A.D. Koznosckuii, M.1O. Kono6oB

TEPMHUYECKASA OBPABOTKA
YIJIEPOAUCTBIX CTAJIEA

YueOHoe rmocobue

HWBanoso 2017



MunuctepcTBO 00pazoBaHus U Hayku Poccuiickoit @eneparu

HBaHOBCKHM TOCYAAPCTBEHHBIA XUMUKO-TEXHOJIOTUYECKUN YHUBEPCUTET

A.D. Kosnosckuii, M.1O. Kono6oB

TEPMHUYECKASA OBPABOTKA
YIJIEPOAUCTBIX CTAJIEA

YueOHoe rmocobue

HMBanoso 2017



YK 66.040.2

Kosnosckuii, A.D. Tepmuueckas 00paboTka YriaepoauCThIX CTalle: yuyeOHOe
nocobue / A.D. Koznosckuii, M.IO. Kono6os; MBaH. roc. XUM.-TEXHOJ. YH-T. —

HBanoso, 2017. — 144 c.

N3noxena Teopuss TepMUYECKOM OOpabOTKU  yrIAEpPOJUCTBHIX  CTayeil.
[Ipoananu3upoBaHbl W3MEHEHHS] CTPYKTYpbl W CBOWCTB IMpHU 3aKajKe, OTIIYCKE,
CTapeHuu, OTKuUre ¢ (pa3zoBoi MepeKpUCTAIU3AIUEH, PEKPUCTATUIM3ALMOHHOM H
JOPEKPUCTAINIU3AMOHHOM OTKUT€, TOMOTE€HM3allUM, OTKUI€ Il YMEHBIICHUS
HaIpsHKEHUH, TEPMOMEXaHUUECKOMH, XUMUKO-TEPMHUUECKOMN u JIPYTUX
Pa3HOBUIHOCTSX TEPMOOOPAOOTKHU.

[IpennazHadeHo i CTYAEHTOB OYHOM U 3a04HOU PopM 00yUeHUSI.

Nn. 55. bubnuorp.: 15 Ha3B.

Ilewataercsa mo PCHICHUIO PCAAKIIMOHHO-U3AAaTCIIbCKOIO COBCTA HMBanoBCKOrO

rocyaapCTBCHHOI0O XUMHUKO-TCXHOJIOIHYCCKOI'0O YHUBCPCUTCTA.

PeueH3eHTHI:
kadenpa MeXaHWKH, PEMOHTAa W JeTajleil MamuH VIBaHOBCKOW moXkapHO-
cnacarenabpHor akagemuu I'TIC MUC Poccuu;
KaHAUAAT TEXHUYECKUX Hayk, jgoueHt A.M. AbGamuxun (MBaHoBCckas

rocyJapcTBeHHAas cenbCckoxo3siicTBeHHas akagemus umenu [[.K. bensepa)

© Koznosckuii A.D., Komob6os M.10O., 2017
© OI'bOY BO «lBaHOBCKHI TOCYIaPCTBEHHBIN

XUMHUKO-TEXHOJIOTUYECKUN YHUBEPCUTET», 2017



OI'JIABJIEHUE

BBEIEHHUE. . ..ot e

1. Knaccudukarus BUI0B TEPMHUIECKON OOPAOOTKH. ...ovevnrveeeeennniennnn.n.

2. OTHKUT TICPBOTO POMA. vt v eeeeeeeennnnnnnntaeeeeeeeaeeeaaeaaanseeeaeeeeeeeeeens
2.1. TOMOTEHUBUPYIOIIHAM OTHKHT . ... e uneeeeeennteearienneeeennneeeennnneeeneenn
2.2. PekpucTaIM3alMOHHbINA U TOPEKPUCTATUTU3AIMOHHBIA OTXKHUT.........

3. OTIKHUT BTOPOTO POIA. . nuuuutreeeeeeeaeeeaneannntsiamaeeeeeeeeaannnssnnsaaeaaaeenannns
3.1. OGuue 3aKkOHOMEPHOCTH (pa30BBIX MPEBPALIEHUN B TBEPAOM
o701 03 170
3.2, OTKHUT CTAMEH . .. eevenrneeeeannnaeennnns

3.3. OTKUT UYTYHOB. .. ..eeennrnneeennnnnnn.

4.1. 3akanka 6e3 TOJIUMOPGHOTO MPEBPAIMCHHUS. ....veeeeeeeeerrrereeeeaerarereaeaannns
4.2. 3akanka ¢ TOJIUMOP(DHBIM TPEBPAIICHUECM. .......eerernrreeennrreenanereeennnnens

5. CTAPECHME T OTITYCK. .. .uuvveeeeeeeniiiitteeeaniiiteeesennnieeeeeessssreeeeessnssseaeeessnnnsneees
I B O 21 015 2 1 (TSP PPPPPRT
52, OTIYCK. .o vv v,

6. TepMOMEXaHHIECKAT OOPAOOTKA. . ..vvveeeenteeeeiieeeeaiaeeeanninneeanns
6.1. HuzkotemmepatrypHasi TepMOMEXaHUUECKast 00paboTKa......................
6.2. BeicokoTeMiiepatypHas TepMOMEXaHUYECKast 00padoTKa...................

7. XUMHKO-TEPMHUIECKAST OOPA0OTKA. .. .\vveeentiieeeeaiiieeeaiiieeeeeainnaannn,
7.1. Juddy3noHHOE HACHIIICHUE HEMETAIAMHU. ....eeeeeeevreeeenreeeenraeeeneenens
7.2. 1ndbPpy3MOHHOE HACHIIIECHUE METATITIAMH. ...uevveeeeeereeeannreeeanrereennnreeannns

CHHUCOK PEKOMEHIYEMOM JTUTCPATYPDL.....vvreeeerrreernnrreesaereeeesneeeeannreeesnnneesns

O© 9 9 »n b~

26



BBEJAEHHUE

B mnocnennue necsaTuneTus TeOpUs TEPMHUUYECKOM 00pabOTKU pa3BUBANIACDH
OYEeHb OBICTPHIMU TeMmaMH. J[Jis ee pa3BuUTHUA HamOoJIee XapaKTEpPHO BCE OOJIbINEe
MCIIOJIb30BaHUE HAYYHBIX MPEACTABICHUN U DKCIEPUMEHTATbHBIX METOJ0B (U3UKU
METAJIJIOB, B OCOOCHHOCTH Y4Y€HHUS O Je(peKTax KPUCTAIMUECKON PelIeTKH, C HEbI0
Oonee TayOOKOTrO TMOHMMAHUSI MPUPOABI, MEXaHU3Ma W KUHETUKU CTPYKTYPHBIX
M3MEHEHUM M 3aKOHOMEPHOCTEW H3MEHEHHS CBOWCTB METAVIOB U CIUIABOB IIPH
TEIUIOBOM BO3JeicTBUU. B pe3ynbTaTe BecbMa MNOAPOOHO HU3YUYEHBI MPOIECCHI
TepMOOOPaOOTKH 1aBHO MCIOJIb3YEMbIX U HOBBIX METAJIITMYECKUX MaTEPHUAJIOB.

