ilpu oOpaTHOM MeMJIEHHOM OXJaxJeHuu P-hasza BbaenseTcs u3 d-(asbl, B
KOTOPOW KOHIIGHTpAIlMsi KOMIIOHEHTa B yMeHbIIaeTcsi B COOTBETCTBHH C XOIOM
coJibByca nb.

Tak kak coctaBbl 0- U P-(ha3 pa3nudHbl, TO BbIIEICHHE [-(ha3bl CBSI3aHO C
a1 Gy3MOHHBIM TIepepaclpe/ieieHneM KOMIOHEHTOB. Ilpu moctatodHo OwbicTpoM
oxnaxaeHnn TudPy3noHHOE TIepepacipeeieHne, He00X0IUMOe IS 3apOXKIACHUS 1
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pocta KpucTauioB B-has3pl, HE ycreBaeT MPOWTH, M [-pa3za HE BBIACIACTCA U3 O
pactBopa. Ilocie Takoit TepmMooOpabOTKM (3aKajdkh) CIUIaB MPU KOMHATHOMN
TEMIIepaType COCTOUT W3 OJHOW o-(a3bl, Kak M NPH TEMIEpaType HarpeBa IO
3aKalKy.

—] X

, .
A b6 GG G g %
Puc. 4.1. Cxema 3akanku 6e3 moJuMophHOro IpeBpaleHus

[Ipu Temneparype HarpeBa moj 3akaiky T., B cmiaBe Cy TBEpAbId pacTBOP
HeHachlleHHbId. [locne 3akalku o-pacTBOp NMpU KOMHATHOM TeMIepaTrype HMeeT
TaKOM K€ COCTaB, KaK M MPH TEMIIepaType 3aKaJIKh, HO OH Y>K€ MEepEeChIEHHBIH, TakK
KaK COCTaB HACBIIIEHHOIO pacTBOPa COOTBETCTBYET TOUKE b.

Takum oOpazom, npu 3akainke 0e3 MoJIUMOP(HOro mpeBpalieHuss oopasyercs
MEepeChIEHHBIM TBepIblii pacTBop. Takas 3akajmka K UYHUCTBIM —MeTaljlaM
MPUHIMITHAIBHO HellpuMeHuMa. PaccMoTpenHyto Ha npuMepe ciuiaBa Cy 3akanky 6e3
MOJIMMOP(HOTO MPEBpPALIEHUS IUPOKO MPUMEHSIOT K aJIIOMUHUEBBIM, MarHUEBBIM,
HUKEJIEBBIM, MEIHBIM M JPYTHMM CIJIaBaM, a TakK€ K HEKOTOPHIM JIETUPOBAHHBIM
CTAJISIM.

3akaJIKoi Jajieko He Bcerja puKCHupyroT oaHogas3Hoe cocrostHue. Hampumep,
B cmiaBe C, (puc. 4.1) mpu moObIX Temmeparypax, BIUIOTh /10 3BTEKTHYECKOM,
copepxkurcs P-asza. Ilpu temneparype 3akanku T, B 9TOM CIIaBE HAXOIATCS
HACBIIIEHHBI TBEP/bIIl pAcTBOp COCTaBa TOYKM M W HEPACTBOPEHHBIN H30BITOK [3-
¢da3bl. [Ipn gocTaToyHO MENJIEHHOM OXJaXKICHMM H3-3a BbIIEHCHUS B-(a3bl u3 o-
pacTBOpa €ro cCoCTaB JOKEH U3MEHSThCS 10 JUHUU mb. [Ipu GpicTpoM oXIaxaeHUH
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MIPOUCXOJIUT 3aKanka: B-¢paza He ycneBaeT BBIACIUTHCA U3 O-PACTBOPA U COCTaB €ro
IIpU KOMHATHOM TeMIEpAaType TaK K€, KaKk W TMpU TEMIEpaType 3aKajKH
onpenensercss Toukod m. CrenoBaTenbHO, 3akalieHHbId crmiaB C, COAEPKHUT
MEPECHIIEHHBI 0-pacTBOpP COCTaBa TOYKM M U H30BITOUHYIO [-da3y, He
PacTBOPHUBILYIOCS MIPU HarpeBe Moj 3aKkajky. 3akajnkod cruiaBa C, 3aQUKCHPOBAHO
COCTOSIHHE, KOTOpOe ObUIO CTAOMIBHBIM MPU TEMIIEpPATYpe HarpeBa Mo 3aKajky.

[IpuHnMnuanbHO 3aKajika ©0e3 MoNMMMOP(HOro MpeBpallleHus BO3MOXKHA
BCErJa, KOrja B PAaBHOBECHOM COCTOSHMM IIPU PA3HBIX TEMIIEpAaTypax HMeEeTcs
pasnuyre B XMMUYECKOM cocTaBe ¢a3.

N3meHenne cBOMCTB NpPH 3aKajaKe 0e3 MoJIUMOP(HOro npeBpameHus

W3meHeHne CBOWCTB NIpM 3aKajJKe 3aBUCUT OT (a30BOTO cocTaBa M
OCOOEHHOCTEHW CTPYKTYphl CIUIaBa B HMCXOJHOM U 3aKaJlEHHOM COCTOSHHUSIX, OT
yCIOBUHM 3aKaliku, mpeapiaymieil o0padotku u npyrux daxtopoB. HampaBneHue u
BEJINYMHA U3MEHEHUS CBOKCTB B Pa3HbIX CIIJIABAX BECbMA Pa3JINYHBI.

Berpewaetrcst ommboyHOe YTBEpKAEHHE, UTO 3aKallka BCerja MPUBOAUT K
YOPOYHEHHIO, TNPUYEM TEPMHUHBI «3aKAIKa» M «YINPOYHEHUE» YACTO HEBEPHO
CUMTAIOT CUHOHMMaMHU. B JEHCTBUTENBHOCTH K€ 3aKalka MOXKET U YINPOYHATH, U
Pa3yIlpoOYHATh CIUIaB. Y OJHHUX CIUIABOB 3aKajiKa MOBBIIIAET NPOYHOCTh, HO CHUKAET
IUIACTUYHOCTh, Y JAPYTHX, HA00OpPOT, CHM)KAET MPOYHOCTHBIE XapPAKTEPUCTUKH H
MOBBIIAET IMOKA3aTeNId NJIACTUYHOCTH, & y TPEThUX MOBBIMIAET U MNPOYHOCThH, U
IJIaCTUYHOCTh. HakoHel, y 04eHb MHOTHX CIUIABOB, K KOTOPBIM B MPHUHIUIIE MOXHO
MIPUMEHHTD 3aKaJIKy, OHA IPAKTUYECKU HE UBMEHSET CBOWCTB.

CuiIbHOE YIIPOUYHEHHUE C OTHOBPEMEHHBIM PE3KUM CHHKEHHUEM IIJJACTUYHOCTH B
MPOMBIIUICHHBIX ~ CIUIaBaX, [OABEPraeMblXx  3akajke 0e3  Mmo’auMop(HOro
MpeBpallleHus, He HaOIIogaeTcs.

[Ipu 3akanke 6e3 moauMop(dHOro mpeBpalleHus AePOPMUPYEMBIX CIUIaBOB
HamOoJiee YacThlii ciyyall — MOBBIIMIEHHE MPOYHOCTH MPHU COXPAHEHUU BBICOKOMU
IJJACTUYHOCTH, KOTOPAsi MOXKET Maj0 OTIMYAThCA OT IUIACTUYHOCTH OTOXKEHHOIO
cruiaBa. TUNIMYHBIN TpuMep — AropantoMuH J[16.

Pexe BcTpeuaroTcs CIUIaBbl, Y KOTOPBIX IIPU 3aKaJIKE CHUYKAETCS MPOYHOCTh U
CWJIBHO BO3pAacCTaeT IUIACTUYHOCTh MO CPAaBHEHUIO C OTOMXKEHHBIM COCTOSHHEM.
Tunuunbli npumep — OepwuiueBas Oponza bpb2. VYV Hepxaserouei
xpoMmoHukeneBor ctanu 12X18H9 oTHocuTenbHOE YIJIMHEHUE MPU 3aKAIKE IOCIe
ropsiueil npokatku Bo3pactaet ¢ 20 1o 45%. [lonydabpukarsl U3 TaKuX CILIABOB, KaK
OepwiueBas OpoHza u ctanbk 12X18H9 aisi moBblIeHHs TUIACTUYHOCTH TIEpen
XOJIOJIHOM eopMalivell He OTKUTAIOT, A 3aKaJIUBAIOT.

[loBbIIIEHNE UM CHUYKEHUE TIPOYHOCTH TP 3aKaJIKE 3aBUCUT OT CIEAYIOLIETO.

C yBenuMueHHEM KOHUEHTPALUK JIETUPYIOLIETO 3JIEMEHTa B TBEPAOM pacTBOPE
IIPOYHOCTH €T0 BO3pacTaeT. [103TOMy nepechIllieHHbI PaCTBOP B 3aKaJI€HHOM CILJIaBE
IIPOYHEE MEHEE JETMPOBAHHOIO pPAacTBOpa B OTOXOKEHHOM cruiaBe. I[IpoyHoCTh
OTOXOKEHHOI'O CIUIaBa OMPEAENSIETCS MPOYHOCTHIO MAaTPUYHOIO PacTBOpa, a TAKKE
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pa3sMepoM M CTPYKTYPOH YacTHI] U30BITOYHON (ha3bl U PACCTOSHUSIMU MEXKY dTHMU
YaCTUIIAMU.

Ecau B 0TOMOKEHHOM CIIaBE TOPMOKEHHE JUCIOKAIMM N30BITOYHON (pa3oi He
BHOCUT OOJIBIIIOTO BKJIaJla B TPOYHOCTh JBYyxda3HOU cmecu (M3-3a OOJBIIOTO
paccTOSIHUSI MEXIy €€ 4YacTUIlaMHu), TO TPU 3aKallke YIPOUYHECHHE pacTBOpa
Onarogapsi YBEJIUYEHHIO €Tr0 JITUPOBAHHOCTH KOMIICHCUPYET pa3ynpoyHEHHE,
CBSI3aHHOE C PACTBOPEHUEM M30BITOUHOMN (Da3bl, U MPOUYHOCTH CILJIaBa BO3pacTaeT.

Ecim e pactBopeHwe W30BITOYHOM (a3pl MNPUBOIUT K  CHIHBHOMY
Pa3yIpOYHEHHUI0, TIEPEKPHIBAIOIIEMY POCT MPOYHOCTH, CBSI3aHHBIM C IMOBBIIICHHUEM
KOHIIEHTPAIIMU MAaTPUYHOTO PACTBOPA, TO CIUIAB MPHU 3aKAJKE Pa3yIPOUYHSIETCS.

Ha cymmapHoM s(pdexTe cka3bIBarOTCs BEIMYMHA U3MEHEHUS PaCTBOPUMOCTH
MpM HArpeBe TMOJA 3aKaJlKy MW HPUPOCT TMPOYHOCTH MATPUYHOTO PacTBOpA,
MPUXOASAIINANCS HA KKIBIA MPOLIEHT PACTBOPSIONIETOCS JIEMEHTA.

[Ipu 3akanke JUTEHHBIX CIJIABOB MPOYHOCTH U TJIACTUYHOCTH OOBIYHO PACTyT
10 CpPaBHEHHIO C JUTHIM cocTosiHueM (cruiaBbl AJIS, AJI9 u MJIS). B cTpykType
JUTEHHBIX TPOMBIIIIICHHBIX CTUIABOB M30BITOYHBIC (ha3bl OOBIYHO HAXOAATCS B (hopMe
CPaBHUTENBHO KPYITHBIX YAaCTHUI[ C OOJIBIIUM MEXYACTHUHBIM paccTosHueM. [locie
WX PACTBOPEHHUS TMPOYHOCTh CIIaBa CTAHOBUTCS  BBHINIE UW3-3a  OOJIBIIECH
JIETUPOBAHHOCTU MaTPUYHOTO pacTBOpa.

OcHOBHOE Ha3HAauYCHHE 3aKajJku O3 MNOoJUMOP(HHOrO TNpEeBpalleHUs —
MOJTOTOBKA CILJIaBa K CTAPEHUIO.

3akanky HekoTopbix cmiaBoB (bpb2, 12X18H9) wucnoas3yloT U Kak
MIPOMEKYTOUHYIO CMSTUYAIONIYIO Omepanuio (BMECTO OTXKHra) Tepes XOJOIHOM
nedopmanuei.

Hakonern, 3akajika CIIy)KUT OKOHYATEJIHHON TepMOOOPAOOTKOM JIsi MpUIaHUS
W3JICJIMI0 HEOOXOJIMMOT0 KOMIUIeKca CBOMCTB. OpHoda3HbIM 3aKajJeHHBIN CIUIaB
MOXET 00Ja7aTh 3HAYUTEIBHO OOJIBIICH IJTACTUYHOCTBIO U 00JIe€ BBICOKOM
CTOMKOCTBIO IIPOTUB KOPPO3UH, YEM COCTAPECHHBIN. JIMTENHBIN AJIFOMUHUEBBIN CILIAB
AJI8 NpUMEHSIOT TOJIBKO B 3aKaJ€HHOM COCTOSIHUM UMEHHO TI0 3TUM MPUYHHAM.

Harpes u oxJiax/1eHne Npu 3aKajke 0e3 moauMop¢HOro npeppamieHust

Hazpee npu 3axanke. OCHOBHOE WHCXOJHOE TIOJOXKEHHE TPH BBIOOpPE
TEeMIIepaTyphl 3aKaJKl — BO3MOXHO OoJiee MOJIHOE pacTBOpeHHe M30BITOYHBIX (a3 B
MaTpU4HOM (a3e.

Ecnmu cmmaB pacrmofiockeH B TOM 0OJIacTH auarpamMMmbl COCTOSIHHS, TII€ OH
CIOCOOEH IpU HarpeBe MOJHOCTHIO MepeiTu B onHodasHoe coctosiHue (criaB Cy Ha
puc. 4.1), TemmepaTypa 3aKaJdKd JOJDKHA HAXOJWUTHCS BBINIE JMHUU COJbBYCA
nBoiiHo# cuctembl. [Ipu 3akanke crutaBa C, ¢ TemmepaTypbl Huxke T) coXpaHseTcs
HepacTBopuBIIasics [P-pa3a, W MaTpUUHBIA O-pacTBOp OKa3bIBAaeTCS MCEHEE
JIETUPOBAaHHBIM, YeM TIPH 3aKalike ¢ Temrepatyp Bie T.

BepxHIo0 TpaHHWIly WHTEpBaJia 3aKaJlOYHBIX TeMIlepaTyp BO H30eKaHUE
nepekora BEIOMPaoT HIDKE TOYKU COJIMYyCa CIUIaBa C y4eTOM BO3MOXKHOTO Iepernaja
TEMIIEPATyp B CaAKE ¥ TOYHOCTH TEIJIOBOT'O KOHTPOJIS.
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[Ipu orulaBIeHUHM TpPaHUL] CBI3b MEXKIY 3€pHAMH HApPylIAeTCA, U IO
JNEUCTBUEM 3aKaJOYHBIX HAMNPSKEHUN BO3HUKAIOT MEXKPHUCTAJUIUTHBIC TPEIIUHBI.
Menkue TpemMHBI MOXXHO HE OOHApyXHWTh, HO OHM BBI3BIBAIOT CHUIKEHUE
IUIACTUYHOCTH, YIAPHOMN BA3KOCTH, LIMKIIMYECKON 1OJITOBEYHOCTH.

[Ipu mepexore MOryT MOSIBISTBCS YCaJO4YHBIE TOPHI, TJIABHBIM O0pa3oM, B
TPOMHBIX CTBIKaX 3€peH. MEeXaHUYEeCKUE CBOMCTBA CHIXKAKOTCS MPU IEPEKOTE U3-3a
o0pa3oBaHUs B MPOIIECCE 3aKAIKH MEXKPUCTAITUTHBIX MPOCIOCK XPyNKou ¢as3sl B
pe3yibpTaTte HEPaBHOBECHOU KpUCTaJUTU3aLUU OIUIABJIEHHBIX  YYaCTKOB,
00OoTraIieHHbIX JETUPYIOIIUMHU 3JIEMEHTAMH.

KpoMe Toro, mpuymHOM mepexkora CIYKAT OBICTpOE€ IPOHUKHOBEHHUE TIO
OTUIABJICHHBIM  y4acTKaM KOMIIOHEHTOB aTtMoc(epbl TeYd, TMPUBOIAIIECE K
00pa3oBaHUIO OKCHJOB M Ta3oBbIX my3bipeil. Ha mummde HeOonbIIoi mepexor
BBISBIISIETCSI B BUJIE YTOJIIECHUW TpaHULl 3€peH. [lepescoc — 3TO HEMCIPABUMBIN U
caMbIi OTIaCHBIN Opak.

Bo3moxkHas muyprHa MHTEPBAJIA 3aKAJTIOYHBIX TEMIIEPATyP B JBOWHOW CUCTEME
OMpEeAEseTCs «BUIKOW» MEXAY TOUKAMHU coluayca u coibByca. U3 puc. 4.1 BuaHO,
yTto y cmiaaBa Cy' BO3MOXKHBIM MHTEPBAJ 3aKAJOYHBIX TEMIIEpaTyp IIUPE, YEM Y
cmiasa C.

Ecim  comepxkaHue  JErHpyrOLIETO  3JIEMEHTAa  NPEBBIIAECT  MPEHe
PacTBOPMMOCTH U CIUIAB HEJb3s MEpeBeCTU B 0HO(a3HOE cocTosiHUE, Hanpumep, C,
Ha puc. 4.1, To TemmepaTypy HarpeBa IoJ 3aKajKy BBIOMPAIOT BO3MOXHO OJMXKE K
ABTEKTUYECKOM  (MEPUTEKTUUECKOIN) TeMIeparype ¢ Y4eTOM TEeXHUUYECKUX
BO3MOKHOCTEH M30€KaTh Mepekora.

Bpems evidepoicku Tipu TemriepaType HarpeBa IO 3aKajKy BBIOUpAIOT Tak,
YTOOBI 3aBEPIIMIIUCH TTPOLIECCHI PACTBOPEHUS N30BITOUHBIX (ha3.

Oxnascoenue npu 3axanke. C MOHATHEM «3aKaJika» OOBIYHO aCCOLUUPYETCA
MpejCTaBIeHUe O OBICTPOM OXJaxAeHUU. JIeHCTBUTENBHO, MHOTHUE U3JIEIUS
3aKaJMBAIOT B BOJIE.

Opnako mpu 3akanke HeoOs3aTeNbHO OBICTpOE OXJaxJaeHue. BaxHo nuuib,
9TOOBI TIPU OXJIAXKICHWW HE YCIeNl MPOU30MTH pacraj MaTpPUYHOrOo pacTBopa. B
3aBUCUMOCTHU OT CKOPOCTH 3TOT'0 Pacliajia CKOPOCTh OXJIAXKICHUS MPU 3aKAJTKE MOKET
ObITh paziauuHOM. JIysi ogHUX CIUIaBOB oOsi3aTelibHA 3aKajka B XOJIOJHOW BOJE, a
Ipyrue, B KOTOPBIX pPACTBOP pacnagaeTcss MEIJICHHO, MOYKHO 3aKaJMBaTh C
OXJIAXKJIeHUEM Ha Bo3ayxe. CylIecTBYeT MHOTO MPOMBIIIJIEHHBIX CIIJIABOB HA OCHOBE
KeJe3a, HUKENS, ATIOMUHUS U MarHusl, 3aKaJJMBa€MbIX Ha BO3JyXe€.

4.2. 3akauka ¢ noJauMop¢HbBIM NpeBpalieHueM

3akanka ¢ TOJUMOP(HBIM MpeBpalleHHEM — 3TO TepMuueckas o0paboTka
MeTajllla WX CIUIaBa, IPU KOTOPOH TJIABHBIM SIBJISIETCSI MAPTEHCUTHOE MPEBpAILICHUE
BBICOKOTeMMepaTypHOi ¢a3el. [IoaToMy Takyo TepMOOOPaOOTKY OOBIYHO HA3bIBAIOT
3aKaJKOW Ha MapTEHCHUT. DTa 3aKajika B MPHUHIIMIE MPUMEHUMA K JIFOOBIM MeTajllaM
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W CIUTaBaM, B KOTOPBIX MPU OXJAXKICHUM TEPECTPAUBACTCS KPHUCTAJUITMYECKas
pelieTka.

Oco0eHHOCTH MAPTEHCUTHOIO NPEBPALICHUA B YIJIEPOAUCTBIX CTAJIAX

Haunbonee xapakTepHbIMH OCOOEHHOCTSMH MAapTEHCHUTHOTO MpPEBpAIICHHS B
YIJIEPOIUCTHIX CTalSAX IMPH CPAaBHEHUH C MEPIUTHBIM MPEBPAIICHUEM SIBISIOTCS
CJIeIyIOIIHE.

1. MapreHCUTHOE TIpeBpallleHne TNPOTEKAaeT TNPU OBICTPOM OXJIAKICHUU
YIJIEPOIMCTON CTAlld ¢ TEMIIepaTyp BbIIIE A, HampuMep, B BOJE, KOT/a TOJaBJICH
nudy3noHHBIN pacnaja ayCTeHHTa Ha cMech ABYX (a3 (dbepputa u kapobuma), pe3ko
OTJIMYAIONIUXCSA M0 COCTaBY OT UCXOAHOTro aycreHuta. KoHIeHTparus yriepoja B
MapTEHCHUTE TaKasl ke, KaK U B UCXOJHOM ayCTECHUTE.

CrnemoBaTebHO, B OTJIMYUE OT TEPIUTHOTO MPEBPAIICHUS MAapTEHCUTHOE
npeBpaienue — 6e3nuddhy3noHHoe.

2. IlpeBpamieHne aycTeHHTa B MAapTEHCHUT MPHU OXJIKICHUH HAYMHACTCS C
ONPEAECICHHON I KaKI0W MapKU CTajau TeMueparypsl My,

TemmepaTypa Hauaza MapTEHCUTHOTO MPEBpAIICHUS HE 3aBUCUT OT CKOPOCTH
OXJIXKIACHHS B OYCHDb IIMPOKOM JIHATNa30He CKOPOCTEH, B TO BpeMs Kak TeMIepaTypa
Hayvaja MepINTHOTO MPEBPAIICHUS CHUYKACTCS C POCTOM CKOPOCTH OXJIAXKICHUS.
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Puc. 4.2. C-guarpamma ¢ MapTeHCUTHBIMH TOUKamu 1u1st ctanu ¢ 0,8% C:
A — ayCTEeHUT yCTOMYMBBIN; A, — AyCTCHUT MEePEOXIIaKTCHHBIN;
Aoer — OCcTaTOUHBIN aycTeHuT; M — maprencut; @ — peppurt; K — kapoun
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B orauume OT NEPIUTHOTO MApPTEHCUTHOE MPEBPALICHUE HEBO3MOXKHO
MOJIABUTH JIA3KE€ MPHU CaMBbIX OOJIBIIMX JOCTUTHYTHIX CKOPOCTSAX OXJIAKICHUS.

OOpa3oBaHue MapTEHCUTAa MPOUCXOAUT B  OINPEACICHHOM HWHTEpBaje
TeMIIEpaTyp MEXIYy BEpPXHEHM MAapTEHCUTHOU TOUYKOM My U HMIKHEU MapTEHCUTHOU
TOYKOM, oOo3Hauaemoit M. Ha C-mmarpamme mnpeBpaiieHuil MepeoxyiaxJaeHHOTO
aycTeHMTa npu Temneparypax M, u My mnpoxonar ropuzoHTtanu (puc. 4.2),
YKa3bpIBAIOIIME HAa HAYaJlO M KOHEL MapTEHCUTHOIO NpPEBpallCHUs. 3aBUCHUMOCTb
TEMIEPATYyp Hayajla M KOHLA MAapTEHCUTHOIO NPEBpPALIEHUsS OT COJAEpPKaHHS
yriaepo/ia rnokasana Ha puc. 4.3.
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Puc. 4.3. 3aBucumocTts Temnepatyp Hayana (M;) u koHra (M) MapTEeHCUTHOTO
IpeBpalleHus OT coAepxkanus yriepoa B cucreme Fe — C

3. Ilpu Ttemmeparype M, mpeBpalieHUE TOJBKO HAYMHAETCS, MOSBISIOTCS
MepBbIE KPUCTAIIBI MapTeHcHUTa. YTOOBI MapTEHCUTHOE MPEBpAIlCHUE Pa3BUBAJIOCH,
HEOOXOJMMO HEMPEPHIBHO OXJIAXKIATh YIIAEPOJUCTYI0 CTajlb B MapTEHCUTHOM
nHTepBane My — M.

Ecnu oxnaxaeHue NpuOCTAaHOBUTH U BBIACPKUBATH YIIIEPOJIUCTYIO CTANIb MPH
MOCTOSIHHOM TeMIepaType BHYTPH ATOTO MHTEpBaja, TO 0Opa3oBaHHE MapTEHCHUTA
MOYTH Cpa3zy JKe IMpeKpaiiaercs. JTa OCOOEHHOCTh Haubojiee SPKO OTIUYaACT
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KHHETUKY MapTCHCHTHOTO IMPEBPAIICHUS OT MEPIUTHOTO, KOTOPOE, KaK MOKa3hIBaeT
C-muarpamMma, Bcerjia JOXOIUT 0 KOHIIA IIPH IMMOCTOSTHHOM TeMIIepaType HIKE TOYKU
Aj, T.e. OKaHYMBACTCS IIOJIHBIM HWCYC3HOBEHHWEM ayCTCHHUTa, €CIU BpeMs
MU30TEPMHUYCCKON BBIIECPIKKH JOCTATOYHO BEIUKO.

[Tociie MapTEHCHTHOTO TPEBPAICHUS, JaKE MPU OXJIAKJICHHH TPAKTHICCKU
«MTHOBEHHOY», 00pa3yeTcss HEKOTOPOE KOJIMYECTBO OCTATOYHOTO ayCTCHHUTA.

4. B oTu4YmMe OT MEPIUTHOTO MApTCHCHTHOE MPEBPAICHHUE B YIJIEPOJIUCTOMN
CTaJIM HE UMEET MHKYOAITMOHHOTO TIEPHUO/Ia.

Jlinaa ropu3oHTamu M, Ha puc. 4.2 HHMKAKOro (PU3MYECKOTO CMBICIA Kak
OTPE30K BPEMEHH, B TCUCHHUE KOTOPOT'O UJET MAPTCHCUTHOE MPEBpAICHUE, HE HMEET.
I'opuzonTasib M,  COOTBETCTBYET TeMIIepaType, HIKE KOTOPOH Ype3BBIYAHO
OBICTPO, TPAKTHYECKH «MTHOBEHHO», O00pa3yeTcss HEKOTOpOe KOJUYECTBO
MapTCHCHUTA.

5. MapreHcut obOpasyercs B ¢opme IUIaCTUH, PACTYIIUX C TPOMAaJHOU
CKOpOCThIO (TIopsiika 1 KM/c) Tipu JTI00BIX TeMmIepaTypax, B ToM uucie u Huxke 0°C.
[Tocne «MrHOBEHHOT0» 00pa30BaHUsl MApPTCHCUTHAS TNIACTHHA HE pacTeT.

KonudecTBOo MapTeHCHTA MPU OXJIAXKICHUM HUKE TOUKH My, YBEIIMUNBACTCS HE
BCJIC/ICTBUE TIOJpAacTaHUS Yyxe O0O0pa30BaBIIMXCA IUTACTHH, a B pe3yiIbTare
«MTHOBEHHOT0» BO3HUKHOBCHHS BCE HOBBIX M HOBBIX TUIACTHH.

OTa 0COOEHHOCTh TaKXKe PE3KO OTIMYAET MApTEHCHUTHOE TpPEeBpalIieHHe OT
MepJIMTHOTO. B  mporecce pa3BUTHS TEPIUTHOTO TIPEBpAIIEHUS HE TOJBKO
00pa3yroTcs HOBBIE, HO M PAcTyT paHee 00pa30BaBIINECS KOJIOHUH.

6. Mexny pemérkamMu KpHCTAUIOB MapTEHCUTa W HMCXOAHOTO ayCTCHHUTA
UMEETCSl  ONpPENEICHHOE  OPHEHTAllMOHHOE  COOTHOIICHHWE,  3aKOHOMEpHas
OPUEHTUPOBKA PENICTKH MApTEHCHUTA IO OTHOIICHHWIO K PENIETKEe ayCTeHHUTa, B TO
BpEMs KaK MPH MEPITMTHOM MPEBPAIICHUN PEIICTKH (ha3, BXOIANIUX B IBTCKTOUIHYIO
CMECh, MOTYT OBITh M IMPOW3BOJIHLHO OPHEHTHUPOBAHBI 1O OTHOIICHUIO K PEIICTKE
HCXO/HOTO ayCTEHUTHOTO 3€epHa.

7. Tlpu MapTEHCUTHOM TPEBPAIICHHH B YIJICPOIUCTBIX CTAIAX Ha IIJIOCKOM
MOJIUPOBAHHOW  TMOBEpPXHOCTH oOpasna oOpasyeTrcs  XapaKTepHBId  penbed,
CBUJICTEIIBCTBYIOIIMHN 00 N3MEHEHHH (POPMBI IPEBPAIIEHHOTO 00bEeMa ayCTCHHUTA.

[Ipy mepIUTHOM MpPEBpallCHHH TaKOW pesbed HE BO3HHKACT. XapaKTCPHBIH
penbed Ha UCXOTHOM TUIOCKOW IMOBEPXHOCTH 00pasia MOXKET CIYKHUTh TJIaBHBIM
BHCITHUM MPU3HAKOM MAapTEHCUTHOTO NPEBPAICHUS B CTAJIH.

MapTeHCUTHOE TMpeBpaleHUEe SBISICTCS OMHMUM U3  (YHIAMCHTAIBHBIX
CIIOCOOOB MEPECTPOUKH KPUCTAITMICCKON PEIICTKH, CBOWCTBEHHBIM CaMbIM Pa3HBIM
KJIaccaM KPHUCTAUTMYECKUX BEIIECTB: YHUCTHIM MeTallllaM, 0€3yriIepoUCThIM CIIaBaM
Ha OCHOBE IKeje3a, CIUIaBaM I[BETHBIX METAJUIOB,  IOJIYIPOBOJHUKOBBIM
COCTMHCHHSIM H JIP.

Jlns Teopun TepMUUECKOM 00paboTku Haubojee BaXHBI HCCICIOBAHUS
MapTeHCUTHBIX mpeBpaimieHuii B cuctemax Fe—C (puc. 3.4) u Fe—Ni. O6e cuctemsl
MIPEICTABIIIOT UCKITFOYUTENIbHO OOJBINON mpakTuueckuii naTepec: Fe—C kak ocHOBa
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ctasieir, a Fe—Ni kak ocHOBa rpymnmbl BBHICOKONPOYHBIX MapTEHCUTHO-CTaPEIONINX
CIUIABOB.

TepmoauHaMHUKa MAPTEHCUTHBIX NPpeBpallleHU

Paccmorpum Ha mpumepe cmiaBoB Fe—C  mpeBpaiieHuss B CHCTEME
ABTEKTOMTHOTO THIIA.

Pacnaxg aycrenuta Ha (eppHTHO-KapOMIHYIO CMECh — OTO CBSI3aHHBIM C
nepepacnpesesieHneM yriepoaa audQy3uoHHBIN Mpolece ¢ IepeMeleHHeM aTOMOB
Ha PacCTOSTHUS, HAMHOTO MPEBBIIIAIONINE TEPUO]] PEIICTKH ayCTCHHUTA.

[Ipu OBICTpOM OXJNAXKIACHHUH YTJIEPOJUCTON CTalM (3aKajika B BOJE — COTHHU
rpagycoB B CEKYHJY) ayCTCHHT YCIIEBaeT CHJIBHO TEPEOXJAJAUTHCS, HE TMPETEepIeB
b dy3MoHHOTO pacnana Ha cMech JIByX (as.

Ho aycTeHUT HE MOXXET MOJTHOCTHIO COXPAHUTHCS MPH JTIOOOM CKOIb YTOIHO
OBICTPOM OXJTaXKJIEHUHU IO KOMHATHON TEMIIEPaTyphl, TaK KaK B yIIEPOIUCTON CTAIN
ero sHeprus ['mb0ca, HauMHasE ¢ HEKOTOpOW TemmepaTypbl T), OKa3bIBaeTCs BHIIIE
sHeprun ['mbb6ca meEpechIIEeHHOr0 TBEPAOTO pacTBOpa yriepoja B 0O-XKelese
(MapTeHcHTa), UMEIOIIETO COCTaB, OJIMHAKOBEIN C COCTABOM MCXOJHOTO ayCTCHUTA, U
OTJIMYAIOIIETOCS OT HETO THIIOM KPUCTAJUTHYECKON PEIIeTKH.

Maprencutr — wMertactabminbHas (asza; OHa OTCYTCTBYeT Ha JHarpaMme
cocrostanst Fe—C (puc. 3.4), Tak Kak B PaBHOBECHBIX YCIIOBHSX, KOTJa CHCTEMa
oOnamaer abCOMOTHRIM MHUHUMYMOM J3Heprum [mb0ca, CTpykTypa craneil Himke
Touku A; (727°C) cOCTOUT U3 CMECH JBYX CTaOWIBHBIX (a3 — peppuTa v LIEMEHTHTA.

MapTteHcut npu J1I00bIX Temreparypax obnagaeT Oosbliel sHepruen ['nb0ca,
4eM 3Ta CMECh, HO HI)KE TemmepaTypbl To OH OTIMYaeTcs MEHbBIIeWH JHepruen
['u60ca, yem nepeoxaxaeHHbIA ayCTCHUT.

Korma B ycrmoBusiXx OONBIIOTO TMEPEOXTAKIACHUS HE MOXKET IPOU30UTH
a1 y3UOHHBIN pacmag aycTeHHWTa Ha (GpeppUTHO-KapOUIHYIO CMECh, TIPUBOISIIHIA
cucteMy K aOCONIOTHOMY MHHUMYMY OdHepruu ['mb6ca, TO aycTeHUT
6e31upPy3MOHHBIM CIIOCOOOM MPEBPAIIAETCS B MAPTEHCHUT, YTO MPUBOAUT CUCTEMY
K OTHOCUTEIIbHOMY MUHUMYMY 3Heprun [ mb0ca.

Y aycreHWTa TpaHEICHTPUPOBaHHAs KyOWdeckas pelieTka y-keneza, a y
MapTeHCUTa — TeTparoHaiabHas, OMU3Kas K OOBEMHOIEHTPUPOBAHHON KyOMYECKOU
peieTke o-xeneza. Huwke Toukn A; pemierka y-kene3a CTaOMIbHO CYIIECTBOBATh HE
MoskeT. [Ipy GONBIINX MEePEOXITAKACHHUIX B YCIOBUSAX Majoi MOJBHKHOCTH aTOMOB
nomuMophHOEe y—O-TPEeBpaIlCHHE MPOUCXOAUT, HO YIIEpOA HE yCIleBaeT
BBIJICTIUTHCS 3 PacTBOpa B BUAC KapOUIHOU (ha3bl.

B o-kemese mpu KOMHATHOW TeMIIepaType paBHOBECHAsh PacTBOPUMOCTH
yriepona Hu4ToxHa (puc. 3.4). [loaToMy MapTeHCUT, 00pa3yIOUIHiics B pe3yibTare
0e3nudhy3uoHHOTO MOJUMOP(GHOrO TMPEeBpallleHUsT ayCTEHUTa B YIJIECPOAUCTOM
CTalli, BCETJa SIBISICTCS IEPECHIIICHHBIM PAacTBOPOM BHEIPEHHS YIiepoaa B  O-
xeneze. Uem Oombllie yriepojna B HCXOJHOM ayCTEHUTE, TEM OOIBIIE €ro W B
MapTEHCHUTE.
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C yBenuueHHWEM TEPECHINIEHHOCTH  MAapTEHCUTa  YIJIEPOJOM  pacTeT
TEeTparoHaJIbHOE MCKa)XEHUE €T0 PEIIeTKU: OTHOIIeHue ocelt ¢/a = 1+0,046p, rae p —
KOHIICHTpaIus yriepoaa, % (mo macce). Y 4yuctoro o-xkenesza c/a=1 (kyoudeckas
pelieTka), a y MapTeHcuTa, coaepkaiiero 2% yriepoaa, c/a = 1,09.

B cucreme ¢ 3BTEKTOMIHBIM MPEBpAIICHUEM Ha JUarpaMMy COCTOSIHUSI MOXKHO
HAHECTH JIMHHUIO TEMIIepaTyp paBeHcTBa fHepruii ['mb0Oca nByx Moaudukammit
TBEPAOrO pacTBOpA.

Jlunusa T, Ha puc. 4.4 yka3bpIBaeT TeMIEpaTypbl METACTAOMILHOTO PaBHOBECHS
MEePEOXJIAKIEHHOTO  ayCTEHWTa W MapTeHCUTa, HMMEIIMHUX  OJUHAKOBYIO
KOHIIEHTparuio yriepoaa. Kaxmas touka Ha quHuM T( OTBEYaeT Jis CTaIu TaHHOTO
COoCTaBa TIEPECEUCHUI0 TEMIIEpaTypHBIX KpHUBBIX sSHeprun [ubbOca aycTeHWTa W
MapTteHcura (puc. 4.5).

N3-3a TOrO, 4TO XUMHYECKHM COCTAB JBYX TBEPABIX PACTBOPOB OJMHAKOB,
IBYXKOMITIOHEeHTHas cucteMa Fe—C BeneT ceOst kKak OJHOKOMITOHEHTHaS.
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Puc. 4.4. 3aBucumocTb TeMIepaTypbl paBeHCTBa sHepruu ['100ca aycrenura
U MapTeHCcHUTa oguHakoBoro cocrana (Ty) u Temneparypsl My, oT conepxaHus
yraepona B cucteme Fe—C
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Temnepamypa nauana mapmeHcumnozo npeepaujenus. MapTeHCUTHOE
MpeBpalieHne HE MOXKET HauuHAThCA TMpHU JIFOOOM CKOJb YrOJHO MajoM
MEPEOXJAKIECHUN OTHOCUTENIBHO TeMrepatypbl Tj. 3/1ech CYHIECTBYET aHAJOTHUs C
MOJMMOP(HBIM  MPEBpAIlIEHUEM B OJHOKOMIOHEHTHOM cucteme. OOpa3oBaHue
KpUCTaJlJla MapTEHCHUTA CBS3aHO HE TOJBKO C TOHIKEHHEM OOBEMHON JHEPTrUH
I'm66ca (AG,s Ha puc. 4.5), HO U C TIOABJICHUEM MOBEPXHOCTHOU (Mexda3HO)
sHepruM (AGys) U, YTO OCOOEHHO Ba)KHO, 3Hepruu ympyrou nedopmanuu (AGyyy),
MPENATCTBYIONIUX IPEBPAIICHUIO.

Sy

.~ JHepeugq [uooca

My M Ty A Ay

— [emnepamypa

Puc. 4.5. 3aBucumoctb sHepruit [ m66ca aycrenuta (Ga) u maprencuta (Gyy)
OT TEMITepaTypbl

OHeprusi ynpyrou aedopmaiiud BO3HUKAET, BO-TIEPBBIX, H3-32 H3MEHEHUS
ylIeJIbHOT0 00bheMa TpHu (pa3oBoM MpeBpaleHun (Ipu y—o-IpeBpalieHuy B CIIaBax
Ha OCHOBE XeJje3a YIelabHbIH 00beM Bo3pactaeT Ha 2-3%), W, BO-BTOPBIX, H3-3a
KOT€PEHTHOCTH PEIIETOK MapTEHCUTA M UCXOTHOM (pa3bl.
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Pesynbtupyromee ymensblieHue dHeprunm [u66ca cucrembl AG=-AGyt+
AGyostAGyyp. [ Hayana MapTEHCUTHOIO IIPEBpAILEHUs HEOOXOIMMO HACTOJIBKO
MepeoxXJIaIuTh ayCTEHUT HIKE TEMIIEPAaTypbl METACTAOMIHLHOTO PAaBHOBECHUS €r0 C
MapTEHCUTOM, UYTOOBI TepMOJUHAMHUYECKUN cTUMyd TpeBpamieHust (AGys) TOCTUT
HEO0OXOUMOM BEJIMUUHBI.

[ToaTomMy TemriepaTypa Hayajga MapTEHCUTHOTO TpeBpalieHus (MapTeHCUTHAS
Touka M;) Bcerga HaxoauTcs Hrbke Temreparypol To. B cucteme Fe—C pasHocTh
temrepatyp To - My~ 200-250K (puc. 4.4).

Temnepatypa My MOXET CIYyXUTh XapaKTEPUCTUKOM CIJIaBa OMPEAEIECHHOIO
coctaBa (MpU JaHHOM pEXUME MPEeIBAPUTEIIBHON 00paboTku). ['opu3oHTaNb NpH
temneparype My Ha puc. 4.2 yka3bpIBaeT, YTO MAPTEHCUTHOE MIPEBPAIICHUE B JaHHOU
CTalyd HAYMHAETCS MPU OJHOM M TOM K€ TEMIIEpAaType HE3aBUCHUMO OT CKOPOCTH
OXJIAXKICHUSI.

CoctaB cmaBa OOBIYHO CWJIBHO BJIMSET Ha TeMIepaTypy Hadana
MapTEHCUTHOrO mnpeBpamieHus. C TOBBIIICHUEM COAEPKaHUS Yyriepoja B CTalld
TOYKa My CHJIBHO CHUIKAETCS: B CTalsAX, cojepxamux MeHee 1% C, oHa HaxonuTcs
Beiie 200°C, a mpu coaepkaHuu yriepojga okoyno 2% Onu3ka K KOMHATHOM
temriiepatype (puc. 4.3).

Coneprkanue yriaepoja B CTald U B ayCTEHUTE HE BCEra OJUHAKOBOE, TaK Kak
yraepoJi BXOJIUT B cOCTaB KapOuoB. [Ipu mOBBIIEHUN TeMIEpaTyphl 3aKaJKH, KOT/Aa
KapOuJIbl PACTBOPSIIOTCS B ayCTEHUTE U KOHIIGHTpAlUs Yriepojia B HEM BO3pacTaeT,
Touka M, CHI>XaeTcs.

N3MeHeHnne coctaBa BIMSET Ha TEMIEpaTypy Hadajla MapTEHCUTHOIO
MpeBpallleHns, TakKk Kak MeHsiercs Temmeparypa Ty, a Takke CTENeHb
nepeoxyaxaeHuss To—My. B dacTHocTH, 100aBKH, YBEJIMYMBAIOIIMNE MOJYIb
YyIPYTOCTH MAaTpHIBl (ayCTEHHMTa), 3aTpyAHAIOT oOpazoBaHWe MapreHcuTa: AGyy,
pacTeT U COOTBETCTBEHHO CTEIEHbB NepeoxnaxaeHus: To—M, yBeInYnBaeTCs.

Ob6pamumocmov mapmencumnozo npespauienus. 3 cxempr Ha puc. 4.5
BBITEKACT, YTO CIUIAB, 3aKAJICHHBII HA MapTCHCHT, TIPU HArpeBe 0 TEMIIEPATYp BEIIIIE
Ty MoxeT mperepneTh 00paTHOE MapTECHCHUTHO-ayCTCHHUTHOE IMPEBpaIleHUE, KOTIa
OymeT JoCTUTHYTa OmpejelieHHas CTENeHb MeperpeBa W OMpeesICHHAs IBUXKYIIas
cuna npepamienus AG.

[lo amamormm c¢ ToukoW M, TemmepaTypy Hadaina Oe31u(EGy3MOHHOTO
oOpa3zoBaHus aycTeHUTa 0003Ha4aroT Ay (puc. 4.5 u 4.6).

OOpazoBaHue ayCcTeHHWTa MapTECHCHTHBIM IyTeM BO3MOXKHO TOJIBKO B TaKHX
YCIOBHSIX, KOTJa MojaaBlieHO AUQQY3HOHHOE IMepepacipeie]icHne KOMIIOHEHTOB B
UCXOMHOM MapTeHcute. Jlns storo temmeparypa To momkHa OBITH HEBBICOKOHU, a
HarpeB HaJI0 MPOBOJIUTH YCKOPEHHO.

B yrmepoaucTeix cTanmsx oOpaTHOE MapTEHCHTHOE NpeBpalieHue He ObLIOo
O00HApYKEHO, YTO MOXHO OOBSICHUTH BBICOKOW TOJIBHKHOCTHIO aTOMOB YIepojaa B
pacTBope BHEApeHWs: mpu HarpeBe nudPy3noHHBIA pacman MapTeHCUTa (OTIYCK)
NPOXOANT paHbllle, YeM JOCTUTACTCS TeMIIeparypa Ay.

69



OOpaTtHOe MapTEHCHTHOE MpeBpallleHHe HaOJII0Jall B CIUIABAX CUCTEMBI
Fe—Ni (mpu BbICOKOM cO/E€pXaHUM HUKEJs, KOrjaa Touka To JOCTaTOYHO HU3KA), B
MEJHBIX CIUIaBaxX (HampuMmep, aJlOMMHHEBBIX OpOH3ax) U B TUTAHOBBIX CIlaBax. B
ATUX CIUIaBax 0O0paTHOE MAPTEHCUTHOE MpEBpaIleHNe UMEET BCE TJIaBHbIE IPU3HAKU
npsiMoro. CKOpOCTh HarpeBa Majio BIUSET HA TOUKY Ay

lemnepamypa
/
/
/
/
/

Fe 10 20 30 . M

4.6. 3aBUCUMOCTD TEMIIEpATyp Havajla MApTEHCUTHOTO IPEBPAIICHHSI IPU
oxnaxjaenuu (My), 06paTHOro MapTEHCUTHOTO MPEBPALEHUS TTPH
HarpeBaHuM (A;) ¥ pacueTHOU TeMIIepaTypsl paBeHcTBa YHeprun [ nboca

aycteHuTa u Maprercuta To=1/2 (M+A,) OT comepxaHusl HUKEIS B
cucteme Fe—Ni (o ganueim Kaypmana u Kosna); myHKTUpHbBIE TUHUH —
TpaHUIIBI O- U Y-00J1acTell Ha TuarpaMMe CTaOMIIBHBIX PaBHOBECHIA

[IpeBparenne, HaYMHAACH MIPU OJHOU Temmepartype (Ay), 3aKaHUYUBaeTCs TpU
6osee BeicOkOM Temreparype (Ay). Hanpumep, B crutaBe Fe—32,5%Ni Temmnepartypa
A;=300-310°C, a A, =400-410°C.