B ydeOHOM mnocoOuuM JaH aHaIM3 W3MEHEHUW CTPYKTYpbl U CBOMCTB,
BBI3BIBAEMBIX TEIUIOBBIM BO3J€iCTBUEM Ha MeTaul. [Ipu 3ToM Oo0Jsbllloe BHUMaHHE
YACJIEHO TaKUM CTPYKTYPHBIM U3MEHEHUSAM, KaK PEKpHUCTAILIU3ALUSI, MAPTEHCUTHOE
MpeBpalieHre, pacmaj TBep0ro pacTBOpa, FTOMOTEHU3AIUS U JIP., KOTOPble 0COOEHHO
4acTO BCTPEYAIOTCS TMpU TEpPMOOOpPabOTKE pa3HBIX TPYyNI METAUIMYECKUX
MaTepuanoB.

[Ipu wu3noxxkeHun oOIIEH TEOpPUM TEPMUUECKON OOpaOOTKH KaKIbId BUJ
TepMOOOpPaOOTKH MPOAHATU3UPOBAH HA MPUMEpPE TEX TPYNI CIUIABOB YEPHBIX M
IBETHBIX METAIOB, JUISI KOTOPBIX COOTBETCTBYIOIIME TMPOLECCHl HMCCIEAOBAHBI
noApoOHee U, Kak MPaBUIO, UMEIOT HauOOJIbIlIee MPAKTUYECKOE 3HAUCHUE.



1. KIACCUDUKALIUS BUJOB TEPMUYECKON OBPABOTKHU

Tepmuueckold 00pabOOTKONM HA3bIBAIOT MpOILECC OOpPadOTKU M3ACIUM U3
METAJIJIOB U CIJIABOB IyTEM TEIJIOBOTO BO3JIEUCTBUSA C IEJIbI0 H3MEHEHUS UX
CTPYKTYpbl U CBOMCTB B 3aJaHHOM HAamNpaBJICHUU. OTO BO3JECUCTBUE MOXKET
COUETAThCS TaKXKE C XUMHUYECKUM, Ae(OPMAIMOHHBIM, MArHUTHBIM W JIPYTUMHU
BO3JICUCTBUSAMHU.

Tepmuueckass 00paOoTka — caMblii paclpOCTPAHEHHBIH B COBPEMEHHOM
TEXHUKE CTIOCO0 U3MEHEHUS CBOICTB METAJJIOB U CIUIaBOB. Ha meTamnypruyeckux u
MaIllMHOCTPOUTENBHBIX 3aBOJIaX TepMHUuecKas oOpaboTka SBISETCS OJHUM U3
BAKHEUIIINX 3BEHbEB TEXHOJOTHMUECKOTO MpPOIlecCa MPOU3BOACTBA MOIY(PadpUKaTOB
U JIeTaJie MaIllnH.

TepmooOpabOTKy MNPUMEHSIOT KakK MOPOMEXKYTOUHYIO — OINEpaluio s
YIIYyUYIIEHUS TEXHOJIOTHUYECKUX CBOUCTB (00pabaThiBa€MOCTH JABICHUEM, PE3aHUEM U
Ip.) U KaK OKOHYATEJIbHYIO OMEpPAlNIO JJIsl MPUJAHUS METaUly WM CIUIaBy TaKOro
KOMIUIEKCAa MEXAaHUYEeCKUX, (PU3NUECKUX U XUMHUUYECKUX CBOWCTB, KOTOPBIH
o0OecrnieurBaeT HEOOXOJUMBIE JKCIUTyaTAllMOHHBIE XapaKTEPUCTUKU u3nenusd. Yem
OTBETCTBEHHEH KOHCTPYKIIUSI, TE€M, KaK IpaBujiio, OOJblIe B HEH TEPMUYECKU
00pabOTaHHBIX JETaJICH.

Teopust TepMuueckoil 00pabOTKU SBISETCS YacThl0 MaTEpUATOBEICHUS.
['maBHOE B MaTepHanioOBEACHUU — 3TO YUECHHUE O CBSI3U MEXKIYy XMMUUYECKUM COCTAaBOM,
CTPOCHHEM U TEXHUYECKHU Ba)KHBIMU CBOMCTBaAMU METAJIOB M cIiaBoB. [Ipu Harpese
U OXJAKJICHUM M3MEHSETCAd CTPYKTypa METaJUIMYEeCKOro Marepuana, 4YTo
00yCJIOBIMBAET W3MEHEHHE MEXAaHUYECKHUX, (PU3NUECKUX MU XUMHYECKUX CBOWCTB U
BIIMSIET HA €T0 MOBEJICHHE MPU 00pabOTKE U IKCILTyaTalluH.

Teoputo TepMUUeCKONW O0O0pPaOOTKM COCTaBIISIET ydeHHE 00 H3MEHEHUSX
CTPOCHHMS W CBOMCTB METAUIOB WJIM CIUIAaBOB MPHU TEIJIOBOM BO3JEHCTBUM, HE
MCYE3al0UX MOCJIE€ €r0 MPEKPaLICHHUS.

JIroOolt mpouecc TepMHUECKON OOpadOTKM MOXXHO ONucaTh rpaduKoM,
MOKA3bIBAIOIINM U3MEHEHUE TeMnepaTypbl Bo BpeMeHu. [lo Takomy rpaduxky MOKHO
ONpeNeNIUTh TEMIIEpaTypy HarpeBa, BpeMsl HarpeBa U OXJIAXKJICHHS, CpEJHUE U
HMCTUHHBIE CKOPOCTH HArpeBa WM OXJIAXKJCHUS, BPEMS BBIICPKKHU MPHU TEeMIIepaType
HarpeBa u OOIIYI0 MPOJOJIKUTEIIBHOCTh MPOU3BOJCTBEHHOTO IIUKIIA.

Ho no dopme 3toro rpaduka HU4Ero Helb3sd CKa3aTh O TOM, C KaKUM BUIOM
TepMOOOpaOOTKM MBI HUMeeM Jeno. Bug TtepmooOpaboTku ompenenseTcs He
XapakTEepoOM M3MEHEHUs TEMIIepaTypbl BO BpPEMEHH, a TUIOM (DA30BBIX U
CTPYKTYPHBIX U3BMEHEHUI B METaJLIE.

OcHoBbIBasicb Ha  moclenHeMm  npusHake, A.A.bouBap paspaboTan
KJIacCU(hMKAIMIO0, OXBATHIBAIOLIYI0O MHOTOYHCICHHBIE PAa3HOBUIHOCTH TEPMUUYECKOU
00pabOTKM YEepHBIX M IIBETHBIX METAUIOB M CIulaBoB. Ha ocHoBe kiaccuduxamuu
A.A.bouBapa ObuIM pa3paboTaHbl KiaccU(UKalMs BUIOB W Pa3HOBUIAHOCTEM
TEPMUUYECKOM 0OpabOTKM cTajled M LBETHBIX METAUIOB M CIUIaBOB, a TaK¥kKe
COOTBETCTBYIOIAS] TEPMUHOJIOTHUSI.



Ha puc. 1.1 npuBenena cxema kiiaccupukaluid OCHOBHBIX BUIOB TEPMUUYECKOM
00pabOTKH METAJJIOB U CILJIABOB.
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Puc. 1.1. Cxema kiaccuukaiiu OCHOBHBIX BUJOB TEPMUUYECKOI 00pabOTKH
METAJIJIOB U CIIaBOB

Tepmuueckass o0paboTka mojapa3aenseTcss Ha COOCTBEHHO TEPMHUYECKYIO,
TEPMOMEXaHUYECKYI0 W  XUMHKO-TepMudeckyto. CoOCTBEHHO  TepMHUYecCKas
00paboTKa 3aKJII0YaETCs TOJIBKO B TEPMUUECKOM BO3/ICHCTBUM HAa METAJLI UJIU CILIAB,
TEPMOMEXaHUUYECKasi — B COUYETAHWU TEPMUUYECKOTO BO3JEHCTBUS M TIACTUYCCKOM
nedopMaIyy, XUMHUKO-TEPMHUYECKAsT — B COYETAHUU TEPMUUYECKOTO M XUMUUYECKOTO
BO3JECHUCTBUA.

CoOcTBeHHO TepMHUUecKas 00pabdoTKa BKIIOYAET CIACAYIONIUE OCHOBHBIE BU/IBI:
- oTkur 1-ro pona;

- OTJKUT 2-TO poJia;

- 3aKaJIKy C OTUMOP(HBIM MTPEBPAIICHUEM;
- 3aKaKy 6e3 moJMMOPGHOTO TMPEBPAIICHUS;
- OTITYCK U CTapeHHe.

OTH BUIBI TEPMUIECKON 00pAOOTKH OTHOCSTCS K CTAJISIM, YyTYHAM U IIBETHBIM
MeTaulaM W cruiaBaMm. Kaxaplii 3 BHUIOB TepMOOOpPaOOTKH MOApa3ieisieTcs] Ha
Pa3HOBUIHOCTH, CTICIIM(PUIECCKUE IS CIITIABOB HA pa3HBIX OCHOBAX.



2. OTKHI' IEPBOI'O POJA

Orxur 1-ro pojga 4YacTMYHO WIM TMOJHOCTBIO YCTPAHSET OTKJIOHEHUS OT
PABHOBECHOTO COCTOSIHUS, BO3HMKIIWE TPH TMpeablayiieid o0paboTke, MPUYEM €ro
npoBefieHne He  oOycioBiaeHO  (a3oBbiMM  mpeBpaimieHusMUu.  OOpabOTKOMH,
MPEAIIECTBYIONIEH OTKUTY 1-rO poaa, MOTYT OBITh JUThE, 00pabOTKa JaBIICHHEM,
CBapKa, TepMHUecKasi 00paboTKa U APyrue TEXHOJIOTHYECKUE TPOLIECCHI.

B 3aBucuMocTH OT TOro, Kakue OTKJIOHEHHUS OT PaBHOBECHOTO COCTOSHUS
YCTPaHSIOTCS, Pa3IuyaroT CIEAYIOIIMEe pPa3sHOBUIHOCTUM OTXKura 1-ro popa:
TOMOTE€HU3UPYIOIINI U PEKPUCTATUIU3ALMOHHBIMN.

[Iporiecchl, ycTpaHSIOMIME OTKIOHEHHUS OT PaBHOBECHOI'O COCTOSHUS, UIYT
CaMOIPOU3BOJIBLHO, U HAarpeB MPH OTXKUTE 1-ro pojia MPOBOMAST JUIIb JJI YCKOPEHUS
ATUX npoleccoB. OCHOBHbBIE MMapaMeTpPhl OTKUra 1-ro pojia — TeMnepaTypa HarpeBa u
BpeMsi BbIIEpKKU. CKOpOCTM HarpeBa M OXJAKJICHHS HUMEIOT MOJIYUHEHHOE
3HAYEHUE.

2.1. 'oMOreHU3HPYHOLIUIA OTKHUT

['oMoreHu3upyronmMi OT)KUT — 3TO BUJ TEPMUUYECKOU 00pabOTKH, TPU KOTOPOM
TJIaBHBIM MPOLIECCOM SIBIISIETCA YCTPAHEHUE MOCJIEACTBUM ACHAPUTHOW JIMKBauuu. B
pe3yJibTaTe ACHAPUTHOW JIMKBALIMA BO3HHUKAECT XMMHYECKAsT MHUKPOHEOIHOPOJAHOCTH
BHYTPH KPHCTAJUIOB TBEPJAOIO PACTBOpPA — OCHOBBI CIUIABA U MOTYT MOSIBUTHCS
HEpaBHOBECHbIE H30bITOUHBIE (a3bl. [lo OKOHYaHWMM KpUCTAUIM3alMKU CIUIaBa
KOHIEHTpALMS JIETUPYIOLIEr0 3JIEMEHTa MHUHMMalbHa B CEpeIWHE, a B
MMOBEPXHOCTHOM CJIO€ COOTBETCTBYET TOYKE MPEAEIbHON PAaCTBOPUMOCTH IIPU
ABTEKTUUYECKOW TEMIEpaType.

B pe3ynbTaTe OTKIOHEHHS OT pABHOBECHS B MPOLIECCE KPUCTAIUIN3ALMNU JIUTOU
CILJIaB UMEET CJIEAYIOUINE OCHOBHBIE HEJJOCTATKHU:

1. [ImacTUYHOCTH CIJIaBa OOBIYHO CHMIKAETCS, €CJIM B pe3yJibTaTe ACHIAPUTHOU
JUKBAlUU TOSBIISIETCS M30bITOUHAast Xpynkas ¢aza. OcoOEHHO CHIBHO CHUXKAETCS
IJIACTUYHOCTh TPU 00pa30BaHUU MO TpaHULAM JCHIPUTHBIX SYEEK CIUIOUIHBIX
MPOCIIOEK U3 IPYObIX YACTUI] XPYIKUX COCAUHEHUN (MHTEpMETAILTUI0B, KapOUuI0B 1
ap.).

2. lleHTpanbHble YYacTKH JACHAPUTHBIX SYEEK M MX TPAHUIIbI, UMEIOIIUE
pa3HbIi XMMHUYECKUM cocTaB, 00pa3yloT MUKporaibBaHuueckue mapbl. [losTomy
BHYTPUKPUCTAIIUTHAS JIMKBALMSI TBEPAOTO PAcCTBOPA CHUXKAET CTOMKOCTH MPOTHUB
AIEKTPOXUMHUYECKON Kopposuu. [losBieHue HepaBHOBECHOM H3OBITOUYHOU (pa3bl B
TBEPJIOM PaCTBOPE OOBIYHO TAKKE CHUYKAET CTOMKOCTh MMPOTUB KOPPO3UHU.