[Ipu oOpaTHOM MapTEeHCUTHOM TMpeBpallleHuu HabmogaeTcs penbed Ha
MOJTUPOBAHHOW MOBEPXHOCTU O0pa3lia, MPUUYEM HHOT/Ia OH BOCIPOM3BOAMT pelbed
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npsiMoro mnpeBpaienus. Kpucramibl npu oOpaTHOM MpeBpalleHuu, Kak WU TpU
psIMOM, 00Pa3yrOTCs Ype3BhIYANHO OBICTPO.

MexaHu3M MapTEeHCHUTHOTO NIpeBpaleHU s

N3ydeHne MapTEHCHUTHBIX MPEBPAILLCHUIN NMPUBEIO K MPEICTABIECHUIO O TOM,
YTO B 3aBUCHMOCTH OT YCJIOBHI MOTYT pEaJIn30BaThCs JIBA MEXAHU3MA MEPECTPONKH
PELIETKH — CIBUTOBBIM (MapTEHCUTHBIN) U TaK Ha3bIBAEMbBIA «HOPMAIbHBII.

Hopmansnoe npesepawenue. 1lpu HopMaIbHOM MOJIUMOP(GHOM IpPEeBpaIlEHUN
KPUCTAJIIIBI HOBOM (ha3bl pacTyT MyTeM HEYNOPSIOYCHHBIX, B3AMMHO HE CBSI3aHHBIX
Mepexo/loB  aToMoOB uepe3 rpaHuily. OTpbhIBasiCh B pe3yibTare TEPMUUYECKOM
aKTUBAIIUU OT PEIICTKU UCXOAHOM (ha3bl, HANIPUMED, Y-)KeJe3a, aTOMbI TTOOJJUHOYKE
(w11 HEOOJIBIIUMHU TPYIIIIAMU ) TIPUCOETUHSIIOTCS K pellleTKe HOBOU (a3bl, HAPUMED,
o-Kere3a, U B pe3yJbTaTe IpaHHIla KPUCTaula o0 MUTPUPYET B CTOPOHY KpHUCTaLIa v,
HOBas (haza «moemaeT» crapyro Qasy.

Takoe He3aBHCHMOE OJHO OT JPYroro HEYMOPSJI0YEHHOE IMepeMelIeHUe
aTOMOB uepe3 rpaHully paszaena (a3 noxosxe Ha camoaudPy3MOHHBIN MTpoliecc pocTa
KPUCTAJJIOB TIPU TMEPBUYHON PEKPUCTAIUIM3ALMK U OTJIMYACTCS OT HEro JIMIIh
MIPOUCXOXKIECHUEM TEPMOJIUHAMUYECKOTO CTUMYJIA.

B cayuae mnepBuuHON peKkpHCTa/UIM3allMM pa3HOCTh HHepruit ['ubbca
HCXOJIHBIX M HOBBIX 3€pEH SBISETCS CIeACTBHEM OoJbliel 1eeKTHOCTH CTPOSHUS
UCXOJHBIX (AehOpMUPOBAHHBIX) 3epeH Tou ke da3pl, a Tpu mnoJuMopdHOM
MpeBpaIeHNH MEeTallIa TEPMOJIUHAMUYECKUM CTUMYJIOM SIBJISIETCS Pa3HOCTh SHEPIHil
['m66ca nByx (a3 ¢ pa3HOU KPUCTAUIUUECKON PEIICTKOM.

Kak wu pexkpucramiuzamnusi, HEYNOpsAI0YEHHAs TMEPECTPOiika pPeIIeTKH
(HOpMaJIbHOE MPEBPAILCHHUE) MOXKET UJITH TOJBKO MPHU BBICOKHX TeMIIEpaTypax.

Cosuzoeoe (mapmencumnoe) npeepauienue. CIBUTOBBIN (MapTEHCUTHBIN)
MexaHu3M (ha30BOr0 MPEBpAIICHUS OTIMYACTCS YMOPSAOYEHHBIM, KOOIEPATUBHBIM,
B3aMMOCBSI3aHHBIM XapaKTEpPOM TMEpeMENIeHU aTOMOB Ha PACCTOSHUS MEHbIIIE
MEXaTOMHBIX 0e3 oOMeHa aTOMOB MeCTaMHM TaK, YTO COCEeAHM JI00ro aroma B
UCXOJHOM (paze OCTaIOTCS €ro coceAsiMU B HOBOM, MApTEHCUTHOM (aze.

B stom coctoutr riaBHas OCOOCHHOCTh CIBUIOBOM MEPECTPOMKH PEIIETKH,
MO3BOJISIIONIAsl MTOHSATH MHOTHE XapaKTepHbIE YepThl MapTEHCUTHBIX MPEBPAIllCHUH,
MPEXJIe BCET0 KOT€PEHTHOCTh Ha IPaHUIIE PACTYILETO MAPTEHCUTHOTO KpUCTaIa.

Ecnu npu npeBparieHun coceu Jo00ro atoMa B UCXOJHOM (a3e ocrarorcs
€ro ke cocelsiMU B HOBOMW (haze, Ha rpanuile a3 OKpyKEHUE U3 CTapbIX cocenei
BOKPYI' Ka)XXJOr0 aToMa TakXe JOJKHO COXpaHATHCS, T.€. TpaHUla JOJHKHA OBITh
KOI€pEeHTHOM.

KorepeHTHOCTB, yIpyroe ConpsiKeHue JBYX PelIeTOK Ha FPaHHIle MapTeHCUTa
U UCXOJHOH (ha3bl 00YCIOBIMBAIOT BO3MOKHOCTh YPE3BbIUAHO OBICTPOTO JBUKEHUS
IPaHULIB B CTOPOHY MAaTpUIBI Jlake PU OYeHb HU3KUX TEeMIlepaTypax, Tak Kak s
TaKOT'0 «CKOJIB3SIIIET0» ABMKEHUSI HEe TpeOyeTcs nudPy3uu ¢ MUrpanueir aToMoB Ha
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pacCTOSIHMSI, TMpEBBIIIAIOIIME MexaToMHble. Ha rpaHuile NpoOMCXOAUT JIMIIb
KOOMEpPAaTUBHOE MEpPEMEIEHNE AaTOMOB Ha PACCTOSHUSA MEHBIIE MEXaTOMHOIO,
pE3yJIbTATOM KOTOPOTO M SIBJISETCS IMEpEeMElIEHUE CaMOWl TpaHULbl B CTOPOHY
UCXOJHOM (pa3bl, T.€. pOCT MAPTEHCUTHOI'O KpHUCTAJLIA.

C pocroM MapTEHCHUTHOIO  KpUCTaljla Ha  KOTEPEeHTHOM  IpaHHMIle
HaKaryiMBaeTcsl ympyras aedopmalusi, IMOKa, HaKOHEl, He JOCTUraeTcsi Mpeen
TEKy4eCTH M HACTymaeT pa3pslKka YIPYTUX HANPsHKCHWH BCJICACTBHE HApYIICHUS
KOrepeHTHOCTU. Temepp yxke, Korja Ha TpaHULE KpUCTalIa MapTeHCHTa C
MaTepuHCKON (a30il BO3HUKAET HEYMOPSAJOUYEHHOE pPAaCIOJOKEHHE aTOMOB,
«CKOJIb3sIIlIee» JIBUJKEHHE TPaHUIbl CTAHOBUTCS HEBO3MOXHBIM U OBICTPBI poCT
KpHUCTaJlJIa [0 MapTEeHCUTHOMY MEXaHU3MY IPEKpPAIAeTCs.

JlanpHeWIMid pocT KpHUCTala MapTeHCUTa BO3MOXKEH TOJBKO IMyTEM
HEYMOPSJOUYEHHOTO TMepexojla aTOMOB 4Yepe3 TpaHMIly, a TaK Kak MapTEeHCUTHOE
MpeBpallleHue NPOTEeKaeT B 00JacTH Temieparyp, rae camoauddysus uaeT kpaiHe
MEJUIEHHO, TO M TOJpacTaHMe MapTeHCUTHOIO KpUCTajula TOocie pa3pbiBa
KOT'€PEHTHOCTH MOKET MPAKTUYECKH HEe HaOII0JaThCsl.

Takum o00pa3oMm, pacCMOTPEHHBIM MEXaHU3M CIBUTOBOM MEPECTPONKH
pelIeTKH OOBSACHAET JBE BaXKHBIE OCOOCHHOCTH MApPTEHCUTHOTO MPEBPAILICHHUS:
IrPOMAJHYI0 CKOPOCTb pOCTa KPUCTAJNIOB MapTEHCUTAa B YCJIOBHUSX MaJol
MOJIBMXKHOCTH aTOMOB (BIUIOTH /10 TEMIEpPAaTyp, OJU3KUX K aOCOIIOTHOMY HYJIIO) U
OBICTpOE MpeKpaIieHrue UX pocTa.

KoonepatuBHoe, OAMHAKOBO HAIpaBICHHOE TIEpEMEIIEHUE aTOMOB TIIpH
CABUTOBOM IMPEBPAIICHUHM BBI3bIBAET MAaKPOCKOIMWYECKOE HU3MEHEeHue (OpMbl
MPEeBpPAIIEHHOTO 00beMa, a B MECTE€ BBIXOJa MAapTEHCUTHOIO KpHUCTaJlJla Ha
OTKPBITYIO TMOBEPXHOCTh HCXOAHOW (ha3bl — HAKIOH COOTBETCTBYIOILIEIO YYacTKa
MOBEPXHOCTH. OTUM OO0BsCHSETCA 00s3aTeNbHOE OOpa30BaHHUE XapaKTEPHOIO
penbeda mpU MApTEHCUTHOM MPEBPALIEHUM HAa HMCXOJHOM IJIOCKOM MOBEPXHOCTH
oOpasra.

Jlist monuMOp¢HOro MpeBpalieHus] TBEPJbIX PAacTBOPOB MO MAPTEHCUTHOMY
MEXaHU3My XapaKTepHa elle OJHa BaXHasi OCOOEHHOCTb — OTCYTCTBHE
1 y3MoHHOTO TIepepacnpeieieHls] KOMIOHEHTOB.

Ecnu aToMbI BO BpeMs MpeBpalieHus He OOMEHUBAIOTCS MECTaMH, M KaXK bl
aTOM HE MEHSET CBOETO OKPYXKEHHS, TO KOHUEHTpalus oOpa3yIolerocs TBEPAOro
pacTBopa J0J’KHA OBITh B TOYHOCTH TAaKOM K€, KaK U B UCXOJHOM ¢aze (Hampumep,
KOHIIEHTpAIUs yriepoja B MapTEeHCUTE TaKas ke, KaKk U B ayCTCHUTE).

OtcyrctBre nudPy3noHHOro TMepepacnpesiesieHuss aTOMOB pa3HOro copTa
camMo 1o cebe He SBISETCS ONPENESIOMM MPU3HAKOM MapTEHCUTHOTO
MPEeBPALLCHUS.

Bo-nepBbiX, B 4MCTOM MeTajljle, HAapUMeEp, >Kelie3e, COCTOSIIEM M3 aTOMOB
OJIHOTO COpTa, MPH MOJUMOP(HHOM MPEBPAIICHUN BOOOIIE HE MOXKET OBITh pedyH O
TaKOM IepepacnpenefeHud. B To jxe BpemMsi U B YUCTOM METaJlie B ONpPEACICHHBIX
YCIOBUSAX MPOXOAUT MAPTEHCUTHOE MOJUMOP(HOE MpeBpalIeHUE, OTINYAIOIIEeecs OT
HOPMAJILHOTO IIPEBPAILICHUS B TOM K€ MeTalIe.
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Bo-BTOpBIX, B CIJIaBaX BO3MOXKHO 00pa3oBaHHe HOBOH (ha3bl TOTO ke COCTaBa,
YTO M UCXOJHAs, MyTeM HOPMAJIbHON MEpPEeCTPOMKH pemieTku. Takoe mpeBpalieHue
Ha3bIBAIOT MAaCCHBHBIM.

Maccusnoe npeepawjenue, SBISIONIEECS Pa3HOBUIHOCTHIO HOPMAaJILHOTO,
MPOUCXOANT BCIEACTBHE IEPEMEIICHNUS HEKOTePEHTHOW Mex(a3HOU TpaHHIIBl B
CTOpPOHY HMCXOJHOH (ha3bl B pe3ynbTaTe HEYMOPSAOYCHHBIX TEPEX0J0B aTOMOB Ha
KOPOTKHE PACCTOSIHYSI B pallOHE ITOW T'PaHUIIBL.

Hudbdy3un Ha nanpHUE paccTOosHUs, HeoOxoaumoun mia auddy3uoHHOTO
nepepactpe/ieNiecHdss KOMIIOHEHTOB, 3/1eCh He TpeOyeTcs,, B CBSA3H C YeM CKOPOCThb
pocTta MacCHUBHOHM (ha3bl CpaBHUTENBHO OOJbIIasi (IOCTHTaeT 3HAYeHWH OKoyio |
CM/C), W TIpeBpallleHHe MOXXET YCIETh MPOU30HUTH JaXe B TMEPHOJ 3aKAIOYHOTO
OXJIAXK]ICHUS.

MaccuBHBIE KpUCTAUTBl (B OTJIMYME OT TOHKMX MApPTEHCUTHBIX ILIACTHH)
UMEIOT UCKPHUBJICHHBIC TPAHMIIBI HENTPABUILHOW (POPMBI.

MaccuBHOe mpeBpalieHue MPOUCXOJUT B TPAHUYHBIX TBEPJABIX PacTBOpax Ha
0aze metayuia (HampuMmep, B ciuiaBax Fe—Ni, coxepxkamux a0 6% (ar.) Ni) u B
MPOMEKYTOUHBIX (pazax (Hampumep, f—a-npeBpamieHue B naTtynu ¢ 37-38% (at.)
Zn).

Hopmanbable monuMopdHbIe TPEBPAIICHHUS] B YUCTHIX METaJIaX MO CYIIECTBY
TaKXKe SIBISIOTCS MAaCCHBHBIMH, XOTS HCIIOJB30BAHHE ITOTO TMOHSATHUS ISl YHCTHIX
METAIJIOB HE HMEET OCOOBIX MPEHMYIIECTB, TaK KakK JIPYTHMX HOPMAaJbHBIX
MIPEBPAIICHHUI B YUCTHIX METaJIaX HET.

MapTeHCUTHOE TpeBpalleHne YacTo Ha3bBaloT 0e3nudy3noHHBIM. ITOT
TEPMHH CJIeTYeT IOHUMATh HE KaK OTCYTCTBUE AU(PPY3UOHHOTO TIepepacipe/IeIeHUs
KOMIIOHEHTOB, YTO CBOWCTBEHHO W HOPMAaJbHOMY MAaCCHBHOMY TNPEBPAIICHHUIO B
CIIaBax, a KaKk OTCYTCTBHE HEYNOPSAOYCHHBIX MEPEMEIICHII aTOMOB, XapaKTePHBIX
st camoauddys3uu.

Ycnoeua peanuzayuu nopmanonozo u mapmencummnozo npeepauienui. Ecnu
TeMIiepaTypa CTaOWJIBHOTO paBHOBECHS JABYX MOJAU(UKAIUN YUCTOTO MeTajuia
J0cTaToOuyHO BhICOKa (Hampumep, 911°C y xenesza, 882,5°C y turana, 865°C y
nupkonus 1 660°C y ypaHa), To MOTYT peaju30BaThCcsl 00a MeXaHU3Ma MepecTPONKH
PELIETKH.

IIpn cpaBHUTENBHO MalbIX MEPEOXIAKICHUAX, KOTJa MOJIBHKHOCTH ATOMOB
JOCTaTOYHO  BBICOKA, HJET HOPMaJibHOE MOJUMOpPGHOE TpPEBpaIllEHHE C
HEYIIOPSAI0YECHHON NIEPECTPONKON PELIETKHU.

MapTeHCUTHOE MPEBPAILCHHUE IIPH MAJbIX MIEPEOXIIAKICHUSIX UITH HE MOKET U
MO3TOMY HE COCTaBIISIET KOHKYPEHIIMH HOpMajbHOMY MpeBpaileHuto. O0bsicHIeTCs
3TO TEM, UTO MPHU HEYNOPSAOUYEHHON MEepecTpoKe peueTku ymnpyras aedopMaiius
KPUCTAJIOB UCXOJIHOM (pa3bl 00YCIIOBIIEHA TOJIBKO U3MEHEHHEM YAEIbHOr0 00bema,
a NPy MapPTEHCUTHOM IPEBPALIEHUHN — TAKKE U KOTEPEHTHOCTBIO PEIIETOK UCXOIHOU
(da3bl 1 MAPTEHCUTHOI'O KpUCTAJLIA.
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[Ipu mapTeHCUTHOM TpeBpalleHun TpeOyeTcss Oosblliee MepeoxiaxacHue
BBICOKOTEMIEPATypHOH MOAu(UKALMK, YEM OSTO HEOOXOAUMO JUIsl Pa3BUTHUSA
HOPMAJILHOTO TIPEBPALLIECHUS.

C pocroM cCTemeHH MEpPeoXJKICHHUS  CKOPOCTh  HEYIOPSA0YEHHOM
MEPECTPONKHU PEIIeTKH BO3pPACTaET, JOCTUraeT MaKCMMyMa W 3aTeM I[aJaeT B
coOTBETCTBUH C C-KpHUBOIA.

[Ipu cpaBHUTENBHO OONBIIMX TMEPEOXTAKACHUSIX, KOTJa Pa3HOCTb SHEPIuii
['u60ca AByX MoaudUKalUMi CTAHOBUTCS JOCTATOYHOW, YTOOBI LUIO MAapTEHCUTHOE
MpeBpallleHhe, OHO MPOUCXOAUT HAMHOI'O paHbIlE, YeM YCIEeeT HadyaThbCs OYEHb
BSJIO€ MPU HU3KOM TeMmmepaTtype HOpMaiabHOE MpeBpalieHue.

Hanpumep, y uuctoro sxenesa (npu coaepxxkanuu 0,0015%C) temneparypa My
paBHa 750°C, 4TO COOTBETCTBYET CTENEHHM nepeoxuaxzacHus okosno 160°C. Ilpu
MEPEOXIIAKACHNAN Y-)KeJe3a 10 TeMIIEpaTyp, Haxoasmuxcs B uarepsaie 911-750°C,
MPOTEKAET HOpMaJbHOE Y—0-MIpeBpalieHue, a Huwxke 750°C — mapTeHCUTHOE Y— -
MpeBpalleHue.

VY MeTanioB ¢ BBICOKOM TeMIlepaTypoil paBHOBecUs MoAM(UKaIMil He Bceraa
JIETKO MOJYYUTh TaKue OOJbIINE CTENEHU MEePEOXIaKICHUS, KOTOPhIE HEOOXOIUMBI
JUIsl Hayajga MAapTEHCUTHOro mpeBpamieHus. Tak, Hampumep, s peanu3aluu
MapTeHCUTHOTO MEXaHW3Ma MOJIMMOP(HOro mpeBpalieHus B JKeye3e o0paslbl
ClelyeT CWJIBHO NeperpeBarb B Y-00JIaCTU M OYEHb OBICTPO OXJIaXIaThb, YTOOBI
MOJAaBUTh Pa3BUTUE HOPMAJIBHOIO TMpPEBpAlleHUS TPU MEHBIIMX CTENEHSX
MEPEOXTAKICHUS.

Ecniu y umcroro meramia Ttemreparypa paBHOBECHs JBYX MoAuduUKanui
cpaBHUTeNnbHO HU3Kas (Hampumep, 400°C y kobanbta u -196°C y nutus), To U3-3a
MaJioil MOABMKHOCTH aTOMOB pPEau3yeTcsi TOJIbKO MapTEeHCUTHOE IMpeBpallieHue, a
HEYMOopsA0UEHHas MepecTpoiiKa peleTK BooOIe He Ha0moaaeTcs.

W3 u3105X€HHOTO CIEYyeT, YTO OINpPEACNICHUE «HOPMabHOE» IMpeBpalleHue —
YCIIOBHOE, TaK KaK MapTEHCHUTHOE IMpEBpalleHUE SBISECTCA HE MEHEE OOBIYHBIM IS
(ha30BbIX MEPEXO0JIOB B TBEPAOM COCTOSTHUU.

B 1Bepabix pacTBOpax Ha 0a3e MOJIUMOP(PHBIX METAJJIOB peau3alus TOro WIH
MHOTO MEXaHU3Ma NPEBpPAIllEHUS 3aBUCUT OT TOrO, KakK JIETUPYIOMIMA 3JIEMEHT
U3MEHSeT TeMIlepaTypy paBHOBecus JByX Moaudukauuii. Hampumep, npu
JETMPOBAaHUU Kejle3a HUKEJIEeM W MapraHieM MOXKHO TaK CHJIBHO TOHU3UTH
TeMIiepaTypy paBHOBecus JAByX a3, dYTO HOpMajbHOE Y—0O-IIPEBpaIICHUE
CTAaHOBHUTCS HEBO3MOXHBIM M HaOJ0OJIaeTCsd TOJIBKO MapTEHCHUTHAas MepecTpoiika
PEIIETKH.

[IpoTHBOIONOXKHBIN ciayyall — JerupoBaHue KoOanbTa 3JIEMEHTaMH, KOTOphIE
TaK TOBBIIIAIOT TEMIIEPATypy paBHOBECHS JBYX MOAM(PUKALMKA, YTO, KpOMe
MapTeHCUTHOTO  MpEBpalleHHs,  HUAYHIEro  MpU  JOCTATOYHO  OONBIIOM
MEPEOXJAKIECHNN, CTAHOBUTCS BO3MOXHBIM M HOpPMajlbHOE MpeBpalieHue (mpu
MaJIbIX CTETICHSIX MEePEOXIIANKICHUS).
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Kpucmannozeomempus npespawienus aycmenuma 6 mapmencum. Jns
MOHMMaHUS  CTPOCHUS  MapTEHCHTa B CTaldX  HEOOXOJAMMO  3HATh
KPUCTAJNIOTCOMETPUIO TIEPECTPOMKH T.I.LK. PEIICTKH ayCTeHWTa B OOBEMHO-
[EHTPUPOBAHHYIO TETPAaroHANBHYIO pEIIETKY MapTeHCHTa, OIU3KYI K O.ILK.
peleTke o-kene3a. ITa mepecTpoiika u3BecTHa Kak aedopmainus beiina (puc. 4.7).

Ha puc. 4.7,a moka3aHbl JBe COCEeTHUE KyOMYECKHE JJIEMEHTapHBIC SYCHKH
I.IL.K. PCIIETKHA ayCTeHUTa. ATOMBI XeJje3a, OTMEUCHHBIE KPY)KKaMH, PacToI0KCHBI B
BepIIMHAX KyOOB W IICHTpaX WX rpaHeil. ATOMBI yrjiepoja, pacTBOPEHHOIO B Y-
Kenese 1O crmoco0y BHEAPEHHS, CTAaTHUCTUYCCKH PaBHOMEPHO 3aHMMAIOT 4YacTh
OKTadJIpUYCCKUX MYCTOT T.IL.K. pemerku. (s ympoimeHus yka3aHbl HE BCe
MIOJIO’KEHUST aTOMOB JKeJie3a U YTliepoa).

OxTa’apuuecKue IyCTOTHI, ITOMEYCHHBIC KPECTUKAMH, HAXOIATCI Ha
cepeauHax pebep U B ILIeHTpe o0beMOB Kyowdeckux sueek (puc. 4.7,a). Bce stu
MyCTOTHI CTPYKTYPHO YKBHBAJICHTHBI, HEPA3TUIUMBI.

ol
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Puc. 4.7. lepopmarus beitna, mpeBpaliaroiiasi peieTky aycTeHuTa (a)
B pelieTky MapreHcuTta (0)

B r.ark. pemerke aycTeHMTa MOXKHO MBICICHHO BBIACIUTH HE TOJIBKO
KyOMYeCKyl0, HO M TeTparoHajibHYyIO 3JIEeMEHTapHyl0 sueiiky (Ha puc. 30,2 oHa
MOKa3aHa >KUPHBIMU JHUHHUSAMH). B 3Toil TeTparoHanbHOW syeilke aycTeHHUTa
OTHOIIICHHE TEPHOTOB c/a = V2 , B TO BpeMs KaK y pEIICTKH MApTEHCHTA
HKCIIEPUMEHTATBHO YCTAaHOBJICHHAsS CTENeHb TeTparoHaabHocTu c/a < 1,09.

HNedbopmanust beitHa, mnpocTedIIUM CIOCOOOM TpeBpallaronias pemeTKy
aycrenuta (puc. 4.7,a) B pemerky mapTteHcuta (puc. 4.7,0), COCTOUT B CXKATUU
TETparoHaJIbHOW SYEWKU ayCTeHHMTa BJOJIb €€ OCH «C» U OJHOBPEMEHHOM
YBEJIMUEHHUH Pa3MEPOB BIOJIb OCEH «a».
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B r.u.kx. pemerke ayCTeHHWTa aTOMBI Yriepoja CTaTUCTUYECKH PABHOMEPHO
pacnpeieNieHbl 0 OKTa’pUUECKUM MyCTOTaM BJIOJIb HAIlpaBieHUM Tpex pedep Kyda
[100], [010] u [001] (kpecTuku Ha puc. 4.7,a).

Ho B To#i ke camoil pemieTke ayCTeHHTa aTOMBI yTriepojaa H30HpaTesIbHO
PAcCIIOIOKEHBI 110 OTHOIIECHUIO K HAIIPaBICHUSIM peOep TETparoHaJbHOU sIMEHKHU: OHU
HaXOJISITCSL TONBKO Ha cepeauHe pedep Bnoab ocu [001] B LeHTpe TOpU30OHTAIBHBIX
IpaHEl TETPArOHAJbHOM SYEHKH, T.€. TOKE BIOJb HarpasieHus [001].

ITo oxoHYaHWM MpeBpalleHUs] BHEAPEHHBIC AaTOMbl YIIIEpOJa MPOJIOJHKAIOT
pacnoJjiaratbCsi B pELIETKE MAPTEHCUTA B OKTA3JIPUUECKUX MYCTOTAaX TOJBKO BJOJIb
Hamnpasyienus [001], ve 3aHumas myctot B HanpasieHusx [100] u [010] (puc. 4.7,0).

Haxonsce Mexay aTomaMH kelie3a B psjiax, napamieabHbix ocu [001], aToMbl
yriaepoaa He Mo3BOJIOT Aedopmanuu beitHa npeBpaTuTh I.I.K. PEIIETKY B O.IL.K. C
OTHOIIIEHWEM TE€PUOJIOB, PaBHbIM eauHUIE. CTEeNEeHb TETPArOHAJIbLHOI'O MCKAXKCHUS
peIIeTKH MapTEHCHUTa C/a pacTeT MPSMO MPONOPIMOHATBLHO KOHIICHTpAIlMd B HEM
yriaepoja.

[TonBM>XKHOCTH aTOMOB yrjiepoAa Jake Npu KOMHATHOW TeMIIepaType
JI0OCTaTOYHA, YTOOBI 110 OKOHYAHWHU MPEBPAIICHUS OHU CMOTJIA MepepacipeeaTuThCs
U 3aHATh OJMKaiimre CBOOOJHBIE OKTadIPUYECKUE IMYCTOTHI BIOJb HAINpaBIICHUI
[100] u [010] ¢ OmHOBPEMEHHBIM HCUE3HOBEHHEM TETPAroHaJIbHOCTU. [[1s1 3TOrO
noctaToyHo AUG(Py3UOHHBIX MMEpeMelIeHU Ha O4YEeHb Majble PACCTOSHHUS — B
Mpeaenax OAHOU SJIIEMEHTAPHOU SYECUKH.

OnHako B JICMCTBUTEIBHOCTM  PEIIETKAa  MApTEHCUTAa  COXpPaHSET
TETPArOHAJILHOCTh MPU KOMHATHOW Temmeparype. TeopeTuueckuil aHaiau3 mokasa,
YTO MEXJy AaToOMaMH YriepoJa B MapTEHCUTE CTAIH CYIIECTBYET TaKoe
nedopMalMOHHOE B3aUMOJICHCTBUE, KOTOPOE JeIaeT TEPMOAMHAMUYECKH BBITOHBIM
UX YNOPSJAOUYCHHOE PACHPENCICHUE C MPEANOYTUTEIbHBIM PACIOJIOKEHUEM BIIOJb
OJIHOM M3 KpucTamiorpadguueckux ocen.

Taxkum oOpa3om, TeTparoHaJlbHOEC MCKKCHHUE PEIIECTKU MapTEHCHUTA OTBEYACT
MUHUMYMY OdHepruu [ub6ca Onaromaps MHUHMMHU3AIMU DSHEPTUU  YIPYTOM
nedopMany PElIeTKH, CBS3aHHOW C BHEAPCHHBIMH aTOMaMM YTriepojia, MpH HUX
YIOPAIOYEHHOM PACITOJIOKEHHH.

C MOBBIIEHUEM TEMMEPATyphbl NAJbHUN MOPAIOK B PACIOIOXKEHHH aTOMOB
yriaepojia 10keH Obul Obl Hcue3HyTh. HO 3TOMY IpensTCTBYeT yNnpyroHanpsKeHHOE
COCTOSIHUE KpHCTAJJIa MAPTEHCHUTA B MATpPHULE OCTATOYHOIO aycTeHUTa. biaromaps
€My JaJIbHHUM MOPSAOK B MEPECHINIEHHOM TBEPAOM pPacTBOPE YIIEPOAA B O-)KEJE3€
(MapTeHCUTE) COXpaHseTCs MPHU BCEX TeMIIepaTypax, IPU KOTOPHIX MapTEHCHUT €Ille
HE MpEeTepreBAET pacnaia.

3apoovimuu mapmencuma. Bompoc 0 TOM, 4YTO MpPEACTaBIAIOT COOOM
3apOJBIIIM MapTeHCUTa, Hauboyiee TPYIHBIM BO Bced mpolieMe MapTEeHCUTHBIX
IIPEBPALLCHUN.

['unore3a TOMOTEHHOTO 3apOXKIEHHUS, CBSI3aHHOTO C (IYKTYallHOHHBIM
0o0pa3oBaHMEM 3apojbllla KPUTHUECKOIO pa3Mepa, OOJBIIMHCTBOM HCCIEN0BaTeNeH
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OTBEpraercsi, TaK KakK U3-3a BBICOKOM DJHEPrUM YIPYIUX MCKAKEHHN pabdorta
TOMOT@HHOTO0  O0pa3oBaHUs KPUTHUYECKOTO 3apojblllla CTOJb BEJIHUKA, YTO
BEPOSITHOCTD €ro (hIyKTyallMOHHOTO MOSBJICHUS HUUTOXKHA.

BonpImuHCTBO THIIOTE3 IPEANoiaraeT reTeporeHHOe 3apOKICHHE MapTEHCHUTA,
MIPUBS3bIBAsI IIEHTPHI MIPEBpAIEHUs] K 0COOBIM CYOMHUKpOYUYacTKaM B MUCXOJHOM (a3e,
MpUYeM B Pa3HBIX METa/llaX W CIUIaBaxX MPUPOJIa U CTPOCHUE TaKUX YYacTKOB
3apOXKIACHUS MOTYT OBITh PA3HBIMH.

N3 paccMoTpeHHs MCKIIOYAIOTCS TPaHUIBI W CYOTpaHMIIbI, TaK Kak
AKCTIEPUMEHT TOKa3bIBAE€T, YTO OHU HE SBIAIOTCS MECTaMH MPEANOYTHUTEIBHOIO
00pa3oBaHUs MAPTCHCUTHBIX KPUCTAIIOB.

[IpsMbIM ~ J10KAQ3aTEICTBOM  TE€TEPOTCHHOTO  3apOXKACHUS  CUUTAIOTCS
PE3YABTATHI OMBITOB MO UCCJICIOBAHUIO MAPTECHCUTHOTO MPEBPAILICHHS B TUCIIEPCHBIX
yacTtuiax cmiaasa Fe — 30,2% Ni.

Oxkono 1/20 obmiero uucia yactuil fuameTpom ~40 MKM U MEHEe OCTAJINCh B
ayCTCHUTHOM COCTOSIHUM, HE HCIIBITAaB MapTEHCUTHOTO MPEBpAIlCHHs, BILIOTH 0
-196°C, B TO Bpemsi Kak y OObIYHOro MaccuBHOro obtpasma M, = -20°C. D10
OOBSICHSIETCS TEM, UYTO TOMOI€HHO MApPTEHCUT HE 3apOXKIaeTcs, a BEPOATHOCTH
HaXO0XXJICHUSI YYaCTKOB T€TEPOre€HHOTO 3apOKICHHS B YACTHUIIE ayCTEHUTA CHUKACTCS
C YMEHBIIIEHHUEM €€ pa3Mepa.

Haubonee mpocTto mpupoga MECT TETEPOreHHOIO 3apOXIACHUS MAapTEHCHUTA
TpakTyeTcsl B Ciiy4asiX, korjga u3 ¢asbl C T.I.K. peleTkoi o0pasyercsi MapTeHCHUT C
reKCaroHajJbHOM IIJIOTHOYIAKOBAHHOMU (T.11.) pemieTkoi. JledeKThl ynakoBKU B T.ILK.
(dhaze, BOZHUKIINE MPU PACHICIVICHUU TUCIOKAIINM, SIBIISIOTCS TOHKUMH MPOCIOUKaAMU
I.I. PEHIeTKA M TO3TOMY TMPEJACTaBISIOT COOOM Kak Obl TOTOBBIE JIBYXMEPHBIC
3apOJBIINIM TEeKCAaroHAJIBHOTO MapTeHcHuTa. Takas cuTyalus HMeeTcs B ciydae
npeBpamieHus Py —0r 5 B KOOAJIbTE.

B cramsx ¢ BeicokuM coaepkanueM wmapranma (6omnee 10%), a Takxke B
HEPKABEIOIIUX XPOMOHHUKEJIEBBIX CTAIsAX 00pa3yeTcsl TaK Ha3bIBAEMbIN €-MapTCHCUT,
MMEIOIIUH T.I. pEelIeTKY, a U3 HEero MOXET 00pa30BaThCsl OOBIYHBIA O-MAapPTEHCHUT C
00bEMHOIICHTPUPOBAHHON KyOWUECKOW WU TeTparoHajJbHOW pemeTkoil. ['oToBhIMU
3apOJIbIIIaMU E-MApPTEHCUTA SBJISIIOTCS 1e(PEKThl YIAKOBKU B ayCTCHUTE.

B cranm ¢ TNOBBIIEHHBIM COACP)KAHMEM MapraHila H  ayCTEHHUTE
XPOMOHHUKEJIEBBIX HEPIXKABEIOIIUX CTajed M3-3a OYeHb HU3KOW SHEpPruu JAedeKTOB
YMaKOBKHU JIUCIIOKAIIMU CUJILHO PacUIeIJIEHbI U, CIIeI0BATEeIbHO, UMEETCSI MHOXKECTBO
3apOIBIIICH TeKCaroHAIBbHOTO E-MapTEHCHUTA.

[IpssMbIMU HAOIIOJEHUSIMH B BBICOKOBOJIBTHOM 3JEKTPOHHOM MHUKPOCKOIIE
O0OHapy»XEeHO, YTO B HEPXKABEIOIINX CTAJISAX 3aPOJIBIIIN £-MaPTEHCUTA JEHCTBUTEILHO
MOSIBJIAIOTCA Ha Jedekrax yMmakoBKM aycTeHHTa. BmecTte ¢ TeM 0-MapTEHCHUT
3apOXKIAETCS B MECTaX CKOIUJICHUS TUCIIOKAITUH.

Ponw nucnokaruii B reTeporeHHOM 3apOKJACHUHU o-MapTeHCuTa OeccriopHa, HO
B Y€M KOHKPETHO COCTOMT 3Ta PoJib, MOKa He sCHO. [1o oHUM TUnoTe3am, rpymniibl U3
HECKOJIbKMX JUCIOKalMil B T.IL.LK. penieTke oOpa3ylT Takyko KOH(Urypaluio,
KOTOpasi TpeBpaliaeT COOTBETCTBYIONIMM MHUKPOYYAaCTOK B 3apOJbIII C O.ILK.
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pemerkoi. Jlpyrod moIXoJ paccMaTpuUBaeT JAUCIOKAIIMM KaK HWCTOYHUK ITOJIS
BHYTPCHHHX HaNpPsDKCHHUH, YMCHBIIAIOMIETO padoTy 0Opa3oBaHHUS KPUTHYECKOTO
3apobiiiia (BIUIOTH 10 0€30apbepHOTO 3apOXKICHUSA ).

3apokICHHEe MapTEHCUTAa PAcCMAaTPUBAIOT TaK e, KaK pe3yibTaT IMOTEPH
MEXaHMYECKOW YCTOMYMBOCTH PEIICTKHA ayCTEHUTA B IIPEAMAPTEHCUTHOM COCTOSTHHH.
B moaTBepkaeHue 3TOro NMpUBOAAT (GaKThl MaJACHHUSI MOIYJEH YIPYrOCTH ayCTCHHUTA
IIPY MPUOMKEHUH K TOYKe My, Y HEKOTOPBIX CILUIaBOB.

MuKpOCTPYKTYpa U cyOCTPYKTYpa CIVIABOB, 3aKAJEHHbIX HA MAPTEHCHUT

Mukpocmpykmypa.  Ilpu  ucclieoBaHUUM  CTPYKTYpPhl  3aKaJ€HHBIX
YIIAEPOAUCTHIX cTajeil U 0e3yriepoAUCThIX CIJIABOB Ha jKEJIE3HOW OCHOBE BBISIBICHBI
JIBa TJIaBHBIX MOP(OJOTMYECKUX THUIA MAPTEHCUTA — IJJACTUHYATHIA U TAKETHBIMH,
KOTOpbI€ paznuyaroTcs (GopMoil U B3aUMHBIM PaCIOIOKEHUEM KPUCTAILIIOB, a TaKKe
CyOCTPYKTYpPOI.

Ihacmunuametit mapmencum (KOTOPbIA Ha3bIBAIOT TaKXKE HUIOJIbYATHIM,
HU3KOTEMIIEPATYPHBIM U JBOMHUKOBAHHBIM) — 3TO  XOpOIIO  HW3BECTHBIN
«KJIACCUYECKHI» TUI MapTeHCUTa, HauOoJee SPKO BBHIPAKEHHBIM B 3aKaJECHHBIX
BBICOKOYTJIEPOJAMCTBIX CTANIAX U B O€3YTIEPOIUCTHIX KEJIE3HBIX CIIaBaX C BHICOKOU
KOHIIEHTpallMeil BTOPOro KOMIIOHEHTa, Hampumep, B cruiaBax Fe-Ni mnpu
coaepxkanuu 6osee 28% Ni.

Kpucramibel MapTeHcuTa uUMEOT (OpPMY TOHKHX JMH3000pa3HbIX IJIACTUH
(puc. 4.8). Takas dopma MIaCTUH MAPTEHCUTA COOTBETCTBYET MUHUMYMY SHEPTUU
YIPYrUX UCKaXXEHUN Ipu 00pa3oBaHWU €r0 B ayCTEHUTHOW MaTpUIle U aHAJIOTMYHA
(bopMe MeXaHUYECKUX JTBOMHHUKOB.

[lomaganue muacTUHbBI CBOEH OONBIION MOBEPXHOCTHIO B IJIOCKOCTh IUIH(Da —
KpaiiHe peakuii ciydait (puc. 4.9). IlpousBosibHbIE CEUCHUSI MAPTECHCUTHBIX IIACTHH
IJIOCKOCThIO 1ITM(pa MpU HEOOJBIINX YBEIUYEHHUSIX MHKPOCKOIMA CO3/AI0T JIOXKHOE
BlleyaTiieHWe o0 wuronpyaTol ¢opme KpucTaioB. OpHAKO HUCTOPUYECKH
CJIOKUBIINECS TEPMHUHBI «KPYNHOULONbUAMBINY U «METKOULOIbYAMbIIY MAPMEHCUM
IIMPOKO PACTIPOCTPAHEHBI.

Puc. 4.8. ®epmooOpazHOe pacloIoKeHUE TUIACTUH MAPTEHCHUTA U OCTATOYHBIH
aycTeHUT (cBeTIbIA GoH) B 3akaieHHOU cTaiim ¢ 1,66% C. x550 (Kpayc u Mane
2
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Puc. 4.9. Penkuii ciydaii pacronoXeHuss MApTEHCUTHOH TUIACTHHBI B TUIOCKOCTH
nuida. x750 (A.IL I'ynses, E.B. [letynuna)

Cocennue mIacTHHBI HE NapaijieNbHbl OJHA JAPYrod W yacto o0pa3yioT
bepmonogo0HbIE aHcamo1u (puc. 4.8). BBuny UHTEpPEpEeHITNU
JTAIbHECHCTBYIONUX TOJNEH YNPYruX HANPSHKECHUH OT KaKIOH TUTACTHHBI TaKoe
3aKOHOMEpPHOE HUX pAaCIOIOKCHHEe B MAaTpUYHON (ase obecreynBaeT MUHHUMYM
YIIPYTO# SHEPTUU CYMMAapHOTO TOJISl BCEr0 aHCaMOJIS U3 MJIACTHHYATHIX KPUCTAIIIOB.

Puc. 4.10. Cxema 06pa3oBaHUs MAPTECHCUTHBIX TUIACTHH Pa3HOM JJIMHBI
B OJTHOM ayCTECHUTHOM 3€pHE

[macTrHBI, BO3HUKAIONINE B MEPBYIO o4Yepeab BOIM3M TOYKH M, , MPOXOIAT
yepe3 BCE ayCTEHHUTHOE 3€pHO, pacujeHss ero Ha oTceku. YUepe3 rpaHully 3epHa
MaTpu4HOW (a3pl MapTEeHCHTHAs IUIaCTHHA, Kak CIeAyeT W3 MeXaHW3Ma ee
o0pa3oBaHUs, IPONUTH HE MOXKET, M TIOITOMY MaKCUMAJIbHBIN pa3Mep MapTeHCUTHBIX
TUTACTUH OTPAaHWYCH PA3MEPOM ayCTCHUTHBIX 3€PEH.

B otcekax aycTeHWTa NpU TOHWKCHHH TEMIEpaTypbl 0Opa3yloTcs HOBBIE
MapTEHCUTHBIC IUTACTUHBI, pa3Mep KOTOPBIX YKE OTpaHHuYEH pa3MepaMu OTCeKa
Matpuilsl (puc. 4.8 u cxema Ha puc. 4.10).

[To mepe pa3BUTHS MPEBpALICHUS ayCTEHUTHOE 3€PHO pPACUICHSETCS Ha BCE
Oosee MelKHe OTCEKH, B KOTOPHIX OOpa3yloTCsi Bce Oojiee MEJIKHE MapTEHCUTHbBIE
IacTUHBL. [IpM MeIKoM ayCTEHWTHOM 3€pHE, HallpuMep, IMPHU MallbIX IMeperpeBax
CTaliu BBIIIE A3, TUIACTUHBI MapTEHCUTA CTOJIb MEJKH, YTO «HT0JIbYaTOE» CTPOCHHUE
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Ha 1nuMde He BUAHO U MApTEHCUT Ha3bIBAIOT OECCTPYKTYpHBbIM. Takod mMapTeHCUT
HauOoJIee KenaTeleH.

[locrne 3akanku Mexy MIACTHHAMHU MApTEHCUTA ITPU KOMHATHOM Temmeparype
COXpaHsIeTCsl OCTaTOUYHBIN aycTeHUT (puc. 4.8). B MecTtax CTONKHOBEHUS IUIACTUH
MapTeHCHUTAa, PACTYUIUX MOJ YIJIOM OJIHA K APYTrOod, MOT'YyT BO3HUKATh MEXaHUYECKUE
JIBOMHUKHA W MUKpOTpelnHbl. C yKPYIMHEHHEM ayCTEHHUTHOTO 3€pHa YKPYMHSIOTCS
IJIACTHHBI MapTeHCUTa U 00pa3oBaHHE MHUKPOTPEHIMH B MECTaX MX CTOJKHOBEHUS
YCUJIUBAETCS.

Iakemmnwiit mapmencum (KOTOPBIN HA3bIBAIOT TAKKE PEEUHBIM, MAaCCUBHBIM,
BBICOKOTEMIEPATYPHBIM M HEABOMHUKOBAHHBIM) — 3TO IIUPOKO PACHPOCTPAHEHHBIN
MOP(OJOTUYECKUA  THUI, KOTOPBIA  MOXKHO  HaOJIIOJaTh B 3aKaJE€HHBIX
HU3KOYTJIEPOIUCTHIX u CPEIHEYTJIEPOAUCTBIX CTaJIAX, OOJIBIIMHCTBE
KOHCTPYKIIMOHHBIX JIETMPOBAHHBIX CTaJIe, CPaBHUTEIbHO HU3KOJIETUPOBAHHBIX
0e3yriaepoauCThIX JKEJE3HbIX CIUIaBax, Hampumep, B cmiaBax Fe—Ni mnpu
KOoHIEeHTpauu meHee 28% Ni.

Kpucramier 3TOoro mapreHcura uMEOT (OpMY MPUMEPHO OJMHAKOBO
OPUEHTUPOBAHHBIX TOHKUX MJIACTHUH, IPUIIACOBAHHBIX OJHA K APYrod U 00pa3yrommx
Oonee wiM MeHee paBHOOCHBIM makeT. lllupuHa macTMH B mpejenax mnakera
MPUMEPHO OJIMHAKOBA W HAXOJMUTCA B JAMANA30HE OT HECKOJBKUX MUKPOH JO J0JIeH
MukpoHa (00br4Ho 0,1-0,2 MKM), T. €. MOKET HaXOAUTHLCS Ha MIPeeiie pa3peniaroei
CIIOCOOHOCTH CBETOBOI'0 MUKPOCKOIIA U JIaXke 33 TUM IIPEIETIOM.