3. Ilpu oOpaboTke mgaBiieHHEM, HaNpUMEp, MPOKATKE U MPECCOBAHUH,
MUKPOYYaCTKH, MUMEIOIINE PAa3HbId XUMUYECKUH COCTaB, BBITSTHBAIOTCS U MOXKET
BO3HUKHYTb CTpOUYEUHAs CTPYKTypa. Takas cTpyKkTypa 0OyCIOBIMBAET AaHU30TPOMUIO
CBOMCTB B M3JEJIMHU U TMOBBIILICHHYIO CKJIOHHOCTh K MEXKKPHCTAUIMTHOMY, & TaKXKe
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mudepHoMy u3noMy. B momepeyHoM HampaBiIeHUU MOXKET HAOMIOAAThCA CHIIBHOE
CHUYKEHUE OTHOCUTEIBHOTO YJJIMHEHUS, CY>KEHHS U yJIapHOUN BA3KOCTH.

4. lenapuTHas JUKBAIUs MMOHMWKAET TEMIIEPATYPY COJIUAYyca CIUIaBa, 4To, KaK
MpaBWiio, HexenarenbHo. Hampumep, mpu OBICTpOM HarpeBe IMOJ 3aKalKy WIH
00pabOTKy JaBJICHHMEM W3JACINE MOXKET YaCTUYHO OIUIaBUTHCS. OIUIaBISIOTCA
YYaCTKH, B KOTOPBIX HAXOJUTCSI HEPABHOBECHO 00pa30BaBIIAsCS IBTEKTHUKA.

5. CrpykTypa U CBOWMCTBa JWTOrO CIUlaBa HECTAOWIBHBI BO BpemMeHU. B
U3JIeNIuK, pabOTalolleM MPU MOBBIIICHHBIX TEMIEpaTypax, MOT'YT CaMOMPOU3BOJIIBLHO
MOCTENIEHHO BBIPABHUBATHCS COCTAaB TBEPAOrO pacTBOpa M PacCTBOPSTHCA
M30bITOUHBIE (ha3bl. DTH MPOILIECCHl BHI3BIBAIOT YCKOPEHHUE MOI3YYECTH, a TaKXKe
MOCTEMEHHOE U3MEHEHHE CBOMCTB, KOTOPOE MOXKET BBIUTH 32 JOMYCTUMBbIC MPEETbI.

Jlnst ycTpaHeHusi HEAOCTATKOB JIUTOW CTPYKTYPhl CIUTOK WU (PaCOHHYIO
OTJIUBKY MOJABEPTalOT TOMOTEHU3UPYIOLIEMY OTXKUTY.

B onnodasubix crmiiaBax, HampuMep, B MEIHOHUKEIIEBOM CIUIaBE CHCTEMBI C
HEMPEPBIBHBIM  PSIIOM  TBEPJABIX  pPACTBOPOB,  [JIABHBIM  TpoliecC  MOpH
TOMOTEHU3UPYIOLIEM OTXKWUTE — BBIPABHUBAHUE COCTAaBa 3€PEH TBEPAOrO0 PacTBOPA,
T.e. YCTpaHEHHE BHYTPUKPHUCTA/UIMTHOM JNUKBauuu. B cmaBax, conepikamux
HEPABHOBECHYIO HU30BITOUHYIO (pa3y, MpU TOMOTEHUZUPYIOMIEM OTKUTE MPOTEKAIOT
JIBa OCHOBHBIX Mpollecca: BbIPaBHUBAHUE KOHIIEHTPAIMM BHYTPU 3€PEH TBEPAOTO
pacTBOpa M pacTBOPEHHUE HEPABHOBECHBIX U30OBITOUHBIX (ha3. B ocHOBe »TuxX
MpoLecCCOB JIEKUT AUG(DPY3usi U MOAPTOMY TOMOTCHU3UPYIOIIUNA OTKUT Ha3bIBAIOT
TaKXKe Ouhy3uorHHviM.

Cnutkn U3 yIJIEPOAMCTHIX  CTalle  OOBIYHO  HE  MOABEPrarot
FOMOTEHU3UPYIOLIEMY OTXKUTY, TaK KaK B HUX MPU HArpeBe MoJl ropsuyro o0paboTKy
JaBJIEHUEM U3-3a ObIcTpoi Auddy3uun yriepoaa B ayCTCHUTE JECHIPUTHAS JTUKBALIUS
yCIeBaeT UCUYe3HYTh. JlerupoBaHHbIe CTaNM JJI YCTPAHEHUS] BHYTPUKPUCTATUTUTHOMN
JUKBAallUM ¥ PACTBOPEHUSI HEPABHOBECHOIO H30bITKA KapOHWIOB HSBTEKTUYECKOIO
MPOUCXOKAECHUS MTPUXOAUTCS MOABEPraTh TOMOTreHU3Upytomemy oTxury npu 1050-
1250°C.

Haunbosnee MHTEHCHMBHO TOMOIEHHU3alUsl MPOTEKAET B HAYyaJlbHBIA MNEPUOJ
omxkura. [loBblllieHHE TeMIIEpaTypbl OTKHUTA JEUCTBYEeT HECPAaBHEHHO 3(P(eKTUBHEE,
YeM yBEIUYEHUE BPEMEHU BBIACPIKKHU.

Bpems BbIIEpKKM MPU TOMOTEHU3UPYIOIIEM OTKHUIe OOBIYHO KOJIEOJIeTCS B
npejenax OT HECKOJBbKHX J0 JAECSATKOB 4YacoB (HE cuuTas BPEMEHU IPOTpeBa).
[loBbIIast TeMneparypy, MOKHO COKPATUTh BPEMS BBIIICPKKH MPU OTHKUTE.

Bpewms monHoi roMOreHn3anuy 3aBUCUT HE TOJIBKO OT TEMIIEPATypPhl OTXKUTA U
MPUPOJIBI CIJIaBa, ONpeaeisiomux AUG(PY3MOHHYI0 MOJABUKHOCTH KOMIIOHEHTOB B
TBepOM pactBope. Ha Bpemss roMoreHu3anuuM CHJIBHO BIMSET HCXOJHAS
MUKPOCTPYKTYypa JUTOro criaBa. CKOpOCTh TOMOT€HU3AIMU 3aBUCUT OT TOJIIHHBI
4acTUIl U30BITOYHOM (Pa3bl U pazmepa ACHAPUTHOU SYEUKU OCHOBHOM (ha3bl.



2.2. PekpucTasin3alilMOHHBIA M TOPEKPUCTAIIUZANMOHHBIA OTKUT

Pexpucrainmm3animoHHbIi ~ OTXKUT —  3TO  TepMuYeckas  oOpaboTka
neOpPMUPOBAHHOTO MeETajla WM CIUIaBa, MPH KOTOPOW TJIABHBIM IPOIECCOM
SIBJISICTCSI PEKPUCTATUTH3AITH.

JlopekpuCTalNIM3allMOHHBIA ~ OTXKUT — 3TO  TepMuyeckas  00paboTka
nehOpPMHUPOBAHHOTO MeETajla WM CIUIaBa, MPH KOTOPOW TJIABHBIM IPOIECCOM
SIBIISICTCS BO3BPAT.

O06e 3TU Pa3HOBUHOCTU TEPMUUECKON 0OpaOOTKM yalle MPUMEHSIOT MOCIe
XOJIOAHOU 00pabOTKHU JaBICHUEM.

HN3MeHeHne CTPYKTYPbI MeTAJJIA NPU X0JI0JHOH 00padoTKe IaBJIeHHEM

[Tnactuueckas nedopmaiivisi BBI3BIBAET B METaJUIE CTPYKTYPHBIE U3MEHEHUS,
KOTOpbI€ BKJIIOYAIOT U3MEHEHUE (POPMBI KPUCTAJUITUTOB, UX KPUCTAIOTPAPUUECKOM
MPOCTPAHCTBEHHON OPUEHTUPOBKH U BHYTPEHHETO CTPOCHUSA KaXKI0I0 KPUCTAILINUTA.

@dopma 3aroToBKU MpuU 0O0pabOTKE MaBICHHEM HU3MEHSETCS MOJl JIEWCTBUEM
BHEIIHUX CHUJI BCJIEJCTBHUE IUIACTUYECKON aedopMaliuu KakJI0ro KpHUCTaIUTa B
COOTBETCTBHUH CO CXEMOM TJIaBHBIX Jie(hOpMalIHii.

OcHoBHOe wu3MeHeHHe (OPMBbI KPUCTALIUTOB COCTOMT B TOM, UYTO OHH
BBITSATUBAIOTCS B HAIMpaBICHUM TJIaBHOW Aedopmanuu pacTsbKeHus (Hampumep, B
HalpaBlICHUH MPOKAaTKU WKW BojoueHus). C TMOBBIIIEHUEM CTEHEHU XOJOJHOM
nedbopmanun 3epHa Bce Oojee BBITSITUBAIOTCS, M CTPYKTypa CTaHOBUTCA
BOJIOKHUCTOM.

[Ipu mnmactudeckoit aedopmanuu  KPUCTAIUIMYECKUE  PEHIETKH  3€peH
MpUOOPETAIOT MPEUMYIIIECTBEHHYIO TPOCTPAHCTBEHHYIO OPUEHTUPOBKY — BO3HUKAET
TEeKCTypa aedopmariuu.

OT0  OAHO W3  BAXHEUIIMX  CIEACTBUM  KpuUCTaLIOrpaduyeckon
HAIMPABJICHHOCTU CKOJIBXEHUS B KaXKJIOM 3€pHE IO OMNPEACIEHHBIM IIJIOCKOCTSM M
HaIpaBJICHUSIM MIPOCTPAHCTBEHHOMN pEIIeTKH, KOTOpBbIE 3aKOHOMEPHO
MOBOPAYMBAIOTCS MO OTHOIICHUIO K ocsiM Aedopmauuu uznenus. Hampumep, npu
PACTSKEHHMM MOHOKpPHCTaJlIa HaIpaBICHUE CKOJIBKEHUS MPUONMKACTCS K OCH
pacCTsIKEHHUS.

PentreHoBckuii  aHanu3 (UKCUPYET TMOSIBICGHUE TEKCTYPhl  XOJOJHOM
nedhopmanun npu obxkatuax 10-20%. B nedopmupoBaHHOM MeTamie HE Bce
KPUCTAJJIBI UMEIOT UJCATbHYI0 MNPEUMYIIECTBEHHYIO OpPUEHTHPOBKY. B oOiiem
cllyyae C yBEIMYEHHUEM CTeNeHu JedopManuu TEKCTYpHbIE KOMIIOHEHTBI
MPOSIBIISIIOTCS 00JIee YETKO.

HN3meHeHne BHYTPEHHEr0 CTPOEHNS 3ePeH NP X0J0IHOH 00padoTKe
JAaBJIeHUEM
o 10% paboTbl, 3aTpayeHHON Ha XOJOAHYIO Je(OopMalHio, MOTIOIIAETCS
MeTaJlJIoM (OCTajbHasl €€ 4YacTh pacceuBaeTcs B BHjE TemioThl). HakorseHHas B
METaJIJIE PHEPTUsl «3aJICPKUBACTCS» B BUIAE DHEPTUU JE€(PEKTOB KPUCTAIITUYECKOM
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pereTky, o0pa3yronuxcs Mpy MIACTUYECKON AedopMaliy, a TakKe B BUJE SHEPTUU
ynpyroi aedopmManiuu npyu BOSHUKHOBEHUH OCTAaTOYHBIX HAMPSIKEHUIA.

Baxneliliee M3MEHEHUE BHYTPEHHETO CTPOCHHS KaKIOTO KPUCTAILIMTA TPH
XONOAHOW nedopmaliiu — YBEJIMYEHHE IUIOTHOCTU JUCIOKAIMI (OTHOLIEHUS
CyMMAapHOU JJIMHBI JUCIOKAIIMI K 00bEMY MeTasia).

Y XOpomo OTOXKEHHOTO MNOJUKPUCTAUIMYECKOr0 METalyla TJIOTHOCTh
JTUCJIOKAIMA paBHa 10°-108 CM'Z, Mpyd  XOJOJHON JedopMalii Ha HECKOJIBKO
MPOLIEHTOB OHA BO3pacTaeT J0 10°-10" cm?, a npu cwibHOU aedopmanuu (Ha 30—
40% u Gonee) — xo 10''-10" em™.

CnenoBaTenbHO, IUIOTHOCTh JHUCIOKAllMH TIpH  XOJOJHOU  00paboTKe
JaBJICHUEM MOYET BO3PACTH HA MATh-IIECTh MTOPSIKOB.

[Ipu mactuueckoit nedopmariuu BO3pacTaeT U KOHIEHTpalUs BaKaHCHM,
TEHEPUPYEMBIX OPOTAMHU CKOJIB3SIIIIUX BUHTOBBIX JUCIOKAIUN.

B nporeccax hopMUpoBaHUS CTPYKTYPBI npu OTXKHUTE
XOJIOJHOIe(POPMUPOBAHHOTO METajla HCKIIOYMTEILHO BaXXHYIO pOJb HUIPAlOT
pa3HOr0 TUMA W NPOUCXOXKACHUS JIOKAIbHBICE HW3MEHEHUS OpPHUEHTHUPOBKHU
KPUCTAUIMYECKOW  PEIIETKH, BO3HUKAIOIIHE B  PE3yJbTaT€  IUIACTHYECKOU

nedopmarum.
50 47

8

ey

=5
Puc. 2.2. 3aBucHMOCTh MEXaHUYECKHUX CBOUCTB AypanmtomuHa J[1 ot crenenn
oOxkatust mipu xosnoaHou npokarke (A.B.Tperbsikos, K.M.Panuenko)
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N3meHeHne CBOICTB MeTa/LJIa NPU X0JI0IHOH 00padoTKe JaBJIeHHEM

Haxnen. OOBIMHO TOJ HAKJIENOM IMOHUMAIOT YMPOYHEHUE MpU 00paboTKe
naBineHueM. B Ooiiee MMPOKOM TMOHMMAaHWK HaKJIENl — 3TO COBOKYIHOCTD
CTPYKTYPHBIX HM3MEHEHHH M CBSI3aHHBIX C HHMH W3MEHEHUN CBOWCTB NIPHU
MJIACTUYECKOM e opMaIium.