[ToaTOMy «peeuHbie» KPUCTAILIbI O] CBETOBBIM MUKPOCKOIIOM MJIM COBCEM HE
BUJIHBI, WJIK K€ BBISBISIOTCS KaK TOHKas CTPYKTypa HakeToB. B cBs3u ¢ 3TUM B
KauecTBE OCHOBHOI'O CTPYKTYPHOTO 3JIeMEHTa IIIM(a BBICTYNAET NAKeT U3 MJIACTHH,
a He OTJeNbHbIE OY€Hb TOHKHE KpUCTAILIBL. [103TOMY MapTEeHCUT C TaKo#l CTPYKTypoi
1 OB Ha3BaH MAKETHBIM, UM MACCUBHBIM, B OTJIUYHME OT UTOIHYATOTIO.

B KOHCTPYKIIMOHHBIX JISTHPOBAHHBIX CTAJISIX BHYTPU MAapPTEHCHUTHBIX MaKETOB
MEXAY KpUCTaNIaMM MapTEHCUTAa HAXOJATCA IMPOCIOMKM OCTaTOYHOIO AayCTEHUTA
tonuHoi 20-50 HM. B 0IHOM ayCTEHUTHOM 3€pHE MOKET 00pa30BaThCs HECKOJIBKO
MapTEHCUTHBIX TAKETOB.

Ot 3epen (epputa, oOpa3yroluxcsi TPU HOPMAILHOM MPEBPAIICHUH, TaKEThI
MapTeHCUTa OTJIMYAIOTCS HE TOJIBKO YKa3aHHBIM BHYTPEHHHM CTPOEHHEM, KOTOPOE
MOXXET HE BBIABIATHCS IO CBETOBBIM MHKPOCKOIIOM, HO U HU3pPE3aHHBIMU
BBITSHYTBIMA KOHTYPaMH.

OOpa3oBaHUI0 TAKETHOIO MapTEHCUTa CBOMCTBEHHBI BCE OCHOBHBIC
OTJIUYMUTENIbHbIE TPU3HAKKM MApTEHCUTHOIO TMpeBpallleHus, B TOM 4HCIE U
BO3HUKHOBEHHE pelibepa Ha TMOJIMPOBAHHOW MOBEPXHOCTH, COOTBETCTBYIOIIETO
BHYTPEHHEMY PEEYHOMY CTPOEHHUIO.

Cyocmpyxkmypa. 1IpocBeunBaromas 3JIEKTPOHHAs MHUKPOCKOIHS BBISIBUJIIA BO
MHOTHX CIIJIaBaX BECbMA CJIOKHYIO TOHKYIO CTPYKTYPY MapTEHCUTHBIX KPUCTAILIOB C
OOJBIIMM KOJMYECTBOM JMCIOKAUMUA M JBOMHMKOB. Takas CyOCTpYKTypa MOKET
BO3HUKHYTh JBYMs NPUHUUIHAAIBHO PA3HBIMA NYTSIMHU: BO-NEPBBIX, NpHU
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AKKOMOJJAIIMOHHOM IJIACTUYECKOM nedopmanuu (CKOJBXKEHUEM 15810
JIBOMHHUKOBAHUEM ), KOTOPasl SBJISICTCS HEOTHEMJIEMOM COCTaBHOM YacThl0 MEXaHU3Ma
MApTEHCUTHOM TMEpPECTPOMKH PEUIETKH, U, BO-BTOPBIX, IMpPU IJIACTUYECKOU
nedopManuu mocsiae oopa3oBaHUs MaPTEHCUTA M3-3a BO3JEHCTBHUS HA MAPTCHCUTHBIN
KPUCTAJUI OKPYKAIOILIEH YIIPYTOU CPEBI.

B mepBom ciydyae MOXHO TOBOPUTH O TMEPBHUYHOU CYOCTPYKType
MpeBpalieHrs, a BO BTOPOM — O BTOPUYHOM CYOCTpyKType nedopmariuu.
COOTBETCTBEHHO  pa3NWyalOT TMOHATHS O  JBOMHMKAX  IPEBpAlllCHUS U
neopMalMOHHBIX (MEXaHMYECKUX) JBOMHUKAX. Pa3nuuuTh XK€ NPOUCXOXKICHHE
CyOCTPYKTYPBI SKCIIEPUMEHTAIBHO HE BCETa y1aeTCsl.

CyOcTpyKkTypa TMake€THOTO MAapTEHCUTa KAa4eCTBEHHO OTJIMYAeTCs  OT
CyOCTPYKTYphl IJIACTUHYATOTO MApTEHCHUTAa OTCYTCTBHEM 30HBI U3 TOHKHX
JBOMHUKOBBIX TIpociioek. CyOCTpyKTypa MHaKeTHOr0O MapTEHCHUTa HMMEET CII0XKHOE
JMCIIOKAIIMOHHOE CTPOCHUE, 111 KOTOPOTO XapaKTEPHBI TUCIOKAIIMOHHBIC CIIJICTCHUS
MPUA BBICOKOUW TIJIOTHOCTHU JAUCIIOKAIUM — MOPSAIKa 10'-10" CM'Z, T.€. TAKOM KE, KaK 1
B METaJIJIE MOCJIE CUIILHOM XO0JI0IHOM e opmMaliuu.

CyOcTpyKTypa OCTaTOYHOTO ayCTEHHTa OTJIMYAETCS OT CYOCTPYKTYpPHI
HCXOJIHOTO ayCTEHHUTa OOJbIel TUIOTHOCThIO HECOBEPIICHCTB, BO3HUKAIOIINX MPU
JIOKaJbHOW TIJIACTUYECKOM NedopMaliuu ayCTeHUTa IMOJ ACHCTBHEM MapTEHCUTHBIX
KpuctaioB. B aycteHutre BOJIM3M MaApPTEHCUTHBIX KPUCTAIJIOB HAOIIOMAIOTCS
IJIOCKAE CKOIUICHHS JHMCJIOKAIlMi, JUCJIOKAIlMOHHBIE CIUIETeHUS W JAC(EKThI
YIaKOBKH.

Tepmuueckan cmadunuzayus aycmenuma. Ilon TEPMUYECKON
cTabuinu3anuel MCcXoIHOM (a3l MOHMMAIOT 3aTPyJAHEHUE €€ NPEeBpAIlEHUs B
MAapTEHCHUT B PE3YyJIbTATE TEMIOBOTO BO3/IEHCTBHUS.

Tepmuueckast ctabuinzanusi ayCTeHUTa, KOTOPYIO OOBIYHO HA3bIBAIOT MPOCTO
crabuiusanueii, HabI0JaeTCsl TP BPEMEHHONW OCTAHOBKE OXJIAXKICHMS KEJIE3HOTO
CIUIaBa B MaPTEHCUTHOM MHTEPBAJIE NPEBPALLICHHUS.

Ecnu mnpepBath oxnaxknenue npu temneparype T,<M, (Ho Bbiie M) u
cienaTh 3/l€Chb BBIIEPXKKY, TO ayCTeHHUT cTaOunusupyercs. Cradbunmzanus
MPOSBIIAETCS B TOM, YTO IO BO3OOHOBICHUM OXJIAXJACHUS MpEBpalleHUe HaunHAETCA
He cpasy npu teMrepatype Ty, a mocie nepeoxia)xaeHus aycTeHuTa (TUCTepe3uca)
10 HEKOTOPOM TeMIiepatypsl M ;.

[Ipu 3TOM MapTeHcuTa 4acTo 00pa3yercs MEHbIIE, YEM IMPU HENPEPHIBHOM
OXJIaXIEHUU, u KOJIM4€ECTBO OCTaTOYHOTO ayCTEHUTA BO3pacTaer.
Bozo6HoBnstoneecss npu temneparype M’y MapTEHCUTHOE NpPEBPAILlEHUE MOMKET
MPOTEKaTh B3phIBOOOPa3HO (HampuMmep, B ciuiaBax Fe—Ni—C).

Tepmuueckass crabunuzanus aycTEeHUTa — CIOXHBIM mpouecc. B pa3HbIx
ClIyyasiX, HalpUMEp, B Pa3HbIX TEMIEPATYpPHBIX WHTEpPBAJIAX, NECUCTBYIOT pa3HbIC
MEXaHU3MbI CTAOUITU3AIIH.

B Tepmuueckyro craOuiauzalnuio TpU  TEeMIeparypax HUXKE TOUKH My
ONpENENICHHbI BKJIAJl MOXET BHECTH pejlakcauus YIPYrMX HaIlpsKEHW B
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ayCTEHUTHOM MaTpUILI€ BOKPYT MAPTEHCUTHBIX IUIACTUH. JTU HANPSHKEHUS BBI3BIBAIOT
aBTOKATATUTHUYECKUN (P (DHEKT, CBOMCTBEHHBI BCEM MapTEHCUTHBIM IPEBPAILCHUSM.
YMEHBIICHUE YIPYIUX HaNpPsDKEHUW BOKPYT MapTEHCUTHBIX KPUCTAUIOB XOPOIIO
OOBSICHSET MOBBIIICHUE CTEIICHU CTA0MIM3ALUU C YBEIIMUEHUEM BPEMEHHU BBIJIEPIKKH.

Tepmuueckas crabuinzanus HaOIIOJAETCsl TOJIBKO B TEX CIUIABaX HAa OCHOBE
XKeleza, KOTOpbIEe COAEpXkKaT, XOTs Obl U B CPABHUTEIBHO HEOOJBIIOM KOJUYECTBE,
AJIEMEHTBI BHEAPEHUS: yIuIepoa U a30T. [1o3ToMy 1moduTH BCe COBpEMEHHBIE THUIIOTE3bI
MEXaHU3Ma TEPMHYECKOM CTaOMIM3alMU ayCTEHUTa MCXOISAT U3 MPEIIOJIOKEHUS O
pelaroel poiu cerperaluy aToOMOB YIJIEPO1a WK a30Ta.

ATOMBI 3JIEMEHTOB BHEIPEHUSI BO BpEMs CTaOUIN3UPYIOIIEH BbIACPKKH MOTYT
CerperupoBarh B MOTCHLMAIBHBIC YYaCTKU 3apOKJICHUS B ayCTEHUTE, HPENATCTBYS
MIPEBPALIEHUIO 3TUX YYaCTKOB B 3apOoJbIlIN MapTeHcuTa. OHU MOTYT CErperupoBaTh
Ha Mex(}a3Hyl0 rPaHUIly MATPUILI U 3aPOIbIIIIA, IPENSTCTBYS €r0 POCTY.

CyliecTByeT TIHIOTE3a, CBA3BIBAIOIIAS TEPMHUUYECKYIO CTAaOMIIM3aLUI0 C
nehOopMaIIOHHBIM CTapeHUEM — 00pa30BaHUEM CETperalnuy U3 BHEJPEHHBIX aTOMOB
Ha JIMCJIOKALMAX B ayCTCHUTE.

Tak xak oOpa3oBaHME MAPTEHCUTHOIO KPHUCTAJIa BBI3bIBAET ILIACTUYECKYIO
nedopMaliio ayCTeHUTHOW MaTpUIbl, TO YNPOYHEHHE €€ Mpu JAedopMalMOHHOM
CTapeHUM 3aTPyIHSIET MapTEeHCUTHOE TMpeBpalleHue. YMeHblleHue sddexra
CTaOWIIM3alMK C TabHEHIITUM YBETUUCHUEM BPEMEHH BBIACPKKH MOKHO OOBSICHUTH
«I1epecTapuBaHUEM», ¢ KOTOPBIM CBA3aHO MAJCHUE MPEeia TEKYYEeCTH ayCTEHUTA U
KOTOPOE€ CHJIBHO PAa3yNpoOYHSIET ayCTEHUT M MOXKET NPHUBECTH K OOETHEHUIO
ayCTEHUTA yIIepoAOM BOJIM3M BblieICHUN KapOouaa. Takue oOeHEHHBIE YIIepo1oM
YYaCTKH UMEIOT MOBBILICHHYIO TeMIepaTypy My,

[Ipy xomHaTHOW M OoJjiee BBICOKMX TEMIIEpaTypax MOTYT JIeWCTBOBAaTH 00a
MEeXaHn3Ma cTaOuiau3alnuu: OoO0pa30BaHHME CETrperaluu yriepojga U pejakcauus
HaIPSKEHUMN.

Bausinue nedopManum Ha MAPTEHCUTHOE NPEKPallleHUE

Mapmencum nanpasxcenus u mapmencum Oepopmayuu. Jepopmanus
MCXOJHOM (pa3bl OKA3bIBAET CIOXKHOE BIMSIHUE HA MAPTEHCUTHOE MIPEBpalllCHHUE.

Hedbopmanusi Bbllle TOYKA My BBI3BIBAET MapTEHCUTHOE MPEBpAILECHUE B
MHTEpBAJe MEXAYy TeMIieparypo My M HeEkoTtopou Ttemieparypod M, , koropas
HAXOJUTCS HUXKE TOUKH T, HTHOTAa OYEHb OJIU3KO OT Hee.

AnanornytHo aedopmaius MapTEHCUTA BBI3bIBAET OOpAaTHOE MAPTEHCUTHOE
npeBpalleHe B 00JacTU TeMmIeparyp HUXKE TOYKM Ay BIUIOTh 0 HEKOTOPOH
TEMIEPATYpPhI A .

MapreHcuTHOe 1peBpalleHue Bblle M, BBI3BIBACTCA U YIPYIOH, H
rIacTudeckou nedopmariueit (puc. 4.11).

Beime Toukn M, B HEKOTOpoM HHTepBaie M, — M.’ ymnpyrue HampsiKeHHs
CIIOCOOCTBYIOT 3apOKJICHUIO KPUCTAJIJIOB MAPTEHCHUTA B TEX )K€ YYacTKaX MCXOAHOU
da3pl, THE€ OHM TMOABIAIOTCS HIKe M, 0e3 ydacTus OSTUX HANPSKEHUM.
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MapTeHCUTHOE TpeBpaICHHE CTAHOBHUTCS BO3MOXHBIM TPU MEHBIINX CTETCHIX
NepeoxIaXIeHUs IO OTHOIICHUIO K Ty, T. €. ipu OoJiee BBICOKUX TEMIIEpaTypax.

Yem Oonpie ynaneHa temmepatrypa oT My (B ctopony Tj), Tem Oomblie
JIOJDKHO OBITh  HANpsDKCHHWE  yInpyrow  aedopmaiiu, CrocoOHOe BbI3BaTh
MapTeHCUTHOE IMpeBpalieHue (ydactok ab Ha puc. 4.11).
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Puc. 4.11. HanpsbxeHusi, BRI3bIBAIOIINE MAPTCHCUTHOE TIPEBpaIllCHUE NPU YIPYTOit
nedopmanuu (yyactok ab) B maTepBasie M, — M,° 1 ipu 1mactudeckoi aedopManum
(yuactok bc) B unrepBane M,° — M, (cxema o Oscony u Kosny)

C NOBBIIIEHHEM TEMIIEPATYphl JAeOopMaliy JOCTHraeTcs Todka M,°, mpu
KOTOPOM yKa3aHHOE HaIpsKEHWE CTAaHOBUTCSA PABHBIM Ipejelly TeKydecTH. Beiie
Temreparypsl M,’ IuracThdeckass aedopMamus OOYCIOBIMBAET WHOM MEXaHH3M
CTUMYJIMPOBaHUS MApPTEHCHUTHOI'O TMpEeBpalleHusi, a HUMEHHO oO0pa3oBaHUE TIOJ
AeicTBUEM ne@opMalMyd HOBBIX MECT 3apOKIEHUsS MapTeHcuTa. YeM Bblle
TeMmreparypa, TeM OoJibllle J0JDKHAa ObITh jAedopmanus, CIocoOHasi BBI3BATh
MapTeHCUTHOE IMpeBpalieHue (yaactok be Ha puc. 4.11).

Boimie temmnepatypel M, HuKakas IuiacTuueckas nedopmanusi He MOXKET
MPEeBPATUTh AyCTEHUT B MapTeHCUT Npu nedopmanuu. B kene3HbIx cIiaBax ¢
OTHOCUTEIBHO BBICOKOW DJHeprueil nedekToB yMakOoBKM B ayCTEHUTE MpHU

83



MIaCTUYECKO AedopMaliii MapTeHCUT oOpa3yeTcsi Mo cCXeMe Y—0, a B CIUIaBax ¢
HU3KOM dHeprueut 1eexToB ynmakoBKHU — IO cXeMe Y—>E—>0.

Takum 00pa3oM crefyer pa3indarh:

1) MapTeHCUT OXJaxkJaeHus, oOpa3yrouiuiics 0e3 BO3IEUCTBUS yHPYrou WM
MIacTUYECKO JedopMalii TOIbKO B pe3yJbTaTe MOHMKEHHUS TEeMIIepaTypbl HHUXKE
TOYKU My;

2) MapTeHCUT HaNpsKEHUs, 00pa3yIoIIUiics Mo NeHCTBUEM HANpPSHKEHUH OT
MPUIOKEHHOW Harpy3ku (ynpyrou aepopMariun);

3) MapTeHCUT IulacTUYecKoW JedopMaluu, COKPAIlEHHO MapTeHCHUT
nedopmaru, oOpaszyrouuiics B pe3yJbTaTe MIacTUYeCKOr aepopMaluyd UCXOTHOU
ha3zbl.

Mapmencum nanpsasxcenus 3apoxaaeTcs B TEX K€ MeCTaX UCXOJHOU ¢a3bl, 4TO
U MapTeHCUT OXJaXJECHHUS;, HANPSDKEHUs JIMIIb CIIOCOOCTBYIOT €ro 3apOKJICHUIO B
ATUX MECTaXx.

Mapmencum Oegopmayuu 3apoxaacTcss B y4acTKax, MOATOTOBJIEHHBIX
MJIACTUYECKOU JteopMariueit.

[Ipu Temnepatypax Bbilie My MapTEHCUT HAMPSHKEHUSI MOKET 00pa30BbIBATHCS
TOJNILKO B MHTepBaie My — M,°. Beimie temmeparypsl M,°, B uaTepBaie M,° — M,
MOKET 00pa30BBIBATHCS TOJBKO MAPTEHCUT AehOpMaIliH.

W mapTeHCUT HaANpsKEHUs, 1 MAPTEHCUT AedOpMalMi MOTYT MOSBIISTHCS U B
yKa3aHHBIX MHTEpBaJlaX, M TMpu Oojee HU3KUX Temmeparypax. Hampumep,
HKCIIEPUMEHTAIBHO YCTAaHOBJIEHO 00pa3oBaHUE 3TUX JABYX THUIIOB MapTEHCUTa B
uHTepBasie M, — M,°, Korja NpWIOKEHHAs HArpy3ka BbI3bIBAET IUIACTHUYECKYIO
nedopmanuio ucxoaHo Qaszel. Ilog npeiicTBUeM HamNpsKeHU OT  Harpys3KH,
MPUIOKEHHOW MpHU TeMIiepaTypax Huxe My, MapTeHCUT HamnpsKeHUs oOpa3yercst B
JOTIOTHEHUE K MAPMEHCUNY OXTIAHCOCHUSL.

ABTOKATaTUTUYHOCTb,  XapakTepHas I  JI0OOro  MapTEHCUTHOTO
MIPEBpPALIEHUsA, [0 CYLIECTBY SIBJSIETCS PE3YJIbTATOM HWHULHUHUPYIOLIETO BIMSIHUS
HanpspkeHus. ToJIbKO B 3TOM cilydae HamlpsHKEHHs] BOSHUKAIOT B UCXOMHOU (aze npu
MOSIBJICHUH Ka)KOTO HOBOI'O KPUCTAJJIa MAPTEHCUTA.

DOddexr mapTeHCUTOOOpa3oBaHMs T0f JAchcTBUEM jAcedhopMallid HaIel
pa3zHoo0Opa3Hoe MPaKTUYECKOEe IPUMEHEHUE.

B 60-¢ roasr 20 Bexa MOSBUIICS HOBBII KJIACC BBICOKOIPOYHBIX CTAJIEW — TaK
HazpiBaeMble Tpun-ctanu wiau [THII-ctamm (ITHII — mmactudHOCTh, HaBeaEHHAs
npeBpaiienuem (anri. — Transformation Induced Plasticity unu cokpamenno TRIP).

OTu cTanu, JErMpoBaHHBIE XPOMOM, HUKEJIEM, MOJUOJEHOM, MapraHiieM H
IPYTUMHU 3JEMEHTaMH, UMEIOT TOYKM My u M, HUKe KOMHAaTHOW TemmepaTrypsl. B
aycteHuTHOM coctossHuU npu 400-600°C Tpun-cTanu HaKIENbIBAIOT AJIs1 TOBBILICHUS
npoyHocTd. [Ipm 3TOM Ha JUCHOKALMSAX BBIACISIOTCA KapOUAbL, ayCTEHUT
oOeqHsieTCA yYIJIEpoJloM, W Touka M, TNOJHMMaeTcs J0 TeMIepaTyphl BBIIIE
KOMHATHOWM.
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Takas crtanp o0O0JIagaeT IICHHBIM COYCTAHHEM IIOBBIIICHHOW IPOYHOCTH
(6bmaromapst Hakyeny U aedopMalMOHHOMY CTapEHUIO ayCTEHUTAa) U OYEHb BBICOKOM
TTACTHYHOCTH.

Korma BoO BpeMs pacTsoKeHHS TPH KOMHATHOM TeMIIEpaType pa3phIBHOTO
oOpa3slia HauMHaeTcs JIoKalu3alus aedopmalum, To MoJ ee AecTBrueM obpaszyercs
MapTeHCHUT,  yINPOUYHSIONMK oOpasermr B  3TOM  Mecte, © jachopMaIms
pacmpocTpaHsIeTCsl Ha COCETHHAE YYaCTKU ayCTECHUTA.

Takum oOpa3zom, oOpazoBaHHME MapTEHCHTA TOJ JCHWCTBHEM IUIACTHYECKON
nedopMali NpeJOoTBpAIAeT pa3BUTHE JIOKanu3aluu aegopmanuu (oOpazoBaHue
IIEHKH), 4eM 00eCIieurnBaeTCsl BHICOKOE OTHOCUTENbHOE yannHeHue (10 100-150%).

Henocratok Tpum-crajneii — TPYIHOCTh IMOJYYEHHUs OOJBIIUX OOXKATHH TIPH
CPaBHUTEIIBHO  HHU3KHMX  TeMIeparypaxX, KOIJla  BEJIIMKO  CONPOTHBIICHHE
nehopMHUPOBAHUIO U TPeOYyeTCS MOITHOE 000pYI0BaHHUE.

Ippexm 3anomunanus  gopmer u  ceepxynpyzocms. UHTEpec K
3aKOHOMEPHOCTSIM BIUSAHMS JAedopMallii Ha MapTEeHCUTHOE MpEBpaIeHUe YCUITHIICS
B CBSI3M C TPOMBIIUICHHBIM HCIOJb30BaHUEM J(¢eKTa 3amoMHHAHUS (OPMBI U
CBEPXYIPYTOCTH.

O¢pdexr 3anomunanus ¢opmbl (I3D) mnposiBIsETCS B TOM, UTO IOCHE
npugaHus o0pasily ompeaeneHHONW (GOpMBI TpU TOBBIMICHHON TEMIEpaTtype emy
MPUIAIOT HOBYIO (popMy IpH O0Jiee HU3KOM TeMIepaType, a Mocjie HarpeBa uCXoiHas
¢dbopma oO6pasia BOCCTaHABIMBAETCS.

Hanpumep, ecimi IpoBOJIOKY, 3aKpYYCHHYIO TIPU TIOBHIIICHHON TeMIlepaType B
CHHpatb MPUIYATUBON (HOPMBI, BRIIPSIMHUTHh NIPU KOMHATHON TeMIlepaType, TO Tpu
MOCJIEYIONIEM HarpeBe MpPOBOJOKA CcaMa 3aKpYyYMBAETCSd B CHUpPAb TOYHO TaKOU
(bOopMBI, KaK UCXOTHASI.

CBepXymnpyrocTts MpOSIBISIETCS B TOM, 4TO 0o0Opa3ell MpeTeprneBacT oOpaTUMbIe
nedopmaiu, KoTopsle Ha 1-2 mopsiaka Oosblie, yeM aedopmarus MeTauIMuecKuX
MaTepuaJioB J0 YCJIOBHOIO TMpejena yopyroctu. MeTajuiMyecKuil — cruias,
oOnafaronInii CBEpXynpyrocTblo, BeIeT ce0s MoA00H0 pe3HHe.

O3® wu CcBepXynpyroctb CBs3aHbl C OJHHM H TEeM K€ SBICHHEM —
o0paTUMOCThIO  Makpojaedopmaiuu  oOpasiia, OOYCIOBICHHOW  JIBHKEHUEM
CKOJIB3SIIIMX TPAHUIl MEXIy KpUCTAIIaMU TPU CIBUTOBOM MpEBpalieHuH. TepMuH
«CKOJIB3SI111asl» MPUMEHHUTENIbHO K TPAHMIIE MCIIOJIB3YETCSI B TOM K€ CMBICIE, UTO U
i nuciaokanud. [Ipu CKONb3sieM IBHKEHUH aTOMBI CMEIIAIOTCS TI0 OTHOIICHHUIO K
CBOMM COCEIISIM Ha PACCTOSHUS MEHBIIE MEKaTOMHOTO, HET MOTOKAa BaKaHCHUA W
APYTUX TOYEUHBIX Ne(EeKTOB, YHEPTUsl aKTUBAIMU CYIIECTBEHHO MEHBIIE YHEPTUU
aKkTuBalMu camoaudPy3umu.

B pasHBIX ciiaBax U Jjake B OJTHOM CIUTaBE B HEOJMHAKOBBIX YCIOBHUSIX MOTYT
JCHCTBOBAaTh pa3Hble MEXaHM3MBbl BoccTaHOBIeHUs Qopmbl. Cpeau HUX s
MPOMBIIIUICHHOTO WCIOJIb30BaHUsI HanOojee BaXHBI T€, YTO CBSA3aHBI C OOpATHBIM
MapTEeHCUTHBIM MPEBPAIICHUEM MOCTE Ae(POpMaLIUH.
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MapTeHcuTHOE TmpeBpalieHue 00s53aTeIbHO COMPOBOXKAAECTCI W3MEHEHHEM
dbopMbl TpEeBpaIllEHHOTO0 00beMa, M B CiIy4yae TEpPMOYIPYroro MapTEHCHTa Ipu
oOpaTHOM MpeBpalleHUH MeX(a3zHble TPAaHUIbl POXOAAT MYTH, OOpaTHBIE TEM, YTO
OHM IPOXOJWIIH MPU NMPSIMOM IPEBPAIIECHUU.

Hns  cnnaBoB, o6Onanaomux 2I3®, Hambosee BakHBI CIENYIOLIUE JBa
BO3/IeHCTBUS iepopmanuu.

Bo-nepBbix, noa AeiicTBueM nedopmanuu Beiiie My 3apoKIal0TCs KPUCTAILIbI
MapTEHCHUTA C IPEUMYILIECTBEHHOW OPUEHTUPOBKOM WIIN IPEATIOUYTUTENIBHO PACTYT 3a
c4eT HCXOJHOW (a3pl paHee o0Opa3oBaBIIMECS KPUCTAIIbL, HMMEIOIIUE 3Ty
OpHUEHTHUPOBKY.

Bo-Bropbix, eciu aedopManuio MPOBOAAT 1O OKOHYAHUU MPSIMOTO
npeBpaiieHus (Hmwxke My), OJaronpuaTHO OpPUEHTHUPOBAHHBIE MAPTEHCUTHbBIE
KPUCTAJIBI PacTyT 3a CYET MEHee OJIaronpusTHO OPUEHTUPOBAHHBIX KPHUCTAJIOB.
braronpusTHON sBIsE€TCS Takas OPUEHTHPOBKA, IpPU pPEANIM3alUH  KOTOPOM
u3MeHeHre (GOpMbI NPEBPAILECHHBIX 00JIaCTe COOTBETCTBYET MAKPOU3MEHEHUIO
dbopmbl 00pasiia, 3a1aBaeMOMY MPUIIOKEHHON HArpy3Kou.

[Ipu wnarpeBe mnocne aedopmai oOpaTHOE MApPTEHCUTHOE IpeBpalleHue
MPUBOJUT K MCUE3HOBEHUIO KPUCTAJIOB MApTEHCUTA, BBIPOCIIUX MPHU AePOpMaIIHH,
U ecau Mexda3Hble TpaHUIlbl OCTABAIMCHh KOT€PEHTHBIMU (MJIM MOTYKOT€PEHTHBIMMU),
T.. OBUIM CKOJIB3SILIUMHU, TO UCXOJHas (opma oOpaslia BOCCTAHABIMUBAETCS. ITO
CBOMCTBEHHO JlaJieko He BceM cruiaBaMm. Hampumep, B crutaBax Fe—Ni mexdaszHbie
I'paHULIbI ABMKYTCS HEOOpaTuMo, 1 3G (deKT 3anoMruHanus (GOpMbl OTCYTCTBYET.

Ha puc. 4.12 wu3o0pakeHO yBENHWYEHUE KOJIMYECTBA TEPMOYIPYroro
MAapTEHCHUTA TPU OXJAXKJAECHUU U YMEHBIIEHUH €r0 KOJIWYECTBA IMPHU MOCIEIYIOIIEM
Harpese.

Eciu npuinosxuth kK 00pasily Harpys3ky B oGnactu temmeparyp A<T,< My’, B
HEM HadyHeT 00pa30BbIBATHCS MApPTEHCUT HAIpPsKEHUS U U3MEHHUTCsS (popma obpasua.
CBs3p MexAy HampsbDKeHueM U Aedopmalrideit s 3TOro ciyyas MokKa3aHa Ha puc.
4.13. Ha yuactke AB mpoucxomut ympyras aepopManus UCXOAHOU (ayCTEHUTHOM)
MaTpHULbI sApr .

Ha yyactke BC npu nmocTosstHHOM HampsieHuu Jeopmanusi UaeT BCIeJICTBUE
U3MEeHEeHUs: (OpMBbI MpPEBpaIllEHHOTO0 o0beMa Mpu OO0pa30BaHWUM MapTEHCUTA
HaIPSKEHHUS.
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Puc. 4.12. I3MeHeHHe KOIMYEeCTBa TEPMOYIIPYTOro MapTEeHCUTA
MpY OXJIAKIECHUMN U HArpeBe

[Tpu nedopmarnuu, nmpoucxoasiieit 3a Toukor C, 00pa30BaBIIUNCI MAPTEHCUT
ynpyro nedopmupyercs (ydactok CD), u npu npanpHedeM MOBBIILICHUH
HampsDKEHUM  OT  MPUJIOKEHHOM Harpy3ku (Bbile TOukd D) mpoucxonut
riacTuueckas aepopMalius MapTEHCUTa U pa3pylieHue oOpasia.

Ecnu npu HarpyxeHuu oOpasia HanpsiKeHHs He BBIXOAST 3a Touky D, To mpu
pasrpy3ke cHauajia ucyesaet ynpyras nedopmanus maprencura (1o Touku E), 3atem
MPOUCXOIUT 0OpaTHOE MpeBpalieHue MapTeHcuTa B aycteHut (ydactok EF), mocine
4ero ucyesaet ynpyras nedopmanus aycreHuTa (yaactok FA).

bonbmass 4acte obOparumoit nedopmaiuu  00ycCiIOBIIEHA MapTEHCUTHBIM
npespaiienueM (yuactok EF). Ora nepopmanus paBHa npumepHo 7%, B TO Bpems
KaK 00J1acTh OOBIYHOW YNPYTrOCTH MOJUKPUCTAIUIMUECKUX METAJJIOB HE BBIXOJUT 32
npenesn B JeciATble oau mpolieHTa (Ha puc. 4.13 ydacTku OOBIYHOM yHpyrow
nedpopmanu AB u CD B cpaBHennu ¢ ydactkom EF mokaszanel He B maciitaGe).
Hedopmanus BC nonyuuna Ha3zBaHUE CBEPXYIPYTOM.

Ecnu nponedopmupoBath obpaszen; B uHTepBasie temmneparyp M <T,<A,, To
1I0CJIe YIIPYToH AeopMany HCXOHOM MAaTPHIBI £y, (ydacTok AB Ha puc. 4.14,a) B
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Hel OyAyT mpoucXoauTh (ha30Bbie U CTPYKTYpPHbIE MPEBpaIleHus, 00eCIeynBaloIIne
nedopmanuio Ha yyactke BC.
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Puc. 4.13. Cxema, WUIIOCTpUPYIOIIAs TPOSIBIEHUE CBEPXYIIPYTOCTH
A M
(€ ynp U € yyp— ynpyras aedopmanus ayCTCHUTa 1 MapTEHCHTA
COOTBETCTBEHHO; £, — CBEPXYIpyras aedopmanusi)

[lpu cHSITHHM HArpy3Kd HCYe3aeT JIHIIb YIpyras cOoCTaBismomas nedopmammn
(yuactok CD). ledopmanusi, 00yciaoBI€HHas MpEBpallleHUEM, HE HAYHET UcYe3aTh
10 TeX Top, MOKa TemIeparypa HE MPEeBBICHT A, KOIJla CTaHET BO3MOXXHBIM
nporekanue oopaTHbIX npeBpaieHuit (yuactok EF Ha puc. 37,0).
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Puc. 4.14. Cxema, wimoctpupytomas 3¢ dexT 3anomuHanus Gopmsel: a — quarpamMma
HanpsbkeHue-nedopmanus; 0 — 3aBUCUMOCTh BOCCTaHaBIMBaeMoOH AedopMaliu OT
TeMIlepaTyphl PU HArpeBe

[Ipu narpeBe Bbllie TOUKU A, nedopmanus, oOycliOBICHHAs MpPEBpaLICHUEM,

IIOJJHOCTBIO MCYE3HET M BOCCTAHOBMUTCS IE€pBOHAauanbHas (opma obOpasua, T.e.
npossisgercs 3ppeKT 3anoMUHAHUS POPMBI.
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[lepBbie MpOMBINUICHHBIE CIUIaBbl, oObOiaaromue 3PEHEeKTOM 3armOMHUHAHMS
dbopmbl, — 3TO cIJIaBbl HUTHHON Ha 0Oaze wuHTepMmeramwuga NiTi, y KoToporo
BBICOKOTEMIIepaTypHasi MoaAu(UKaLKs PETEPIeBaeT MApTEHCUTHOE MTPEBPAILICHHUE.

W3 criaBOB HUTHHOJ ¢ TOYKOW My, BbIllIe KOMHATHOW TeMIIEpaTypsl (ipumep —
cruiaB ¢ 50% ar. Ni m 50% ar. Ti) H3rOTOBIAIOT CaMOpa3BEPTHIBAIOIIUECS
yCTpPOICTBA, B YACTHOCTH, AaHTECHHBI.

Wznenuio mpu MOBBILIEHHON Temmeparype MNpuaaloT TpeOyeMyro Juis
JKCIUTyaTalu QopMy, NpU KOTOPOH OHO 3aHUMAET OOJbIION 00bEM WM HUMEET
OOJBIIYI0 JJIMHY. 3aTeM HU3Jeliue CBEPTHIBAIOT (AePOPMUPYIOT) MPHU KOMHATHOMU
TeMIepaType, YTO0BI TPaHCIIOPTUPOBATH €0 B KOMITAKTHOM Buje. Ilocie nocTaBku K
MECTy Ha3HA4YeHHs] M3JENIMe€ HarpeBaroT JJii BOCCTAHOBJICHHS (QOPMBI U OHO
caMopa3BepThiBaeTCa. Takue pa3BepThIBAIOIIMECS YCTPONCTBA MPEACTABISIOT
OOJIBIION MHTEPEC IJI1 KOCMUYECKON TEXHUKH.

CnnaBbl HUTUHON ¢ TOukoM My BOm3m -150°C (nanpumep, cmnas ¢ 50% (art.)
Ti, 3-4% (at.) Fe, ocT. Ni) IpUMEHSIOT JJIs1 U3TOTOBJICHUSI COSTUHUTEIIBHBIX MY(PT U
yIUIOTHEHUN TpyOornpoBonoB. Jlepopmanuio Takol JAeTanu, HampuUMep, s
YBEIIMYCHHsI BHYTPEHHETO IuaMeTpa My(ThI, MPOBOAIAT B >KUAKOM a3oTe. [locie
yCTaHOBKU MY(PTHI Ha CTHIK TPYyO OHA OTOTPEBAETCS 10 KOMHATHOW TEMIIEPATYPHI H,
BOCCTaHaBJIMBas CBOIO IMEpPBOHAYANBbHYIO (10 nedopmaruu) popmy, obecrieunBaeT
IJIOTHOE U MPOYHOE COeTMHEHHE TPYO.

HN3meHeHNne CBOVICTB CIIABOB IPH 3aKAJKe HA MAPTEHCUT

Ynpounenue npu 3akanke. Baxuelimee siBI€HUE, COMPOBOKIAIOIIEE 3aKAIKY
Ha MapTEHCHUT — YNPOUYHEHHUE, MOBBIIIEHUE TBEPOCTH.

[lonbITKM OOBSACHUTH OOJIBLIYIO TBEPJIOCTh 3aKaJE€HHOM CTaau Kakou-In0o
OJIHOM MPUYMHON HKCIIEPUMEHTAIBLHO HE MOATBEPAMUINCEH. YIPOUHEHHUE MPH 3aKajKe
CTJIM Ha MAapPTEHCUT SBISIETCS PE3YyJNbTATOM JEHCTBUS HECKOJIBKUX MEXaHU3MOB
TOPMOXKEHUS JUCIOKAIIUH.

Baxnelimass poiab BO BCEeX TEOPHUSAX YIPOYHEHHUS NPHU 3aKajke crajieu
oTBOAUTCS yriaepoay. OJIHaKO MapTEHCUTHOE MpEeBpalleHUE B YHCTOM JKe€Je3e U B
0e3yriaepoauCThIX CIUIaBaX CHOCOOHO TMPUBECTH K TMOBBIIIEHUIO TMPOYHOCTHBIX
CBOMCTB B 3-4 pa3a 0 CPAaBHEHUIO C OTOXKEHHBIM COCTOSTHHEM.

Tak, Mo cpaBHEHUIO ¢ OOBIYHON (PEepPUTHOM CTPYKTYpOH TBEPIOCTH Kejie3a B
pe3yJibTaTe MapTEHCUTHOrO IMpeBpauieHusi Bo3pactaet ¢ HV60 mo HV200, a
BpeMeHHoe conpotuBieHue — ¢ 200 no 900 MIIa. ¥V 0T0x:KEHHOTO CIIaBa Keje3a C
8% Cr u 0,45% N1 npenen tekydectu paBeH 220 MIla, a y 3akanennoro ¢ 1000°C on
coctasisier 800 MIIa.

Maptercur B oTinuue OT ¢a3bl TOr0 K€ XUMHUYECKOTO COCTaBa, HO
oOpa3oBaBIIEHCA TpPU MEIJIECHHOM OXJIAXKJIEHUU BCIEJICTBUE HEYNOPSAI0UYCHHON
MEPECTPONKHU PEIIETKH, XapaKTePU3YeTCs MOBBIIMIEHHON IUIOTHOCTBIO Ae(EKTOB:
JBOMHUKOBBIX MPOCIOEK M auciokanui. IlMoTHOCTH auciokanmuii B MapTEHCUTE
OXOOUT J10 10"°-10" CM'Z, T.€. MO TOPSAKY BEJIUMYMHBI Takasg e, KaKk U B
X0J10/IHOA€(POPMHUPOBAHHOM METAILIIE.
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['panuiel ABOMHUKOB M CIUICTCHHUS JHMCIOKAIUN Cly)aT OapbepoM IS
CKOJB3SIIIMX JUCIOKAlMM, T. €. YHNPOUHSAIOT MapTeHcut. Da3oBBIA HaKIeT,
BO3HHUKAIOIIUN TIPU MApPTEHCUTHOM IPEBPAICHUH, B TOW UM UHOW CTENIEHH BHOCHUT
BKJIQJI B YIIPOYHEHHE BCEX METAJVIOB U CIUIABOB, 3aKaJTMBAEMbIX HA MAPTEHCHT.

Paccmotpum ponbs  yriaepona B ynpoyHEHMM Tpu 3akaike craied. C
yBEJIUYCHUEM COJCpP)KaHHUS YIJepoJla B MapTEHCUTE TBEPIOCTh €ro HEMPEPBHIBHO
Bo3pacrtaeT. CrnenyeT oOpaTuTh BHUMaHUE HA TO, YTO TBEPJOCTh 3aKaJICHHOM CTaJIM U
TBEPJIOCTh KPUCTAJUIOB MAapTEHCUTA — 3TO HE OJHO M TO K€, TaK KaK B 3aKaJCHHOMN
CTaJIM UMEETCS OCTaTOYHBIN ayCTCHUT.

TBepaocTh cTanm, 3aKajJeHHOW C TeMmepaTyp B ayCTEeHHTHOH o0jactH, C
yYBEJIUYCHUEM COJICpXKaHUS YyTiepoja B CTAJM MPOXOJUT 4YE€pe3 MaKCUMyM IIpH
KoHIeHTparuu okoyio 0,9% C, a 3aTeM CHMXKaeTCsl HW3-3a YBEJIMUYCHHUS OOBEMHOM
JIOJIU MSITKOTO OCTaTOYHOTro aycteHuta (puc. 4.15).

3akajieHHasi ¢ TeMIepaTypsl BbIlIe A, cTanb ¢ 1,9% C umeer Takyoo xe
TBEPAOCTh, Kak M 3akanieHHas ctaib ¢ 0,1% C. Eciau xe 3a3BTEKTOUJHBIC CTallu
3aKanuBath ¢ Temreparypbl Aq+(35-60)K, kak 310 U genaroT, TO COCTaB ayCTEHHUTA
MIpU TeMIIepaType 3aKaJKM U YPOBEHb TBEPJOCTH BO BCEX 3adBTEKTOMIHBIX CTaISAX
OyIyT IPaKTUYECKH OJTMHAKOBBIMH.
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Puc. 4.15. 3aBucUMOCTb TBEPJIOCTH OT COCTaBa ABOMHBIX ciiaBoB Fe—C mocre
3aKaJIKu UX ¢ TeMIiepaTyp aycteHuTHoU obsactu (JIutBunuyk, Keiizep u baiikep)
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CnocoOHOCTh CTaJIM K TIOBBIIICHUIO TBEPAOCTH IPH 3aKaJIKe Ha3bIBACTCS
3aKanueaemocmpio. 3aKaauBa€MOCTh XapaKTePU3yETCsl MAaKCUMaIIbHON TBEPAOCTHIO,
KOTOpasi MOXKET OBITh IMOJyuye€Ha NpH 3aKaJKe JaHHOM CTajdud Ha IOBEPXHOCTH
W3JICIIHSL.

[Ipu MapTEeHCUTHOM MPEBpAIICHUU ayCTEHUTAa OOpa3yeTCsl TMePEeCHICHHBII
pacTBOp yriepojia B 0O-)Kele3e M TEeM CHJIbHEe IepPEeChIICHHbIN, YeM OoJbIie
yIJIepoaa COJACPKUT AyCTCHUT.

C pocTom conepkaHus yriepoaa B MapTEHCUTE MEKATOMHbBIE CUJIBI HE TOJBKO
HE YCUJIMBAIOTCSA, a, HA00OOPOT, JJa)ke HECKOJIbKO ociabeBaroT. Tem He MeHee yriiepo
MOBBIIIAET TBEPAOCTh MapTeHCUTa. OOBIACHSIETCS ITO MPEXKIE BCErO TEM, YTO aTOMBI
yIJIepoJia, BHEAPEHHBIE B PEUIETKY O-)KEJIe3a, 3aTPYIHIIOT CKOJbKEHUE AUCITOKAIUI
B MApTEHCUTE (TaK Ha3bIBAEMbIN TBEPIOPACTBOPHBIN MEXaHU3M YIIPOUHEHUS ).

B mepuosa 3akaJiku WM NPU BBUICKUBAHUU CTAIHM IOCTE 3aKaJIKd aTOMBI
yriaepojia B KpHUCTaulaX MapTeHCUTA OOpa3yroT artMmocdepbl Ha IUCIOKAIUSX,
3aKpEIUISIIOT UX.

B cramsx ¢ BeICOKOM TOYKOW My, Hampumep, B YrIE€pOAUCTBIX, COAECPKAIUX
menee 0,5% C (M;>300°C), B mepuoj 3aKajJOYHOI0 OXJIAXKJIECHUSI B MapTEHCUTHOM
HMHTEpBAJIC CO3/Ial0TCs HanboJjee OJIaronpusaTHbIC YCIOBUS JIsl YAaCTUYHOTO pacraja
MapTEHCUTA C BBIJICICHUEM JUCIIEPCHBIX YaCTUIl KApOUIOB, T.€. CAMOOTITYCKA.

KpoMe Toro, B mOOBIX CTalsX yriaepoa MpU OOBIYHBIX CKOPOCTAX 3aKaJKH
yCleBaeT 00pa30BhIBAThH Cerperanuyd Ha Jedekrax peleTKkd ayCTeHUTa B TEPUOJ
OXJaXxJeHus cTaiau Bblie Touku M,. Cerperanuu yriepoja B ayCTEHUTE
HACJIEAYIOTCS MAapTEHCUTOM, a MOCKOJIBKY OH U TaK MEPECHIIIEH YIIE€pPOJAOM, TO ITHU
cerperaiuy CTaHOBSITCS MECTAaMHU 3apOKICHUSI YaCTHI] KapOua.

C »TuM corjacyercs TO, YTO MPU OUYECHBb OOJBIIUX CKOPOCTAX OXJIaXkKICHUS
TBEPJIOCTh KPUCTAJUIOB MAPTEHCHUTA OKa3bIBaeTCs MOYTH B 1,5 pasza Huke, 4eM Iocie
OOBIYHON 3aKaJIKH.

N3-3a neiicTBUA yKa3aHHBIX BBHIINIE MEXaHU3MOB YIPOUYHEHHS YIJIEPOT
OKa3bIBACT CTOJb CHJIBHOE YMPOYHSIONIEE BIMUSHUE HA MApTEHCUT, YTO TBEPAOCTh
3aKaJ€HHOM CTalld TMPAKTUYECKH HE 3aBUCUT OT COJEpKaHUs JIETUPYIOIINX
AJIEMEHTOB, PACTBOPEHHBIX B MAPTEHCHUTE IO CIIOCO0Y 3aMEIICHUS, a OMPEeIeIsIeTCs
TOJIBLKO KOHLIEHTpalUel yriepoa.

CwibHOE YIPOYHEHHE CTajed MpH 3aKallke Ha MApPTEHCUT OOYCIIOBJICHO
o0pa3oBaHUEM TIEPECHIIICHHOTO YIJIEPOJOM 0-pacTBOpa, MOSBICHUEM OOJIBIIOTO
gyycia JIBOMHUKOBBIX TMPOCIOCK W TIOBBIIICHUEM IIJIOTHOCTH JUCIOKAIMN TMpH
MapTEHCUTHOM IIpeBpalieHuu, o0pa3oBaHUEM Ha JHUCIOKAIUAX aTMocdep U3 aTOMOB
yraepo/ia v BhIICICHUEM U3 0-pPacTBOpa JUCIIEPCHBIX YaCTHI] KapOua.

Yacto paccMaTpuBalOT CHJIBHOE YIPOUHEHUWE TMPU 3aKalIKe CTaled 1o
MIPUPOCTY TBEPIOCTU. TBEPIOCTH IBTEKTOUJIHOW CTAJId B OTOXXKEHHOM COCTOSIHHH
coctaBisieT HB180, a B 3akanennom HB650. CrnegoBaTenbHo, 3aKajika MOBBIIIACT €€
TBEPIOCTH B 3,5 pasa.
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H3zmenenue naacmuunocmu npu 3akaake. 3akajka yriepoIUCThIX CTajeu
MIPUBOJUT K PE3KOMY CHMIKEHMIO BCEX IMOKazaresiel miacTuuHoCTH. OTHOCUTEIIHHOE
YIJIMHEHUE U CY)KCHUE 3aKaJEHHBIX BRICOKOYTIECPOAUCTHIX CTAJIEH paBHbBI HYIIIO.

B 10 Bpewms, korga cuuTanoch, 4TO MAapTEHCUTHOE MpEBpalllcHUE MPOTEKACT
TOJILKO B CTajsiX, OOBIYHO MOJYEPKUBAIOCH, YTO MApTEHCUT TBEPJ, HO XPYIIOK.
Korna >xe oOHapyXuiIum MapTeHCUTHOE MPEBpaIllCeHHE B O€3yTIIEPOIUCTHIX KEITE3HBIX
CIUIaBax M CIUIaBax I[BETHBIX METALIOB, TO OKAa3aJlOCh, YTO XPYIKOCTh HE SIBISETCS
OOIIIMM CBOWMCTBOM, MPHUCYIIUM JIOOOMY MapTEeHCHUTY. Temneph yCTaHOBJIEHO, YTO
HU3KOE COMPOTUBIICHUE XPYNKOMY pa3pyIIeHUI0O MapTeHCHTa B CIUIaBax >Kelesa
CBSI3aHO C MPHUCYTCTBHUEM B O.I.K. PEHIETKE SJEMEHTOB BHEAPECHHUS — yriepojaa H
azoTa.

OcHOBHasi TpUYMHA PE3KOTO OXPYMUUBAHUS TPH 3aKaJIKe YIJIEPOIUCTHIX
cTajell — mayas MOJABUXKHOCTh JTUCIOKAIMK B MapTEHCHUTE, COJEpKAIIEM YIIIEepPOI.
OTO BBI3BAHO, BO-TNEPBBIX, IOBHIIIIEHHBIM COMPOTUBICHUEM PEIIETKA pPacTBOpa
BHEJIPEHUsI CKOJIBKCHHMIO JTUCIIOKAIIUH M, BO-BTOPBIX, 3aKPEIICHUEM JTUCIOKAIIMA
aTMoc(epaMu U3 aTOMOB YTJIepo/ia.

N3-3a HU3KONW NOABUKHOCTH JHMCIOKAIUA HE MPOUCXOIUT pPeIaKCalluu
HaMpsDKCHUW y BEPIIMHBI XPYNKOW TPENIMHBI BCIEICTBHE MHUKPOILIACTUYECKOM
nedbopManuy, YeM W OOBSACHACTCS HHU3KOE€ CONPOTHUBICHHUE MAapTEHCHUTA
PacIpOCTPAHEHUIO TPEIIUHBI.

3apOoXKIEHUI0 XPYNKUX TPEIIMH CHOCOOCTBYET JIOKaJbHAS KOHIEHTPAIIHS
MUKPOHAMPSHKEHUN OKOJIO CKOIUICHUM auciokanui B MapteHcutTe. CieaoBaTenbHO,
MapTEHCUT YIJIEPOJUCTBIX CTajed o00yaaeT TOHUKEHHBIM COMPOTHUBICHUEM
3apOXKIACHUIO U OCOOEHHO HU3KHUM COIMPOTUBIICHUEM PA3BUTHIO XPYIKHUX TpeniuH. B
BBICOKOYTJIEPOAUCTBIX CTaISAX MHUKPOTPEIIMHBI MOXHO YBHJIETh Cpa3y e IOCIe
3aKajKH, €I1le 10 MPUJIOKECHHS BHEIIHEH HATrpy3KHu.

Kaptuna pe3ko MeHsieTcs, eciid yriepoJi BBIBECTH M3 COCTaBa CIulaBa. Tak
Ha3bIBa€MbIE MApPTEHCUTHO-CTAPCIOINIUE CTAJIM, SBISIONIHECS O€3yraepoaucThIMU
CIUIaBaMHM jKejie3a ¢ HUKeJeM, KOOaJIbTOM, MOJIMOJICHOM M TUTAHOM, IMOCJE 3aKalKU
Ha MapTEHCUT OTINYAIOTCS BBICOKMMHU TTOKa3aTeIssMH TIacTUuHOCTH (0 = 14-20%, v
= 70-80%).

OTHU CIJIaBbl B 3aKaJ€HHOM COCTOSIHUM MOKHO 0OpabaThIBaTh MPU KOMHATHOM
TeMIepaTrype JaBJICHHEM C BBICOKMMU OO0XATHUSMH, B TO BpeMs KakK 3aKaJICHHYIO
BBICOKOYTJICPOAUCTYIO CTajlb H3-32 XPYINKOCTH BOOOIIE HEBO3MOXHO 00paboTaTh
JABJICHUEM TIPU KOMHATHOU TeMIeparype.

Bricokue mokazarenu TUIACTUHYHOCTH O€3YTJIEPOAUCTHIX JKEJIE3HBIX CILJIABOB
MOCJIE 3aKaJIKW Ha MApPTEHCUT OOBIACHSIOTCS CICAYIOIINM.

B MapreHcuTe 3aKalIeHHBIX MapTEHCHUTHO-CTApEIOIIUX CTajlel, comep Kalux
He 6onee 0,03% C, uMeroTcs He3aKpeIUIeHHbIe Auciokanuu. Hukens u kobanbeT, co-
Aepskanecss B 00JIbIIOM KOJIMYECTBE B ATUX CTasIX (Hampumep, craib ¢ 18% Ni u
8% Co), yBEeTMYUBAIOT TOJBUKHOCTH JUCJIOKAIMA B MapTEHCHUTE, TaK KaK OHU
MMOHUKAIOT COMPOTHUBJICHUE PEIIETKH MapPTEHCUTA CKOJBKEHUIO JAUCIOKAUA |
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YMEHBIIAIOT CTENEHb 3aKpEIUICHUs AUCIOKAUWA aToMaMu MPUMECEH Yriaepojaa H
asora.

Bbicokass TOABMIKHOCTh JUCIOKALM B KEJIE30HUKEIEBOM MApPTEHCHUTE
oOecrieynBaeT pa3psKy HANpsOKEHUW y  BEPUIMHBI  TPEIIMHBI, MOBBIIIAS
CONPOTHUBIICHUE XPYIIKOMY pa3pyLICHHUIO.

Takum o00pa3om, 3akajJeHHble Ha MAapPTEHCUT METaJUIbl M CIUIaBbl 3a
UCKIIFOUEHUEM TBEPABIX PACTBOPOB C O.I.K. PELICTKOW, COAEPXKALIMX HIIEMEHTBI
BHEJIpEHUs], B 00IlI€eM, MOTYT UMETh JIOBOJILHO BBICOKHME MOKA3aTeIN IUIACTUYHOCTH,
XOTs TIOCIE MapTEHCUTHOTO MPEBPALEHUS U3-3a MOBBIIICHHON IIOTHOCTH A€(EKTOB
PELIeTKU NoKa3aTeNu IUIACTUYHOCTH JIOJKHBI OBITh HUXKE, YEM MOCJe TOTUMOP(PHOro
MPEBPALIEHUS C HEYNIOPAA0UEHHON NEPECTPOUKON PEIIETKH.

beiinuTHOE NpeBpaleHne

Cmpoenue Oeitnuma. B yriepoaucThiX cTalisX Hmwke u3ruda C-kpuBoH, B
untepBaie npumepHo 500-250°C, npoucxoaut OeiltHUTHOE mnpeBpamnieHue. OHO
Ha3bIBAETCS TAK)KE IMPOMEKYTOUHBIM IPEBPAIIECHUEM — MPOMEKYTOUHBIM MEKIY
MEPIUTHBIM M MapTEHCUTHbIM. KHHETHMKa 3TOro NpeBpalleHUs U MOJy4aroluecs
CTPYKTYpPbl UMEIOT YE€PThl KHHETUKU U CTPYKTYp, HabIt01aeMbIX npu 1udPy3noHHOM
nepJIuTHOM U 6e311ub)y3MOHHOM MAapTEHCUTHOM MPEBPALICHUSX.

B pesynbTate 6€itHUTHOTO MpeBpalieHus: oopasyercs: cMech o-hassl (heppurta)
u KapOupaa, KoTopasi HasbiBaercs OeitnuroM. KapOupg B OeliHuTe HE HMeeT
MJIACTUHYATOTO CTPOEHHUSI, CBOMCTBEHHOrO niepauTy. KapOuHeie yacTuiibl B OeHUTE
OYE€Hb JUCIEPCHBI, UX MOXHO OOHAPYX UThH TOJIBKO MO/ SJIEKTPOHHBIM MUKPOCKOIIOM.

Paznuuaror gepxuuii M HudicHull Oevinum, OOpa3yIOIMMUICT COOTBETCTBEHHO B
BEpXHEH W HIKHEM 4YacTH NPOMEKYTOYHOIO HHTEpBala TeMmIeparyp (yciaoBHas
rpanuna mexay Humu 350°C). Bepxuuit OeMHUT uUMeeT MEpUCTOe CTPOEHUE, a
HWKHUI — Wroiibyatoe, mapreHcutononodoHoe. HimkHuit OGedHUT 10 BUAY
MUKPOCTPYKTYpPBI ObIBAET TPYAHO OTJIMYUTH OT OTHYIIEHHOT'O MAPTEHCHUTA.

DNEeKTPOHHO-MUKPOCKOIIMYECKUI aHAIM3 TOKa3all, YTo CyOCTpYKTypa o-(a3bl
BepxHero  OeilHMTa  aHaAJOrMYHAa  CYOCTPpYKType  pEeyHOro  MapTEeHCHUTa
HU3KOYTJIEPOJUCTBIX CTajied, a CTpoeHHUe o-(pa3bl HIDKHEro OelHUTa ONMKe K
CTPOEHUIO MAPTEHCHUTA CTaJIel ¢ OoJiee BHICOKUM COJIEpKAHUEM YTiIepoja.

B BepxneMm Oelinute o-(haza COCTOUT U3 peeK MUPUHON 5-10 MKM U TOJIIIUHOM
MeHee | MKM, a KapOWJHBIE YACTUIbI PACIOJIOXKEHBl MEXIY pelKaMu WIH/HU 10
rpaHuliaM, U3HYTpH peek. CiienoBaTenbHO, B BEpXHeM OeiiHuTe KapOu[ BhIIEISETCS
MIPEUMYLIECTBEHHO U3 ayCTEHHUTA.

B HmxHeM OeliHUTE YacTHIbl KapOuaa HaXOASTCS BHYTPU IJIACTUH 0O-(a3bl,
T.€. KapOuJ obOpa3yercs npu ee pacnane. BHyTpu o-¢pasbl 1 B BEpXHEM, U B HHXKHEM
OeifHUTEe MOBBIIIEHA TNIOTHOCTD TUCIOKAIUH.

[IponyKTBhl M30TEPMHYECKOTO MPEBPALIEHHUS MEPEOXIIAKICHHOIO ayCTEHUTA B
MPOMEKYTOUYHOM HWHTEpBaje TeMIlepaTyp IO CBOMM (PU3MYECKUM CBOMCTBaM,
COCTaBy U CTPYKType (a3 OJu3KM K MPOAYKTaM OTIIyCKa MapTEHCUTA 3aKaJeHHOU
CTaJId, €CIU TeMIlepaTypbl OCMHHMTHOIrO TMpeBpalleHUs W OTHYyCKa OJIMHAKOBBI.
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@®epputHas (aza B OelHUTE SIBISETCS MEPECHIILIEHHBIM PACTBOPOM YIJepoja B -
xKeese.

KapOunnas ¢daza B BepxHeMm OeilHUTE — IIEMEHTHUT, a B HIDKHEM OeilHUTe — -
KapOu/Jl, KOTOPBIN 3aMEHSIETCS [IEMEHTUTOM C YBEJIMYCHHUEM BPEMEHU BBIJICPKKH (KaK
U TIPU OTITYCKE CTAJIH).

CneunanpHple KapOWIbl B JIETUPOBAHHBIX CTajsAX, oOpasymoluecs B
NEPJIIUTHOM UHTEpBaJe, Npu OEHHUTHOM NpeBpanieHuu He nosasisitorcs. Coaepkanue
JETUPYIOUIUX AJIEMEHTOB B €-KapOujJie U LIEeMEHTHTEe OEHHUTa Takoe ke, Kak U B
HCXOJIHOM ayCTE€HHUTE. 3/1€Ch MOJTHAs aHAJIOTHUS C OTIIYCKOM JISTUPOBAHHBIX CTaJeH.

CrnenoBaTenibHO, JIETHUPYIOUIUE 3JEMEHThl NMpU OCHHUTHOM NpPEBpPAILEHUU HE
nepepacnpeienstorcs. B cransx, JerupoBaHHBIX KpeMHUEM, KapOua MOXKET BOOOIIe
He 00pa30BBIBATHCA, U OEHHUT COCTOUT U3 0-(a3bl U OCTATOYHOI'O AYyCTECHUTA.

Mexanusm Oeitnumnozo npespauienus. beTHUTHOE TIPEBpaIllEHUE BKIIOYAET
CJIEAYIOIINE OCHOBHBIE MPOLECCHI: Y— 0-IIEPECTPONKY PEIIETKH, IEPEPACTPEICIICHHE
yriepoja, BelejIeHrue Kapouia.

BonpmmHCTBO HCCENOBaTENEN CUYUTAKOT, 4YTO BO BCEM TEMIIEPATypHOM
UHTEpBaje OEMHUTHOro mpeBpauieHusi @eppuT oOpazyeTcs U3 ayCTeHHTa IO
MapTEHCUTHOMY MEXaHU3MY.

B monb3y 3TOro mpeacraBieHHs] TOBOPAT clieayroniue (axkThl: oOpa3oBaHHe
penbeda Ha IUIOCKOM TOJIMPOBAHHOW TOBEPXHOCTH oOpasua (Mpu MEepIUTHOM
MpeBpalieHnd penbed He BO3HUKACT); NPHUCYTCTBHE B JICTHPOBAHHBIX CTaJSX
OCTaTOYHOI'0 ayCTEHUTA MOCJE OKOHYAHMUS OCHHUTHOrO MpeBpalleHus (MEepIUTHOE
MpeBpallleHhe Bcerja JOXOAUT JI0 HMCUE3HOBEHHMS ayCTEHHUTa); CXOJICTBO
MUKPOCTPYKTYpP HWIKHEr0 OeHHUTa U OTIYIIEHHOIO MapTeHCUTa;, OJU30CTh
kpuctamorpadguu ¢depputa B OCHHUTE W MapPTEHCHUTA; CXOJICTBO CYOCTPYKTYp
BEpPXHEro OCMHUTA U MaJIOYTJIEPOJAUCTOrO MapTEHCHUTA.

Mexanu3M OEHHUTHOTO MpEeBpallleHUs], CBOEOOpa3ue ero KHHETUKHU, OJIM30CTh
U K TMEepJIUTHOMY, UM K MApTCHCUTHOMY WIPEBpAIICHUSIM MOXHO OOBSCHUTH
CIEAYIOIIHM.

belinuTHOE MpeBpallleHUE MPOUCXOAUT Mpu Temieparypax Huxe 500-450°C,
T.e. HMXKE MOpOra PeKpUCTAUIM3ALMU >Kelie3a. JTO O3HadaeT, YyTo B OCHHUTHOM
MHTEpBaJe NPAKTUYECKU TMOJTHOCTHbIO MOAaBiIeHO AU(PPY3NOHHOE TepeMelleHne
aTOMOB OCHOBHOIO KOMIIOHEHTa — jkeJjie3a. [[09TOMy CTaHOBUTCS HEBO3MOKHBIM
oOpa3zoBaHue (eppuTa IMyTEeM HEYMNOPSAJOUYECHHONM Y—0O-IEepecTpoilku, T. €.
nojasisierca nepauTHeld pacnan. Ho Beime 200-250°C eme 10CTaTOYHO aKTUBHO
uner nuddysus yriaepoaa, KoTopas JeidaeT BO3MOXKHBIM BbIJCJICHHE KapOuja u3
aycTreHuta u eppura.

NmeroTcs nokaszaTenbCTBa TOTO, YTO B MHKYOAIIMOHHBIM MEPUOJ B UCXOJIHOM
ayCTEHHUTE YIJIepoA INepepacrpesensercss mnepea OCHHUTHBIM MpPeBpPALLCHUEM.
VYyacTkm ayCcTeHHTa C HHM3KOM KOHIEHTpauuenl Yriepoaa IpeTepHeBarOT
MapTEHCUTHOE Y— O-IIPEBPAICHUE.
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Kpuctamnsl a-da3el 00pa3yroTcs B MPOMEKYTOYHOM WHTEpBAJE TEMIEpaTyp
MyTeM KOTEPEHTHOTO POCTa IMpPH YHPYTOH CBSI3M C MCXOIHOW Y-(ha3oi, T. €. TOUHO
TaK, KaK pacTyT IUIACTUHBI MapTeHCHUTa MpPH MPEBPALICHUN HIDKE MapTEHCUTHOM
TOUYKHU M,,.

Ho B oTnuume OT 4YHMCTO MapTEHCUTHOTO TPEBpAICHUsS, UISI KOTOPOTO
XapaKTepHO «MTHOBEHHOE» 00Opa3oBaHHE IUIACTHH MapTeHCHUTA, NMPU OCHHUTHOM
NpEeBpaIlCHUd TUIACTUHKKA  0o-(pa3bl  pacTyT CpaBHUTEIBHO MEMJEHHO. OTO
OOBSCHSETCSI TEM, YTO B MPOMEKYTOYHOM HHTEpBAJIE TemrepaTyp o-(ha3a MOXKET
oOpa3oBaTbCs TOJABKO M3 7Y-(a3bl, OOETHEHHOW YIrJIepoAOM U, CJEI0BaTEIbHO,
CKOPOCTh POCTa KPHUCTALIOB 0-(ha3bl KOHTPOIUPYETCS CKOPOCTHIO AU(HY3UOHHOTO
0TBO/Ia aTOMOB yriiepona. I[Ipwm oTBoje STUX aTOMOB To4yka M, B ayCTEHHTE
HETIOCPEICTBEHHO y TPaHUIIBI ¢ 0-(ha30i MOBBIMIAETCS U MapTECHCUTHAS TIEPECTpOiiKa
Y—0 UOET TPHU TeMIepaType, KOTopas BBIIIE TOYKH M, XapaKTepHOW AJisi TaHHOU
CTaJIH.

B MOMEHT MapTeHCHTHOTO TIpeBpallleHHs KOHIEHTpallus yriepoaa He
MEHSIETCS, @ U3MEHSETCS TOJBKO PEIIeTKa M 00pa3zyeTcs MEPEChIEeHHBIN 0-pacTBOD.
[TosTomMy ceifdac ke mMmociie y—O-MPEBpAIlCHNsT HAYMHASTCS BBIIEICHHE KapOuma
(eMeHTUTa WK €-KapOu/ia) U3 o-pacTBopa, T.e. (PaKTUIECKU MPOUCXOIUT OTITYCK.

B ydactkax aycTteHuTa, KOTOpPBIE Tepe]] Y—O-TPEBpAIIEHUEM OOOTaTHUIIHChH
YTJIEPOJIOM, MOKET BBIICTUTHCS KapOu.

PasHuily Mexay CTpOeHHEM BEpXHEro M HWKHETO OEHHHWTa CBS3BIBAIOT C
pa3Hoil TMOABM)XHOCTBIO YTJIEpoAa B BEPXHEW M HIDKHEH YacTH TEeMIIepaTypHOTO
WHTEepBaja OCHHUTHOTO MPEBPALICHHUS.

[Ipu BBICOKMX TemIiepaTypax OCHHHTHOTrO MpeBpaimieHus o-(a3a COIEPKUT
Majo Yriepoja, yCIEBalIIEero OTBOAWTHCS B AayCTEHUT OT TPOABUTAIOIICHCS
TpaHUIBl 0y, U KapOuJ BBIAEISICTCS MPSAMO M3 ayCTEHUTA MEXIY IUIACTUHAMH Ol
¢ba3bl — popMupyeTcs BepXHUN OCHHUT.

[lpy HU3KHX TeMmrepaTypax NpPEBpaIICHHs] H3-32 MEHBIICH MOJBHKHOCTU
yriepona o-asza mepechillieHa WM, W YacTUIBI KapOWaa BBIACISIOTCS BHYTPH O-
TUTACTUH — (OPMHUPYETCS HUKHHUIM OCHHUT.

Mexanuueckue ceoiicmea cmanu ¢ OCUHUMHOM CcMPYKmypou. belHuT
IIPOYHEE MEPJIUTA, MPUYEM €ro IPOYHOCTHBIE CBOWCTBA PACTyT C IOHUKEHHUEM
TEMIIEPATYPBl H30TEPMUYECKOTO NTPEBPALIECHHUS.

[ToBbIllIeHHAasT TPOYHOCTH OeifHUTa OOYyCJIOBJIEHA MajbiM  Pa3MEpPOM
(beppUTHBIX KPUCTAJJIOB, JTUCIEPCHBIMHU BBIJEICHUSAMU KapOuAa, TIOBBIIICHHON
IUIOTHOCTBIO JUCIOKALMM, 3aKpEIUICHHBIX aTOMaMM YIJIEPOJa, U HCKaKEHUEM
pemieTku ¢eppura u3-3a MEPECHINIEHHOCTH €ro YriepoJoM U JIETUPYIOIUMHU
AIIEMEHTaMH.

C noHMmKeHueM TeMIepaTypbl U30TEPMUYECKOr0 MPEBpaIEHUsI B OEHHUTHOM
MHTEpBaje H3-3a Oojee MEUICHHOIO0 OTBOJA B ayCTEHUT aTOMOB YIJIEpoAa OT
IPaHULIBl 0/y KpUCTAIUIBL (eppuTa MONYYaIOTCd MEIbYe, U ATO SBISAETCS OJAHOU U3
IJIaBHBIX MPUYUH MOBBIIIECHUS TPOYHOCTHBIX CBOMCTB OeitHuTa. YacTHilbl KapOumoB,
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HaXOJSIMECs BHYTPU 0-(pa3bl, TOPMO3SAT ABUKEHHUE TUCIOKAUMK TeM 3 deKkTuBHee,
yeM OOoJIbllle UX B €AMHUIE 00BEMA, U YEM OHU paBHOMEpHEE paclpe/eIeHbl.

B Bepxuem OeitHuTe KapOUAHBIE YACTHUIIBI PACTIONOXKEHBI TJIaBHBIM 00pa3oM Mo
rpaHuliaM (peppUTHBIX KPUCTAJUIOB U IMOATOMY HE BHOCAT CYIIECTBEHHOIO BKJIaJa B
ynpounenue. C MOHMKEHUEM TeMIIepaTyphbl NpeBpalIeHUsI JUCIEPCHOCTh KapOHUI0B
BO3pacTaeT M OHU pAacCHoJIaraloTCs B OCHOBHOM BHYTPH (eppura, MOBBIIIAS
MPOYHOCTH OCMHHUTA.

@eppur B OeliHUTE wHMeeT OONBUIYI0 IUIOTHOCTh AUCIOKALMM, 4YeMm
M30BITOYHBIN (heppuUT B TOIBTEKTOMAHON cTayu. Jluciokanuu B OeHHUTHOM (eppute
3aKpeIJIeHbl KOTTPENIOBCKUMHU aTMocepaMu U3 aTOMOB yriepoja M BHOCAT
3HAUUTENbHBIA BKJIaJ B yHpo4dHeHHE. TBepaopacTBOPHBIM MEXaHU3M YIPOUYHEHUS
AJIEMEHTaMH, PACTBOPEHHBIMU MO CHOCO0Y 3aMEIlEHHUsl, HECKOJIbKO MOBBIIIAET
yIpo4YHeHue OeHUTA.

[ImacTUYHOCTH MpH MEpexoje U3 MEePAUTHON 00acTu B OCHHUTHYIO Majaer, a
3aTeM C TMOHIKEHHEM TeMIlepaTypbl BHOBb Bo3pacTaeT. CHUKEHUE IIAaCTUYHOCTU
CBS3aHO C T€M, YTO CTPOEHUE BEpXHEro OelHHUTa cpaBHUTEIbHO rpyboe. YacTuirs
KapOuaa, pacroyiOKeHHbIE IO TpaHulaM (EpPpPUTHBIX KPHUCTALJIOB, TMOHUKAIOT
IJIACTUYHOCTh OeliHuTa. B HIbKHeM jke OeHHuTe YacTUlbl KapOWAOB HAXOIATCA
BHYTpPHU 0-(ha3bl, U TOITOMY IIACTUYHOCTH Y HEro 0oJiee BHICOKAS.

Cranu co CTpyKTypoil HMXKHEro OeiHHWTa, Kak IpaBWiio, 00janaroT OoiblIeh
BA3KOCTBIO, YeM TOCJIe 3aKAJIKU Ha MapTeHCHUT U OTIyCKa HAa PaBHYIO TBEPJIOCTh U
MPOYHOCTh. BA3KOCTh OCOOEHHO BBICOKA Y CTajied, JErMpOBAaHHBIX KPEMHHUEM, B
KOTOPBIX OEHHUT COCTOUT M3 0-(a3bl U OOOralleHHOro YIJIEpOAOM ayCTEeHUTa, a
KapOuaHOU (pa3bl HET.

IIpokanunBaemocTs crajiei

Ilpokanusaemoemocms u Kpumuueckas cKOpocmo oxaaxcoenusn. Ilpu
3aKaJKe Ha MapTEHCUT CTallb JIOJDKHA OXJIAKJATHCS C 3aKAJIOYHOW TeMIEpaTyphbl TakK,
9TOOBl AayCTCHHUT, HE YCIEB MpPETEepIeTh pacmaa Ha ¢GeppuTo-KapOUIHYIO CMECH,
MEPEOXJIATUIICS HUXKE TOYKU My,.

JI71s1 3TOro CKOPOCTh OXJIAXKACHUS U3JICNIUS JOJDKHA OBITh BBIIIE KPUTUUECKOM.
Kputnueckass ckopocTh OXJaXACHUS — 3TO MUHHUMAaJIbHAasi CKOPOCTh, MIPU KOTOPOM
ayCTEHHUT elle He pacnajaercs Ha GeppUTO-KapOUIHYIO CMECH.

B mepBoM mpuOIMKeHUU KPUTHYECKAash CKOPOCTh OXJIAKICHHS MPHU 3aKajiKe
oIpejieNsieTCsl HaKJIIOHOM KacaTenbHoU K C-KpuBOW Hayasla pacnaja ayctenura. [lpu
TaKOM OTPENEJICHUH TOJIy4aeTcs BeJIMYKMHa, MpuMepHO B 1,5 pa3a mpeblmarorias
UCTUHHYIO KPUTHYECKYIO CKOPOCTh. MICTHHHYIO CKOPOCTB Vi, MOKHO HOJYYHTH IIPH
WCIIOJIb30BaHUU TEPMOKHMHETUYECKUX IUATPAMM.

Ha puc. 4.16 npencraiena takas guarpamma s cranu 35I°C. Tlepeceuenus
KPUBBIX OXJIOKJICHHUS C JUHUAMU TEPMOKUHETHYECKOW IauarpaMMbl ITOKa3bIBAIOT
TeMIepaTypbl Hauaja M KOHIIA COOTBETCTBYIOIIETO NpeBpalieHus, a Iudps y
KPUBBIX — 3HaYEHHUS TBEPAOCTH MO BpUHEIITIO 110 OKOHYAHUHN OXJIAXKICHUS.
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MuHuManbpHasi CKOPOCTh OXJIAXKICHUS MPU 3aKajke Ha MapTeHcHuT ctaiu 351°C
J0JIKHa OBITh TAaKOM, 4TOOBI HE HAYAJIOCh OetHUTHOE MpeBpaleHue (A—b).

CKopocTh OXJaXIE€HHs Ha TOBEPXHOCTU HU3JEIUS MOXKET OBbITh OO0Jblle
KPUTUYECKOM, a B LIEHTpE MeHbIIe. B 3TOM ciyuyae ayCTEeHUT B MOBEPXHOCTHBIX
CJIOSIX TPEBPATUTCS B MApTEHCHUT, a B LIEHTPE W3JENUs MCIBITHIBAET MEPIUTHOE
MpeBpallleHue, T.. JeTalb HE NMPOKAJIUTCS HACKBO3b. lIpokanmBaeMocTh — OJHA U3

Ba)KHEHUIIIMX XaAPaKTCPUCTHK CTaJIN. HOJI MMPOKaJINBACMOCTBIO TIOHHUMAIOT FHY6I/IHy
IMPOHUKHOBCHHA 3aKaJICHHOM 30HBI.
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Puc. 4.16. Tepmokunetnueckas quarpamma i ctanu 351°C, cogepxameit 0,34% C,
1% Mn, 0,76% Si (K.®. Crapoay6os, I0.3.bopkosckuii, B.B.Ilapycos)

[IpokanuBaeMOCTb 3aBUCUT TMpEXKAE BCEro OT KPUTUYECKOM CKOPOCTH
oxnaxzaenus. Ha puc. 4.17 wusoOpakeHa KpuBas paclpeneseHusi CKopocTei

OXJIAXACHUA 110 JUAMCTPY HTUIHHAPHUYICCKOTO 06pa3ua B COIIOCTAaBJICHUH

C
BEJIMYMHON KPUTHUUECKON CKOPOCTH.
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Puc. 4.17. IIpokannBaemMOCTb LIWJIMH/PA: & — HECKBO3HAS MPOKAIMBAEMOCTb;
0 — CKBO3HAas MPOKAJIMBAEMOCTh; 1 — KpuBasi pacupeaeiaeHus: CKopocTein
OXJIaXAEHUS 110 JUAMETPY LUWINHAPA; 2 — KPUTHUUECKAsA CKOPOCTh OXJIAXKICHUS
(3amITpUXOBaH CJIOH, 3aKaJICHHbII HA MApPTEHCHT)
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B maccuBHO# netanu OOJIBIIOTO CEUEHHUs MOCHE 3aKaJIKM MOXHO HaOJII0AaTh
BCIO TAaMMY CTPYKTYp: IJIAaBHBIA MEPEXO0J] OT MAPTEHCHUTA OKOJIO TOBEPXHOCTH UYEpe3
TPOOCTOMAPTEHCUT, TPOOCTUT U COPOUT 110 MEepaUTa B IIEHTPE.

Ecnu neHTp u3genusi OXJIaKIaeTcs CO CKOPOCTbIO OOJbIIe KPUTHUYECKOU, TO
JieTaah 3aKajJuBaeTCsl Ha MapTEHCUT HACKBO3b (puc. 4.17,0).

Kak BunHO u3 puc. 4.17, ayist yBenuueHus: MPOKaJIUBAEMOCTH IE€TAIM JaHHOTO
Ce4YeHHs] HEOOXOMMO WJIM MOBBIIIATH CKOPOCTh OXJIaxKJeHus (KpuBasi 1 ciBuraercs
BBEPX), WJIM MOHIKATh KPUTHUYECKYIO CKOPOCTh 3aKaJKU: U B TOM, U B JPYIOM cliydae
3aIITPUXOBAHHOE CEYCHHE 3aKaJIEHHOM 30HBI Oy/1€T BO3pACTaTh.

Kputnyeckass cKOpocTbh OXJaKJI€HUS 3aBUCUT OT BCeX (PAKTOPOB, BIMSIOUINX
Ha CKOpOCTh pacmajga aycreHuTa. @akTopbl, YBEIWYMBAIOLIME CTOMKOCTb
MEPEOXIIAKACHHOIO ayCTEeHUTa MNPOTHB pacnaja, T. €. casurawomue C-KpuBble
BIIPABO, YBEIMYMBAIOT NpokanuBaemMocTh (mpu casure C-KpuBOMl  BIpPaBo
KacarelbHasl K HeH pacroiaraercsi ol MEHbILIUM YTIIOM).

Tak kak st 3apoXKI€HUS IBTEKTOUa HEOOXOJUMbI MECTHbIE OOOTallleHus U
oOeHEeHHUs1 Y-pacTBOpa YIIepoJIoM, TO, Ye€M OIHOPOJHEE AayCTEHUT, TeM Ooliee
YCTOWYUB OH MPOTUB IBTEKTOUHOTO pacraia U TeM OOJIbIlIe MPOKaJTuBAEMOCTb.

C yKpynHEHHEM JEHWCTBUTEIBHOIO AayCTEHHUTHOTO 3€pHA YMEHBIIAETCS
CyMMapHasi MEXX3€pEHHasi TOBEPXHOCTh, HA KOTOPOH MPEANOYTUTEILHO HAUYMHACTCS
pacraj, v NpoKaJuBaAEMOCTh YBEITUYUBAETCS.

VYBenuueHne TeMIepaTypbl HarpeBa M BPEMEHM BBIICPKKH IEpE] 3aKalKoi
MPUBOJUT K BBIPABHUBAHUIO KOHLIEHTPAIMU Y-pacTBOpa U K POCTY ayCTEHUTHOIO
3€pHA, T. €. MOBBIIIAET YCTOMYMBOCTh MEPEOXIAXKIECHHOIO aycTeHuTa. lloatomy c
POCTOM TeMIEepaTypbl HarpeBa W BBIICPKKH MEPE] 3aKaIKOH IPOKAJIUBAEMOCTH
CTaJId YBEJIMYMBAETCS, IpUYEM NEepBhIi GakTop Oosee 3hPeKTuBEH.

OyeHb CUIIBHO HA MPOKAJIMBAEMOCTD BIMSET XUMUUYECKUI cocTaB aycTeHuTa. C
MOBBIIIEHUEM KOHUEHTPALUM YTJIEpoJa B ayCTEHHUTE OH JIEJIA€TCSl yCTOMYHMBEE H
KPUTHYECKAsA CKOPOCTh 3aKAJIKM YMEHBIIIAETCS.

VYBennueHne NPOKaJUMBAEMOCTH IMpU JIETUPOBAHUM HCIOJB3YIOT B JBYX
HaIlpaBJICHUSIX.

Bo-nepBbiX, NpUMEHEHHE JIETMPOBAHHON CTalu OOECeYuBAaET CKBO3HYIO
MPOKAIMBAEMOCTh B TaKUX OOJIBIIUX CEYEHUSX, KOTOpble HEBO3MOXHO MPOKAIUTH
HaCKBO3b, €CJIM UCMOJb30BaTh YIVIEPOAUCTYIO cTaidb. Hampumep, npu 3akajke B BOJE
ctanu 45 KpUTHYECKU nuaMmeTp paBeH 20 MM, B TO BpEMs KAaK U3JEIUS U3 CTAIH
40XH2MA nuametrpoM 120 MM pOKanMBarOTCS HACKBO3b IPH OXJIAXKICHUU B MAcII€.

Bo-BTopbIx, ais u3genuii HeOOIBIIOTO CEYEHUsI 3aMEHa YIJIEPOJIUCTON CTau
JIETUPOBAHHOM MO3BOJISIET MEPEUTH K MEHEE PE3KOMY 3aKAJIOYHOMY OXJIAXKICHUIO.
[IpuMeHsis yriepoAuCTyIo CTalb, MOKHO MPOKAJIUTh HACKBO3b M3JieNIue HEOOIbILIOTO
ceyeHus1 Mpu 3akajke B Boae. Ho mpu 3TOM MOryT BO3HUKHYTh HEAOMYCTHMO
OOJIbIIME OCTATOYHBIC HAMPSIKEHUS, a TAaK)Ke KOPOOJIEHHE M TPEIIUHBI, 0COOEHHO B
u3nenusax cinoxkHoi ¢opmbl. C HCMONB30BAaHUEM JIETUPOBAHHOW CTajiM 3aKalKy B
BOJIE MOXKHO 3aMEHHUTH 0oJjiee MATKOM 3aKajdKOW B 3MYJIbCUHU, Macjie WK JaXe Ha
BO3JIyXE€.
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Xapaxkmepucmuku npokaiugeaemocmu. lIpocteiien XapakTepUCTUKOU
ABIETCS TJIyOMHAa TPOKAIMBAEMOCTH W3JEIUS B OINPEACICHHOM OXJaJuTele.
['myOuHy NpOKaTMBAEMOCTH MOKHO OIPEICIUTh METOJOM NPOOHOM 3aKaiKu IO
U3JIOMY, MaKpouUIuQy U pacupeae’aeH!Io TBEpAOCTU B CEYEHUU U3IEIHS.

3akaJIecHHAas Ha MapTEHCUT CTajlb XPYIKa; B 3aKaJE€HHOM 30HE U3JIEJINE€ UMEET
POBHBIN MEITKO3EPHHUCTHIN, MaTOBO-CEPBIN, YacTo (hapdOpOBUIHBII U3TIOM.

Henpokanennas cepaueBrHa — 0osee Bs3Kasi; y Hee HEpOBHBIH, IIEPOXOBATHIH,
CJIETKA BOJOKHUCTBINA M3JIOM. ['paHuIla MEXy 3TUMHU JBYMs 30HAMH OYEHB XOPOUIO
BUIHA B u3nome. Ha makpouutnde 3akaineHHas ¥ HENpOKaJeHHas 30HbI TPaBATCA
MIOPa3HOMY U MTO3TOMY Pa3JIMYAOTCA TOBOJIBHO YETKO.

Pacnipenenenne TBEpIOCTU 110 CEUCHUIO 3aKAJICHHOTO LWIMH/IpA IOKAa3aHO Ha
puc. 4.18. XapakTepHO HMHTEHCHUBHOE€ H3MEHEHHWE TBEPAOCTH HA OIPEICICHHOM
PacCTOSSHUM OT TOBEPXHOCTH M3JENHsI, INPUYEM OSTO PACCTOSHUE COOTBETCTBYET
IPAHULE MEXKIY 3aKAJICHHOW M HENPOKAJIEHHOW 30HAMH, BBISBIISIEMOM IO M3JIOMY U
Makpouudy.
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Puc. 4.18. Pactipenenenue TBEpAOCTH MO TUAMETPy 00pasiia u3 craiu 60,
3akajenHoro ¢ 815°C: 1 — 3akanka B Boje; 2 — 3akainka B macie; HRC™ — teepaocts
CTaJIy C MOJIyMapTEHCUTHOU CTPYKTYpPOH

100



['myOuHOM MpOKaIMBAEMOCTH YCIIOBHO CUMTAIOT PACCTOSIHHE OT OXJIAXKIAeMOil
MMOBEPXHOCTH JO0 CJIOSA C MOJYMAapTeHCUTHOU cTpykTypou (50% Tpooctuta u 50%
MapTeHcuTa). B paiioHe 3TOro ciiosi Ha TBEPAOCTh OYEHb CUIILHO BIIMSAET PACCTOSHUE
OT MOBEPXHOCTU U3AENHUS.

[loaToMy T1i1yOMHY MpPOKAIMBAEMOCTH KaK pPacCTOSHUE OT OXJIaKJIaeMOM
MIOBEPXHOCTH 10 CJIOS C TOJYMapTEHCUTHOW CTPYKTYpPOM MOXKHO BECHMAa TOYHO
ONPENENNTh, U3MEPSAd TBEPAOCTh U3LEIUS U MOIb3YSACh CIPABOYHBIMU JAAHHBIMHU O
TBEPJIOCTH CTajiel pa3HOro cocTaBa ¢ nojymapTeHcuTHou ctpyktrypoit (HRC,, Ha
puc. 4.18).

[Ipyrok nuamerpom 38 MM u3 cranu 60 mpu 3akajke B BOAE UMEET INIyOUMHY
IIPOKAJIMBAEMOCTH 7 MM, a IIpH 3akaike B macie 0,4 MM.

JIns onpeneneHus NpoKaaIuBaeMOCTH YIJIEPOAUCTBIX U JIETUPOBAHHBIX CTAJIEH,
3a UCKJIIOUEHUEM 3aKaJMBAIOLIMXCSA HA BO3JyX€E, MIMPOKO MPUMEHSIOT CTaHAAPTHBIN
METOJ TOPLIOBOW 3aKAJIKH.

CranmapTHplii  00paszell Iocje HarpeBa B TeYHM OBICTPO TIEPEHOCSAT B
CIEHHUAIBHYI0 YCTAaHOBKY, B KOTOpPOH €ro OXJaXIalT CTpyed BOIBI IOJ
OTpeJICTICHHBIM HANoOpoM ToJIbKO ¢ Topua. [locne monHoro oxiaxaenus odopasia 1o
€ro JBYM JUaMETpPaJbHO MPOTHUBOIOIOXKHBIM O0pa3yrouuM COUUIM(OBBIBAIOT
riomaaky Ha rinyouny 0,5 mwm. [o anuue aTux miomaaok yepes 1,5-3 MM u3Mepsior
TBeprocTh 1o mkae HRC u CTpoAT KpUBYIO NPOKaIMBAEMOCTH B KOOpPAMHATAX
TBEPOCTh — PAaCCTOAHUE OT Topua. YeM MEHBIIE MNPOKAIMBAEMOCTh CTAIH, TEM
ObICTpee MajaeT TBepAOCTb NP yJaJIeHUHU OT TOPIIA.

JUis pa3HbIX IJIABOK OJHOM MapKu CTalM TMOJy4aeTcss Habop KPHUBBIX
MIPOKAJIMBAEMOCTH, TAaK KaK OT IUIABKM K IUIABKE ITPOKAJIMBAEMOCTb MEHSETCS.
IloaToMy cCTalib ONpENENEHHOW MApKU XapaKTEepU3yeTcsl MapOYHOM MOJ0COM
MIPOKAJIMBAEMOCTH.

Nupexcamu (UU@PPOBBIMU TOKa3aTeNIIMH) NPOKAJIMBAEMOCTH MApKH MOTYT
CIIYKWTh MAaKCUMaJbHasi U MUHUMAaJbHas TBEPAOCTh HA ONPEAECICHHOM PacCTOSHUU
OT OXJIAKJAEMOr0 TOPIA, UJIM MAaKCUMaJbHOE U MUHUMAJIBHOE PACCTOSIHUE OT TOpLA
110 TOYEK C 3aJJaHHON TBEPJOCTBIO, HAIIPUMEP, C «IIOTYMapTEHCUTHON» TBEPAOCTBIO.

O0neMHAaA 3aKAJIKA CTAJel
[Ipu oOBeMHON 3akajke H3JeMe HarpeBarT A0 3aJaHHOW TeMIIEpaTyphl,
OJIMHAKOBOM IO BCEMY €r0 00BbEeMY.

Hazpee noo 3axkanky. TemrepaTypbl HarpeBa IOJ 3aKalKy YIJIEPOIUCTHIX
CTaJIell MOXHO BBIOPATH MO AUarpaMme coctostHus (puc. 4.19).

JI03BTEKTOUIHBIE CTAJIM 3aKaJUBAIOT C TEMIIEPaTyp, MPEBBIMIAIONIUX TOUKY Aj
Ha 30-50K. HacnencTBeHHO MeEIKO3EpHHCTasi CTallb JOIMYyCKaeT 0oJyiee BBICOKUIA
HarpeB. [Ipu meperpeBe HacCIEICTBEHHO KPYIMHO3EPHUCTOW CTaM 3aKajka JaeT
CTPYKTYpPY KPYITHOUTOJIBYATOT'O MapTCHCHUTA.
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[Ipu 3akanke ¢ TemMmeparyp HUXKe TOUYKM Az (HEMOJIHAs 3aKayka) Hapsay C
MapTEeHCUTOM OCTaeTCs HU30bITOUHBIA (eppuT, KOTOPHIA CHUXKAET TBEPAOCTh
3aKaJICHHOM CTaJM M yXYJIaeT MEXaHUYECKHE CBOMCTBA MOCIE OTITYCKA.

oo

900 A
adfy

85(9 {%ﬁ /.J'"EX
. T A T T T
727 4

48

L2

600 -l
500 | | |

fe g5 10 15 [
(oodepxarue %

Puc. 4.19. NutepBan TemnepaTyp HarpeBa mnoJl 3aKajKy yriepOAUCTBIX CTalen
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3a3BTEKTOMIHbIE CTAJIM 3aKaJUBaIOT C TEMIIEPATyp, MPEBBIIAIOIMINUX TOUKY A
Ha 35-60K. Ilpu 3akanke ¢ Ttemmnepatyp B UHTEpBale Aj-Acn B 3a3BTEKTOUJIHBIX
CTAJIAX HapsA1y ¢ MapTEHCUTOM MMEETCS BTOPUYHBIN IEMEHTUT, KOTOPBIA MOBBIIIAET
M3HOCOCTOMKOCTh MHCTPYMEHTA.