C yBenu4eHueM CTEMEeHU XOJIOAHOU nedopMaliuu mokazatesin COMpPOTUBICHUS
nehopMUpOBaHUIO (BPEMEHHOE COMNPOTUBIICHHUE, MPEAEa TEKy4YeCTH U TBEPAOCTH)
BO3pACTAIOT, a MOKAa3aTelu IUIAaCTUYHOCTH (OTHOCUTEIBHOE Y/UIMHEHUE U CYXKEHHE)
nangarort (puc. 2.2).

[Ipu nepopmupoBanun Mmeramia co crenennto Aedopmanuu O6onee 50-70%
BPEMEHHOE CONMPOTHUBJICHUE U TBEPAOCTh OOBIYHO yBelnuuBaroTcs B 1,5-2, a uHoraa
1 B 3 pa3a B 3aBUCUMOCTH OT MPUPOJIbl METAJJIa U BUAa OOPA0OTKU JABIICHUEM.

HeGonpmme nedhopmaruu (mo 10%), kak mpaBUiio, 3HAYMUTEIBHO CHIIBHEE
BIIMSAIOT Ha Mpe/esl TEeKy4yecTH, YeM Ha BpeMeHHoe compotuBieHue. [Ipu Oompuimx
cTerneHsx AedopMalui y HEKOTOPBIX CIUIABOB MPEIesl TEKYUYECTH MOKET BO3PACTU B
5-8 pa3 u 6onee. OTHOCUTENBHOE YUIMHEHHUE PE3KO YMEHBILIAETCS YKE MPU CPaBHU-
TEJbHO HEOOBIINX JepopMaIusix.

CunbHas nedopmaiusi, yBEIMYHMBAIONIAsS BPEMEHHOE COMNPOTUBICHUE W
TBEPAOCTH B 1,52 pa3a, CHMkKaeT OTHOCUTENbHOE yyiuHeHue B 10—20, a uHorna u B
3040 pa3 u 6oree.

Poct mokazareneil compoTUBIICHUS J1€OPMHUPOBAHUI0O U  CHUXKEHHE
MOKa3aTeNed IUIACTUYHOCTH C YBEJIWYECHHEM CTEIECHU MPEIBapUTEIBbHON XOJOAHOU
nedopMalui MPOUCXOJAT B Pe3yJibTaTe MOBBINIEHUS IJIOTHOCTH JucioKauuii. B
HAKJICTIAHHOM METaJUIE M3-3a MOBBIIMIEHHOW IUIOTHOCTH AUCIOKAUWWA 3aTPyAHEHO
CKOJIB)KCHUE YK€ MMEIOIINUXCS, & TAK)KE TC€HEPUPOBAHUE U CKOJIBKEHUE «CBEKHUX)
IIUCIIOKAIAH.

Anuzomponusa ceoiicme. CBONUCTBA XOJ0AHOAEPOPMUPOBAHHOTO METALIA 110
pa3HbBIM HAMPABJICHUSM pa3IUYHbl. AHU30TPONUS CBOWCTB OOYCJIOBJIEHA JIBYMs
MPUYMHAMU: BOJIOKHUCTOCTBIO CTPYKTYPBI M TEKCTYPOU JedopMaluu.

[lo nnuHe pa3pbIBHOrO 00pas3lia, BBIPE3aHHOTO TMOINEPEK BOJIOKHA, YHUCIIO
MEK3EPEHHBIX TPaHUI] 3HAYUTEIbHO OOJIbllle, YeM B 00pasle, BHIPE3aHHOM BJOJIb
BOJIOKHA. Ha MeX3epeHHBIX IrpaHUIIaX COCPEIOTOUCHBI IPUMECH U HEMETAJTNYECKUE
BKJIFOUEHUS, HAIIPUMED, OKCHUJIBI.

MexaHuueckue CBOWCTBA MeTajajga BIOJb M TIONEPEK BOJOKHA pa3HBIE.
[loaTomMy mpu KoHTpoje mony(adbpuUKaToOB, MOTYUYEHHBIX OOpaOOTKOW JaBIICHHEM,
pa3UyaloT  «IPOJIOJIBHBIE» U «IONEpeYHbie» 00pas3lbl U  COOTBETCTBEHHO
«TPOJOJIBHBIE» U «IOINepeyHble» cBoMCTBa. OOBIYHO MOKAa3aTeNd IUIACTUYHOCTU U
yAapHas BA3KOCTh Ha MOMEPEUHbIX 00pa3iax HIXKE, YeM Ha IPOJI0IbHBIX.

Kaxnapii  KpUCTaJUIMT  AHU30TPONEH, €ro  CBOMCTBA  3aBUCIAT  OT
Kpuctayorpauueckoro HampasieHus. B Mmeramie ¢ XaOTHUYHOW OPUEHTUPOBKOM
KPHUCTAJUIOB CBOMCTBA MO BCEM HAIIPABJIICHUSIM CTATUCTUYECKHU YCPEIHSIOTCA. Takou
MeTaJlJ1 KBa3UU30TPOIICH.
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B TekcTypupoBaHHOM MeTamyie C€ MOPEANOYTHUTEIBHOM OPUEHTUPOBKOM
KPUCTAJJIOB HMMEIOTCS HaNpaBJ€HUs, BIO0JIb KOTOPBIX OJIHA CBOMCTBA YCHUJICHBI,
npyrue ocnabnensl. [loaToMy TekcTypa nedopmariuu 00yCIOBIMBAET aHU30TPOIHUIO
CBOMCTB.

N3meHeHne CTPYKTYPbI IPH J10PEKPUCTATIN3ANMOHHOM OTKHUTE

Xononnast o0OpaboTKa JaBlICHHMEM MPUBOJUT METalil B HEPABHOBECHOE
cocTostHue. HakienaHHbIN MeTaul CTPEMUTCS CaMOIPOU3BOJIBHO MEPEeUTH B OoJiee
PABHOBECHOE COCTOSIHUE.

BocctranoBuTenbHbIE TPOIIECCHI CBOASTCS B OCHOBHOM K YMEHBIIEHUIO OOIIETO
KOJIMYECTBA JE€(PEKTOB KPUCTAJUIMYECKOW PEIIETKH U TepepaclpeiesiecHuI0 UX B
KpUCTAJIUTaX ¢ 00pa3oBaHUEM 0oJiee paBHOBECHBIX KOH(UTYpAIil. DTH MPOIECCHI
COBEpIIAIOTCA IyTEM IMEpEMEIICHUNH aTOMOB, M pElIalollee BIUSHUE Ha HUX
OKa3bIBaeT TEMIIEpaTypa.

Y OonpmIMHCTBA TNPOMBIIUICHHBIX METAIJIOB M CIUIAaBOB, HCKJIIOYast
JIETKOIUJIaBKUE, MpU KOMHATHOW TeMmepaType MOJABUKHOCTh aTOMOB HEIOCTATOYHA,
9TOOBl ~ 00ECNEYUTh AaKTHUBHOE  Pa3BUTHE  BOCCTAHOBUTEIBHBIX  IPOLIECCOB
HaKJIEIAaHHOTO MaTepuala.

UToObl YaCTUYHO WM TIOJHOCTBIO YCTPAHUTh HAaKIEN 3a MPAKTUYECKHU
MpueMeMoe BpeMsi, MPUXOAUTCS MPOBOAUTH HArPEB — OTXKUT MOCIE XOJOIHOU
00pabOTKHU JTaBICHUEM.

B 3aBucuMoctH OT TeMmmepaTypbl W MNPOJOJDKUTENBHOCTH OTXKWUra B
XOJIOAHOIEPOPMUPOBAHHOM  METa/NIe  MPOTEKAIOT  pPa3IUYHble  CTPYKTYpHBIC
W3MEHEHHUSI, KOTOpbIE TMOJpa3/eNsslOT Ha MpOLecChl BO3BpaTa M IPOLIECCHI
PEKpUCTAIIITU3AINH.

[locne HarpeBa HakKJIENMaHHOTO MeETaJJla TMPU CPABHUTEIBHO HHU3KUX
Temmeparypax (s MeTaioB OOBIYHOM uucTOTHI HUXEe ~0,3T.;) moa CBETOBBHIM
MHUKPOCKOTIOM HE HaOII0Jal0TCs U3MEHEHUs (POPMBI U pa3MepoB 1ePOPMUPOBAHHBIX
3epeH, He O0OHaPYy>KMBAIOTCSI HOBBIE 3€pHA.

OIHaKo TakoOW JOPEKPUCTAUIM3ALMOHHBIM OTXKHUI  BBI3BIBAET 3aMETHOE
M3MEHEHHE HEKOTOPBIX CBOICTB MeETa/yia, a C IMOMOIIbI PEHTIEHOCTPYKTYPHOTO
aHajau3a, JJIEKTPOHHOM MHUKPOCKONUU M JPYTUX MPSMbIX U KOCBEHHBIX METOJ/OB
(UKCUPYIOTCA U3MEHEHUS! BO BHYTPEHHEM CTPOCHUU 1€()OPMUPOBAHHBIX 3E€PEH.

COBOKYMHOCTH JTFOOBIX CAMOMPOU3BOJIBHBIX MPOILIECCOB U3MEHEHUS MIIOTHOCTU
u pacopeaenenus AedekToB B AeHOPMUPOBAHHBIX KpHUCTaIaX JI0 Hayana
PEKPUCTAIIIIU3AIMN HA3BIBAIOT 8038PANIOM.

OTOT coOupaTeNnbHbI TEPMHUH, OTHOCAIIUWUCS K BEChbMa Pa3HbIM IO CBOEMY
MEXaHU3MY SBJICHUSIM, HUCIOJB3YIOT B CBSI3M C TE€M, YTO HEKOTOPhIE CBOMCTBA
HaKJIEMaHHOTO MeETallJla MpPU JOPEKPUCTAIUIM3ALUOHHOM OTXKUIE YaCTUYHO WIH
MOJIHOCTHIO BO3BPAIAIOTCS K 3HAUEHUSM CBOMCTB Iepe]l X0JIOAHOH AedhopManuei.

Ecau BO3BpaT mpoTekaer 06e3 oOpa3oBaHUs U MHUrpalldd CyOrpaHUI] BHYTpU
ne(OpMUPOBAHHBIX 3€PEH, TO €ro Ha3bIBAIOT BO3BPATOM IMIEPBOrO pPOJa, WU
omovixom. Eciu e mpu Bo3BpaTe BHYTPU AeHOPMUPOBAHHBIX KPHUCTALIUTOB

12



bopMUPYIOTCS U MUTPUPYIOT MAJIOYTJIOBBIE TPaHUIIbI, TO €0 Ha3bIBAIOT BO3BPATOM
BTOPOT'O pOJia, WIH HOAULOHUZAYUE.

Omovix. 3HaHUsI O MEXaHU3ME OT/AbIXa 0a3UPYIOTCA TIaBHBIM O00pa3oM HE Ha
NPSIMBIX CTPYKTYPHBIX HAOJIOJACHUSAX TMOBEACHUS J1Ie(PEKTOB KPUCTAUIOB, a Ha
pe3yabTaTax M3Y4eHUsT KUHETUKU M3MEHEHUS JJIEKTPOCOMPOTUBIICHUS, BBIICICHUS
HAKOIUICHHOM MPU HAKJIENE YHEPTUH U IPYTUX KOCBEHHBIX TaHHBIX.

CkopocTh OTAbIXa MaKCMMalibHa B HaYaJbHBII MOMEHT M HEHPEPHIBHO
YMEHBIIIAETCSI C YBEIMYCHUEM BPEMEHU H30TEPMHUYECKOW BbIIEPKKH (puc. 2.3).
XapakTepHasi OCOOCHHOCTh OT/AbIXa — OTCYTCTBHUE WHKYOAI[MOHHOTO Mepuoja.
N3meneHne cBONCTB HAUMHAETCS ¢ CAMOT'0 Hayayia OTXKHUra.

{Bovcmbo

Bpera

Puc. 2.3. CxeMa u3meHeHus: GU3NYECKUX CBOMCTB MPHU OTABIXE

Otnpix — camasi HU3KOTEMIEpaTypHAas Pa3HOBUAHOCTb CPEOU BCEX SIBICHUU
CaMOINPOMU3BOJBHOIO TNEpPEXoJa HAKJIENaHHOTO MeTaia B 0ojiee paBHOBECHOE
COCTOSIHUE. OKCHEPUMEHTBHl C MEAbI0 U 30J0TOM, J1Ie(OPMHUPOBAHHBIMHU MPH
TeMIIEpaType KUAKOrO Telns, MOKa3aly, YTO YMEHBIICHUE 3JIEKTPOCOMPOTUBIEHUS
HA4YMHAETCA yxe Ipu Temrneparype okoio -190°C. C noBelIeHHEM TEMIIEPATYpPHI Ha
KPUBOM M3MEHEHHUS DJIEKTPOCOMPOTUBICHUSI HUMEETCS HECKOJIbKO TMeperuoos,
CBUJICTEIBCTBYIOIIMX O PAa3HBIX CTAAUSAX OTHbIXA, PA3HBIX MEXAHU3MaX IMPOLECCOB
YMEHBIIICHUS] HAKOIUIEHHOU Mpu iepopMaiiii SHEPTUH.