Harpe g0 temmnepatyp Bbllie A, BpeAeH, TaK Kak TBEPAOCTh 3aKaJCHHOM
CTIA TOJY4YaeTCs HIKE M3-32 PACTBOPECHMSI TBEPHABIX IIEMEHTUTHBIX 4YacTHUI] U
MOBBIILIEHUS KOJIMYECTBA OCTAaTOYHOro aycrenutra (puc. 38), yKpymnHsercs
ayCTEHUTHOE 3€pHO, YCHUIIMBAETCS OO0E3YIJIepOoKMBAHUE TIOBEPXHOCTH U PaCTyT
3aKaJ0YHbIEC HAMPSKEHUS.

Temneparypa HarpeBa Moj 3aKajky OOJBIIMHCTBA KOHCTPYKUMOHHBIX H
MHCTPYMEHTAJbHBIX JIETUPOBAHHBIX cTasle HaxoauTtcs B npezgenax §00-880°C (mns
KKJ0M MapKu CTalli 3KCIEPUMEHTAIbHO MOJ0MPAIOT CBOM OoJiee y3KUI HMHTEpBaJ
3aKaJOYHBIX TEMIEPATYD).

Cranu ¢ 6oJbIIUM cojiepkaHueM KapOumoobOpasyronux sneMmento (W, Mo,
V, Cr) 3akanuBaioT ¢ 0oJjiee BBICOKMX TEMIIEpaTyp, MHOTAA OJM3KUX K COJIUAYCY,
YTOOBI IEPEBECTH B AYCTEHUT OOJIBbIIIOE KOJIMYECTBO TPYAHOPACTBOPUMBIX KapOUIOB.
Hanpumep, osicTpopexyuryto ctanb P6MS 3akanusarot ¢ temneparyp 1200-1230°C,
a mramnoByto X12d1 — ¢ remneparyp 1030-1050°C.
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[IpoaoKUTENBHOCTh BBIAEPKKU TPU TEMIIEpaType HarpeBa JODKHA OBITh
TaKoM, 4TOOBI MpolIa roMoreHu3anusi aycreHuta. CKOpOCTh HarpeBa >KeJlaTeabHO
MMETh MAaKCUMAaJIbHOW [JIs TOBBIIIECHHS IPOU3BOAUTENBHOCTH. IIpu 3akanke c
BBICOKHX TEMIIEPATYP HEKOTOPBIX BBICOKOJIETUPOBAHHBIX, HaIpuMmep,
OBICTPOPEXKYIIUX CTAJICH JJIsl YMEHBIICHUS! TEPMUUECKUX HAMPSIKEHUNH HCTOIb3YIOT
CTyHEHYaThI HATPEB.

Oxnaxcoenue npu 3akanke. PexuM OXJIQXIEHUS IpU 3aKaIKE JOJDKEH
MpexJe Bcero obecneunTb HEOOXOIUMYIO TIyOMHY MpOKaduBaeMocTH. B To ke
BpEMSI PEKUM OXJaXKJEHUS JOKEH OBbITh TaKUM, YTOObI HE BO3HUKAIU CUJIbHBIC
3aKaJOYHbIe HAIpPSOHKEHUS, MPUBOJAIINE K KOPOOJEHUIO M3JEIUs M 00pa3oBaHUIO
3aKaJOYHBIX TPEILIHH.

3aKkajgoyHble HANPSOKEHHs CKIIAABIBAIOTCS W3 TEPMHUYECKHX U CTPYKTYPHBIX
HanpspkeHuil. [lpu 3akanke Bcerna BO3HHMKAET MEpenaj TeMIepaTyp MO CEYEHUIO
u3nenus. PasHas BenmuurHa TEPMUUYECKOTO CHKATUS HAPYKHBIX M BHYTPEHHHUX CJIOEB B
NEePHOJ] OXJIaXKICHHS 00YCIOBIMBAET BOSHUKHOBEHUE TEPMHUUECKUX HATIPSKEHUH.

MapTreHcuTHOE IpeBpalleHUE CBSI3aHO C YBEJIMYEHHEM 00beMa Ha HECKOJBKO
npoleHToB. [IoBepXHOCTHBIE CIIOM paHblIe JOCTUTAl0T MAPTEHCUTHON TOUYKH, YeM
cepllieBHHA U3Jeausi. MapTeHCUTHOE NPEBpAIlleHHE U CBI3aHHOE C HUM YBEJIMYEHUE
o0beMa IPOUCXOJAT B Pa3HbIX TOUKAX CEUEHHUS HM3JENUs HE OJHOBPEMEHHO, YTO
MPUBOJIUT K BOSHUKHOBEHHIO CTPYKTYPHBIX HAIPSKEHUI.

CymMapHbie 3aKajloyHble HANpsKEHUS PACcTyT C YBEJIIMUEHUEM TeMIIepaTyphl
HarpeBa MOJ 3aKaJKy M C TOBBIIIEHUEM CKOPOCTHU OXJIAXKJEHHUS, TaK Kak B 00OMX
ATUX CIIy4asX BO3pacTaeT Mepenaja TeMIepaTyp IO CEYEHHUIO M3Jeius. Y BEInYeHHUe
nepenaaa TeMIepaTyp NPHUBOAUT K POCTY TEPMHUECKUX U CTPYKTYPHBIX
HaIPSIKECHUMN.

Jnst craneil Hambolsiee BEpPOATHO BO3HMKHOBEHHME 3aKaJIOYHBIX TPEUIUMH B
UHTEpBaJe TEMIEparyp HWXKE MApPTEHCUTHOM TOYKH, KOrJa MOSBISIOTCS
CTPYKTYpHBIE HampsikeHuss W oOpaszyercsa xpynkas ¢aza — MapTeHCUT. Beiie
MapTEeHCUTHOW TOYKH BO3ZHUKAIOT TOJBKO TEPMHUUYECKUE HANPSDKEHUS, IPUYEM CTallb
HAXOJUTCS B @yCTEHUTHOM COCTOSIHMH, a ayCTEHUT TIaCTUYEH.

Kak nokassiBaer C-guarpamma, ObICTpO€ OXJIaXKI€HUE HEOOXOAMMO B pailoHe
HAaMMEHbIIEH YCTOWYMBOCTU MEPEOXIKACHHOIO aycTeHuTa. Jlns OoyblIMHCTBA
crajeil 3ToT paloH Haxoautcs B uHTepBasie 650-400°C. Bpliie u HMXKE 3TOrO
MHTEpBaja TEMIEpATyp ayCTEHHUT ropasfo 0ojee yCTOMYMB NMPOTHUB paclaja, 4eM
0Ko0J10 n3ruda C-KpuBOH, U3AEINE MOKHO OXJIaXK1aTh OTHOCUTEIBLHO MEUIEHHO.

MenneHHoe oxJlaXaeHHe 0OCOOEHHO BayKHO IIPOBOAUTH HAUMHAS C TEMIIEPATYP
300-200°C, Huxe KOTOpPBIX B OOJBIIMHCTBE cTajneil oOpasyercs mapreHcuT. [lpu
3aMEIJICHHOM OXJIXKJIEHUU Bbille u3ruda C-KpuBOW yMEHBIIAIOTCA TOJBKO
TEPMUYECKUE HANpSDKEHUS, a B MApPTEHCUTHOM HWHTEpBAJl€ CHWXAIOTCA MU
TEPMUYECKHUE, U CTPYKTYPHBIE HAIPSKCHHUS.

B xauecTtBe 3akallouHbIX cpel Haubojiee IIMPOKO HCMONB3YIOT XOJIOJHYIO
Boay, 10%-ii Bogusiil pactBop NaOH wunu NaCl u macio.
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XonoaHas BoAa — CaMblil JEHIEBBIA M BEChbMa YHEPIUYHBIN oxyaautTenb. OH
OBICTPO OXJIAXJAET U B TMEPJIUTHOM, U B MAapTEHCUTHOM HHTEpBajax TeMIIepaTyp.
JloGaBkM CONMM WM WIEJIOYM YBEIWUYMBAIOT OXJIAKJIAIOIIYIO CIIOCOOHOCTh BOJIBI B
MEePIUTHOM UWHTepBasie. [JaBHBIH HEJOCTATOK BOJABI — OOJbBIIAs CKOPOCTh
OXJIAXKICHUS B MAPTEHCUTHOM HHTEpBAJIE.

MuHepanbHOe Macjio MEIJICHHO OXJIAKJaeT B MApPTEHCUTHOM WHTEpBaJie (3TO
€ro TIJIaBHOE MPEUMYIIECTBO), HO OHO MEIJICHHO OXJaXIaeT W B MEPIUTHOM
WHTEpBaJIe (3TO €ro OCHOBHOW HemocTaTok). [loaToMy Macio TPUMEHSIOT IS
3aKaJKMU CTAJIEN C XOPOLIEH MTPOKATUBAEMOCTBIO.

Harperas Boga HE MOXKET 3aMEHUTh MAcilO, TAK KaK HarpeB PE3KO YMEHBIIAET
CKOPOCTh OXJIAKICHHUS B MEPIUTHOM HHTEpBAJIC, HO IOYTH HE H3MEHSET €€ B
MapTEHCUTHOM HHTEPBAJIE.

OTHOCHUTEIBLHO HOBBIM KJIACC 3aKaJOYHBIX CpEl — BOJHBIE PACTBOPHI
MOJIUMEPOB, KOTOPHIE B 3aBUCUMOCTH OT KOHLUEHTPALUH IMOJIMMEPA TI0 OXJIAXKIAOIIECH
CIIOCOOHOCTH MOTYT 3aHUMAaTh MIPOMEKYTOUHOE MOJOKEHHE MEXKIY BOJIOH U MACIIOM.

B omimuume ot 3aKkallOYHBIX Macell BOAHBIE PACTBOPHI MOJIUMEPOB IIPU 3aKaJIKE
B HUX CTQJId HE TOPSAT M HE BBLACIAIOT AbIMa. Kpome TOro, oHW JelieBie Maced.
[Ipumep — 3akanounas cpepa [1K-2, spustomasics BogubiM pactBopoM (0,5-2,5%)
HETIOJTHOM JKEJIE3HOM COJIM TTOJTUAKPUIIOBOM KHUCIIOTHI.

Cnocoowt 3axkanku. Tak Kak HET TaKOW 3aKaJIUBaIOLIEH Cpe/ibl, KOTOpas JlaBajia
Obl OBICTpOE OXJIAXJEeHHE B uHTepBasie Temmeparyp 650-400°C u wmemneHHOE
OXJIaXJEHUE BBHIIIE W TJIaBHBIM 00pa3oM HUXKE ITOT0 WHTEpBalia, TO MPUMEHSIOT
pa3iuyHble  CHOCOOBI  3aKaJKW, OOECIEeUYMBAIOIIME  HEOOXOJUMBIM  pexUM
OXJIAXK]ICHUS.
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Puc. 4.20. 3akanka yepe3 Boy B Macio (3aKajika B IBYX cpeaax):
1 — HOpMaJIBHBIN peXUM; 2 — HEJIOJEP)KKa B BOJIE; 3 — epeepiKKa B BOJIE
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JUISs  yMCHBIIICHUS CKOPOCTH OXJIAXKJICHHUS B MapTCHCUTHOM HWHTEpBalie
MIPUMEHSIIOT 3aKankKy 6 08yx cpeoax (puc. 4.20).

BHauane nertanp MOTPYKarOT B BOAY M TIOCIIC KOPOTKOH BBIAEPKKH B BOJC
nepeHocsaT B macio. [loaToMy Takoi crmoco0 3akaldKké Ha3bIBAIOT 3aKajKOW depes
BOJIY B Maclio.

bricTpoe oxnaxkneHue B BOJE TPEAOTBpalIacT MEPIUTHOE MpeBpalieHUe, a
MOCTeAyIoNIee 3aMEUICHHOE OXJIaXKJICHUE B Maclie YMEHbBIIAeT 3aKaJOdHbIe
HaIPsHKCHUS B MAPTCHCUTHOM MHTEPBAJIC.

HaunGosee 0TBETCTBEHHBII MOMEHT — BBIZICP)KKA B BOJIC, MPOJIOJDKATEILHOCTD
KOTOPOH YCTaHABJIMBAIOT JUIA KaXJIOr0o KOHKpeTHOTo u3nenus. M mepenepikka, u
HEJI0JICPKKa B BOJIC MOTYT IPUBECTH K Opaky. [Ipu Hegomepkke B BOAC MIPOUCXOIUT
YaCTHYHBIN WM TIOJTHBIN paciiaJl ayCTCHUTA, ¥ TOJTydaeTCs 3aHWKCHHAs TBEPAOCTh, a
P TIepeACP)KKE BO3HHUKAIOT 0oJiee CHIIbHBIC 3aKaJOYHBbIC HAIPSIKCHHUS, KOTOPBIC
MOTYT IPHBECTH K KOPOOJICHHUIO U 00pa30BaAHHIO TPCIITHH.

HecmoTps Ha yka3aHHBIE HEJOCTAaTKH, 3aKaJKy Yepe3 BOAY B MAacjo IIUPOKO
MPUMEHSIOT B IPOU3BOJCTBE PEKYIIET0 HWHCTPYMEHTA W3 YIJIEPOAUCTONW CTallH
(yrinepoaucras ctaib 00JaaeT HeOOIBIIION MPOKATIMBAEMOCTHIO, TIOATOMY PEXKYIIHIMA
WHCTPYMEHT U3 Hee HeNb3s 3aKalluBaTh B Maclie).
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Puc. 4.21. 3akanka B BoJie U ropsiuux cpeaax: 1 — B Boae; 2 — cTyneHyaras;
3 — u30TEepMHUUECKAs

Hpyroit cmnoco® yMEHBUIEHUS CKOPOCTH OXJaXJACHHS B MapTEHCUTHOM
UHTEpBae — cmynenuamasn 3axkanxka (puc. 4.21). Harperoe o0 temmeparypsl 3a-
KaJIKU W3/ieliue OBICTPO MOTpykKaloT B BaHHY C ropsiueil cpeoil, a 3areMm Imocie
HEKOTOPOH BBIIEPKKH BBIJAIOT HA BO3/IyX WU MOTPYXKAIOT B XOJIOAHOE MAaCIIO.
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[Ipu BbIOOpe pexuma CcTyneH4aTod 3akaiku nomoraer C-nuarpamma.
Temneparypy ropsuei cpeabl (TeMIepaTypy «CTYNEHbKH») BBIOMpAOT BOJIU3U
MapTeHcuTHOW Touku (Ha 20-30K Bblle Hee) B 00JaCTH BBICOKOM YCTOMYMBOCTH
MEPEOXJTAKIECHHOTO ayCcTeHUTa. Bpemsi BblIEpKKH B Tropsiuet cpeae (anumHa
«CTYNEHbKH»)  JOJKHO OBbITh  MEHbIIE HMHKYOAlIMOHHOTO  Mepuoja  Ipu
COOTBETCTBYIOLLEH TEMIIEpPATYpE.

Crynenuaras 3akanka 0oJiee MpocTa B UCIIOJIHEHUHU, YEM 3aKajKa yepe3 BOAY B
Maciao U gaer Oosiee craOuibHBIE pPe3ynbTaThl. J[pyroe Ba)KHOE MPEUMYILECTBO
CTYNEHYATOM 3aKAJIKUW — BBIPABHUBAHWE TEMIIEPATYPhI IO CEUEHUIO HU3JENUs IpPHU
BBIZIEP)KKE B ropsiueil cpene. MapTeHCUTHOE NPEBPAIICHUE IMOCIE 3TOW BBIICPKKH
MPOUCXOJIUT MPU MEJICHHOM OXJIAXJACHUU U OJHOBPEMEHHO MO BCEMY 00bEMY, B
pE3yAbTaTE YEro YMEHbIIAKOTCS 3aKaJI0YHbIE HAMIPSKECHMUS.

Becpma CylecTBEHHOE MPEMMYILIECTBO — TO, YTO CTallb MPU TEMIIEpAType
«CTYNEHbKW» HAXOJIUTCS B ayCTEHUTHOM COCTOSIHUHU. Ilocne n3BneyeHus u3 ropsaei
Cpeabl U3JEIUE HEKOTOPOE BPEMS IJIACTUYHO U €r0 MOYKHO IIPaBUTh JJIsI YCTPAHEHUS
KOpoOseHusi. 9TO 0COOCHHO LIEHHO MJii TOHKUX U JUIMHHBIX U3JENUHU, NMPU 3aKaKe
KOTOPBIX JlaXke B Topsiueit cpesie Hen30exxHo kKopoobieHue. YacTo UCIonb3yIOT MPaBKy
BPYYHYI0, HO HAWJIYUYIIIUE PE3YIBTATHI JAET IPABKA MOl IPECCOM.

[IpaBka MOKET MPOJOJIKATHCS IMPU OXJIAKIACHUU HUKE TOUKHM M, , TaKk Kak
HEMOCPEJICTBEHHO B MOMEHT MAapTEHCUTHOrO TMpeBpanieHus (HO HE IOCJE €ro
OKOHYAHUS ) IMJIIACTUYHOCTD MOBBIIIEHA.

IIpn cTyneH4aTol 3aKajke MCHOJB3YIOT TPU TPYHIbl TOPAYUX CpPENX:
MHUHEPAIIbHBIE MACJIa, PACILIABBI CEJIUTP U PACIUIaBBbI IIETOYEH.

Ecim pnuHa «CTyneHbKM», HAXOIMIIEWCS B TEMIEPATYpHOM HMHTEPBAJeE
OCMHUTHOTO TpeBpallleHus, 00JIbIlIe BpEMEHN U30TEPMUUYECKOTO paclajga ayCTeHHTA,
TO OIEpaluio TEepMOOOPAOOTKH HA3bIBAIOT HW30TEPMHUECKON WM OCHHUTHOU
3akankoi (puc. 4.21, kpusasg 3).

Pe3koe ymeHbIIEHHE 3aKalOYHBIX HANpSOKEHUH U KOPOOJIGHHS — Ba)XKHOE
MIPEUMYLIECTBO U30mepmuueckoii 3akaaxku. Kpome TOro, y H30TEPMUUYECKON
3aKaJIKU €CTh U JApyroe npeumyinectso. [Ipu OeifHUTHOM IpeBpalleHUH B HEKOTOPBIX
JIETUPOBAHHBIX CTANAX COXpaHsAETCS OOJbIIOE KOJIUYECTBO OCTATOYHOTO ayCTEHHTA,
KOTOPBIM HE MPEBPAIIAETCS B MAPTEHCUT NPH OXJAKIAECHUU MOCIE U30TEPMUYECKOM
BbIepKKU. 30TepMmuueckass 3akajika TakuxX cTajed o0ecrneyrBaeT BBICOKYIO
YIAPHYIO BA3KOCTb, PE3KO YMEHBIIAET YyBCTBUTEIBHOCTD K HAAPE3Y MO CPABHEHUIO C
3aKaJE€HHOM Ha  MapTEeHCUT W OTHYWIEHHOW cTanblo.  CleaoBaTeNnbHO,
M30TEpPMHUYECKAs 3aKaJKa TII03BOJISIET MOBBICUTh KOHCTPYKIIMOHHYK) IPOYHOCTH
CTaJIu.

Bo wmHoOrMx cramsx MapTeHCUTHBIM uHTepBan (M;—M;) npoctupaercs 10
OTPULIATENIBHBIX TEMIIEpATyp. B 3TOM cilyyae B 3aKaJ€HHOM CTajdu COJEPKUTCS
OCTaTOYHBIN ayCTEHHUT, KOTOPbIA MOYKHO JOIOJHUTENBHO NPEBPATUTh B MAPTEHCHT,
oxJaxzaas HW3AENIMEe A0 TeMmIepaTyp HMKe KoMHaTtHou. Ilo cymectBy, Takas
00padomka Xx01000m TPOJOIDKAECT 3aKAJOYHOE OXJaXAEHUE, IMPEPBAHHOE NIPHU
KOMHATHOM TeMIIepaType, KOTopas HE SBISAETCS KPUTUUECKOM I METalIa.
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OO0paboTKy X0JI0/I0OM MOYKHO TTPOBOJUTH BCET/Ia, KOT/Ia TOYKA My JIC)KHUT HUXKE
HyJs1. DpdexT 00paboTKH XO0JI0A0M 3aBUCUT OT KOJUUYECTBA OCTATOYHOTO ayCTCHHUTA
npu KoMHaTHOW Temrmepatype. C yBeIMYCHHEM COACPKAHUS Yriepoja B CTallH
MapTCHCUTHBIM HWHTEPBaJ CHIDKAETCAd B 00JacTh 0Oojiee HHM3KHX TEMICpaTtyp H
YBEJIMUMBACTCS KOJMYECTBO OCTATOYHOTO ayCTCHHUTA, KOTOPBIM TpeBpamiacTcs B
MapTCHCUT TIPH OXJAKICHUW 3aKaJCHHOW CTald 10 TEMIEpaTyphl HIDKHEH
MapTECHCUTHOU TOYKU M. OXJTaKIeHUE CTaIM HIDKE TOYKU My HE IMEET CMBICIIA, TaK
KaK OHO HE TIPUBOJUT K JOTIOJHUTEIIHHOMY MapTEHCUTHOMY ITPEBPAIIICHHUIO.

OcHOBHOEe Ha3HaueHHWE OOPabOTKM XOJIOJAOM — CTaOWIM3alus pPa3MEPOB
m3nennii. CTpyKTypa 3aKajJeHHOW cTamu ¢ OOJNBIINM KOJUYECTBOM OCTaTOYHOTO
ayCTeHUTa HecTaOWiIbHA. YK€ NMpU KOMHATHOW Temrmeparype, a TeM Oosiee mpu
HEOOJIBIIIOM KJIIMMAaTHYECKOM TOHM)KCHUH TEMIIEpAaTypbl OCTATOYHBIH ayCTCHUT
MOCTENIEHHO TMPEBpAIlaeTcss B MApTEHCHT. OTO TMpPEeBpalIeHUE COMPOBOXKIACTCS
YBEJIMUCHUEM 00beMa, ¥ pa3MepPbl U3CITHS MCHSIIOTCS.

VY Takux W3Nenui, Kak MIapUKO- U POJTMKONOIIIUITHUKY, KaJIUOPBl U JIPYrou
W3MEPUTEIBHBI HHCTPYMEHT, pa3Mepbl JODKHBI BBIACPKUBATHCS C TOYHOCTHIO JIO
MUKpPOMETpa. DTU W3ACIUsS s CTaOWIM3aIlMi pa3MepoB 00padaThIBAIOT XOJIOIIOM.
Bo MHOrHX ciy4asx maxke He TpeOyeTcs TIYOOKOro OXJIaKICHUS HIDKE HYIS, a
JAOCTAaTOYHO OXJIAINTh 3aKaJICHHYIO JIETallb B BOJIE ¢ TeMIepatypoii ot +5 mo + 10°C.

Hpyroe Ha3HaueHue OOpaOOTKM XOJOJOM — TOBBIIIEHUE TBEPAOCTH M
M3HOCOCTOMKOCTH  PEXKYLIEr0o HMHCTPYMEHTA, IITAMIIOB M  HM3MEPUTEIBHOIO
WHCTPYMEHTA.

O6paboTKa XOJIOAOM MOBBIIIAET TBEPAOCTh U U3HOCOCTOMKOCTh U yCTpPAHSET
nUTM(OBOYHBIE TPEIIUHBI B JCTANSAX W3 JICTMPOBAHHBIX KOHCTPYKIIMOHHBIX CTaJICH,
MOJIBEPTHYTHIX [IEMEHTAIIMN. B BBICOKOYTIIEPOANCTOM IIEMEHTOBAaHHOM CJIOE TTOCIIE
3aKalIKH COJCP)KUTCS 3HAYUTEIIPHOE KOJMYECTBO ayCTEHHTAa, KOTOPBIA YMEHBIIIAET
TBEPIOCTh CTalld W BCIEACTBHE pacmaja KOTOpPOro BO BpeMms mnumidoBaHus
MOSIBIITFOTCS TPETIHHBI.

O0paboTKOI XOJIOAOM MOXKHO TOBBICUTH MAarHHTHBIE CBOWCTBA MOCTOSIHHBIX
MarHiTOB B pe3yNbTaTe JOMOJHUTEIHHOTO Tepexoaa MapaMarHUTHOTO ayCTCHHTA B
(beppoOMarHuTHBI MapTEHCHT.

[Ipu 00pa®oTke XOJOAOM CJEAYeT YYWUTHIBaTh SBJICHUE CTaOWIU3AIUU
aycTeHuTa. Pa3ppiB BO BpeMEHU MEX]y onepalueil 3akajakd 1 00paboTKON X0JI010M
MPUBOAUT B HEKOTOPHIX CTAISIX K CUIIBHOW CTAOMIN3allMK ayCTeHUTA TP KOMHATHOU
TeMIiepaType, a crabuwimzanus ymeHslnaeT 3¢dext oopadotku xononom. Ilosromy
NpeeIbHO JOMYCTUMBIA Ppa3pblB pETJaMEHTHPYIOT. Tak, ISl W3MEpPUTEIbHBIX
IUTUTOK W3 cTajdu X pa3pbiB HE AOJDKEH mpeBbimaTh 30 MuH. OObIHO A1t 00paboTKH
X0JI00M TpeOyroTcs Temmepatypsl He Hike -80°C.

[Tpu HETMONMHOM 3aKalKe CPEeTHEYTIEPOIUCTHIX CTael H3-3a MPUCYTCTBUS B HX
CTPYKTYpE MATKOTO (heppuTa MPOYHOCTh U TBEPAOCTh MOIYIAOTCS HIDKE, YEM TOCIIe
MTOJTHOM 3aKaJIKW U3 ayCTEHUTHOM 00JIacTH.

OpHako 3axkanka ¢ memnepamyp MedcKpumuueckozo unmepeana Acr—Acs
MMEET MECTO B CBSI3M C pa3pabOTKOM U Bce Ooiee MUPOKUM TPUMEHEHUEM, OCOOEHHO
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B aBTOMOOMJIECTPOCHHMH, TaK Ha3bIBa€MbIX JBYX(]a3HbIX (PeppUTO-MAPTEHCUTHBIX
ctaneit (cokpamerto JJOMC).

OTHU HU3KOYIJIEPOJUCTHIE M HU3KOJETMPOBAHHBIE CTANM (TUIMYHBIE MAapKH
06XI'CIO, 06I2CHO) 3akanuBaioT C TeMmIeparyp o+y-00JacTd IJsi MOJy4YeHUs
MEJIKO3epHUCTON (eppUTHOW MaTpHIIbl C PABHOMEPHO paCIpE/lIC/ICHHBIMU B HEW
OCTPOBKAMHM MapTEeHCHUTa, OO0bEeMHas J0Js KOTOporo coctamiser 15-25%. 3a
pyOexoM Takue MaTepHalibl Ha3bIBAIOT CTAJISIMU C «IyaJIbHOU CTPYKTYPOIl».

JAOMC ormiM4YaroTcsi BBICOKOW TEXHOJIOTHMYECKOW IIJIACTUYHOCTBIO IPH
XOJOJIHOM IIITAaMIIOBKE JIMCTOBBIX JETaliel W XOJIOZHOM BBICAJKE KPEMEHKHBIX
netanei. Xopomas mramnyeMocts JD®MC obycnoBineHa Tem, 4to Onaropaps
cnenu@uKe cocTaBa M CTPYKTYPhl Y HUX HU3KUU MpeAes TeKy4yeCTH, OTCYTCTBYET
IUIOMIAJKa TEKY4YeCTH Ha KpPUBOW paCTSKEHUS, HHU3KOE OTHOUIEHUE C) /G, H
COOTBETCTBEHHO OOJBIIOE paBHOMEPHOE yajduHeHue. bonbimoi kod3pduureHt
ne(dOpMAaIIIOHHOTO YINPOYHEHUsSI 00ECHeurBAEeT JOCTATOYHO BBICOKYIO MPOYHOCTD
MOCJI€ U3TOTOBJICHUS JICTAJIM XOJIOJHOM IITaMIIOBKON MJIM BBICAJKOM.

KoHkpeTHbIl pexuM TepMOOoOpabOTKH (TeMmepaTtypy B MEKKPUTHUECKOM
MHTEPBAJIE U CKOPOCTh 3aMEJICHHOT'O OXJIAXJICHHs) BEIOMPAIOT ISl KXKJI0M CTaju C
y4eToM TpeOyeMOro KOMILIEKCA TEXHOJOTMYECKUX M DKCIUTyaTallMOHHBIX CBOMCTB.
Hanpumep, npu konnuectBe maprercuta 10-18% o, > 450 MIla, a npu konnyecTse
mapreHcura 20-28% o, > 550 MIla, HO paBHOMEpPHOE YJJIMHEHHE CHHMKAETCS C
pocToM 00bEMHOM JA0JU MapTEHCUTA.

5. CTAPEHHUE N OTIIYCK

3aKkajeHHbI CIUIaB HAXOJUTCS B METAcTaOUJIBLHOM COCTOSHMM W 00Jiajaer
MOBBIIIEHHOM 3Hepruei ['nb6ca. [Ipu 3akanke 6e3 moauMopPHOro NpeBpalleHus U B
MOJIABJIAIONIEM OONBIIMHCTBE CIIYy4YaeB MPH 3aKaJKe C MOJUMOPPHBIM IpeBpalIEHUEM
oOpa3yeTcsi MepechIIeHHbI TBEPAbIA PACTBOP W 3aKAJCHHBINH CIUIaB CTPEMUTCS
IOHU3UTH CBOIO SHEPruto I'nbo6ca, B pe3ynpTaTe 4ero TBEP/Abl pacTBOP pacnaaacTcs.

Ve mpu KOMHATHOH TeMmIiepaType MOT'YyT OOpa3oBBIBATHCS BBIACICHUS U3
MEPECHIIEHHOTO PacTBOpa, OJIHAKO B OOJBIIMHCTBE CIUIaBOB AU(dy3noHHAs
MOJIBM>)KHOCTh aTOMOB IMPU KOMHATHOW TeMIlepaType HeJOCTaTOYHA, 4TOOBI pacmaj
pacTBOpa Ipouen B HEOOXOAMMOM CTENEHU 3a npuemiiemoe BpeMms. Iloaromy mis
M3MEHEHHS CTPYKTYpPbl U CBOMCTB 3aKaJ€HHOTO CIJIaBa €r0 HArpeBaloT — MOIBEPraroT
CTapeHUIO WK OTIYCKY.

HcTopuyecku CIOXMUIOCH TaK, YTO IS OJHUX CIUIABOB, HamlpuMep,
AIFOMUHUEBBIX, UCIOJIb30BAIM TPEUMYILIECTBEHHO TEPMUH «CTApEHUE», IS IPYTUX,
HaIMpUMep, YIIEPOJUCTBIX CTaled, — «OTIYCK», a IJisl TPEThbUX, Hampumep, OpoH3 U
TUTAHOBBIX CILJIaBOB, 00a 3T TEPMHUHA MCIOJIb30BAIM HA paBHbIX mpaBax. [IpuHsATO
TEPMUH «OTIYCK» MPUMEHITh K TEM CIUIaBaM, KOTOPbI€ ObUIH MOJBEPTHYTHI 3aKaJIKe
C MOJIMMOP(HBIM INPEBPAILIEHUEM, a TEPMUH «CTApeHHE» — B CIIydae 3aKajlku Oe3
MOJIUMOP(PHOTO MPEBPALLECHUS.
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['maBHBIM TIpOlLIECCOM MPHU CTAPEHHUHU W OTHYCKE OONBIIMHCTBA 3aKaJCHHBIX
MIPOMBIIJIEHHBIX CIUIABOB SIBJISIETCS pacliaJi METacTaOMJIbHOIO TBEPAOrO pacTBOpA.
[Ipu sTOoM cruiaB mepexonuT B 0OoJjiee CTAaOMIBHOE COCTOSIHHME, XOTS OOBIYHO U
JaneKkoe OT HWCTUHHOTO paBHOBECHs, [JIsi KOTOPOTO XapakTepeH aOCONIOTHBIN
MuHUMYM 5Hepruu ['m66ca. Ilpoumecchl pacnaga MEpecHIIEHHOTO pacTBOpa B
3aKaJEHHOM CIUIaB€ IIPOTEKAIOT CAMOIPOU3BOJBHO C BBIJCICHUEM TEIUIOTHI
MIPEBPALLCHUS.

@akr  HarpeBa  CIUlaBa  HE  IPOTUBOPEYMT  MPEACTABICHUIO O
CaMOITPOU3BOJIBHOCTH MPOLECCOB, MPOUCXOIAIINX B CIUIABE IMPH CTAPEHUH H
OTIIyCKE, TaK KaK HarpeB HEOOXOIUM JUIIb AJig YCKopeHus nuddys3uu, nexaiei B
OCHOBE BCEX CTPYKTYPHBIX U3MEHECHHI NPU pacnaie NEPECHIILICHHBIX PACTBOPOB.

OcCHOBHBIE MapaMeTpbl CTApPEHUS MU OTIYCKa — TeMIeparypa H BpeMs
BbIIepKKHU. CKOPOCTH HarpeBa M OXJIAXACHUS OOBIYHO UTPAIOT MOJYMHEHHYIO POJIb.
Ucknrouenne cocTtaBisieT crnenupuyeckoe SBIEHHE OTHYCKHOM  XPYNKOCTH
JIETUPOBAHHBIX CTAJIEW MPHU 3aMEIJIEHHOM OXJIAXKJEHUH C TEMIIEPATypbl OTIYCKA.

5.1. Crapenne

Crapenue — »3TO TepMmHuueckass o0pabOTka, NHpU KOTOpPOH B CIUIABE,
MOJIBEPrHYTOM 3aKajke 0e3 MOoIMMOp(HOro MpeBpallleHMs], IIaBHBIM IPOLIECCOM
ABJISIETCSL PacIiajl MePECHIEHHOTO TBEPOTO PacTBOpA.

CrapeHue nropalroMUHa CBA3aHO C IEPEMEHHON PACTBOPUMOCTBIO COEIUHEHHUS
CuAl, B amomunuu. [Ipu Harpese cmaBa coeguHenue CuAl, nepexoauT B TBEPAbIN
pacTBOp M HE yCHEeBaeT OOPATHO BBIJAEIUTHCS BO BpPEeMsl OBICTPOrO OXJIAXKICHHS
(3aKkanku), a MOCIEeAYIOllee BBUICKMBAHME CIUIaBa IMPU KOMHATHOM TemIiiepaType
MPUBOAUT K TOCTENEHHOMY BBIJIECJICHUI0 M3 MEPECHIINIEHHOIO pacTBOpa OYEHb
JUCHEPCHBIX U MOTOMY HEBHJIUMBIX 1MOJ MUKpockonoMm uactull CuAly, KkoTopsie u
BBI3BIBAIOT YIIPOUHEHHUE.

Tunw évi0enenuii. B 3aBUCHMOCTH OT CTPOEHUS NMOBEPXHOCTHU pasjieia MEXIY
BbIJICJICHUEM U MaTpUlLEed pa3inuyaloT TpPU TUINA BbIICICHUN: MOJHOCTHIO
KOT'€pEHTHBIE, YaCTUYHO KOT€PEHTHBIE U HEKOrepeHTHbIE (puc. 5.1).
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Puc. 5.1. Cxema cTpoeHUs MaTPHUIIBI C MOJTHOCTHIO KOTEPEHTHBIM (), YAaCTUIHO
KOTE€pPEHTHBIM (0) U HEKOT€PECHTHBIM (B) BBIACICHUSIMHU
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VY DOJHOCTBIO KOTEPEHTHOTO BBIAECIECHUS BCS TOBEPXHOCTh pasleiia ¢
MaTpULEd KOre€peHTHAs M PEIIETKAa MaTPULbl BOKPYT BBIACIEHUS YIIPYrO HUCKaKeHa
(puc. 5.1,a).

VY 4acTHMYHO KOT€PEHTHOI'O BBIJEICHHS XOTsA Obl OJIHAa U3 TPAHUIl C MAaTpULEH
KOTepEeHTHasA, a OCTalIbHble MOTYT OBITh MOJYKOTepeHTHhIMU (puc. 5.1,0) unm gaxe
HEKOT€PEHTHBIMHU.

HekorepeHTHOE BbIIEIEHUE HE MMEET HU OJHOM KOTE€PEHTHOM TpaHULBbl C
Martpurei (puc. 5.1,B).

B craperomux cmmaBax Al-Cu mnpuMepoM MONHOCTBIO KOT€PEHTHBIX
BbifielieHU  sBisitorcst  30HBI  [wHbe-IIpectrona (I'TI) u  ®"-dasza, dyacTU4IHO
KOrepeHTHbIX — O'-¢pa3a u HekorepeHTHBIX — CuAl,.

Cmaouu pacnaoa pacmeopa npu OUCHEPCUOHHOM meepoeHuu. Y
JTUCTIEPCUOHHO-TBEPACIONMINX ATFOMUHUEBBIX CIUIABOB W OCPUIUIMEBBIX OpOH3 MpH
KOMHATHOM TeMIIepaType cpa3y Mocie 3aKaJIKU PACTET 3JIEKTPOCOIPOTUBIICHHE.

OT0 O00BIACHAIOT O00pa30BaHMEM B TMEPECHIIIEHHOM TBEPJOM pacTBOpPE
CKOIUIEHHA AaTOMOB JIETHUPYIOIIMX 3JIEMEHTOB — KIACTEPOB, PACCEUBAIOIINX
AJIEKTPOHHBIE BOJIHBI. YacTh KIIAaCTEPOB ycleBaeT 00pa3oBaThbCs YXKe€ B IEPUOJ
3aKaJJOYHOr0 OXJIaXJeHusA. BHauane pa3mep KIacTepoB OYEHb Mall, U CTPYKTYPHBIC
METOJIbl MX HE BBIBIAIOT. Uepe3 HEKOTOPOE€ BpeMs KIACTepbl MOTYT BBIPacTH
HACTOJIBKO, YTO OHHU BBI3BIBAIOT TU(PpPAKIMOHHBIE A(DPEKThl Ha PEHTIEHOTPaMMax
MOHOKPHUCTAJIJIOB U JICKTPOHOTpaMMax MPHU NMPOCBEUNBAHUU (DOJIBT.

Kinactepol, oOHapyxuBaemble CTPYKTYPHBIMH METOAaMH, HA3bIBAIOT 30HAMH
I'mape-Ilpectona (I'TI). ¥V HuUX Ta ke KpHUCTaIMYECKas pelieTka, 4T0 U Yy
MATPUYHOTO pacTBOPA, HO M3-3a PA3JIMYMS B aTOMHBIX IMAMETpax METaJlJla OCHOBBI U
JETUPYIOIIETO 3JIEMEHTa CKOIUICHHE JIETUPYIOMIETO 3JIEMEHTA BbI3BIBAET MECTHOE
BMEHEHHUE MEXIUIOCKOCTHBIX PACCTOSIHUM.

Ha puc. 5.2 uzobpaxxena mojnens crpoeHus 30861 [Tl B amtoMuHHEBO-METHOM
cruiaBe. ATOMBI MM 3aHUMAIOT OJHY M3 IUIOCKOCTEH, a M0 00€ CTOPOHBI OT Hee
MapajiyieIbHbIE TIJIOCKOCTH COCTOSIT TOJIBKO M3 aTOMOB aJIIOMUHUA. Tak Kak aTOMHBIN
IWAMETP y MEAU MEHBIIE, YEM Y aJIOMUHMS, TO TUIOCKOCTH, 3aI0JHEHHBIE aTOMaMU
AJTIOMUHUSI, CMEIIIEHBI B CTOPOHY IJIOCKOCTH, COCTOSIIEN U3 aTOMOB ME/IH.

CwmeleHre aTOMHBIX CJIOEB M3 HOPMAJbHBIX MOJOKEHUM MPU YIAAJECHUH OT
ueHTpa 30Hbl ['TI yMeHbI1aeTcs, 1 COriacHO 3TOM MOJIENIM YEThIPHA/IIIATHIE ATOMHBIE
CJIOU IO 00€ CTOPOHBI OT LIEHTPATBHON MJIOCKOCTH OCTAIOTCSI HECMEIICHHBIMH.

N3-3a OonblIol pa3HUIBI B aTOMHBIX JUAMETpax MeEIW U aIIOMHUHUSA,
00yCIJIOBIMBAIOIIEH 3HAYUTENBHYIO YIPYTYI0 Aedopmaliuio pemeTku, Gpopma 3on ['TI
B aJIIOMUHUEBO-MEIHBIX CIIJIaBaX TOHKOIUIACTHHYATAS, JUCKOOOpa3Hasl.

O6pazoBanne kimacTepoB — JaUPGY3MOHHBIM MPOIECC, CBS3AHHBIA C
MIEPEMEILIEHUEM aTOMOB JIETUPYIOLIETO 3JIEMEHTa B PEUIETKE TBEPAOrO pPacTBOpA.
Baxneiimeit 0COOCHHOCTBIO KHHETHMKH OOpa3oBaHHUsl  KJIACTEPOB  SIBISECTCS
HEOOBbIUaiHO BbICOKass JuBPy3uoHHAS TOABHUKHOCTH AaTOMOB PACTBOPEHHBIX
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aneMeHTOB. KiacTepbl 00pa3yroTcsi Jaxe Mpu OTpULATeNIbHBIX TeMreparypax (B
cruaBax Al-Zn npu munyc 100°C).
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Puc. 5.2. Monenb CTpoeHus: TBEPAOTO PACTBOPA MEIU B ATFOMUHUU
c 3oH0# I'TI (mo I'eposnbay)

AHOMaJIBHO BBICOKasi CKOPOCTh MU(MPy3un Mmpu 0Opa3oBaHUU KIACTEPOB BO
BpEMs CTapeHHsI 00YCIIOBJICHA MEPECHIIICHUEM TBEPIOTO PACTBOpPa BaKaHCHAMU TIPH
3aKaike. PaBHOBeCHass KOHIICHTPAIIMS BaKaHCHH MPU TEMITEpaType 3aKajakd Ha MHOTO
MOPSIIKOB  OOJIBIIIE, YeM TP TEMIlepaTrype cTapeHus. Bo BpeMs 3akajiku
3HAUWTEIbHAS YaCTh BAaKAHCHW HE yCIIEBACT aHHUTHJIMPOBATH B CTOKAX, U TBEPIBIH
pPacTBOp OKa3bIBACTCS NEPECHITICHHBIM HE TOJBKO JICTHPYIONIUM JJIEMEHTOM, HO H
BakaHCUAMU. Tak kak MexaHU3M Iu(dPy3un B pacTBOpax 3aMEIICHUS BaKaHCHOHHBIM,
TO 3aKaJOYHBIE BAKAaHCUU PE3KO YCKOPAIOT MHTPAIMI0 aTOMOB JIETHPYIOIIETO
DJIEMEHTa, YeM W O00YCJIOBIIEHA OYEHBb BBICOKAsl CKOPOCTh OOpa30BaHHUs KIIACTEPOB
IIPY CPABHUTEILHO HU3KUX TEMITEpaTypax.

OO0bryHO 30HBI I'TI COMOCTABIAIOT ¢ METACTAOWJIBHBIMU TPOMEXYTOYHBIMH
dazamu. IIpu »TOM yacTo momuepkuBarot, uro 30Ha I'Tl — 310 He HOBas ¢asa, a
y4aCTOK HCXOJTHOTO TBEPAOTO PacTBOPa, 0OOTAIIEHHBIH PACTBOPSCHHBIM DJIEMEHTOM.

B omimune oT NpOMEXYTOYHBIX (a3, XapaKTePU3YIOIMIMXCSI COOCTBECHHOM
pemretkoii, 30Ha I'TI umeeT Ty ke pemieTKy, YTO ¥ MaTPUYHBIA PacTBOP, TOJIBKO OHA
neopMHpOBaHA U3-3a pa3IMYUsl B ATOMHBIX JHAMETPaX pPacTBOPUMOIO U
pacTBopuTeIss. MeXay 30HOH W OKPYKAIOIIMM pPAacTBOPOM HET YETKOW TpaHUIIbI
paszzena.

B nekoropeix crutaBax 30HbI [Tl (kmactepbl) 00pa3yroTcs O€3MHKYOAIMOHHO,
Cpasy JKe IMOocCJIie 3aKaJK/ WU JIaXe B TIEPUOJT 3aKaJIOUHOTO OXJIXKIACHHS, B TO BPEMS
KaK TMPOMEXKYTOYHBIC M CTaOWiIbHBIC (Ha3bl TOSBISAIOTCS 4Yepe3 HEKOTOPBIH
WHKYOAITMOHHBINA TIepro. Bce 3Th hakThl CBUACTENBCTBYIOT 00 oTiimunu 30H ['11 ot
MPOMEKYTOUHBIX H CTaOWIBHBIX (a3. Iloatomy 30HbI I'TI wacTOo Ha3bIBaIOT
MPEABBIACICHUAMHU, YTOOBI  OTJIWYUTh HMX OT  «UCTHUHHBIX»  BBIICICHUN
MIPOMEKYTOUHBIX U CTAOWIIBHBIX ()a3 ¢ KAUeCTBEHHO WHOM CTPYKTYpPOH.
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HN3meHeHNne CBOMCTB CIUIABOB IIPH CTAPEHMU.

Ilpupooa ynpounenua npu cmapeHuu.YIPOYHEHUE TIPU CTAPEHUH —
pE3yJIbTaT TOPMOXKEHMS JAUCIOKAIMI TEMHU BBIAEICHUSIMHU, KOTOpPbIE 00pa30BaINChH
IIpY pacnaje MEPECHILEHHOI0 TBEPAOro pacTtsopa. MOKHO BBIIEINUTH TPU TJIABHBIC
MIPUYUHBI YIIPOYHEHHUS:

1) TopMOKEeHHME TUCIOKAIMN TOJIEM YIPYruX HaMpsKeHUH B MaTpUIIE BOKPYT
BBIJICIICHUIM;

2) ynpo4YHeHUe IpH Nepepe3aHni BbIACICHUH TUCIOKAIUSIMU;

3) ynpouHeHue npyu OrMOaHUU YaCTHI] TUCIOKALUSIMH.

[lone ynpyrux HanpspDKeHUE HEW30€KHO BO3HHUKAeT B MAaTpulle MIpH
00pa30BaHUU KOTEPEHTHBIX U MOTYKOT€PEHTHBIX BbIICJICHUN, TaK KaK KOT€PEHTHOCTh
pemieTok oOecrieunBaeTcsl ynpyroi aedopmanmel HUX OKOJIO TpaHUIbl pasaesa
(puc. 5.1,a, 0).

Benuuuna ynpyrux HampsokeHUE Tem OoJibliie, 4eM OoJibllie pa3MepHOe
HECOOTBETCTBUE CTPYKTYpPbl MaTPULbI U BBIACJIECHUS, BBILIE MOAYJb YIPYTrOCTH
MaTpHIIbl U OOJIBIIE TUIOMIAAb KOTEPEHTHOM IPaHUIIbL.

JUisi mpoABM>KEHUS AUCIOKALMKM 4Yepe3 ynpyroaepopMHUpPOBAHHYIO MaTpHUILY
TpeOyeTcsi HalpsKeHUE, MPEBBIIIAIONIEE CpEeJAHEEe HANPSIKEHUE TOJI YIOPYTrux
nedopmanii  Bokpyr BblaeneHui. (CoOOTBETCTBYIOIIEE YNPOUYHEHHE SBISETCA
pe3yJIbTaTOM JAJIBHOECUCTBYIOLIETO BIUSHUS BBIACICHUN HA JUCIOKALUH.

YopoyHeHue Npu  Mepepe3aHud  YacTULl —  pe3yiabTaT  OJIMIKHETro
B3aUMOJICHCTBUS JIMCIIOKALIMM W BBIACICHUM, KOIJa IUCIOKALMU IIPOXOIAT 4Yepe3
BbIJICJICHUS U OHU J1e(OPMUPYIOTCS BMECTE C MATPUIIEH.

PemieTka BeiieneHrs HE UACHTUYHA PEIIETKE MAaTPULIBL, TaXKE€ €CIIU pedb UAET
O IIOJIHOCTHIO KOI€pEeHTHOM BbiAeaeHuu. [loaToMy auciokanus, BXoas1as co CBOUM
BEKTOpOM broprepca B BblAEIEHME, HAPYLIACT YKJIAAKy aTOMOB BJOJIb IIOCKOCTH
CKoJNbkeHHsl. YeM Ooubllie OTJIMYAETCS CTPOCHHE BBIJCIEHUS B IUIOCKOCTU
Iepepe3anysi OT CTPOCHUsI MATPULBI B OTOU e IUNIOCKOCTH, TEM CUJIBHEE HAPYILIEHUE
YKJIaJKd aTOMOB BHYTPHU BBIJICIICHHS W TEM BbIIE TpeOyeTcs HaNpshKEeHue s
Iepepe3anysi BbIICICHUN JUCIOKALASIMU.

B cnydae korepentHoro BwiaeneHus (3oHbl ['T]) moBepxHOCTHAst sHEeprusi Ha
TIOCKOCTH €ro «cpesa» COCTaBisieT BeiuumHy mnopsiaka 107 mJDx/mM°, a mpu
Tepepe3saHdd HEKOTepPeHTHOro BbiAelneHus — mopsaka 107 mJx/mM° (kak Ha
BBICOKOYTJIOBOM rpaHulle). Moaynb caBura BblAeNeHHs OOBIYHO OoJbllie, YeM Y
MaTpuipl. Yem KecTue BblIICIICHUE, TEM TPYAHEE AUCIOKALUU €r0 IIepepe3arh.

Eme ogna nmpuymHa TOPMOXKEHHUS AMCIOKAIMK — oOpa3oBaHHME BBICTYNOB Ha
IIEPEPE3aHHOM BBIJICJICHUM U COOTBETCTBEHHO YBEJIMYEHUE €r0 IIOBEPXHOCTH, C
KOTOpOM CBsA3aH U30BITOK SHEPTHH.

YnpouyHeHue npu oruOaHUM YacTHI] JUCIOKAIMSMU BO3HMKAET TOTrAa, Koraa
JTUCIIOKAIIMM HE TIepepe3aroT BblaeNeHus. B 3ToMm ciayyae HEoOXOIMMO MOBBICUTH
HarpsHKeHUe, YTOObI BBITHYTh AUCIIOKAIIMIO MEXAY BbIICICHUSIMH.
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Br100p pexxuma crapeHust

Buibop memnepamypor u npooonscumenvnocmu cmapenusn. CrapeHue
MOJIPa3AeNIAI0OT Ha €CTECTBEHHOE, MPOUCXOJAIIee NMPU KOMHATHOW TeMIepatype, u
UCKYCCTBEHHOE, TpeOyrollee HarpeBa J0 ONpeaeIeHHON TeMIIepaTypHl.

B OoibIIMHCTBE CTapeloOmMX CIUIABOB BBUICKMBAHWE TMPH KOMHATHOMN
TeMIIepaType Mocie 3aKajlKh He JTaeT TaKOro M3MEHEHHUS! CBOMCTB, KOTOPOE MOKHO
ObUTO OBl TPAKTHYECKH HWCIIONH30BaTh. MEXaHMUECKHE CBOWCTBA 3aKaJICHHBIX
MEIHBIX, HUKEJICBBIX M MHOTHX JAPYTUX CIUIAaBOB BOOOIE HE H3MEHSIOTCS TpHU
KOMHATHOW TeMIIepaTrype, Tak KaKk OHa CIUIIKOM HHU3Ka JJIsl IOCTATOYHOTO Pa3BUTHUS
B HUX TU((GHY3NOHHBIX TPOIECCOB. B atOMUHUEBBIX CIIaBax (IIOpaTFOMUHAX H JIP.)
obpazoBanne 30H [Tl Tpm ecTecTBEHHOM CTapeHUU NPHUBOAUT K CHIBHOMY
YIIPOYHEHUIO, YTO IMUPOKO UCTIONB3YIOT B IPOMBIIUICHHOCTH.

[TapannenbHO ¢ TMOHATUSIMHU ecmecmeeHHoe W UCKYCCMBEeHHOe CcmapeHue
UCTIONB3YIOT TIOHATHS 30HHOe U (hazoeoe cmapeHue.

30HHOE CTapeHHe AaTIOMUHUEBBIX CIIABOB MOXET OBITh €CTECTBEHHBIM U
MCKYCCTBCHHBIM U 3aKaHUMBAETCs Ha cTaanu oopazoBanus 30H ['T1.

da3oBoe cTapeHWEe aJIOMHHUEBBIX CIUIABOB, KaK TIpaBHiO, OBIBaeT
HUCKYCCTBEHHBIM. VICKITIOUEHHE COCTaBIISIIOT MHOTOJCTHHE  BBIICPKKH  TPH
KOMHATHOHW TeMIepaType CIIaBoB Ha 0asze cucteMbl Al-Zn—-Mg.

[lpakTrdeckn Ba)KHO, YTO CIUIaB IIOCJIE€ 30HHOTO M (Da30BOTO CTapeHUs
XapaKTepHU3yeTcs pa3HbIM KOMIUIEKCOM CBOMCTB.

JUIs 30HHOTO CTapeHHs QJIIOMHHHEBBIX CIUTABOB XapaKTEPHBI OOJbIIOE
oTHOcuTeNbHOE yniauHeHue (0>10-15%), 3HaunTenbHas pa3HULIa MEXAY BPEMEHHBIM
COIIPOTHUBIICHUEM U MPEJEIIOM TeKy4ecTH (0 ,/c,= 0,7-0,8), BEICOKOE CONpPOTUBIICHNE
yaapy ¥ CTOMKOCTh MPOTUB KOPPO3UH IO HAMpsDKeHHEM. 30HHOE CTapeHHe ObIBaeT
TOJILKO YIIPOYHSIOITIM.

da3oBoe CcTapeHHEe MOXKET OBITh YHNPOUYHSIONIMM U Pa3yNpOYHSIONIUM
(mepecrapuBanue). Jns  ympouHsitomero  ¢Ga3oBOr0  CTapeHUs — XapaKTepHBI
MOHIDKEHHOE OTHOCHTENIBHOE VIJIMHEHHE, Mayias pa3HUIla MEeXAy BpEMEHHBIM
COIIPOTHUBIICHUEM U TpeNesoM TeKydecTH (oy,/c, = 0,8-0,95), moHmwkeHHas yaapHas
BSI3KOCTh U TIOHIKEHHAS! CTOWKOCTH MPOTHB KOPPO3UH IO HATIPSKEHUEM.

Ilepecmapueanue — 3TO cTapeHHe INpH 0Oojee BBICOKOW TeMmIepaType HIu
OonpIIel BBIAEPKKE C MEIbI0 TONYYUTh COYETAHUE IOBBIIICHHBIX TPOYHOCTH,
TUTACTUYHOCTH, KOPPO3UOHHOW CTOMKOCTH, JIEKTPOITPOBOTHOCTH M IPYTUX CBOMCTB.

CKOpoCTh OXJaXJEHUS TOC/Ie CTapeHHs HE BIMSET Ha CBOWMCTBA CIIIaBa.
OOBIUHO ¢ TeMIIepaTypbl CTAPCHUS U3ENINS OXJIAXKIAIOT Ha BO3IYXE.

5.2. Ormyck
OTnyck — 3T0 TepMuueckas 00paboTKa 3aKaJIeHHOTO Ha MAapTEHCUT cIllaBa

(um MeTtamia), Ipu KOTOPOW TJIaBHBIMHM MPOLECCAMU SIBIAIOTCS pacnaa U (WiiM)
BO3BpPAT U PEKPUCTATUIN3ALMNSA MAPTEHCUTA.
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CtpykTypa 3akajeHHOW crajiu mertactabuibHa. [Ipu HarpeBe mocie 3aKajiku
BCJICJICTBHE YBEJIMYMBAIOLICHCS MOJIBUKHOCTH AaTOMOB CO3JAlOTCS YCIOBHUS IS
MPOLIECCOB, U3MEHSIOLIUX CTPYKTYpPY CTalIM B HApaBJICHUH K O0Jee paBHOBECHOMY
COCTOSIHUIO.

XapakTep  3THUX  MPOLECCOB  OMNPENENAeTCS  TPEMSA  BaKHEHIIUMHU
OCOOCHHOCTSIMH  CTPOCHUSI 3aKaJCHHOW CTaldl: CHJIBHOW NEPEeCHIIEHHOCTHIO
TBEPAOTO0 PacTBOpa — MAPTEHCUTA, MOBBIIIEHHON IJIOTHOCTbIO B HEM Je(EeKTOB
KPUCTAJJIMYECKOW PEMIETKH — JUCIOKAalMi, MAaJOYIJIOBBIX W BBICOKOYIJIOBBIX
IPAaHUL, JBOMHHUKOBBIX MTPOCIIOEK U MPHUCYTCTBUEM BO MHOTHX CTAJIIX 3HAYUTEIBHBIX
KOJIMYECTB OCTATOYHOI'O ayCTEHHUTA.

Pacran mapreHcuta ¢ BblIENIEHMEM KapOWIOB — TJIABHBIM IIpouecc MpH
OTIyCKE CTajiel. 3aKOHOMEPHOCTH paclaja MapTEeHCUTa BO MHOTOM CXOJHBI C
3aKOHOMEPHOCTSIMH pacliajia MEPECHIEHHOIO0 pacTBOpa IMpU CTAPEHHUH CIUIABOB,
MOJIBEPraloluXcs 3aKajike 0€3 TOJIMMOPPHOTo NPEeBPAIEHUS.

Pacnaxg MapreHcHuTa B 3aBUCMMOCTH OT TEMIEPATYPHI U MPOJOJKUTEIBHOCTH
OTIyCKa IPOXOAUT 4YEpe3 CTaJAUU NPEABBIACICHUS, BBIACICHUS NPOMEXYTOYHBIX
MEeTacTaOMIbHBIX KapOUI0B, BbIICIICHUS LIEMEHTUTA U KOATyJISLHH.

CTpyKTypHBIE HW3MEHEHHsS IpU OTIIYCKE MOTYT OCJIOXKHATBHCS pacragioM
OCTaTOYHOI'O ayCTEHHUTA.

[loBbIIEHHAsA TUIOTHOCTH JMCIOKALUKA BO BPEMSI MapTEHCUTHOM MEPECTPONKU
pEelIeTKH JeNaeT CyOCTpYKTYpy MapTEeHCHTa TMOXOXeW Ha CyOCTPYKTYpy
HAaKJIEMaHHOTO MeTajlla. B pe3ynbraTe mpH OTIIyCKE CO3JAeTCS CTUMYJ K Pa3BUTHUIO
MOJIMTOHU3Al MU U PEKPUCTAIIU3ALINH.

K nmnpomeccam oTmycka OTHOCSAT COBOKYHMHOCTb JIIOOBIX CTPYKTYPHBIX
M3MEHEHUM IIpM HArpeBe IMOCJE 3aKAJIKM Ha MApTEHCUT, a HE TOJBKO pacmnaj
MEPECHIIEHHOr0 pacTBopa. HarpeB mnocie 3akaikd YHUCTBIX MOJUMOPQHBIX
METAJJIOB, B KOTOPBIX MPOLIJIO MAPTEHCUTHOE MPEBPAICHUE, U CIUIABOB, B KOTOPBIX
MAapTEHCHUT HE SBISIETCA NEPECHIILICHHBIM PAacTBOPOM, TOXKE CJIEAYET OTHOCHUTH K
OTIIYCKY.

Bo Bcex Takux marepuanax Mpd MapTEHCUTHOM IPEBPALIEHUHA BO3HUKAET
MOBBIIIEHHAS [IOTHOCTh AUCIOKALWN, B PE3yJbTAaTe YEr0 OKa3bIBAETCS BO3MOKHBIM
MIPOBOJIUTh OTIIYCK, MPHU KOTOPOM CTPYKTYPHBIE H3MEHEHHsI COCTOAT TOJBKO U3
MOJIMTOHM3ALMOHHBIX W PEKPUCTAJUIM3AIMOHHBIX IMPOLECCOB. OTUM  OTILYCK
MPUHUUNHAIBHO OTIMYAETCA OT CTAPEHHUsA, KOTOPOE MPUMEHMMO JHUIIb K CIUIaBaM,
COJIEpIKalllM MEPECHIILCHHBINA TBEPbII PACTBOP.

CTpyKTypHBIC H3MEHECHUS NPHU OTIyCKe cTajIei

Omnyck yenepoducmulx cmaneii. XapakTep CTPYKTYpHBIX HW3MEHEHUN IIPH
OTIYCKE YTJIEPOJMUCTBIX CTAl€dl 3aBHCUT OT TEMIIEPATYPbl U IMPOIAOJIKUTEIBHOCTH
OTIIYCKa U COACPKAHUS yIiIepoJa B CTAIU.

C m[oBBIIICHUEM  COAEpP)KAaHUA  yIJepoja B  ayCTEHHTE  BO3PACTACT
MIEPECHIIEHHOCTh O-pacTBOPA, CHUXKAETCS Temneparypa M, , IPOUCXOIHUT MEPEXOA
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OT TAaKETHOIO0 MapTeHCUTa K IUIACTUHYATOMY U YBEIWYUBAETCA KOJIMYECTBO
OCTaTOYHOI'0 ayCTeHHUTA. Bee 3To cka3pIBaeTCs Ha Impoleccax OTIyCKa.

Cerperauus yriaepoja B KpUCTaJIax MAapTEHCUTA SBISETCA TEPBBIM
CTPYKTYPHBIM H3MEHEHUEM IpU OTIYCKE YIIEPOAMCTBIX cTajield. Bo3moxHbI 1Ba
pa3HbIX MO TMPHUPOJE Mpolecca Cerperanuu yriepojaa: oOpa3oBaHHE MPUMECHBIX
atMocdep Ha nedexTax peleTkd MapTeHCUTAa U BOSHUKHOBEHHUE KIIACTEPOB.

JledeKTbl KpUCTAUIMYECKON pEeIIeTKH — SHEpPreTHUYecKu OoJiee BBITOJIHbBIE
MecTa Ui aTOMOB YIJIepoja, YeM HOPMaJlbHbI€ MO3HMIIMU 3THX aTOMOB B pEUIETKE
MapTeHCUTa. ATOMBI yriepoja YIPYro TMPUTATUBAIOTCS K JAUCIOKALMIM H
JUCIIOKAIIMOHHBIM CTeHKaM. Takue cerperaluu yriepoja ycrneBaroT 00pa30BbIBaTHCSA
Ha CTPYKTYPHBIX HECOBEPIIEHCTBAX B MApPTEHCUTE YK€ B IEPUOJ 3aKaJIOUYHOIO
OXJIAXKJIeHUd (eclii Touka My BbICOKas) U MpU KOMHATHOM TeMIepaType cpa3y mocie
3aKaJIKH.

JIpyroii mpouecc cerperauny He CBS3aH C NPUTSKEHUEM aTOMOB yriiepoaa K
CTPYKTYpHbIM HecoBepuieHcTBaM. lIpu Temmneparypax ortmycka ao ~100°C B
MapTeHCUTE BBICOKOYTIEPOJUCTBIX CTajed 3JIEKTpOHOrpapuyecKu OOHAPYKEHBI
KJIacTepbl — IUIOCKUE CKOMIIeHHs aTtomMoB yriepona. C oOpa3oBaHHEM TaKHX
CKOIUIEHHHA CBA3aHO 3HAYUTEIBHOE CMEIICHUE aTOMOB JKeie3a, T. €. YIPYyroe
UCKa)KEHUE pelleTku MapTeHcuTa. C MOBBINIEHHUEM TEMIIepaTypbl OTHYyCKa 3TH
KJ1acTepbl yKpymnHaoTcs. OOpa3oBaHKe KJIACTEPOB YIJIEpoJia MOKHO TPAKTOBATh Kak
30HHYIO CTaJMI0 paclajga pacTBOpa, AaHAJIOTUYHYI0  KOHIIEHTPAUMOHHOMY
PACCIOEHUIO NPU CTAPEHUU TBEPABIX PACTBOPOB 3aAMEIIEHUS.

Brigenenne npoMeXyTOUHBIX KapOHMIOB M3 MapTeHCHUTa — CIENYyIoIIas 1mocie
cerperanuu yriiepojaa CTajusi CTPYKTYPHBIX M3MEHEHHH mnpu otmycke. Haumnas
npumepHo ¢ Temmepatypbl  100°C  sKcnepUMEHTalbHO  OOHAPYKUBAETCS
MertacTtabmibHbl e-kapoup (Fe,C), oTnuuaromuiicss OT HEMEHTUTa TUIIOM PELIETKH
(rexcaroHayipHas y e-kapouaa, poMOudeckasi y IeMEHTUTA).

[IpoMesxkyTouHbIil KapOu oOpaszyercs MpsSMO M3 KIACTEPOB yIiepoja MyTeMm
HEOOJBIION MEPEeCTPOMKH HX PEIEeTKH C OJHOBPEMEHHBIM YBEJIUYEHUEM
COOTHOILIEHUS KOHILIEHTpanui yriepoaa U sxene3a. OH MOXET TakKe BBIIEIATHCA
HEIMOCPEACTBEHHO M3 0O-pACTBOPA HE3aBUCUMO OT KIIACTEPOB yriepona. B cramsx,
coaepxkamux menee 0,2% C, e-kapbua He oOpazyeTcs.

[lo oTHOWLIEHUIO K MaTpULlEe €-KapOUJ OPUEHTUPOBAH TaK, YTO 0OECIIEUHBACTCS
KOTepEeHTHOCTh Ha TpaHuue pazgena (a3. Ilpu HU3KHX Temmepartypax &-KapOoun
BBIIeNIsieTCs B Buae ouyeHb aucnepcHbix (10-100 Hm) mmactud win crepxkuei. C
MOBBIIIEHUEM TEMIIEpaTypbl WM YBEJIMYEHHUEM MPOJOKUTEIBHOCTH OTITyCKa
YaCcTHIIbI E-KapOua yKPYIHSIOTCS.

[IpennoutuTenbHOEe 00pa3oBaHUE MPOMEKYTOUHOTO Kapbuma BMmecTo Oolee
ctabuibHoro eMenTuTa Fe;C MoKHO OOBSACHUTH T€M, YTO HA TPaHUIe MAPTEHCHUTA C
€-KapOUJOM CONpsDKEHHE pEeUIeTOK JIyYllle U, CJEI0BaTelIbHO, IOBEPXHOCTHAS
HHEPrUs HUXKE, YEM Ha TPaHUIle MATPHULIBI C IIEMEHTUTOM.

CornacHO HEKOTOPBIM  AJIEKTPOHHO-MUKPOCKOIMMYECKUM  HCCIIEIOBAHUIM
nepBoil (azoil, BbIAENAIONICIHCS M3 MapTEHCHUTA, SBISETCS HE TeKcaroHalbHBIA &-
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kapoun, a n-kapoun (Fe,C) ¢ pomOudeckoit pemieTkon, KoTopas Takke XOpOIIOo
COMPSATAETCS C PEUIETKON MapTeHCcUTa. ITOT KapOuJ oOHapyKEH MpH TeMIeparypax
ormycka 100-200°C. B BBICOKOYTIEPOIUCTHIX CTAIAX Mocie oTiycka mpu 250-300°C
npeobyiaialoT  BbIAENEHUs pomoOudeckoro y-kapouma (FesC,), cmenstommue
BBIJICTICHUS M-KapOua.

B cransax ¢ BbICOKOM TOUKOW My, T.€. BO MHOTUX KOHCTPYKUHMOHHBIX CTaJsX,
YaCTUYHBIN pacmaj MapTEHCUTA C BBIACICHUEM MMPOMEKYTOYHOTO KapOuaa ycreBaer
OPOUTH BO BpeMsl 3aKaJOYHOTO OXJaXICHHS B MapTEHCUTHOM HHTEpBAJIE.
CnenoBatenibHO, B IEPHOJ] 3aKAJIKH TAKUX CTAJIEH MPOUCXOAUT CAMOOTIYCK.

O6pazoBanue nementuta Fe;C co cTpykTypoil, OJUHAKOBOM WM OJIM3KOU K
CTPYKTypE IEMEHTHUTA OTOX KEHHOW CTaJH, MPOUCXOIUT MPH TEMIIepaTypax BHIIIE
250°C, npuuem Hambosee aktuBHO B mHTepBaie 300-400°C. Llementut (Fe;C) —
Oosnee crabuibHas (aza, obnamaronias MeHbleld oObeMHOM sHeprueit ['nb6ca, yem
MIPOMEKYTOUHBINH KapOua. Y CTaHOBIICHBI JBa MEXaHMU3Ma 3apOKICHHS [IEMEHTHUTA.

Bo-mepBbIX, IEMEHTHUT BBIACISIETCS MPSIMO W3 TMEPECHIIICHHOTO 0-PacTBOpa,
npudueM poct uvactull Fe;C compoBoXkaaeTcsi pacTBOPEHHEM BBIJIEJICHUN paHee
oOpa3oBaBIIErocst MeHee CTaOUILHOTO Kapouaa.

Bo-BTOpBIX, IEMEHTUT 00pa3yeTcsi MepecTPOUKON PEIIETKA MPOMEKYTOTHOTO
kapbunaa B pemetky Fe;C (B nmpenenax o6bemMa 4acTHI] MPOMEKYTOYHOTO KapOuaa).

Koarynsuus u cepounanzanus HeMEHTUTA — 3aBEPILAOIIAsl CTaIus POIIECCOB
KapOumooOpa3oBaHus Tpu oOTmycke. llpu cpaBHUTETHPHO HHU3KHX TeMIiepaTypax
[IEMEHTHT PacTeT B BUJC AUCIIEPCHBIX TIACTUH, MOJTYKOTePEHTHBIX MaTpuile. Pazmep
LEMEHTUTHBIX IJIACTUH pa3iuueH. KoHleHTpanus yriepojia B 0-pacTBOPE OKOJIO
OTHOCUTEIBHO MEJKUX YacTHI] BBILIE, YEM OKOJO OOJee KpYyHMHBIX. DTa pPa3HOCTb
KOHIIEHTpaluii o0ecrieunBaetr 1udPy3uio yriepoja B a-pacTBOpe OT 0oJjiee METKHUX
[IEMEHTHTHBIX YacTHUIl K 00JIee KPYITHBIM.

B pesynprare BhIpaBHUBatomieil AU Qy3uum  0-pacTBOp  CTaHOBUTCS
HEHACBHIIIICHHBIM OKOJIO MEJIKUX YacTHIl M MEPECHIIEHHBIM OKOJIO KPYMHBIX. boiee
MEJIKHE LIEMEHTUTHBIE YaCTHIIbl PACTBOPSIOTCS, a 0OoJjiee KpymHbIE MOAPACTAIOT.
[leMeHTHT BBIIENIACTCS U3 O-pacTBOpA HA KPYIMHBIX YACTHIAX BAATU OT UX BEPIIUH U
pebep, u hopma KpymHOI yacTUlbl NpuOIUKaAETCs K chepruueckoi.

Takum o00pa3oMm, MNEpPEeHOCOM BEIIECTBA YEpPEe3 PaCTBOP OCYIIECTBISIOTCS
Koaryjsiuusa U chepouaunzanus 1emMeHTuTa npu ornycke craiau. Huxe 350°C stu
IpoOIeCChl Pa3BUTHI OYeHb ciabo. llo-HacToseMy WHTCHCHBHAsl KOArylslus W
chepounuzanus HaunHaoTes ¢ 350-400°C. Brime 600°C Bce yacTHIBI IEMEHTUTA
cepuueckre 1 HIET TOIBKO X KOATYIISIIHUA.

Pacrag ocTatoyHOro aycreHWTa WrpaeT CYHIECTBEHHYIO pOJib B IMpoleccax
OTITyCKa BBICOKOYTJICPOANCTBIX CTajeil, TIe OH HaxOAUTCI B 3HAUYUTEIHHOM
KonuyecTBe. Pacman aycTeHWTa akTUBHO TPOTEKAET B HMHTEpBAJIC TEMIIEPATYp
npumepHo 200-300°C. OcrtaTouHbId AayCTEHUT TMPHU OTIYCKE TMPEBpaIlaeTCs B
HWDKHUN OCHHMUT.

116



He meHee BaXKHBI M3MEHEHHUS COCTOSHHS MaTpPUYHOU (Ha3bl, BKIIOUYAIOIIHE
YMEHBIIICHUE KOHIIEHTPAIUK YIJIEpoJia B 0-pPACTBOPE U U3MEHEHHUSI CyOCTPYKTYPHI U
MUKPOCTPYKTYPHI 0-(pa3bl.

YMeHblLIeHHE KOHIEHTpAlMK yIiepoja B 0-pacTBOpPE HUIET BO BCEM
TEeMIIEpaTypHOM HHTEpBaje BbIACICHUS U3 Hero kapoumHoiu daszbl. [lo mameneHnuro
TUu(PpaKIIMOHHON KapTUHBI Ha PEHTTCHOrpaMME paclaj MapTeHCHUTa MOJPa3IelIsioT
Ha JIBE€ CTaJMH.

[lepBast cramusi pacraja MapTEHCUTa — TaK Ha3bIBaeMbIH <«IBYX(a3HBIN»
pacnaza (amwke 150°C). IlogBuKHOCTH aTOMOB yrjiepoaa IpHU TeMmIepaTypax HIXKe
150°C eme caumkoM Maja. OTa IIOABM)KHOCTH BIIOJHE JOCTaTOYHA, YTOOBI
oOecreunTh 00Opa3oBaHME KapOWJHBIX IJIACTUH 3a CYET yriepoia U3 OJMKaulliero
MapTeHCUTHOTO OKpykeHus. Ho oHa HegocTtarouHa, 4TOOBl OOECHEUYUTH POCT
BBIJICJIMBIIUXCSL 4acTUIl Kapouaa 3a cuer auddy3uu yriepojga U3 YYacTKOB
MapTEHCHUTA, €Ill€ HE OXBAYCHHBIX pPaclajoM M HMEIIINX HCXOJHYH BBICOKYIO
KOHIEHTPAIUIO yTIepoa.

B pesynbrare Takoro pacmnajga MapTEHCUT CTaHOBUTCS HEOJHOPOAHBIM C
pa3IMYHBIM COJIEp’)KaHMEM YTriepojia B pa3HbIX ydacTKax. B Tex yuwacTkax, rie
BBIICNIUWJICS KapOuj, KOHIIEHTpauus yriepoja M, CIIeJOBaTeNbHO, CTENEHb
TEeTParoHAJIbHOCTH MEHBIIIE, YEM B YJaCTKaX, HE 3aTPOHYTHIX pacaoM.

JIBa TBepABIX pacTBOpa C Pa3HOM KOHLEHTpalMell yriepojia COCYIIECTBYIOT
JUINTETbHOE BpeMsl H3-32 HHU3KOW CKOpocTH Juddy3uu, U MOITOMY pacmaj
Ha3zbIBaeTCs «IByX(azHbiM». «JIByx(dasHblil» pacmaj MapTeHCHUTa Pa3BUBACTCS HE
BCJIEACTBUE POCTa KapOUJHBIX YACTHUIl U3 OKPYKAIOMIMX UX YYaCTKOB OOETHEHHOIO
yIJIepOoAOM PacTBOpa, a B PE3yJIbTaTe BBIACICHUS HOBBIX YACTHUI] KapOuaa B yuyacTKax
MapTEHCUTAa C UCXOJHOW KOHIIEHTPAUEN Yriepoaa.

Tak kak BBIJCIMBIIMECS MPU HU3KUX TeMIEpaTypax KapOWIHBIC YaCTHIIBI
Ype3BbIYaiHO MEJKH, TO OHH HaxXOJATCA B METaCTAaOMIBLHOM  KOJUIOMIHOM
PaBHOBECUHU C OKPY>KAIOIIMM UX PacTBOPOM, COJIEpKAIlUM H30BITOK yriepona. s
JanbHeuiero o0eaHEeHUsT YriIepoJOM Y4YacTKOB pacTBOpa, OKPY’KAIOIIUX KapOu,
HEO0O0XO0MMO YKPyITHEHHE KapOUIHBIX YaCTHIL.

Bropas cragus pacnaga MapTeHCUTa — 0O€HEHUE YTIEPOIOM O-pacTBOpa MpHU
onHOBpeMeHHOM pocte Kapouaueix yactuil (150-300°C). Ckopocth auddyzun
yraepona npu Temreparypax Beimie 150°C moctatodHa, 4ToOBI OOECIEUUTH POCT
KapOUJIHBIX YaCTHI] TIPU TIEpEeHOCE aTOMOB 4epe3 a-pactBop. [Toatomy Bhimie 150°C
OJTHOBPEMEHHO C <«JIByX(a3HBIMY» pacrajgoM MPOUCXOIUT OOBIYHBIN JTU( (D Y3MOHHBIHI
poct kapouaneix dyactuil. Ilpm 400°C wunm 1npu HECKOJIBKO 00Jiee BBICOKOM
TeMIlepaType 0-pacTBOpP MOJHOCTBIO OCBOOOXKIAeTCss OT H30BITKa yriepoaa, |
nepexo/i MapTeHCUTa B (peppuT 3aKaHYMBACTCS.

BosBpar u pekpucramiuzamnus B o-(asze MPOUCXOJAT B IMIMPOKOM HHTEpPBAC
TeMIiepaTyp OTIycKa. Pa3Buthe 53THUX NPOLECCOB CAEPKUBAETCS UYACTULIAMU
KapOUJIHBIX BBIJICICHUM, 3aKPETUISIONINX OTACIbHBIC TUCIOKAIINH, TUCIOKAIMOHHBIC
CTEHKM M BBICOKOYIJIOBbIE TpaHUIbl. 3aKperuieHue ciadee BBIPAXKEHO B
HU3KOYTJIEPOJAUCTHIX CTAJISX.
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HuxHIOI0 TeMnepaTypHyr IpaHUIly BO3BpaTa MpU OTIYCKE TPYAHO YKa3aTh.
W3MmeHeHusT TUCIOKAIMOHHOM CTPYKTYpbl 0-(a3bl, OTYETIMBO pazIUyUMbIe MpH
ANEKTPOHHO-MUKPOCKOIIMYECKOM aHalIn3€e, HAYMHAITCA ¢ Temnepatyp okoiio 400°C.
[IpOTsSKEHHOCTh MAJIIOYTJIOBBIX T'PAHHUIL], CYLIIECTBOBABIIMX B PEEYHOM MApPTEHCHUTE,
pu Temnepatypax ornycka Bbiiie 400°C B 1onu cekyHAbl pe3ko nanaer. OQHuM u3
MEXaHU3MOB 3TOT'0 MOXET OBITh «PacChIaHUE» IUCIOKAIMOHHBIX CTEHOK, KakK MpH
OTXKHUT€ XOJOAHOIe(POPMUPOBAHHOTO METAILIA.

B nepBble MOMEHTHI OTITyCKa KapOWAHBIE BBIACICHUS €Ll MaJIOYUCICHHBI U
MO3TOMY HE SBIAIOTCS 3((PEKTUBHBIMU CTOMOpPAMHU [IJIi MaJlOYTJIOBBIX TpaHUIl U
OTJEIBHBIX NUCIOKALUMUA. 3aTeM BbIJENIEHHE OOJIBIIOr0 YUCia KapOWIHBIX YaCTHUIL
CTaOMJIM3UPYET  CTPYKTYpy  MarTpuilpl.  BwITSHyTOCTH  peexk  o-pa3sl B
HU3KOYTJIEPOJUCTBIX CTAISIX COXPAHSIETCS IO BBICOKMX TEMIIEPATyp OTITyCKa.

[locnie 1OCTaTOYHO IIUTENBHOIO OTITYCKA MPHU BBICOKUX TEMIIEpaTypax (BbIIIE
~600°C), xorma B pe3yjibTaTe KOaryJsiiud IIEMEHTUTHBIX YaCTHI] 3aKpeIICHHE
rpaHull ocjaabeBaeT, MPOUCXOIUT PEKPUCTAIUTM3ALMOHHBIM POCT 3€peH MUTrpanuen
UCXOJHBIX BBICOKOYTJIOBBIX TpaHHIl. MUKPOCTPYKTypa TMpU OTOM  TepseT
XapakTepHble MOp(}OIOruYecKre MPU3HAKU PEEUHOT0 MapTEHCHUTA.

B BBICOKOYIJIEPOAUCTBIX CTalSIX H3-32 CHIJIBHOTO TOPMOXEHUS MUIPALUU
IPaHUIl YaCTULIAMH LEMEHTUTa PEKPUCTAIUIM3ALMOHHBIM POCT 3epeH o-(da3bl UAET
€lle TPYAHEE, U «UTOJbYATHI» XapaKTep CTPYKTYPbl COXPAHSETCA OO TEMIEpaTyp
ormmycka okosno 650°C.

Takum 00pa3zoM, MpH OTIYCKE 3aKaJE€HHOW YrIepOAMCTON CTaldu MPOTEKAIOT
pa3zHooOpa3Hble MPOLECCHl, KOTOPhIE MO BPEMEHU U TeMIEpaTypHOMY HHTEpBaly
CBOET0 pa3BUTHS HAKJIAJAbIBAOTCS OJWH Ha APYIrOM.

TemneparypHble rpaHHIlbl CTPYKTYPHBIX U3MEHEHUHN pa3HOTO THUIA YCIIOBHBI.
OHU CHMKAIOTCA NPU YBEIUYEHUU NPOJOHKUTENIBHOCTH OTIIyCKA M CMENIAIOTCS
BBEPX WJIM BHU3 C U3MEHEHHUEM COAEPKAHUS YIIEPOia B CTAJIH.

TpaguuMoOHHO TPUHATO BBACIATH TPU TEMIEPATYpHBIX HWHTEpBaIa M
COOTBETCTBYIOIINE UM TPH «IIPEBPAILECHUSI» IPU OTIIYCKE YIIIEPOAUCTHIX CTAIEH. ITO
noJjipas/ieJieHue, OCHOBAHUEM JUIsl KOTOPOT'O CIYXKUT aHajiu3 OOBEMHBIX M3MEHEHUN
IIPU OTIYCKE, BECbMa YCJIOBHO, HO KaK MepBOEe NPUOIMKEHHE €r0 MOKHO PUHSTh.

«IlepBoe mpeBpaleHne» npu OTIIYCKE OTHOCAT K MHTEpBainy temneparyp 100-
200°C. Ilpu sTuX TemmepaTypax 3aKaJeHHBbIN oOpazell ykopauuBaeTcs. Tak Kak u3
BCEX CTPYKTYPHBIX COCTABIISIIONIMX CTald HAWOOJBIINN YACNIbHBIA 00BEM Y
MapTEHCHUTA, TO «IIEPBOE MPEBPALIEHUE) CBI3BIBAIOT C €0 paclaaoM.

«Bropoe npeBpanieHrne» Npu OTIYCKE OTHOCAT K MHTEpBaiy Temmneparyp 200-
300°C. Tlpu BbIAEpKKE B 3TOM MHTEpBajC JJMHA 3aKAJICHHBIX 00pa3IloB CpejHe- U
BBICOKOYTJIEPOJAMCTBIX CTaJIed YBETUUMBAETCA TeM OOJIbllie, YEM BBIIIE COJIEPKaHHE
yriaepoja B cTaiu. Tak Kak yaelbHbIil 00beM ayCTeHHWTa HAMMEHBIINA 1 KOJIUYECTBO
OCTaTOYHOI'0 ayCTEHUTA PACTET C YBEJIMUYECHUEM COJEPKAHUSA Yriepoja B CTAIH, TO
«BTOpPOE TIPEBpALIEHUE)» CBA3BIBAIOT ¢ €ro pacnagom. Ilpu 3Tom B TemmnepaTypHOM
MHTEPBAJIE «BTOPOTO MPEBPALIEHUS» MTPOJOJKAETCA paclag MapTEeHCUTA.
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«Tperbe npeBpalieHue» Mpu OTIYCKE OTHOCAT K MHTepBaily Temmneparyp 300-
400°C. B aTom TeMIiepaTypHOM HHTEpBaJIC JJIMHA 00pa3I[0B COKpAIAeTCsl, UCUE3AIOT
MIPOMEKYTOUHBIE KapOuJIbl, ¥ 3aKkaHuuBaeTcs BoiaeneHue Fe;C u3 MapreHcura.

CTpyKTypy, MOJIY4alOUIyocsi MOCIEe OTIYCKa CTalld MpU TeMIeparypax HUXe
300°C, Ha3bIBAIOT omnyuieHHbIM Mmapmencumom. Ilog MHUKPOCKONIOM OH
OTJIMYAeTCsl OT MapTEHCUTa 3aKajkd OOJbIIeH TPaBUMOCTBIO H3-3a BBIIEICHUN
KapOUI0B.

[Tocne ornycka mnpu 300-450°C oOHapyXuBaeTcsi OCOOCHHO CHJIBHO
TpaBsiIasiCs UroJibYaTasi CTPYKTYpa, KOTOPYIO Ha3bIBAIOT MPOOCHIUMOM ONNYCKA.

B wunrepBane temneparyp 450-650°C mnonydaercs copoéoum ommnycka. Ero
nByX(a3zHoe CTpOEHHE OTYETIIMBO BBISABIACTCS TMPU OOJBIIMX  YBEIUYECHUSX
CBETOBOTO MHUKpOCKoma. Bpicokue Ttemmeparypbl OTIYyCKa HNPHUBOAST K MOTepe
UTOJILYATOr0 BUIA COPOUTA, KOTOPHIN MPUOOPETAET SIBHO TOUEUHOE CTPOEHUE.

N3meHeHne MeXaHMYeCKHX CBOWCTB INIPM OTIyCKe CTajJled M BBIOOP
peskuMa OTIyCKa

Yenepooucmole cmanu. 3akaneHHas yriepoaucTas CTalb XapaKTepus3yercs He
TOJIbKO BBICOKOW TBEPIOCTbIO, HO U OYEHb OOJBIIOW CKIOHHOCTBIO K XPYIKOMY
paspymenuto. Kpome TOro, mpu 3akajke BO3HUKAIOT 3HAYMTENbHBIE OCTATOUYHBIE
HanpspkeHus. [loaTomy 3akaliky yriiepoAHMCTBIX CTajled OOBIYHO HE MPUMEHSIOT Kak
OKOHYATEJbHYIO ONEpalHio, XOTS OHAa W MOXET COOOIIMTh CTald BBICOKYIO
npouyHocTh (o, = 1300-2000 MIla). [Ins yBenuveHHs BSI3KOCTH M YMEHbLICHUS
3aKaJOYHBIX HAPSHKEHUH MOCTe 3aKaIKi TPUMEHSIOT OTIYCK.

Pacnan mapreHcura, Ka3ajoch Obl, JIOJDKEH NPHUBOJIUTH K JAUCIEPCHOHHOMY
TBEPACHUIO, U B OOIIEM CJydyae 3aBHCHUMOCTb IPOYHOCTHBIX CBOMCTB CTalu OT
TeMIlepaTypbl OTIYCKa JOJKHA OBITh KAYECTBEHHO TakKas kK€, KaKk W MpU CTapeHHUU
LBETHBIX CILJIABOB.

Onnako Ha puc. 47 BUAHO, YTO 10 TemmepaTypbl oTiycka okojo 100°C
TBEPAOCTh 3aKaJIEHHOW CTalM WM MPAKTUYECKH HE MeHsieTcs, Wwiu ciabdo (Ha 1-2
eaunuibl HRC) Bo3pactaer. C pganbHEHIIMM MOBBIIIEHUEM TeMIEpaTyphl OTIyCKa
TBEPAOCTD IJIABHO CHU)KAETCS.

[louemy pacmaj MapTEeHCUTa C BBIJCICHHUEM MEIKHX YacTHI[ KapOWUJIOB IMpHU
HU3KOTEMIIEPATYPHOM OTIIYCKE€ 3aKaJ€HHOW CTajli HE BbI3bIBAET CHIIBHOTO
JUCIEPCUOHHOTO  TBEPJAEHUS  AQHAJIOTMYHO  JUCIEPCUOHHOMY  TBEPACHUIO
AIIOMUHUEBBIX U JIPYTUX CTAPEIOLIUX CIUIaBOB?

OObsicHSIETCS 9TO TEM, YTO H3-3a2 BBICOKOW IMOJBUKHOCTH aTOMOB Yrjepoja
OHM YCIIEBAIOT OOpa30BBIBaTh CErperaTthl Ha JUCIOKAIMAX YK€ B MEPUOJ
3aKaJOYHOTO OXJIAXKIEHUS, MPUYEM IHUCIIEPCUOHHOE TBEPJECHUE MOXKET JOWUTH A0
CTaJMM MAaKCUMAaJbHOTO YympouHeHus. [lockonbKy yriiepon, pacTBOPEHHBI B 0~
’KeJse3e, BHOCUT OOJIBbIION BKJIaA B yIIPOUHEHUE MAPTEHCHUTA, TO 00€IHEHUE pacTBOPa
yIIAepOoAOM IPU BBIJIETICHUU MIPOMEXKYTOUHBIX KapOHI0B (Harpumep, e-kapOuaa) yxe
IIPU HU3KUX TEMIEpaTypax OTIYCKa BbI3bIBAET Pa3ylnpOYHEHHE.
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C poctom TemmepaTypbl OTIYyCKa pa3ylpOYHEHUE YCHIMBAETCS H3-3a
CIEAYIOIINX IPUYUH:

1) yMeHbIIEeHUsS] KOHIIEHTPALIMH YIJIEpOia B 0.-PacTBOPE;

2) HapylleHusi KOTepEeHTHOCTHM Ha TpaHulle KapOua — MaTpulla W CHATHUS
YOPYTUX MUKPOHAIPSKEHUI;

3) KoarynasiuuMy KapOuA0B U YBEITMUYEHUS MEKYACTUUHOTO PACCTOSHMUS;

4) pa3BuUTHs BO3BpaTa U peKpUCTAIUIU3ALIUH.

B pasHbIx TeMmmepaTypHbIX HWHTEpBajax MpeodiagaeT JeWCTBUE pa3HBIX
(bakTOpoB pa3ynpoYHEHUs] B COOTBETCTBHM C MHTEHCHUBHOCTBIO PAa3BUTHUS TeX WIIU
WHBIX CTPYKTYPHBIX U3MEHEHU M.
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Puc. 5.3. 3aBUCUMOCTB TBEPAOCTH YIVIEPOAUCTBIX CTAJIEH PA3HOTO COCTaBa
ot temriepatypsl otiiycka (I'.B.KypaiomoB)

B BBICOKOYIJIEpOAMCTBIX CTalsX, COJEpKAIIUX 3HAYUTEIbHOE KOJIUYECTBO
OCTaTOYHOI'0 ayCTEHHUTA, paclajl €ro ¢ BblAEJICHUEM KapOua 3aJep>KUBACT IaJIeHUE
TBEpAOCTH, a B uHTepBasie Temneparyp 200-250°C naxke HECKONBKO YBEIUYHMBAET €€
(puc. 5.3).

Tak Kak yIpOYHSAIOLIIMKM OTHYCK 3aKaJECHHOMW YIIIEpOAMCTOW CTaldud HE UMEET
MPAKTUYECKOTO 3HAYEHUs, TO YAaCTO C OTIYCKOM JIOOBIX CTajied CBSA3BIBAIOT
npejcTaBlieHne 00 0053aTeIbHOM CMSATYEHUH, XOTSI 3TO NPE/ICTaBIIEHHE OIIHO0YHO.

[IpoyHOCTHBIE  XapaKTEPUCTHKU  YIIEPOJUCTOM  cTamum  (BpeMEHHOe
COMPOTHUBIICHHE, Tpeaesl TEKy4eCTH W TBEPAOCTb) HEMPEPHIBHO YMEHBIIAIOTCS C
poctoM TemmnepaTypbsl oTmycka Bbime 300°C, a mnokazarenu IUIACTUYHOCTHU
(OTHOCUTENIBHOE YAJIMHEHUE U CY’KEHHE) HEMPEPhIBHO MOBBIIIAIOTCA (pHC. 5.4).
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VYaapHas BSA3KOCTh HAYMHAET MHTEHCUBHO BO3PAacTaTh MHPU OTIYCKE BBIIIE
300°C. MakcuMaibHOW yHapHOW BA3KOCTHIO 00JafaeT CTalb C COPOUTHOM
CTpyKTypo#, ortnymerHas npu 600°C. HekoTopoe CHUKEHUE yIapHOU BSI3KOCTH IIPHU
temneparypax otnycka Bbeime 600°C MOXHO OOBSICHUTH TE€M, YTO YaCTHUIIbI
IIEMEHTUTa MO TpaHullaM (PEpPPUTHBIX 3E€PEH, PACTYIIHE BCJIEIACTBUE PACTBOPEHUS
YaCTUIl BHYTPH 0-(a3bl, CTAHOBSTCS CIUIIKOM T'PYyOBIMH.
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Puc. 5.4. Bausaue teMnepaTypsbl OTIIyCKa HA MEXaHUYECKHE CBOMCTBA
ctaiau 45

[lo TemnepaType HarpeBa pa3iMyaOT HU3KUI, CPETHUN U BHICOKHUI OTITYCK.

Huszkuii omnyck Ha otnymeHHbli wmapreHcut (120-250°C)  mmpoko
MPUMEHSIOT TOCJE 3aKaJKH HHCTPYMEHTOB, IEMEHTOBAaHHBIX W LIMAHUPOBAHHBIX
U3JEIUN U TI0CTIE TOBEPXHOCTHOM 3aKaJIKU.

[enp HU3KOTO OTITYCKa — YMEHBIIEHHE OCTAaTOUYHbBIX 3aKAJIOUHBIX HAMPSHKCHUIH;
TEeMIlepaTypy HHU3KOrO0 OTIIyCKa BBIOMPAIOT Takod, 4ToOBl TBEPAOCTh W
M3HOCOCTOMKOCTh HE CHU3WJIMCh WK €1a00 CHU3WINCH. Bhiepikka npu TeMiepaTtype
HU3KOTO OTHYyCKa OOBIYHO HE TpeBblIaeT 1-3 4; ¢ JaJbHEWUIIUM YyBEJIUYEHUEM

BBIACPIKKH OCTATOYHBIC HAIIPSAIKCHUS OUCHDb ciabo YMCHBIIAXOTCA.
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Cpeonuit omnyck Ha TpoocTuT (350-450°C) — cpaBHUTEIBHO peaKas
onepauusa. Ee wucnonp3yroT TOrga, KOrjJa HEOOXOAMMO COYETaHHE BBICOKOU
IIPOYHOCTH, YIPYTOCTH U BMECTE C TEM JOCTATOYHOM BA3KOCTH. CpeaHEMY OTIYCKY
MOJIBEPraloT MPY>KUHBI U PECCOPBHI.

Buvicokuii omnyck wna copoutr (450-650°C) mHMpOKO TNPUMEHSIOT B
MAalIMHOCTPOCHUU K U3JIETUSIM M3 KOHCTPYKUIHMOHHOM CTaiH, KOTOpbIE JOJIKHBI
XapaKTEepU30BaTbCd HE TOJBKO JOCTATOYHOW MPOYHOCTBIO, HO M  XOpOILIEH
COMPOTHUBIISIEMOCTBIO YAApHBIM Harpy3kam. BbIAEpKKy INpu BBICOKOM OTIIYCKE
(0OBIYHO HECKOJBKO YaCOB) MOAOUPAIOT OMBITHBIM MyTEM ISl TOJIYYEHHSI 3aJIaHHOTO
KOMILJIEKCA CBOWCTB.

JIBoifHas omepauus MoJydyeHus copOuTa — 3aKajka C BBICOKMM OTITyCKOM —
HAa3bIBACTCS yayuuieHuem. Ty ONEPALUIO TMPUMEHSIOT K CPEOHEYTIEPOIUCTBIM
cransam, coaepxamum ot 0,35 no 0,6% C. Takue cTanm Ha3bIBAIOT YJIY4YIIa€MbIMU B
OTJIUYHME OT HUZKOYTJIEPOAUCTBIX [IEMEHTYEMBIX.

CKOpOCTh OXJIAKJICHHS C TEMIIEPATYpPhl OTIyCKAa HE BIUSET HA MEXaHUYECKUE
CBOMCTBA YTJIEPOJMCTBIX CTAJIEH, U €CJIM HE ONACHBI TEPMUUYECKUE HANPSIKEHUS, TO
MOYHO MPOBOJIUTh YCKOPEHHOE OXJIAKICHUE.

NHorma 3akaJky M OTIYCK COBMENIAIOT B OJHOW OIEpalnuu, KOTOPYIO
Ha3bIBAIOT 3AKAIKOU ¢ camoomnyckom. V3aenve KpaTKOBPEMEHHO IMOIPYXAalOT B
BOJY WJIM OOpBI3TUBAIOT BOAOW. [I0BEpXHOCTHBIH ClI0M 3aKaiuBaeTCsl HAa MApTEHCUT U
3aTeM OTIIyCKaeTcs 3a CUeT Teljla BHYTPEHHHUX CJIOEB M3jAenus. TakuM crnocodom
MPOBOJISIT COPOUTHURALINIO TOBEPXHOCTHOTO CJIOSI TOJIOBKHU PEJIbCa.

B HU3KOYIrIepoaucThIX CTalAX, Y KOTOPBIX TOYKAa KOHIIA MapTEHCUTHOTO
npeBpamieHns My Haxogutcs Baiie 300°C, CTpyKTypHbBIE U3MEHEHHUS, XapaKTEPHBIE
Ul  OTIyCKa, YCIIEBAIOT IPOTEKaTh BO BPEMs 3aKAIOYHOIO OXJAXKIACHUS B
MAapTEHCUTHOM uHTepBasie M;—M, 1 H1Ke TeMneparypsl M.

Jlezupoeannvie cmanu. Jlerupyromue >JIEMEHTHI, 3aTPyAHSIONIME pacnaj
MapTeHCUTa U KOAryJsluio KapOUAOB, CMELIAIOT TEMIEPATYpPHYIO TpaHUIy Hadasia
MHTEHCHUBHOTO pa3ynpouyHeHus npu otiycke ¢ 200-300 mo 450-550°C.

[loBbIllIeHHE KPACHOCTOMKOCTH 3aKaJICEHHOW CTalld, T.€. CIOCOOHOCTH €€
COMPOTHUBIIATHCS CMATYEHHUIO TIPU HArpeBe, — OJJHA U3 OCHOBHBIX II€JIeH JIerupoBaHus
B [IPOU3BOJICTBE MHCTPYMEHTA.

JUiss  KOHCTPYKLIMOHHBIX JIETUPOBAHHBIX CTajel BecbMa BaXHO, YTO
crenuanbHble KapOuJbl BBIIEISAIOTCS NPHU BBICOKOM OTIIyCKE B Oosiee AMCIEpCHOU
dbopme, YeM UEMEHTUT. OTO 00ECHeuYMBAET MOBBIIMICHHYIO BA3KOCTh, TaK Kak
MUKpPONYCTOTHl (OYard paspylieHUs) 3apOKIAIOTCSI OKOJIO MEJIKHUX YaCTHII
CHeuantbHOro KapOuaa TpyJaHee, 4eM OKOJI0 0osiee KpYIHBIX YaCTHI] LIEMEHTHUTA.

B cramsax ¢ poGaBkamMM TUTaHa, MOJIMOJEHA, BaHAIUs WM BoJibppama Mpu
MOBBIIIEHUU TEMIEPATYphl OTIYCKA IMOCJIE€ OOBIYHOTO Pa3ylNpOYHEHHUS, BHI3BAHHOIO
pacnajoM MapTeHCUTAa U KOAryjsilueil 4acTull LIeMEHTHTa, TBEPAOCTb BO3pacTaeT
(puc. 5.5). D10 sABieHue, oOHapyxuBaemoe mociie otnmycka mnpu 500-600°C,
Ha3bIBAIOT 6MOPUUHBIM MEEPOCHUECM.
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Puc. 5.5. BropuuHoe TBEpi€HUE IIPU OTIIYCKE CTAIU
¢ 0,32% Cu 1,36% V (K»)

[IpyyuHBl BTOPUYHOTO TBEPACHUS — OOpa3oBaHUE KIACTEPOB U3 aTOMOB
JETUPYIOIIETO dJIeMeHTa U yriepoaa (MM YacTO COOTBETCTBYET MAaKCHUMyM
TBEPJICHUs) U 3aMEHa PACTBOPSIONIMXCS CPABHUTEIBHO T'PYOBIX YACTHUIl IIEMEHTHUTA
3HAYMTENILHO 00Jiee JUCIIEPCHBIMHU BbIJieeHUIMU crernuanbaoro kapouna (TiC, VC,
Mo,C umu W,C). Koarynsius 3TUX YacTHIl MPUBOJUT K CHUIKEHHUIO TBEPJOCTH.
Yactunel kapouga MegC cpa3y o0pa3yroTcsi B CpaBHUTEILHO Tpyooil dopme U He
MIPUBOIAT K YIIPOYHEHUIO.

Jlo6aBka xpoMma, 3aJIep>KUBAIOIIETO CMATYEHUE MPU OTIYCKE, 00YCIOBIUBACT
MaJjioe BTOPUYHOE TBEPJACHUE UJIU COBCEM HE BBI3BIBAET €ro. ITO CBSA3AHO C TEM, YTO
BhIIeieHus kapouaa Cr;C; O6picTpo KoarynupytoT mpu 550°C B MpOTHUBOIOIOKHOCTh
TakuM Kapbuaam, kak Mo,C u ocobenno W,C (xoadpdunuent nuddysuun B o-
pacTBope y BoJibhpama MEHbIIIE, UeM Y MOJIHOIeHA).

Bo BpeMst BTOpUYHOTO TBEPJICHHS MapaJieIbHO C POCTOM Tpejiesia TeKy4eCTH
YBEJIUYMBACTCS BSI3KOCTh M3-3a PACTBOPEHHUS CPABHUTEIBHO TPYOBIX YACTHI]
[IEMECHTHTA.
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OTnyckHas XpynkocThb
Heoopamumas omnycknaa xpynkocms. Ha rpadukax 3aBUCUMOCTH yAapHOU

Bs3koctH npu 20°C oT TemmepaTypbl OTIIyCKa MOYKHO BCTPETHUTH JBa IpOBaja,

COOTBCTCTBYIOH_II/IX paSBI/ITI/IIO OTHYCKHOﬁ XpyrIKOCTI/I I[BYX TUIIOB (KpI/IBaH 1 Ha pI/IC.
5.6).
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Puc. 5.6. 3aBucumocts yaapHoii Bsi3kocTu mpu 20°C oT TeMrieparypsl OTITyCKa
ctanu 37XH3A (JI.B.Cmupnos, B.JI.CanoBckuit): 1 — mocie 0ObIMHOMN 3aKaIKu
Y 4aCOBOT'0 OTIYCKa C MOCIEAYIOINM OXJIaXIEeHUEM B Boje; 2 — nmocie BTMO

B TemneparypHom wuHTepBaie npumepHo 250-400°C  pa3BuBaercs
HeoOpaTuMas OTHYCKHasi XpyHIKOCTb.

VYnapHasi BSI3KOCTh 3aKaJIECHHOW CTaJM IOCJIE OTIyCKa B 3TOM HHTEpBAJIE
MEHbIIIE, YeM mnocie otnycka Huxe 250°C.

Ecan oxpymueHHyro cranb, oTmylleHHyro npu 250-400°C, oTnmyCTUTh mOpH
0oJiee BBICOKHMX TeMIlepaTypax Ajisi MepeBoja B BSI3KOE COCTOSTHUE, TO MOBTOPHBIN
otrnyck B wuHTepBaie 250-400°C He BoO3BpamiaeT cTajdb B XPYIKOE COCTOSHUE.
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[TosToMy OTHYCKHYIO XpPYNKOCTh, pa3BuBawollytocsi B uHTepBaie 250-400°C, u
Ha3bIBaIOT HEOOPATUMOH.

HeobOpatumass oTmyckHasi XpymKOCTh B OOJIBIIEH WM MEHBIIECH CTENeHH
CBOMCTBEHHA BCEM CTaJISIM — U JISTUPOBAHHBIM, U YTJIEPOIUCTHIM.

HaunGonee oTueTIMBO OHA MPOSIBISETCS Y HU3KOYTIIEPOIUCTHIX JIETUPOBAHHBIX
cTajel, KOTOpbIEe IMOCJe 3aKalKh M Hu3Koro otnycka (Hmwke 250°C) wumeror
CPaBHUTEJILHO OOJBIIYIO YIAPHYIO BA3KOCTD.

VY BBICOKOYTIEPOAUCTBIX CTajleil Mmociie 3aKaJIKM U HU3KOTO OTIYCKa yAapHas
BS3KOCTh CTOJIb MaJla, 4TO OXpymuuBaHue mocie ormycka npu 250-400°C Henb3s
O0OHApPYX UTh OOBIYHBIMH YJIAPHBIMU UCTIBITAHUAMU. CTENEHb Pa3BUTHSI HEOOPATUMOM
OTITYCKHOM XPYIKOCTH HE 3aBUCUT OT CKOPOCTH OXJIAXKACHUS C TEMIIEpaTyp OTIyCKa.

[Tockonbky HEOOpPAaTUMYIO OTIYCKHYIO XPYMKOCTh HE HAYUWUIIUCh YCTPAHATH,
CpeIHUH OTMYCK, KaK MPaBUJI0, UCIIOJIB3YIOT PEJIKO.

Oopamumana omnycknasa xpynkocms. BTOpoil poBajd Ha KpHUBOW yJapHOU
BSI3KOCTH TPUXOJAUTCS HA HHTEPBAl TemIeparyp oTnycka npumepHo 450-600°C
(puc. 5.6, xpuBas 1). Jlng HMKHEH W BepXHEW TIpaHHI] dTOTO HMHTEpBaja 4acTo
YKa3bIBAIOT Takke 3HaueHus 375 u 575°C cOOTBETCTBEHHO.

Ha puc. 5.6 nBa mpoBana yaapHOW BSI3KOCTH SIPKO BBIpaXKE€HbI, TaK Kak
paszeieHbl Y3KUM HHTEpBaJIoOM TemriiepaTyp otmycka (BOmu3u 450°C), B KoTOpoM
OTIYCKHAasl XPYINKOCTb HE MpOSBIsAETCA. Y MHOTHX CTajeil 3TOT ropd Ha KpUBOMU
yJIapHOM BSI3KOCTH MOKET COBCEM OTCYTCTBOBaTh, U TOTJa OOHApy>KUBAeTCs OJIHA
UpoKast o00JacTh TeMIEepaTyp OTIYCKa, IOCle KOTOpPOro yJaapHas BSI3KOCTb
MOHIKEHA.

OxpynuuBaHUE TpPU BHICOKOM OTIIYCKE MOXXET BO3HUKATh B pE3yJbTaTe
Harpesa 10 450-600°C (He3aBUCUMO OT CKOPOCTH TMOCJIEAYIOIIETO OXJIAXKICHHS) U B
pe3ysibTaTe OTIyCKa Npu Temieparypax Boime 600°C ¢ mocaeayromuM MeaIeHHbIM
oxnaxaeHueM B unrepnaie 600-450°C.

bricTpoe oxnaxkaenue ¢ temmeparyp otiycka Beiie 600°C, Hanpumep, B BOJE,
MpenoTBpallaeT pa3BUTHE OTIIYCKHOW XpYNKOCTH. bBpicTpoe oxnaxkaeHue mnocie
ornycka npu 450-600°C He npeoTBpallaeT OTIyCKHON XpynKocTH. Takum obpaszom,
MOMaJlaHke B OMACHBIM MHTEpBal TEMIEPATyp «CHU3Y» (IpU HArpeBe U BBIJIEPIKKE)
WIM  «CcBepXy» (OpH MEUICHHOM OXJaXJIEHUHU) TMPUBOAUT K KaueCTBEHHO
OJINHAKOBOMY pe3yJIbTaTy.

Baxxneiimass ocoOOCHHOCTh OXpYHMYHMBAHUSI MPU BBICOKOM OTIYCKE COCTOUT B
ero ooparumoctu. Ecnu ctanb, oXpynmueHHyI0 B pe3ynbTaTe ormycka Beiiie 600°C ¢
MOCJIEYIONIMM MEIJICHHBIM OXJIaXJeHueM win otmycka npu 450-600°C (¢ moboii
CKOPOCTBIO OXJIaXJI€HHsI), BHOBb Harpetb a0 TemmepaTyp Bbiie 600°C u ObICTpO
OXJIAJIUTh, TO YJapHas BA3KOCTh BOocCTaHaBiMBaeTcs. Eciu mocie 3Toro crajib BHOBb
MomajaeT B OMNACHBI MHTEpBAJll TEMIlepaTyp OTIYCKa, TO OHAa IOBTOPHO
oxpymnuuaerca. Hoswiii HarpeB Boiie 600°C ¢ OBICTPBIM OXJAXKJIECHUEM YCTpaHSET
XpYIKOCTH U T.JI.
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[loaToMy paccMaTpuBaeMoe SIBJICHUE HAa3bIBalOT OOpPaTUMOM OTHMYCKHOM
XpYynKOCThI0. Tak Kak BBICOKHM OTIYCK IIMPOKO MPUMEHSIOT K Pa3HOOOpa3HbIM
KOHCTPYKIIMOHHBIM ~CTajlsiM, TO OOpaTUMYyIO OTIYCKHYIO XPYIKOCTh OCOOEHHO
noApoOHO H3ydadu HAa MNPOTSHKEHMM MHOrMX necsatuietuidl. Korma roBopst 00
OTIIYCKHOM XPYNKOCTH JETUPOBAHHOMN CTalid, TO OOBIYHO UMEIOT B BUIY O0OpaTUMYIO
OTIYCKHYIO XPYIIKOCTb.

Ponv nezupyrowux sznemenmog. B pa3BUTUU OTIYCKHOM XPYNKOCTH HE
MEHBIIIYIO POJIb, YEM MIPUMECH, UTPAIOT JICTUPYIOIINE DIIEMEHTHI.

CmnaBel Fe—C, copepkaiue Te e KOJIMYECTBA BPEAHBIX MPUMECEH, 4TO U
JIETUPOBAHHBIC CTaJlM, HE CKJIOHHBI K OOpaTMMOW OTHYCKHOM XpymnkocTtu. B
KEJIE30yTIICPOJAUCTBIX CIIaBaxX cerperaius BpeAHbIX NMPUMECEH CTOJIb Maja, 4YTO He
BBI3BIBACT OTITYCKHON XPYIIKOCTH.

B npucyrctBum nerupytonux 3semenToB (Ni, Cr u Mn) cerperaius BpeIHbBIX
npuMecel pe3ko yBenuueHa. [lpu 3TOM caMu JIETUPYIOIIME JJIEMEHTHI, HE
o0pasyroIue paBHOBECHBIX CErperamuil B CTalAX BBICOKOW YHUCTOTHI, B IPUCYTCTBUU
BpEHBIX TPUMECEH CerperupyroT K rpaHunam 3epeH. ClienoBaTelbHO, MOXHO
TOBOPUTHh O B3aMMOJICUCTBUU JICTHPYIOIIETO 3JE€MEHTa U MPUMECH B 0O-PacTBOPE,
CrOCOOCTBYIOIIEM UX COBMECTHOM Cerperauu.

[Ipeanonaraercsi, 4TO €CJIM aTOMBI TPUMECH U JIETUPYIOIIETO DJIEMEHTa
B3aMMHO TPUTATUBAIOTCS CUJIbHEE, YeM aTOMBI 3TOW K€ MPHUMECH U JKele3a, TO
cerperaius MpuMecH W JICTUPYIOIIEro AJeMeHTa OyleT B3auMHO ycuiieHa. FIMeHHO
tak Beayt cedst P u Ni, P u Cr, Sb u Ni, Sb u Mn, a taxxe npyrue napsl npumMech —
JIETUPYIOIINI JIEMEHT.

Bropoii nerupyromnuii 31eMEHT MOXET JOTOJHUTEIBHO YCHJIUThH CeTrperaruio
npuMecu. Hampumep, HUKEIb U XPOM BMECTE BBI3BIBAIOT OOJBIIYIO CETpEraruio
CYpbMBI, Ye€M 3TO CIeAyeT W3 MPOCTOro CIOXKEHHS A()PEKTOB UX pPa3aeabHOIo
BITUSTHUSL.

[ToBbIllIeHWE KOHIICHTPAIIMU BPEAHBIX MPUMECEH B TMPUTPAHUUYHBIX CIOSX
TBEPJIOTO PACTBOPA MO IEUCTBUEM JIETUPYIOIIUX JOOABOK OCIA0IsSeT MEX3EPEHHYIO
CBSI3b U SABJISIETCA OJHOM W3 NMPUYMH BBICOKON CKIIOHHOCTH K OTITYCKHOM XpPYIKOCTH
JIETUPOBAHHBIX cTaniet, coaepxkamux Ni, Cr u Mn.

Ponv epanuy aycmenummnoix 3epen. lIpenouTuTenbHoe pa3pylieHUe CTajH,
HAXOMSIICHCS B COCTOSHHUHM OTIYCKHOHW XPYNKOCTH, TO TpaHUIAM WCXOIHBIX
ayCTECHUTHBIX 3€PEH CBS3aHO C CETrperanueil BpeJHbIX MpUMeECcei Ha 3TUX IpaHUIaX.

[Tocne BBICOKOTO OTITyCKa B CTAJIM HET ayCTEHUTHBIX 3€PEH KaK TaKoBBIX. [1o
WCXOJHBIM TpaHWIIAM ayCTCHHTHBIX 3€pEH B OTHYIICHHOW CTald CTBIKYIOTCS
KPUCTAJUTBI  0-Pa3bl M3 COCEAHMX 3EPEH, M HaXOJITCS BBIICICHHUS KapOuza.
Pa3pymienrie npoucxoauT Mo rpaHuiiaM o/d U o/KapOu/I.

CunpHast ~ cerperanus BpPEIHBIX TNPUMECEH  NPOUCXOAWT JIMIIb  Ha
BBICOKOYTJIOBBIX TPaHUIIAX. B OTIyIIEHHO cTaal BCe TPaHMIIBI 0/0, BAOIh HCXOIHBIX
IpaHUI] ayCTEHUTHBIX 3€PEH BBICOKOYTJIOBBICE B OTJIMYME OT BHYTPEHHUX TPaHMII
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MEXIY pPEeEeYHbIMH KpUCTaUIaMH 0-(a3bl, 00pa30BaBIIMMHUCS MPU MapPTEHCUTHOM
MIPEBPALEHNUH.

[IpennoyTuTeNbHOE BBIIENEHUE MPU OTIYCKE OoJjiee KPYMHBIX KPHUCTAIIOB
KapOuaa MO HMCXOAHBIM AayCTEHUTHBIM TPAaHMIIAM M COOTBETCTBEHHO YCHUJICHHAs
cerperamusi Ha rpaHulie o/KapOua TakKe MOTYT OBITh IPUUMHOMN JIOKAJIU3ALMHK 3]1€Ch
paspyleHus.

Uem KkpynHee HCXOAHBIE 3€pHA AayCTEHHUTA, TEM XYXKE yIapHas BA3KOCTh B
COCTOSIHUM OTIYCKHOM XPYNKOCTH, TaK KaK NPH KPYITHOM 3€pHE Pa3BUBAKOLIASCS
MEKKPHUCTAUIUTHAS TPEIIMHA PEKE MEHSET CBOE HAIIPaBJICHUE.

Mepovt 60pvobl ¢ 0Opamumoii omnyckHou xpynkocmuvro. OCHOBHBIE MEPbI
OOpBOBI C OTITYCKHOM XPYIKOCTHIO CTANIN CIETYIOIINE:

1) ymeHbIlIeHHE Co/IepyKaHUs BPEAHBIX TPUMECEH;

2) YCKOpPEHHOE OXJaXJCHHE C TeMIEepaTypbl BBICOKOTO OTIYCKa (BBIIIE
600°C);

3) BBenenue Hebompmux g006aBok momubaeHa (0,2-0,3%);

4) UCTIOJIb30BAHUE BBICOKOTEMITEPATYPHOU TEPMOMEXAaHUYECKONH 00pabOTKH.

[Ipu pa3paboTke BBHICOKONPOYHBIX CTaJed ¢ OOJBIIUM MPENEIOM TEKY4eCTH
nenecoobpasHo BO HM30€KaHME YCWICHHS OTHYCKHOW XPYNMKOCTH CHHXKATh
JOTYCTUMBIN TIpeie coaepkaHust BpeaHbix mpumeceit. K coxanenuto, B mpoiiecce
BBITIJIABKU CTajld HE YAAETCA JIOCTUYh OYUCTKH OT OCHOBHOM BPEIHOM MpPHUMECU —
dbocdopa. [TorTomy GomblIoe 3HAYCHUE 3/1€Ch UMEET MCIOJIb30BaHUE 00JIee YUCTOU
HCXOJIHOM IIUXTHI.

BbreicTpoe oxiaxkaeHue ¢ temneparyp ormycka Boie 600°C — camblil Jen1eBbIi
U TpocToit cmocoO6 OOphOBI ¢ XJIATHOJIOMKOCTHIO. (OJHaKo, BO-TIEPBBIX, OH HE
MO3BOJISIET YCTPAHUTh OTIYCKHYIO XPYIIKOCTh B IIEHTPE MAaCCUBHBIX H3JEIUH, U, BO-
BTOPBIX, NPU OXJIAKJICHUHU B BOJIC M3JEIUN C PE3KUMH MEPEX0oJaMHU U OTBEPCTUSIMHU
MOT'YT 00pa3oBaThCsl TPEIIMHBI (OCOOEHHO B CTANIIX C MOBBIIICHHBIM COJEPKAaHUEM

yraepoa).
6. TEPMOMEXAHHNYECKASI OBPABOTKA

OO0wmas xapakTepucTHKA

[Imactnyeckass gedopmanusi U3MEHSAET  XapaKTep  paclpeieiieHus |
YBEIIMYMBACT IUIOTHOCTh HECOBEPIICHCTB  KPUCTANIMYECKOTO  CTPOCHHS  —
JVCITOKAINI, BaKaHCUH, Te(heKTOB YIIaKOBKH, MaJ0O- U BRICOKOYTJIOBBIX TpaHUIl. Tak
KaK Je(QeKThl KPUCTAIMYECKOW PEIIeTKH CHJIBHO BIHSIOT Ha (HOPMUPOBAHHE
CTPYKTYpPHI CIIABOB NpU (Da30BBIX MPEBPAIICHUSAX, TO TUIACTHYECKYIO AePOpMAIIIO
nepen (ha30BBIMHU MPEBPAIICHUSMH WU B TIEPHO]] UX PA3BUTHS MOKHO HCIIOJIB30BaTh
IUISL CO3JIaHMsI ONTUMAIIHOM CTPYKTYPBI TEPMUYECKH 00pabOTaHHOTO CIIIaBa.

Tepmomexanudeckass o6paborka (TMO) — 310 Tepmuueckas o0paboTKa,
BKJTIOUAIONIAsl TUIACTHYECKYI0 JnedopMalindio, KoTopas Onarojaps TOBBIIICHHON
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IUIOTHOCTH JepEKTOB BIMSICT Ha (QOPMHUPOBAHHE CTPYKTYphl MpH (Ha30BbIX
MPEBPAIICHUSX, TPOUCXOIAIINX BO BPEMsI TEPMUIECKOTO BO3ICHCTBUSI.

CnenoBatenbHo, Kk TMO Henb3s OTHOCHTH JI000€ COYETaHHWE OTepaluit
nepopMUpOBaHUs, HarpeBa M OXJaxaeHus. Hampumep, ecnm IuiacThyeckKas
aedopmarsl MPOBOAMTCS TOCTE BCEX OMNEpanuii TepMOOOpabOTKH, TO MBI HUMEeM
neno He ¢ TMO, a ¢ oObryHON TEepMOOOPaOOTKON M mocienyrouei o0padoTKon
naBieHWeM. Takas macTudeckas aedopmarusi, HampuMep, XOJOo[Has MpoKaTkKa
MOCTIe CTApEHUs, MOXKET CO3/1aTh HAKIICII, IIOBBICUTH IIPOYHOCTHBIE CBOMCTBA, HO OHA
HE BIUSET Ha GOPMUPOBAHUE CTPYKTYPHI NIpU (Pa30BBIX MPEBPAIICHUAX, TaK KaK dTH
MPEBPAIICHUS TPOILIH 10 AehOopMaIi.

Ecnu mmactuyeckas nedopmaiius Obljia MpoBEACHA 10 TEPMOOOPaOOTKH, HO HE
OKa3zaja OIpEeNeNsIONIero BIUSHUS Ha (OPMUPOBAHUE OKOHYATEIHHONH CTPYKTYPHI
cruiaBa Tpu  ($a3oBBIX MPEBpAIICHUSAX, TO TaKO€ COYETaHHWE IUIACTUYCCKOU
nedopManMy U MOCIEAYIONIEH TepMOOOPabOTKH Takke Henb3si oTHOCUTh K TMO.
Hanpumep, xomomHas mpokaTka ¢ TOCIEIYIOIIMM HarpeBOM TMOJ 3aKallKy, TpH
KOTOPOM TPOXOAUT PEKPHUCTAIUIA3AIINS, HE SBISIOTCS COCTaBHBIMH dacTamu TMO,
TaK KaK PEeKPUCTAUIN30BaHHAS CTPYKTypa XapaKTepU3YeTCs HHU3KOH IUIOTHOCTHIO
HECOBEPIICHCTB KPUCTAIITUIECKOTO CTPOSHUSI.

[Ipoueccnl miactTuueckon Aedopmai U TepMudeckoil oopadotku npu TMO
MOTYT OBITh COBMENICHBI B OJHOH TEXHOJOTHYECKOW OIepamud, HO MOTYT
MPOBOJUTHCS M B pa3HOE BpeMsi, HAIIpUMeEp, C Pa3pbIBOM B HECKOJBKO CYTOK. BaxkHO
JWIIb, YTOOBI TpU O3TOM (a3oBbIE MPEBpAIICHUS TMPOXOAWUIU B  YCIOBHSIX
MOBBIIIICHHONH  TUIOTHOCTH  Je()EeKTOB  PEIICTKH, CO3JaHHBIX  IUIACTUYCCKOU
nedopmaruei.

B Hacrosmiee BpeMsi B MPOMBIIINIEHHOCTH MCTIONB3YIOT Pa3HOOOpa3HBIE CXEMBbI
TMO, BkiIOUaronMe rops4yyr U (WIM) XOJOAHYIO IUIACTHYECKYIO0 aedopmaluio,
KOTOpasi OKa3bIBaCT ONpEeIIsiollee BIusHUE Ha (JOPMHUPOBAHUE CTPYKTYPHI CILIaBa
NIPU CTApPECHUU, TIPU TIEPIUTHBIX, OCHHUTHBIX U MAapPTEHCUTHBIX MPEBPAIICHUSX.

6.1. HuzkoremneparypHasi TepmoMexanudeckasi oopadorka (HTMO)

I[Ipu HTMO nepeoxnaxaceHHbIN aycTeHUT aehopMupyercss B 00JacTH ero
MOBBIIIEHHONW YCTOMYMBOCTH, HO 00s3aT€NbHO HUXKE TEMIlepaTypbl Hayania
PEKpUCTAITM3AIMN W 3aTeM MpeBpaiaercss B mapreHcut (puc. 6.1). Ilocne storo
MPOBOJISIT HU3KUH OTITyCK (Ha puc. 6.1 He moka3aH).

[Ipouiecc CHIIBHOTO YINPOYHEHHUSI B pE3yJIbTaTe IUIACTUYECKON nedopmanuu
MEPEOXJAKICHHOTO AayCTEHHWTa C TOCJIENyIoUIed 3akajJkod ¢ TeMmIepaTypsl
nedhopMHUpOBaHUs Ha3bIBaeTCs aycghopmunzom. OH MO3BOJISET MOBBICUTh BPEMEHHOE
CONPOTUBIICHUE KOHCTPYKIIMOHHBIX JIETMpOBaHHbIX cTasierl 1o 2800-3300 MIIa npu
0= 5-7%. Iloka3zaTenu TIACTUYHOCTH U YAApHOW BSI3KOCTH MOJTYyYaJIMCh HE HUXKE, a B
HEKOTOPBIX CIIy4asX Jaxke BbIlle, YeM Mocjae OObBIYHOH TepMOooOpaboTKH,
oOecrieynBaromieii o, = 1800-2200 MI]a.
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IIpyunna ynpounenuss cranmu npu HTMO — HacienoBanue MapTEHCHTOM
JTUCIIOKAIIMOHHOM CTPYKTYpPBI Je(hOPMUPOBAHHOTO ayCTEHUTA.

BIMO

I

Jemnepamypa

=

\ Bpems

Puc. 6.1. Cxema Boicokotemmnepatypaoit (BTMO) u nuszkoremneparypuoit (HTMO)
TEPMOMEXaHUYECKONH 00pabOTKH JIESTUPOBAHHOW CTaH,
3aKaJIMBA€MOU HA MAPTEHCUT

XonoaHoi aedopmalnviel HeIb3sl CUJIBHO YINPOUYHUTH CTalb C MAapTEHCUTHOM
CTPYKTYpOHM, TaK KaK MapTEHCHUT, COIAEpKaIIUi YIIepod, XPYNOK M HE MOANAETCS
O0JBIIMM O0XKaTUSIM. AYCTEHHUT K€ MPU TeMIepaTypax HUXKE TeMIlepaTyphbl Hadasa
PEKPUCTAITU3AIMN MOXKHO Ae(hOpMHUPOBATH C OOJIBIIUMHU 00KATUSAMH, TPU KOTOPBIX
CWJIBHO BO3pAacTaeT 001as INIOTHOCTh AUCIOKALUI.

[Ipy MapTEeHCUTHOM NPEBpAIIEHUH COCEIU JII0OOro aroMa B ayCTEHUTE
OCTalOTCsSl COCENsIMM 3TOrO K€ aroma B MapreHcute. llosromy nmciokanuu Ipu
Y—0-IIPEBPALLECHUH 110 MAPTEHCUTHOMY MEXaHU3MY HE MCUE3AI0T, & «IEPEHAFOTCS»

OT HCXOAHOW (a3pl K HOBOHM, T. €. MapTEeHCUT HacleayeT CYOCTPYKTYpY
neopMHpPOBAaHHOTO aycTeHuTa. (OueHb BbICOKAas IUJIOTHOCTb JUCIOKAaUUMNA B
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MapTEHCUTE, 3aKPEIJICHHBIX aToOMaMHu yriepoja U KapOWIHBIMU BBIJEICHUSIMH,
00yCJIOBIMBAET MOJyUYCHUE PEKOPAHBIX 3HaUeHUH npouHoctu nociae HTMO.

N3Menp4eHHOCThIO  KPUCTAIJIOB MapTEHCUTa OOBSICHSAETCS MpHUEeMIIEMBbIi
YPOBEHb IOKA3aTENEH IUIACTUYHOCTH CTAJIM, HAXOISIIIEUCA B BBICOKOIPOYHOM
COCTOSIHUH.

HTMO npumeHuMa TOJBKO K JICTHPOBAHHBIM CTajsiM, OO0JaJar0lIUM
3HAYUTEIBHON YCTOMYUBOCTBIO NIEPEOXIIAKIECHHOTO ayCTEHUTA.

Buenapenne HTMO B npou3BOACTBO CHJIBHO 3aTPYAHEHO HEOOXOJAMMOCTHIO
MCIIOJIB30BaHUsI MOITHOTO 00OpYAOBaHUS IS 00OpaOOTKU JaBIE€HUEM, TaK Kak JIs
MOJTyYEHHUS BBICOKOW MPOYHOCTH CTaJIb JOJDKHA TOJBEPTraThCsl OONBIINM 00XKATHAM
(me wmenee 50%) mnpu TakuX TeMIeparypax, MpPU KOTOPHIX CONPOTUBIICHHE
neOopMUPOBAHUIO OYE€HB BBICOKOE.

Hpyroii cymectBeHHbI HenoctaTok HTMO — HeBbICOKasi CONMPOTUBIISIEMOCTD
XPYIIKOMY Pa3pylLIEHUIO CUIIBHO YIIPOYHEHHOW CTalId.

6.2. BoicokoTemMneparypHasi TepMoMexaHndeckas oopadorka (BTMO)

[Ipu BTMO aycteHuT aedopMHpPYIOT B 00JIACTH €r0 TEpMOAMHAMUYECKOMN
CTaOMJIBHOCTH M 3aTEM MPOBOJAT 3aKanKky Ha mapteHcut (puc. 6.1). [locne 3akanku
CJIEyEeT HU3KUH OTITYCK.

OcHoBHas 11e’ab 00BIYHON TEpMOOOPAOOTKHU € eopMamOHHOTO (IPOKATHOTO,
KOBOYHOI'0) HarpeBa — UCKIIOUUTD CIELMANIbHBIN HArpeB MOJ 3aKajKy U Omaromaps
ATOMY MOJIYYUTh SIKOHOMUUYECKUH 3P PeKT.

I'maBHag nenp BTMO — DOBBIIIEHHE MEXaHUYECKUX CBOWMCTB CTaJIH.
VYBennuuBas npodyHocTh npu BTMO, MOKHO COXpaHUTh HEU3MEHHBIMU IOKA3aTENIH
IJJACTUYHOCTH, HAIIPUMEP, OTHOCUTEIIBHOE CYKEHHE.

[lo cpaBHEHMIO ¢ OOBIYHOM 3aKAJIKOW U OTIYCKOM MPU OAMHAKOBON MPOYHOCTH
BTMO no3BossieT noy4uTh 00jiee BBICOKHE MOKA3aTENH IITACTUYHOCTH.

IIpuy BTMO = MamIMHOCTPOUTENBHBIX  YIVIEPOIAUCTBHIX, HHU3KO- U
CPEIHENETUPOBAHHBIX CTAJIEN IOCTUTAETCSA CIEAYIOIIHMI YPOBEHb MEXaHUYECKUX
cBOMCTB: 6, = 2200-2600 MIla; 6, = 1900-2200 MIla; 6 = 7-8 %; y = 25-40 %.

ITocne BTMO nOpo4YHOCTHBIE CBOWCTBAa HWXKE, a MOKA3aTEIW IUIACTUYHOCTH
BhIIIEe, yeM nociie HTMO.

[ToBeicuTh BpemeHHoe conpotusiienue 10 2200 MlIla ne cnoxuo u 6e3 BTMO,
YBEJIMUMB COJICpKAHUE YIIIEpOJa B CTAIU U MPOBOJAS OOBIYHYIO 3aKaJKy C HU3KUM
ornmyckoM. Ho mocne o00buHONW  TepMOOOpaOOTKM  Takas CcTalb  OyneT
XapaKTEpU30BaTbCA OYEHb BBICOKOW CKJIOHHOCTBIO K XPYIKOMY pa3pyLIEHUIO,
OOJBIION YYBCTBUTEJIBHOCTHIO K OCTPBIM HaApe3aM Ha MOBEPXHOCTU H3ICIHIA.
VYcTanocTHble TPEIIMHbBI B TAaKOW CTald OYyQyT OBICTPO PACHPOCTPAHSITHCS H3-3a
JIOKaJu3aluy HaNpsKEeHUH y BEPIUMHBI TPEUIMHBI W TMPUBOJIUTH K BHE3AITHOMY
XPYIKOMY pa3pylIEHUIO IPU HANIPSKEHUSX MEHBLIE MIPEEa TEKYYECTH.
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Crtanp ¢ BBICOKMMH 3HAUCHHSIMH BPCMCHHOT'O COIIPOTHUBJICHUA W IIPCAcCiia
TCKY4YCCTH, HO HU3KOH COIMIPOTUBIIICMOCTBIO pacinpoCTpaHCHHUIO TPCHINHBI
HCBO3MOJKHO HUCIIOJIB30BATh B BHICOKOHATI'PYKCHHBIX KOHCTPYKIUAX.

Baxneiimee MMpECUMyIICCTBO BBICOKOTCMHCpaTypHOﬁ TepMOMeXaHquCKOﬁ

00paboOTKU — 3TO €€ CIOCOOHOCTh OJHOBPEMEHHO TIOBBIIIATh W IOKA3aTelu
MPOYHOCTH H  CONPOTHBIIIEMOCTh  PACIpPOCTPAHEHUIO  TPEHIUHBI  (BSI3KOCTH
paspyuieHus).

Hanny4mmii KOMIUIEKC MEXaHMYECKHX CBOWCTB cramu mnocie BTMO
JOCTUTAETCS, KOIJla MapTeHCUT o0pa3yeTcsi U3 ayCTEeHUTa C XOpOIIO pPa3BUTOU
IIOJIMTOHU30BAaHHOM CTPYKTYpoH. B TakoM aycTeHUTE MOJIy4aroTCs 3HAYUTEIBHO
MeJIbY€ IAKEThl U KPUCTAUIbl MapTEHCUTa. PasMep MHOTMX MEIKUX KPHUCTAIIOB
MapTeHCUTa HE BBIXOJIUT 3a Mpeeibl pa3MepoB Cy03epeH ayCTeHHTA.

MapTeHCUTHBIE KPUCTAUIbl HACIEAYIOT JIHUCIOKAIMOHHBIE CYOTpaHUIbI
ropsiueieOpMUPOBAHHOTO AYCTEHUTA. ODTH U JpPYrue OCOOEHHOCTU CTPYKTYpPHI
cTajel, Hu3KooTnymeHHbIX nocie BTMO, o0ycioBnuBaioT nmojy4eHue yKa3aHHOTO
BBIIIIE KOMILIEKCAa MEXaHUYECKUX CBOMCTB.

Pexxum BTMO Bb1OUpatoT Tak, YTOOBI K HaYaly MapTEHCUTHOTO MPEBpaIllCHHUS
ayCTEHUT HMEJN Pa3BUTYI0 IOJWTOHU30BAaHHYI CTpPYKTypy. CrTeneHb ropsdei
nedopmaru npu BTMO He noimkHa ObITH CAUIIKOM OOJBIION, MHAYE Pa3BUBAETCS
PEKpUCTAIUIM3aLNsl, CHAYKAIOLIAs] YIIPOYHEHUE.

[locne oxoH4yaHWs A€POPMUPOBAHUS YTIAECPOJUCTHIX U HU3ZKOJETHPOBAHHBIX
CTaJlell HeoOXoauMa HEMEIJIEHHas 3aKalika, YTOObl MPEIOTBPaTUTh CTATUYECKYIO
PEKPUCTAJUIM3ALUI0 MU COXPAHUTH IIOJUTOHU30BAHHYIO CTPYKTYpPY K Hadaily
MAapTEHCUTHOIO IIPEBPALLCHUS.

OO6HapyxeHo sBieHHe HacleqoBaHusl ynpounenus ot BTMO npu noBTopHOi
Tepmuueckoit oOpabotke. Ymnpounenue or BTMO coxpansiercs, eciau cTaib
[IepEe3aKaInuTh C KPATKOBPEMEHHOM BBIACPKKOW IIPU TEMIIEpaType Harpesa IO
3aKaJKy WM eciau ynpoyHeHHyro BTMO crane BHayajie NMOABEPrHYTh BBICOKOMY
OTIIYCKY, a 3aT€M II€pe3aKaIUTh.

CrtpykTypa, co3gaHHas Npu Topsyedl aedopManuu aycTeHUTa, OIUH pa3
HaclieioBajgach Npu y—o-npespamnieHun Bo BpeMss BTMO, B omnpeaeneHHONW mepe
COXpaHsjach IPU BBICOKOM OTIIYCKE M €IIE JBaXIbl HacleloBajgach BO BpeMms
nepe3akajku Ipu  o—Y- W Y—o-IMpeBpameHusx. KopoTkas BblaepKKa NpHU
IIOBTOPHOW 3aKajJKe IPEAOTBPAILACT pPa3BUTUE PEKPUCTAIUIM3ALNUA AYCTCHHUTA,
KOTOpass YHMYTOXWJA Obl TOJMUIOHU30BAHHYIO CTPYKTYpY M YINPOYHEHHE OT
npeamectpyromein BTMO.

BTMO, HecmoTps Ha MEHEE CHIJIBHOE YIPOUYHEHHUE, HWMEET HEOCIIOPHMBIE
npeumyniectsa nepenq HTMO. K HuUM OTHOCATCS OIHOBPEMEHHOE MOBBIIIEHUE
NPOYHOCTH U  BS3KOCTU  pa3pylIeHUs, BbICOKAs  TEXHOJOTMYHOCTh (s
nedopMHUpOBaHUs HEe TpeOyeTcs CHelHalIu3UPOBAHHOIO MOIIHOTO 00OpyAOBaHUS),
IIPUMEHUMOCTD HE TOJIBKO K JISTUPOBAHHBIM CTAJIAM C IIOBBILIEHHON YCTOWYUBOCTHIO
[IEPEOXIAXKACHHOIO ayCTEHUTa, HO M K YIVIEPOAUCTBIM M HU3KOJIETMPOBAHHBIM
CTaJIsIM.
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7. XUMHUKO-TEPMHNYECKAS OBPABOTKA

3aKOHOMEPHOCTH M3MEHEHHS COCTABA M CTPYKTYPbI
NPU XUMHKO-TEePMHUYECKOi 00padoTke

XUMHUKO-TepMHUUecKasi 00paboTKa — 3T0 TepMHUUecKas 00paboTKa, coueTaromast
TEIJIOBOE BO3AECHCTBUE C XMMHUYECKHM, B PE3YJIbTATE YETrO HU3MEHSIOTCS COCTaB U
CTPYKTYpa B IOBEPXHOCTHBIX CJIOSIX, @ HHOT/IA U 10 BCEMY O0BEMY H3IENHS.

JI1s1 '3MEHEHHsI XMMHUYECKOr0 COCTaBa U3J/IENINE HAIrpEBAlOT B aKTUBHOM CpeEIE.
Bo Bpems Boiiepkku uzaenue qud@y3uoHHO oboramaercs 3JIeMeHTaMH U3 BHEIIHEH
cpenbl. Kpome TOro, XUMHKO-TEPMUYECKYIO OOpabOTKY MOXHO HCHOJb30BaTh JJIs
b y3MOHHOTO yAalleHus U3 M3AeNus NpUMeced, a B OTICNbHBIX ClydasX HU
OCHOBHBIX KOMIIOHEHTOB.

[lonaBnstoniee  OONBIIMHCTBO  NPOMBIIUICHHBIX  IMPOILIECCOB  XUMHUKO-
TepMUYecKol 00paboTku BriIto4YaeT Nuddy3noHHOE obOOraiieHrue MOBEPXHOCTHBIX
CJIOEB U3JEJINA HEMETaUlaMU WJIM METaJUlaMU W3 BHEIIHEW aKTUBHOW Cpenbl, AJIS
YEro UCMOJB3YIOT Ta30BbIE, KUIKUE U TBEPABIE CPEIIBI.

MOXHO BBIIEIUTH TPU OAHOBPEMEHHO HIYIIMX MPOLECcCa, 00ECIeUHBAIOUIUX
oOoraiieHre U3IeNus 3J1eMEHTaMU U3 BHEITHEN Cpeibl.

[lepBriii nporecc — oOpa3oBaHWe XUMUYECKOTO 3JIEMEHTa B aKTUBUPOBAHHOM
aTOMAapHOM COCTOSIHUM B PE3YyJIbTaTe Pa3HOOOPA3HBIX XUMUYECKUX PEAKLUH, a TAKKE
B pe3yJIbTaTe HCHapeHus. B OTAEnpHBIX CiydasX, HaOpUMEpP, MPU MNOCTYILUICHUU
aTOMOB MeTajula HEMOCPEACTBEHHO U3 pacIulaBa, 3Ta CTaqus OTCYTCTBYET.

Bropoii mpouecc — aacopOuuss aTOMOB  HOBEPXHOCTBIO — U3JIETUS.
AJCOpOIIMOHHBIN MPOLIECC MOXKET BKIIIOUATh MPOCTYIO PU3NUYECKYIO aIcOpPOLINIO, TPU
KOTOPOM MOHO- WJIM TMOJIMATOMHBIN aJCOpPOLIMOHHBIN CJIOM Ha BCeil MOBEPXHOCTH
U3JleNUsl WM B €€ AaKTUBHBIX ydacTKax oOpasyercss Orjarojapst JEHCTBHUIO
BaH/IEPBAAIILCOBBIX CHJI MOPUTSDKEHUA. OJHOBPEMEHHO BO3MOXHA W XHMHUYECKas
azcopO1ms (xeMocopOLKs) C BOBHUKHOBEHUEM CHJIBHBIX XUMHUYECKUX CBS3EH MEXIy
a7copOMpyeMbIMH aTOMAMH U aTOMaMU METATTUYECKON MOBEPXHOCTH. AJcopOrus —
BCEr/a 9K30TEPMHUUECKUI Mpolecce, MPUBOISIINNA K yMeHblIeHUI0 dHeprun ['uboca.

Tperuii mpouecc mnpu XUMHUKO-TEpMHYECKOM oO0paboTtke — auddysus
a7IcOpOMPOBAHHBIX aTOMOB OT MOBEPXHOCTH B IIyOb u3aenus. AncopOuus mpoTeKaet
OoueHb OBbICTPO, a nuddy3us uaer MeniaeHHo. Tak Kak ri1yOMHa 30HBI U3MEHEHHOTO
coctaBa (nupPy3MOHHON 30HBI) M pacHpenesieHue KOHLEHTpaluu BHYTpHU Hee
3aBUCAT TJABHbIM 00pa3oM OT pa3BuTusi Iud@y3uu, TO TpU aHAIU3E XHUMHKO-
TEPMUYECKON 00pabOTKM OCHOBHOE BHHUMAaHHUE YACNAETCS 3aKOHOMEPHOCTAM
b dy3un.

C yBenMueHHEM BpPEMEHH BBIAEPKKH NUPGY3MOHHAS 30HA pACIIUPSETCs, a
conepxkanue AuQpGyHAUPYIOLUIEro 3IeMeHTa B Heil Bo3pactaeT (puc. 7.1). [lnomans
107l KPUBOW paclpelesieHus KOHIEHTpAaluu »JJEMEHTa 10 CEYEHUI0 U3JENIus
XapakTepuszyeT 00Ilee KOJIWYECTBO 3JIeMEHTa B AU(P(GY3HMOHHON 30HE MpPHU JAHHOM
BPEMEHM BBIIECPKKHU.
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Konyesmpayus [y, 7/

Ays
—PaccmosaHue om nobepxHocmy x

Puc. 7.1. Pacnipeenienre KOHLEHTpalMu B 01HO(a3HOM 30HE TUdPY3MOHHOTO
oOoraiieHus B pa3Hble MOMEHThI BPEMEHHU MPU NOCTOSSHHON KOHUEHTPALNU
Ha noBepxHocTH Cy

Ecnu B kauecTBe MmokaszaTelnsi MIyOMHBI MPOHUKHOBEHUS AU YHIUPYIOIIETO
AJIEeMEHTa BBIOPATh PACCTOSHHE X OT IMOBEPXHOCTU /0 TOYKHU C JIOOOW 3aaHHOU
KOHIIEHTpaIue, To

x=KVD"1 ,
rae K —koncranta; D — koaddunment nuddysun; T — Bpems.

Takum  oOpazom, ryouHa  n1ud@y3moHHOM ~ 30HBI  M3MEHSIETCS
MPOIMOPLIMOHATILHO KOPHIO KBaJpaTHOMY W3 BPEMEHHU BBIAEPXKKH IMPHU MOCTOSTHHOM
Temriepatype. UYToObl yBeTUUUTh TIyOUHY U] PY3MOHHON 30HBI, HAIPUMEDP, BTPOE,
BpEMSI BBIICPKKH CIIEYeT YBEIUUYUTH B IEBITH Pa3.

B peanbHbIX mporeccax XUMHUKO-TEPMHUYECKON 00paboTKu mapalbonndecKuit
3aKOH pocta AU(PQGYy3UOHHOM 30HBI MOKET HApYyIIAThCs H3-32 HEMOCTOSHCTBA
KOHIIEHTpAIlMM Ha MOBEPXHOCTU HU3JeNusl (Hampumep, npu OOJbIION aKTMBHOCTU
OKpy>Karolei cpeapl KoHueHTpauus C,; MOXXeT BO3pacTaTh).

3aBUCUMOCTh T1yOUHBI OJHO(pA3HON AUPDY3MOHHON 30HBI OT TEMIIEPATYpHI,
KaK T[IOKa3bIBalOT ONBITHI, SIBISIETCS OKCIOHEHLUMANbHOM MM  OJU3KOM K
HKCIMOHEHIIUATBHON. DTO MOKHO OOBSICHUTH TEM, 4TO KOdPuuueHt nupdy3un cam
HKCIOHEHIIMATBHO PACTET C MOBBIIIEHUEM TEMIIEPATYPHI.

PaccMoTpeHHble  BBIIE  MPOCThIE  3aKOHOMEPHOCTH  0Opa3oBaHUs
1 y3MOHHOM 30HBI OTHOCSTCS K JBYXKOMIIOHEHTHOMY TBEPJIOMY PacTBOPY.
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3aKOHOMEpPHOCTHU bopmupoBaHUs b dy3noHHON 30HBI B
MHOTOKOMIIOHEHTHOM PAacTBOpPE 3HAYUTENBHO CIOXKHEE, TaK Kak H3MEHEHHe
KOHIEHTpAIM OJIHOTO DJJIEMEHTA BIMSIET HAa TEPMOJAMHAMHYECKYIO aKTUBHOCTD
JIPYTHUX JIEMEHTOB M Ha UX paclpe/eieHue.

Hanmpumep, npu cuwidnupoBaHuu — Ju(Py3nOHHOM HACBHIIIEHUU CTaJIH
KpPEMHHUEM — aKTUBHOCTb YIJiepoja BOJM3M MOBEPXHOCTH M3JAENHUS, TIE KPEMHUs
0o0JIbI1Ie, TIOBBIIIEHA U YTIEPO Kak Obl OTTECHSIETCS OT MMOBEPXHOCTH (puc. 7.2,a).

[ oM/ M

a 7]

i, 75 50 0 50 o
X MKM

Puc. 7.2. Pactipenenenue yriaepoaa (1o pe3yiabTaTam pagioMeTPHYECKOTO aHaIN3a)
nocie auddy3nonnoro HaceieHus cranu ¢ 0,14% C kpemuueM (a) u xpomom (0)
ipu 950°C (I'.B.1llep6enunckuii, B.1.1aitnypoB)

[Ipu nuddy3uoHHOM XPOMUPOBAHUM KapTUHA MPSIMO MPOTHUBOIOJIOKHAS.
XpoM MOHMKAET aKTUBHOCTH YIJIEpOJia B ayCTECHUTE U B IIPUIOBEPXHOCTHBIX CIOSX,
rae xpoma Ooiibllie, KOHIIEHTpalMs yTiepojia MOBbIIIeHa, a Mpuiieraronui 0osee
IIyOOKHUi cliol 06eHeH yriaepoaoM (puc. 7.2,0).

Takoe nepepacnpenenenue yriepogaa (Bocxomsmas nuddysus) B odoux
CIIy4asiX UJET B CTOPOHY YMEHBIIEHHUS IPAIUEHTA €r0 AaKTUBHOCTH.

B oOmiem, mpu HachlEHUH CTald KapOUI000pa3yroIIMMHU 3JIeMEHTaMH,
CHIKAIOIIMMHU aKTUBHOCTh YIJIEPO/a, MOXHO OXHUJaTh OOOralieHus YriepoaoM
MPUMOBEPXHOCTHOIO CJIOS U OOEJHEHUS UM CIEIYIOIIEro CJosl, a MPU HACBIILEHUU
HEKapOuA000pa3yOIUMH  3JIEMEHTaMM, TIOBBIIAIOINIMMU aKTUBHOCTh YIJIEpOJaA,
ClIelyeT OXKUAATh OTTECHEHUS €T0 OT OBEPXHOCTH.
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Pa3HOBHAHOCTH XMMHKO-TEPMHUYECKOH 00padoTKH

B mpOMBIIIINIEHHOCTH TPUMEHSIOT MHOKECTBO CITIOCOOOB XUMHUKO-TEPMUIECKON
00paboTKH, paznuyatonmxcs TudGyHIUPYIOMKUMA dJIEMEHTaMH, TUIIOM U COCTaBOM
BHEIIHEW CpeIbl, XUMU3MOM MPOIECCOB B HEH, TEXHUKOW WCTIOTHEHHSI U JAPYTUMU
pHU3HAKaAMHU.

B 3aBHCHMOCTH OT arperaTHOrO0 COCTOSIHHs BHEIIHEH Cpenbl, B KOTOPYIO
MOMEIIA0T 00padaTbiBaeMoe U3JeIne, pa3inyaloT XUMUKO-TEPMHUUECKYI0 00paboTKy
B TBEPJIOM, KUJKON U TA30BOM Cpeaax.

ATombl mUQPYHANPYIOMIETO dIEMEHTA MOCTYMAIOT W3 TBEPAOrO BEIIECTBA B
MEeCTax TMpPSMOTO KOHTAaKTa €ro C TIOBEPXHOCTHIO W3JEIHs. OTOT MPOIECcC
Majod3(pPeKTUBEH U MPUMEHSIOT ero peako. OOBIYHO TBEPAYIO CPEay HCIOIb3YIOT
JUTS CO3JIaHUSI aKTUBHOM T'a30BOM WIIM MapOBOM (a3bl, U3 KOTOPOH aTOMBI MMOCTYIAIOT
B m3aenue. Hampumep, mpu IeMEHTalMM B TBEPJAOM KapOropuzatope (IpeBECHOM
yriae) aToMbl yriaepoja, aub@yHaupyoomue B CTaudb, 00pa3yloTcs H3 OKCHa
yraepona (2CO—C+CQO,), a apeBecHbIN Yrojib HEOOXOAUM JIUIIb ISl 00pa30oBaHUS
ra3zoBoi (asbl.

Hpyroit mpumep — nuddy3noHHOE XPOMUPOBAHUE B «TBEPIOI» cpene, Korma
U3JIee YIMaKoBaHO C TOPOMIKOM Xxpoma uiu ¢eppoxpoma. IIpu HarpeBe Xpom
UCTIAPSCTCS U €T0 aTOMBI IMOCTYNAIOT B U3/IENIHE TJIABHBIM 00pa3oM U3 MapoBoi (assl,
a HE B MeCTaX MPsIMOT0 KOHTaKTa MOPOIIKa C TOBEPXHOCTHIO U3JICIIH.

[lpu XUMUKO-TEpMUYECKOW OO0pabOTKE B JKUIKOH Cpele aToMbl SJIEMEHTA,
nuyHAUPYIONMIETO B U3Jene, 00pa3yloTCs B pe3yJbTaTe XUMUUYECKUX PEeaKiuil B
pacraBieHHod conu  (Hanmpumep, B NaCN 1npu 1MaHMpPOBAHUM CTajld) WU
MOCTYMAIOT HEMOCPECTBEHHO U3 PACIUIaBICHHOr0 MeTaia (HalpuMep, U3 pacijiaBa
TFOMHUHUSA TIpH T HY3MOHHOM ATFOMIUHUPOBAHUH CTaJIH).

[Ipu xumMuKo-TepMUUECKOH 00paboTke B ra3zoBoil cpene nudyHIupyronui
aJeMeHT o0pasyercs B pesyiabrate peakiui auccoumarnuu (CHy;—C+2H,),
nuctiponiopuuonupoBanus  (2CO—C+CO,), obmena (CrCl,+Fe—Cr+FeCly) wu
Boccranosnenus (VCl,+H,—V+2HCI).

l'azoBast cpema u axkTuUBHas raszoBas (aza, oOpasyromiascs NpU Harpese
U3JIeNUid B TBEPAOW cCpele, B TPOMBIIUICHHBIX MpOIEccax CIayKaT CaMbIMU
pacmipoCTpaHECHHBIMU MMOCTABIIMKAMH aTOMOB 3JIEMEHTOB, KOTOPBIMU 00OTaIatoTCs
MOBEPXHOCTHBIC CIIOW U3JICIIHS.

Jlj1st XuMuKo-TepMUIeckoit 00padoTku Hanbosee yao0Ha YKCTO ra3oBas cpeja:
€€ COCTaB JIETKO perylupoBaTh, OHa OBICTPO TpOrpeBaeTcss [0 3aJaHHOU
TEMIEPATyphbl, TIO3BOJISET TOJTHOCTHIO MEXaHU3HPOBATh W aBTOMATHU3UPOBATH
MPOIIECC XMUMHUKO-TEPMHUUECKON 00paboTKM M cpa3y MNpOBOJAUTH 3akalky (0e3
MOBTOPHOTO HarpeBa).

[TpuBeneHHBIC TPUMEPHI TTOKA3bIBAIOT, YTO KIACCHU(PUKAIUSI METOAOB XHMMHKO-
TEPMHUYECKON 00pabOTKH MO arperaTHOMY COCTOSTHHIO CPEJIbl, B KOTOPYIO TTIOMEIIEHO
u3JleNue, HE BCerja corjacyercs ¢ (U3MKO-XMMUYECKOM CYIIHOCTBIO Mpolecca
00paboTKH.
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Hcxonst ©3  (PU3MKO-XUMHUYECKOW  XapaKTepUCTUKA aKTUBHOW  (a3bl,
nocrapistonieii quddyHAUpyOmENH — 3JEMEHT,  NPUMEHSETCS  CleayroIas
KJIaCCU(UKAIUS METOJJOB XUMUKO-TEPMUIECKON 00paboTKu:

- HaCHIIIEHUE U3 TBEP0i (aswl,

- HaCHINIEHUE U3 TapOBOii (a3wl,

- HacChIIIEHUE U3 Ta30BOM (a3bl,

- HACHINIEHUE U3 )KUIKOH (a3bl.

CormacHo 93TOM  KiIaccCMpUKAUK  I[EMEHTAlMI0O CTald B TBEPAOM
KapOropu3aTope cienyeT OTHOCHUTh K METOAy HACHIIIEHUS W3 Ta30BOM Qas3bl, a
1 Gy3MOHHOE XPOMHUPOBAaHHE B TOPOIIKE XpoMa — K METOJNY HACHIICHUS U3
napoBoi (hasbl.

[To xapakTepy M3MEHEHHS XMMHYECKOI'O COCTaBa 00padaThIBAEMOTO H3EIUs
BCE Pa3HOBHIHOCTH XHMHUKO-TEPMHUYECKOW 0OpabOTKH MOXXHO pa3AeiuTh Ha TpHU
TPYTIIbL:

- nu¢Hy3MOHHOE HACKIILICHHE HEMETaJIaMH,

- mu¢Hy31MOHHOE HACKIILICHHE METaIaMHU,

- mudHy3MOHHOE yJaIeHNE DJIIEMEHTOB.

OTH TpYMIBl BKIOYAIOT pa3HOOOpa3HbIe MPOMBIIIIICHHBIE TMPOIECCHl XMMHUKO-
TEPMUYECKON 00pabOTKH.

Kaxxaplii mporecc XHMHKO-TEPMHUECKON 00paOOTKH MOYKET OCYIIECTBISTHCS
pasHBIMH METOJaMH (HACBHIICHUEM W3 Ta30BOM, MapOBOM, KUIKOW WIH TBEpPIOU
da3pl) U B caMOM pPa3HOOOPA3HOM TEXHUYECKOM HCIOJHEHUH (HArpuMmep, ¢
MOJTydeHUEM aKTHBHOW Ta30BOM a3kl B pabodyeM MPOCTPAHCTBE MEYH WIH B
OTIEIEHOM T€HEPaTope).

TunuuHble Pa3HOBUAHOCTH XUMHUKO-TEPMUYECKOW 0OpabOTKH OTHOCSATCS
IJIaBHBIM 00pa3oM K CTallsIM, TaK KaK XMMHKO-TEPMHUYECKYI0 00pabOTKy YyryHOB U
[[BETHBIX METAJUIOB U CIJIABOB B IIPOMBIIIUICHHOCTH MMPUMEHSIOT HECPABHEHHO PEXKE.

7.1. Inddy3nonHoe HAChIIIeHHE HEMETAJIAMU

[ToBepXHOCTHOE HACBHIIMIEHUE CTAlM YIJIEPOAOM M a30TOM MM COBMECTHO
STHMH DJJIEMEHTaMU — Haubolee MIMPOKO HCIOIb3YEeMbIe MPOILECChl XHMHKO-
TEPMUYECKON 00pabOTKH.

VYriaepoa u a30T pacTBOPSIOTCS B XkKelle3e MO CIOco0y BHEAPEHUS U MOITOMY
MoryT ObicTpo nudPyHAMpPOBaTH Ha 3HAYMTEIHHYIO TIYOMHY. AKTHBHBIC CPEIIbI,
coZiep Kallie 3TU AJIEMEHTBHI, IeUIeBHl, a (a3bl, 00pa3yIoUecs ¢ y9acTHEM yIiepoa
U a30Ta B NPOIECCe HACBHIMEHHUS WU MPHU TOCIEAyIone TepMooOpaboTke, pe3Ko
W3MEHSIOT MEXaHHUYECKHEe U (U3UKO-XUMHUUECKHE CBOMCTBA CTaJIH.

Llemenmauyusa (nayzneposcueanue). lleMeHTalluM TOABEPraloT M3IACIUS U3
cTajieil ¢ HU3KUM cojiepkanueM yrieposaa (o0braHo 110 0,25%).

[Ipu nemMeHTaMK B TBEPAOM KapOIOpU3ATOpE U3CIHS YKIAAbIBAIOT B SIIHUKH,
KyZla 3achIlIalOT JPEBECHBIN yroib, cmemaHHbli ¢ 20-25% BaCOs. Ilpu Harpese

136



yIAeposd IPEBECHOTO YU, COCIUHASICH C KUCIOPOJIOM BO3AYyXa, HAXOIAIIErocs B
LIEMEHTAllMOHHOM SIIIMKE MEXJy YacTUIIAMH KapOropuzaTopa, o0pa3yeT OKCHI
yraepoaa: 2C (yroap) + O,—2CO.

B KoHTakTe ¢ KejIe30M OKCHJ YIJiepoAa JaeT aTOMapHbId YIrJepo:
2CO—CO,+C (aroMapHblif). DTOT aKTUBHBIN YIIepoJ] MOTIOMIAETCS AYCTEHUTOM U
mubyHaupyeT B riyOb U3ENHs.

Ho6aBka BaCO;3 cuinbHO UHTEHCUPUIIMPYET MPOLIeCC IEMEHTAlUH, TOCTABIISSA
JOTIOTHUTENIBHOE KOJIMYECTBO OKCHJIa Yriepoja M COOTBETCTBEHHO AaKTHUBHOIO
yraepona: BaCO; + C (yrosnb) — BaO + 2CO u 2CO—CO, + C (at.).

Jis  ra3oBOM IleMEHTalMM B KauecTBe KapOrwopuszaTopa HCHOJIb3YIOT
npupoAHbId ra3 (coctouT B ocHOBHOM u3 CH,4), xoHTponupyembie aTtMocgepsl,
MoJIydaeMble B CHEIHAIbHBIX TE€HEepaTopaxX, a TakKkKe >KUIKHE YIIIEBOJIOPOIbI
(kepocuH, O€H301 W [p.), KalUISIMU [OJaBacMble B TepMETHYHOE pabouee
MPOCTPAHCTBO IM€YH, TJe OHU OO0pa3yloT aKTUBHYIO Ta30Byt0 ¢a3zy. OCHOBHOMU
MOCTABIIMK yTiepoja B ra3o00pa3Hbix kapOropuzaropax meran: CHy — 2H, + C.

B  HCcKycCTBEHHO TMOJNY4eHHOW KOHTpOJIUpyeMoWl arMmochepe  TaKuMm
MOCTABIIMKOM SIBJISIETCSI OKCHUJI YIIIepo/a.

B 3aBrcHMOCTH OT cocTaBa ra30BOi CMECH M COCTaBa CTajiu aTMocdepa B neyu
MOXXET OBbITh HayrJepoKHBarolel, o0e3yriepokuBaromeid M HeuTpaibHOU. B
MOCJIETHEM ClIy4yae KOHIIGHTpalus yriepoja B CTajlu SIBISETCS PaBHOBECHOW s
JAHHOTO COCTaBa T'a30BOM CMECH U TaKyl0 KOHIIEHTPALMIO HA3bIBAIOT YIIEPOAHBIM
MOTEHIIMAJIOM JaHHOW aTMocdepbl. Ecnu KoHIeHTpanus yriepoja B CTajld HUXKE
TOM, KOTOpasi COOTBETCTBYET paBHOBECHUIO ¢ arMmocdepoil, To OyIeT MPOUCXOAUTH
HayTJepOXKUBAHHUE.

["a3oBasi LeMeHTalus — OCHOBHOM Mpolecc Mpu MacCOBOM IPOU3BOJACTBE, a
LEMEHTAllMI0 B TBEPJAOM KapOIOpU3aTOpe UCIHOJB3YIOT B  MEJIKOCEPUINHOM
MIPOU3BOJICTBE.

['myOuHa neMeHTanuu B 3aBUCMMOCTH OT Ha3HA4Y€HMs] W3JENUs M COCTaBa
cTaiau oObIYHO HaxoauTcs B mpeaenax 0,5-2,0 mw.

HemenTanuto npooaat npu 910-930°C, a munorna nnsa yckopenus npu 1000-
1050°C. C noBbIIEHUEM TEMIIEPATYPHl YMEHBIIAETCS BPEMSI TOCTUIKEHUS 3aJaHHOU
riyOuHbl LIeMEeHTaluu. Tak, NMpu ra3oBOM LIEMEHTALMM HAYTJIEPOKEHHBIM CIoN
tonmuHon 1,0-1,3 MM nonygarot ipu 920°C 3a 15 4, a npu 1000°C — 3a 8 4. YToObI
MpeI0TBPaTUTh CUJIbHBIN neperpes (pocT ayCTEeHUTHOT'O 3epHa),
BBICOKOTEMIEPATyPHOU IIEMEHTAIlMK TOJIBEPraloT HACJIEICTBEHHO MEIKO3E€pPHUCTHIC
CTaJIH.

KoHueHnTparus yriaepoja B IOBEPXHOCTHOM CII0€ M3l OOBIYHO COCTABISIET
0,8-1,0% n He mocTuraer mpenesia pacCTBOPUMOCTH MPU TEMIIEPATYPE LIEMEHTALIHMH.
CnepnoBarenbHo, cetka Fe;C mpu temmeparype neMeHTauuu He oOpasyercs, U
MOBEPXHOCTHBIN CIIOM, KaK U CEepALIeBUHA, HAXOJUTCS B ayCTEHUTHOM COCTOSIHUU.

[Tociie MeANEHHOrO OXJIAXKACHUS LIEMEHTOBAHHBIM CIIOM C NEPEMEHHOMN
KOHIIEHTpaIMeil yriepoia cOoCTOMT M3 ¢eppura U LIEMEHTHTa U XapaKTepusyercs
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raMMOl  CTPYKTYp, THUINMYHBIX [JJI1  3a3BTEKTOMIHOM, OBTEKTOMJAHONM U
JIOABTEKTOUTHOU CTaIH.

IlemeHTamus ABIsSETCA IPOMEKYTOYHOW OIlEpaluen, Lellb KOTOpoun —
obOoramieHue TMOBEPXHOCTHOTO  CJOsl  yriepoaoMm. Tpebyemoe  ympoyHEHHE
MTOBEPXHOCTHOTO CJIOA M3JIENINS JOCTUTACTCS 3aKAIKOHM IMOCIe [EMEHTallMM. 3aKalika
JOJDKHA HE TOJBKO YIPOUYHUTH MOBEPXHOCTHBIM CIIOM, HO U MCHPABUTh CTPYKTYPY
neperpeBa, BO3HUKAIONIYIO M3-328 MHOIOYaCOBOM BBIJIEPKKU CTAIIM MPU TEMIIEpaType
LIEMEHTALINH.

[locne meMeHTanu B TBEPAOM KapOrOpU3aTOpe OTBETCTBEHHBIC W3ICITHS
MOJIBEPraroT ABOMHOW 3aKajke, TaK KaK COJEp>KaHUE yriepojia B CEpJLIEBUHE U Ha
MOBEPXHOCTH M3JICNIMS Pa3HOE, a ONTUMallbHas TeMIIEpaTypa HarpeBa IMoji 3aKajiKy
3aBUCHUT OT COJIEP>KaHUs yriepojaa B CTalu.

[lepByto 3akasniky mpoBomar ¢ HarpeBoM 10 850-900°C (Bbimie TOUKH Aj
CEepAIICBUHBI M3JEHs), YTOOBl TPOM3OILIA TIOJHAS TMEPEKPUCTATUIM3AIMS C
M3MEJIbYCHUEM ayCTEHUTHOrO 3€pHa B JOABTEKTOUIHOHN cTanu. B yriepoaucroit
CTaJIM M3-3a MaJIOW TIYOWHBI TPOKAJTUBAEMOCTH CEPALICBUHA U3JCIHS TOC]IE MEPBOM
3aKaJKh COCTOUT U3 dheppuTa U MepinTa.

Bmecto mepBOil 3akaliku K YIVIEPOJMCTOM CTald MOXHO NPUMEHATH
HOpMalin3aluio. B mpokainBaroniencss HaCKBO3b JISTUPOBAHHOW CTalM CEplLIEBUHA
M3AE€IUs COCTOMT M3 HHUBKOYIJIEPOJAMCTOrO MapTeHCUTa. Takasg CTpYyKTypa
o0ecrieurBaeT MOBBIIIEHHYIO MPOYHOCTh U JJOCTATOUHYIO BA3KOCTh CEP/IIICBUHBI.

[Tocne mepBOM 3aKkaJIkKi LIEMEHTOBAHHBIM CJIOM OKa3bIBAETCS MEPETPETHIM U
coAepKallldM TIOBBIIICHHOE KOJMYECTBO OCTAaTOYHOro aycteHuta. IlosTomy
MPUMEHSAIOT BTOPYHO 3akaiky c¢ Ttemmeparypsl 700-780°C, onTuMalbHOW [Jis
3a9BTEKTOMIHBIX cTasiel. [lociae BTOpoW 3aKkainku MOBEPXHOCTHBIW CIIOM COCTOUT U3
MEJIKOUT0JIbYATOT0 BBICOKOYTIEPOJAUCTOTO MAPTEHCUTA U TIOOYIISIPHBIX BKITIOUEHUM
BTOPUYHOTO KapOuza.

IIpy ra3oBoil IIEMEHTAIlMU 4Yallle BCETrO TMPUMEHSAIOT OJHY 3aKaJKy C
LIEMEHTAIIMOHHOI0 HarpeBa mociie noAcTyxuBanug uznenus g0 840-860°C. Ilocne
3aKaJIKM 1IEMEHTOBaHHbIE W3Jenua Bcerga HarpeBator 10 160-180°C  nns
YMEHBIIEHUS 3aKATIOYHBIX HANIPSIKEHUH.

[lemeHTaIMIO IIMPOKO MPUMEHSAIOT B MAIIMHOCTPOCHUU [JI1 TMOBBIIICHUS
TBEPJAOCTU U HU3HOCOCTOMKOCTH M3JICJIMI C COXPAaHEHUEM BBICOKOW BSI3KOCTH HMX
CEpAIICBUHBI. Y IeIbHBIH 00BhEM 3aKAJICHHOTO HAYIJIEPOXKEHHOTO CJIOSI OOJIbIIe, YeM
CEepALICBUHBI, W TMO3TOMY B HEM BO3HUKAIOT 3HAYUTEJIbHBIE CXKUMAIOIINE
HanpspkeHusl.  OcCTaTouHble HANPSKEHUs CXKATUSL B MOBEPXHOCTHOM  CIIOE,
nocturaromniue 400-500 MIla, noBbIIalOT MPeE/I€]T BBIHOCIUBOCTH U3IEIIHS.

Huzkoe copepxanue yruepona (0,08-0,25%) oOecneynBaeT BBICOKYIO
BSI3KOCTH CEPIICBUHBI.

Ilementanuu mnoxaBepratoT kadectBeHHble ctamu 08, 10, 15 u 20 wu
nerupoBanHble ctanu 12XH3A, 18XI'T u ap. OcHOBHOE Ha3HAaYEHUE JIETUPOBAHUS
31€Ch — MOBBIIICHHE MPOKAIUBAEMOCTH U COOTBETCTBEHHO MEXAHUYECKHUX CBOWMCTB
CEpALICBUHBI U3AEIUN U3 IEMEHTYEMOU CTau.
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A3zomuposanue. A30TUPOBAHUE CTaJIbHBIX H3MEIHA MPOBOAIT B aMMHakKe,
KOTOpBI TpU HarpeBe AUCCOIMUPYET, IOCTAaBISAS AKTUBHBIH aTOMapHBIA a30T:
2NH;— 2N + 6H.

B cucteme Fe-N mpu temmepatypax a30THPOBaHHUS MOTYT 0Opa30BBIBATHCS
cinenyromue $aszbl (puc. 7.3): a-pacTBOp a30Ta B kelnede (a30TUCTBIA Qeppur); v-
pacTBOp aszora B JKkene3e (A30THCTBI ayCTCHHT); TpPOMEXyTouHas 7Y’ -¢aza
MIEPEeMEHHOTO cOCTaBa Ha OCHOBE FeyN C T.II.K. peleTKoii; mpoMexxyTouHas g-dasa ¢
I.I. pemeTKod M MHUPOKON obnacteio romoreHHoctu (ot 8,1 mo 11,1% N npu
KOMHATHOM TemIepaType).

ang 7
ﬁ

&
S S

Temnepamypag

g 2 4 6
Fo ——N% (no macce/

& 0

Puc. 7.3. [lnarpamma coctossHus cuctemsl Fe—N

Ecam azotupoBanme Bectu npu Temmeparype S550°C, koTopas HMXKe
sBrekTonaHo (590°C), To BHayaie oOpaszyercs o-pacTBOp, 3arem Y'-aza w,
HakoHetl, e-¢aza. C ynajJeHreM OT MOBEPXHOCTH MPHU a30THUPOBAHHH KeJie3a TOJIKHO
HaOJII0AAaThCs CIIEIYIOUIee YepeJOBAaHUE CIOEB: €Y' — 0.

[Ipu moHMWKEHUU TeMIepaTypbl 00JacTH O-pacTBOpa M O0coOEHHO &-(a3bl Ha
auarpaMMme COCTOSIHHSA Cyxawotes (puc. 7.3), W TMOITOMY TMpU MEIJIECHHOM
OXJIAXKACHUH C TEMIEpPaTypbl a30TUPOBAHHUS B O- M €-CJIOSX OJDKHBI TMOSBUTHCS
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BTOpuuHble BbiAeneHus Y. C ygaleHHWeM OT TMOBEPXHOCTH TMpU KOMHATHOM
TEMIIpaType CJIOU YePeayIOTCS B CAEAYIOIIEM MOPSIKE: €—E+Y ,—Y'—aty'—a.

Ha rpanunax cnoeB et+y',/y' U y'/oty'sy OpU KOMHATHOM Temmeparype
(COOTBETCTBYIOIIME TpaHULBI MpPU TEMIEepaType a3oTupoBaHus &Y' u vy'/a)
KOHIIEHTpAIMsl a30Ta MEHSeTCsl CKaukooOpa3HO. OTH CKayKd COOTBETCTBYIOT
otrpe3kam ab u cd Ha nuarpamme coctosius (puc. 5.10).

['panuna cioeB €/e+y'y; COOTBETCTBYET T'paHUIle MEXAY (a30BBIMHU 00JIACTIMHU
€ U ¢t+y' Ha nuarpamme coctosiug (8,1% N npu komHaTHON Temmnepatype). Ckauka
KOHIIEHTpAIMH a30Ta HAa TPAHUIIE CJIOEB &/€+Y's; HE TOIKHO OBITH.

IIpu Temnepatype azotupoBanHus 600°C c ynajeHueM OT NOBEPXHOCTH
U3JIenusl 10JDKHO HaOII01aThesl YyepeoBaHue ciaoeB e€—y'—y—o. [lpu memienHom
OXJaXJEHUN AayCTEeHUT pacnajgaercsa npu Ttemieparypax Huxe 590°C, naBad
ABTEKTOMIHYIO CMECh 0+Y', @ B O- U €-CIIOSIX MOSIBJISIOTCS BTOPUYHbBIE BBIIETIEHUS V'~
(ha3sbl.

[Ipu KOMHATHOM TeMIiepaType MOCie MEAJEHHOTO OXJIAKIEHUS JOJIKHO OBITh
Clelylollee  uepelOoBaHME  CJIOEB OT TMOBEPXHOCTH B  TIyOb  U3JENUs:
ety 5y —aBTeKTOUT (0tHy')— 0ty 5 —> 0

B nerupoBaHHBIX CTasAX a30T 00pa3yeT ¢ alIOMUHUEM, XPOMOM, MOJIHOIEHOM
U JpYTUMHU 3JI€MEHTaMU HUTPHUABl B OYEHb JUCHEPCHOU (QopMe, BCIEICTBUE YETrO
a30TUPOBAHHBIN CIION MPUOOpETaeT TBEPIOCTh, HAMHOI'O MPEBBIMIAIONIYIO TBEPAOCTD
LIEMEHTOBAaHHBIX CTajeil.

OOpa3oBaHue  a30TUPOBAHHOTO  CJIOSL  COMPOBOXKIAETCS  YBEIMYECHHEM
yIeIbHOTO 00beMa, M Yy TMOBEPXHOCTH BO3HHMKAIOT OCTATOYHbBIE CKUMAIOIINE
HanpspkeHus (1o 800 MIla). OcrtaTouHble HANpPsKEHUS CXKATHUS MOBBIIAIOT MPEAe
BBIHOCJIMBOCTH a30TUPOBAHHBIX U3EITHI.

Tonkwuii cnoii e-dazsr (0,01-0,03 Mm) XopoIio 3amuinaeT cTaib OT KOPPO3Uu
BO BIIQXXHOW aTMocdepe U Apyrux cpenax. A30TUPOBAaHUEM IOBBIIIAIOT TBEPIOCTh,
M3HOCOCTOMKOCTb, TpPENEN BBIHOCIMBOCTH, a TaKXe KOPPO3HUOHHYIO CTOMKOCTb
CTaJIeH.

A30TUpOBaHME C LIENBI0 MOBBICUTH TBEPIOCTh U H3HOCOCTOMKOCTH MPUMEHSIOT
K aetansim u3 ctaner tuna 38X2MIOA. Tlepen a30TupoBaHUEM U3EIHUE MTOJIBEPTatOT
3aKaJKe U BBICOKOMY OTIYCKY JJIsl HOBBIIIEHUS POYHOCTU U BA3KOCTU CEPAIICBUHBI.
Azotupoanue nposoait npu 500-520°C.

W3-3a HU3KOHM TemmepaTypbl U, CIeI0BAaTEIbHO, HU3KOM MOABUKHOCTA aTOMOB
azoTa npouecc JIuTenbHbid (24-90 9). TonmmHa a30TUPOBAHHOTO CJIOS COCTABIISAET
0,3-0,6 MM. MOXHO COKpaTUTh MPOJOKUTEIBHOCTh a30THUPOBAHUS, MOBBIIIAS
TeMIlepaTypy, HO MPU 3TOM CHIIBHO MAaJaeT TBEPAOCTh M3-3a KOATrYJISIUU HUTPUIOB
JIETUPYIOIINX 3J1€MEHTOB.

JUIUTensHBIM  mporecc a30THUPOBAaHUS [JIsl  TIOBBILIEHUS TBEPAOCTH H
M3HOCOCTOMKOCTH 1EJIECO00Pa3HO MPUMEHATh TOJBKO K H3/ENIUAM OTBETCTBEHHOIO
Ha3HAYCHUS.
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YckopeHue a30THpPOBaHUS JOCTUTAIOT, MCIONB3YS TIICIOMUNA paspssl MEXIY
aHOJOM U JeTaldbl0 — KaroAoM (neramb OoOMOapaIUpyIOT HWOHAMH a3o0Ta,
00pa3oBaBIIMMHUCS B IIJIa3Me pa3psiaa).

JI1s1 TIOBBINICHUST KOPPO3WOHHOW CTOHMKOCTH a30THUPYIOT JETalu U3 Pa3HBbIX
ctajeit (TJIaBHbIM 00pa3oM, U3 YIIIepoaucThiX). Tak kak OoJblnasi TBEPIOCTh 3/71€Ch
He TpelyeTcsi, TO TeMIeparypy Ipoiecca BbIOUparoT Bbeicokoi (600-700°C);
MPOAOJDKUTENBHOCTh TAKOTO Tiponiecca ot 15 mun 10 10 u.

Hekotopoe mpuMeHeHHE HaIIO0 a30TUPOBAHME JCTANCH U3 BBICOKOMPOUHBIX
YYT'yYHOB U TUTAHOBBIX CIIJIaBOB.

Huanuposanue u nHumpouyemenmayus. HacreieHne MOBEPXHOCTH HU3NEIUN
OJIHOBPEMEHHO YTJEPOJOM M a30TOM B PACIUIABJICHHON IIMAHUCTON COJIM HA3BIBAIOT
[IMaHUPOBAHUEM, a B Ta30BOM cpene — HuTpolemeHTanue. CooTHOIIEHHUE yriiepoaa
1 a3zota B AU(PGY3MOHHON 30HE MOXKHO PETyJUpPOBaTh, U3MEHSS COCTAaB CPEIbl U
TeMIIepaTypy mnpolecca.

[luanupoBanue crajeid ONpoBOAST B BaHHE, cojepxaimieit NaCN, nmpu 820-
960°C B Teuenune 30-90 muH. [Ipy OKMCIEHUM LUAHUCTOTO HATpHs OOpa3ylOTCA
aTOMapHBIA a30T ¥ OKCHUJ yTepoa.

[IpeumytiecTBa IMAHUPOBAHUS TI0O CPABHEHUIO C IIEMEHTAIUECH — 3HAUUTEITBHO
MEHbIIIAsT TPOJIOHKUTEIBHOCTL TIporiecca U 0Oojiee BBICOKAS W3HOCOCTOMKOCTH M
KOPPO3UOHHAsA CTOMKOCTH (OJlaromapsi a30Ty B MOBEPXHOCTHOM cioe). Hemocratok
MpoIiecca — UCIOJIb30BAHKE SOBUTHIX IIMAHUCTHIX COJICH.

HutponemeHTamuioo crajieil, Ha3pIBaEMyIO0 TaKXe€ Ta30BbIM I[HAHUPOBAHHEM,
npoBogar npu 850-870°C B Teuenue 2-10 4 B cpene, colepskaiieili aMMHaK H
HayIJIEPOKUBAIOLLUAN Ta3.

[To cpaBHEHMIO C Ta30BOM lIEMEHTAIIMEH HUTPOLIEMEHTALIUSI UMEET CJICIYIOIINE
MPEUMYIIIECTBA: HWXKE TeMIleparypa Ipollecca M, CJIeJ0BaTEIbHO, MEHBIIE POCT
3€pHa, BBIIIE U3HOCOCTOMKOCTh, MEHBIIIE KOPOOJIEHUE JIeTaJICH.

7.2. Inddy3nonnoe HaCbIIIeHHE METAJIAMU

MeTtasibl pacTBOPSIOTCS B JKeJIe3€ U APYTUX MeTajuiaxX 1Mo Crnoco0y 3aMeIeHHs
U TI0ATOMY MEJJICHHEe, YeM HeMmeTauibl, TudPyHaupyror B uznenue. Kak mpauio,
mudGy3noHHOE  HACHIINIEHHWE METAUIaMH  TMPOBOJSAT TMpU  00Jie€  BBICOKUX
TeMmreparypax, 4YeM HACBIIICHHE HeMeTaUlaMH. TUNWYHBIE MpPUMEpPbl —
ATUTUPOBAHUE U XPOMHUPOBAHUE.

Anumupoeanue NPUMEHSIOT IS TOBBIIICHUS] OKAJTMHOCTOMKOCTH CTajed u
peXe YyryHOB. AJUTHUPYIOT TaKXKe JUTHIC JIOMATKU Ta30TypOUHHBIX JBUTATENCH W3
KAPOIPOYHBIX HUKEJIEBBIX CIIJIABOB.

[Ipu HarpeBe aJqUTUPOBAHHOTO W3JIENMS B OKHUCIUTEIBLHOW Cpelle Ha ero
MMOBEPXHOCTH 00pa3yeTcsi TOHKas W TpouHas IuieHka Al,0s;, mpemoxpassroias
W3JIeNIUsT OT JaJIbHEHIEro OKucjeHus. [ myOuHa aquTUpOBaHUS B 3aBUCUMOCTH OT
MeToz1a U pexxuma coctaigeT 0,2-0,8 MM.
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Haubonpiee pacnpocTpaHeHUE MONTYUYUIO AIUTUPOBAHUE CTAIBHBIX U3ICIHIM
B MMOPOIIKAX C HACBIIIEHUEM U3 Ta30Boil ¢a3bl. [TopomkooOpa3Has cMech COCTOUT U3
beppoalltoMUHUS, XJIOPUCTOTO aMMOHUS U okucu amomMunus. B mpucyrcteun NH4Cl
oOpazyetcst razoo0pasubiii xyopua amoMunus Al1Cl;, SBISIOMUNACS MOCTABITUKOM
aKTUBHBIX aTOMOB QJIFOMUHUSI.

OkuCh amOMUHUSA TPEJAOTBpPAIIACT CIEKaHUE 4YacTull (eppoaTFOMUHUS.
AmutupoBanue npoBogAat rnpu 950-1050°C B reuenune 3-12 u.

Huddy3uonHoe xpomupoeanue TO3BOJISIET TMOBBICUTH  KOPPO3UOHHYIO
CTOMKOCTb, OKAJIMNHOCTOMKOCTh U U3HOCOCTOMKOCTh CTaIbHBIX JIeTaJICH.

HauGonbiiee npuMeHEeHHE TMOTYyYHIIO XPOMHPOBAHHME B TOPOIIKOOOPA3HBIX
cMecsx geppoxpoma (WM XpoMa), XJOPUCTOrO aMMOHHUSI U OKCHUA aTIOMHUHUS MPU
1000-1050°C ¢ Boiaepxkkon 6-12 4. O6pasyrommuiics razoobpasusiii xjaopua CrCl,
SIBJISIETCS IOCTABIIMKOM aKTUBHBIX aTOMOB XpoMa.

Hcnonp3yror Takxke xpomupoBanue B Bakyyme npu 1000-1050°C B teuenme
HECKOJIbKMX YacOB C HACBIIICHHEM W3 MapoBOi ¢as3bl, KOTOpas MOJYy4aeTCs MpH
WCIIApEHUH TMOPOIIIKA XpoMa.

Jlnd  MOBBIIEHUS  KOPPO3HMOHHOW  CTOMKOCTH W OKaJIMHOCTOWKOCTH
MMOBEPXHOCTHBIM CIIOW JOJDKEH MMETh CTPYKTYPY IUIACTHYHOTO TBEPAOTO pacTBOpa
XpoMma B a-xenese. Ecnu ogHa U3 1esieil XxpOMUpOBaHUs — MOBBIIIEHUE TBEPOCTH, TO
B TIOBEPXHOCTHOM CJIO€ JOJDKHBI 00pa3oBathes kapouasl xpoma (Cry3Cq, Cr,Cs). s
ATOTO BHIOMpAIOT cTalb, cojepxkainyto 6onee 0,4% C. TommmHa XpOMHUPOBAHHOTO
ciost 00bIYHO He mpeBbimaet 0,2 MM.

[Iporecchl XMMHUKO-TEPMHUYECKON 00pabOTKH Oyarojgapsi HeEHCcUepriacMoMy
pa3HOOOpa3ui0 XMMUYECKH aKTHBHBIX Cpel U OOraThbiM BO3MOXXHOCTSAM H3MEHEHUS
CBOMCTB MOBEPXHOCTHBIX CJIOEB M BCETO 00OBEMa M3JEIUN IIUPOKO HCIOJIB3YIOT B
npombinieHHOCTH. OHU  OBICTPO  Pa3BUBAIOTCS, 3aBOCBBIBAsSE HOBBIE 00JIACTH
MIPUMEHECHHUSI.
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