Honuzonuzauusn. JInsa XapakKTePUCTUKH TOPEKPUCTATUTU3ANMOHHOTO OTXKHTA,
Py KOTOPOM 3€pHa MeTajljla MOAPA3NESIOTCS Ha YacTH, CJIETKA Pa3IMYaronIuecs
MEXAy c0o00W TO KpHucTaorpadudecKod OPHUEHTHPOBKE, CYIIECTBYET IOHSTHE
«BO3BpaT BTOPOTO pPOJa» B OTIMYME OT BO3BpaTa TMEpPBOrO poja, HE
COMPOBOXK/IAIOIIETOCA 00pa30BaHUEM CYyO3€epEH.
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OO6HapyKeHO, YTO U30THYTHI MOHOKPHUCTAJUT IIMHKA MPU OTKUTE pa3OuBaeTCs
Ha OJIOKHM, MPUYEM KPUBOJUHEWHAs OCh M30THYTOIO KpHUCTalla pa30MBaeTCs Ha
OTPE3KH, SBJISIIOLIMECS] CTOPOHAMU MHOTOYTOJIbHUKOB. DTO SBJICHUE OBLJIO HA3BAHO
noJIMTOHKU3anuen (poligon — MHOTOYTOJIBHUK).

Teopuss aucIoKalMii MO3BOJMJA OOBSCHUTH MEXAaHU3M IOJUTOHHU3AIINH.
OcTaTouHbIM M3THO KpHUCTaIa CBS3aH C M30BITKOM KPaeBBIX JUCIOKAIUNA OJHOTO
3Haka (puc. 2.4,a). COOTBETCTBYIOUIME WM HEMOJHbIE BEPTUKAIbHBIE aTOMHBIC
IJIOCKOCTH, BBIXOJAIIME HAa BEPXHIO TpaHb KPUCTALIA, EUCTBYIOT KaK KIIMHBS,
M3TUOAIOIINE KPUCTAILI.

I[Ipy oTxkure AUCIOKAIIMKM OJHOTO 3HAKa Mepepaclpenensaiorcs U
BBICTPAMBAIOTCS OJHA HaJ Apyroil B creHku (puc. 2.4,0). Ilpu aToM moa o61acThio
pa3pekeHus OT OJHOM JMCIOKAllMM OKa3bIBAae€TCs OOJaCTh CTYIICHHS OT JPyTrou
TUCIIOKAIIMA, W TIOJNS YIPYTHX HANpsOKCHUH AUCIOKAIMid B 3HAYMTEIBHON Mepe
B3aMMHO KOMIICHCUPYIOTCS.

CTeHKa W3 JUCIOKAIMA OJHOIO 3HAaKa SABJSACTCI MAJIOYTJIOBOM T'paHUIIEH,
pazaenstoniel coceaHue cyO3epHa ¢ HeOOJbIIONW Pa3OPUEHTHPOBKOM PEIIETOK.
Takum oOpa3oMm, mpW BO3BpaTe CyO03epHAa BO3HUKAIOT BCIICICTBUE BBICTPAWBAHUS
JUCITOKAITMN B CTEHKH — MAJIOYTJIOBBIE TPAHUIIBI.

TemnepaTypa oTXKHTa JUIsl TOJUTOHU3AIMN JOJDKHA OBITH BBINIE, Y€M TOJBKO
JUISL OTJIbIXA.

o o Lo Lo L L
HHHEIHEFH

|

Puc. 2.4. CxeMa NOJIMTOHU3ALMU: & — XAOTUYHOE PACTIPEIEIEHNE KPAEBBIX
JUCJIOKAIMNA B U30THYTOM KpPHUCTaJUie; O — CTEHKHU U3 IUCIIOKAINI TocIie
MOJIUTOHU3AIUN

Cy063epHa, 00pa3oBaBIIMECs MPU MOJUTOHU3ALNUU, C YBEIIMUYEHUEM BPEMEHU U
MOBBIIIIEHUEM TEMIEPATYPbl OT)KUTA CTPEMSITCA YKPYITHUTHCS.

ATOMBI TIpUMece TOPMO3AT IMOJMTOHHU3AIMIO HM3-3a 00pa3oBaHHsl aTMocdep
Kotrpemna, 3arpynssrommx mnepepacnpeneneHue auciokauuid. [lpu oauHakoBoOU
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TeMmreparype OoTKura Oojiee YHMCTBIM METalll MOJUTOHHU3YEeTCA 3a 0oJiee KOPOTKOE
BpeMsI.

IlepBuyHas pexkpucTaIM3anus (PeKPUCTALIU3ANUA 00PA0OTKH)

Hauunas c oTpeeIeHHOM TEMIEPATYPHI, npu OTKUTE
XOJIOMHOC(POPMUPOBAHHOTO  METaJJla  IMPOUCXOAAT  CHJIbHBICE  H3MEHCHHS
MUKPOCTPYKTYPBHI, KOTOpBIE OTHOCSITCS K mpoIieccy, Ha3bIBAEMOMY
PEKpHUCTATIIN3ALUEN.

Hapsiny ¢ BBITAHYTBIMU J1eOPMUPOBAHHBIMU 3€pHAMU JIaXKe MPU HEOOIBITUX
YBEIIMYEHUSIX CBETOBOTO MHUKPOCKOIA MOKHO Pa3W4yuTh HOBbIE, OOJiee MU MEHEe
PAaBHOOCHBIE PEKpPUCTAIUIM30BaHHbIE 3epHaA. [lo Mepe yBenuyeHUs BpPEMEHU WU
TeMIEpPaTyphbl OTXKHUra IUIONaAb NUIK(a, 3aHATasi HOBBIMU 3€pHAMH, BO3pPACTAcET, a
cTapbie eopMUpPOBaHHBIEC 3€pHA MTOCTEIIEHHO UCYE3aloT.

PentreHoBckuii aHanu3, a TMO3AHEE OJJEKTPOHHA MUKPOCKOMUS (OB
MOKa3aJu, YTO HOBbIE PABHOOCHBIE 3€pPHA OTJIUYAIOTCSl OT CTAPBIX BBHITSIHYTHIX 3€PEH
neopMupoBaHHON MATpHUIIBl HE TOJBKO (DOPMOM, HO W, YTO ropa3ao BakHee, Oojiee
COBEPIICHHBIM BHYTPEHHUM CTPOCHHMEM, pE3KO TOHWKEHHON IJIOTHOCTBIO
nucnokanyid. Ecu MIOTHOCTh AMCIOKAIMKA B CHIIBHOAS(POPMUPOBAHHOM MeETAILIe
cocramier 10''-10"* cM?, To mocme MPOXOXKIACHUS PEKPUCTAIUIM3ALMUU OHA
CHMIKAETCS 10 10°-10% em™.

B oTauune OT NOJUTOHM30BAaHHOM CTPYKTYpbl, KOTOpas Takxke Ooliee
COBEpIICHHA, YeM JeQOopMHpOBaHHAs MaTpHIla, PEKPUCTAIIIU3OBAHHBIE 3€pHA
OTJIEJICHbl OT MAaTpHULIbl HE MAaJOYIJIOBBIMHU, Kak Cy03epHa, a BBICOKOYTJIOBBIMU
rpaHuIiaMy. DTO pa3inure UMEET NPUHIUIIHAIBHOE 3HAYCHHE.

brnaronaps ObICTpOit MUTpalU BBICOKOYTJIOBBIX TpaHuIl
PEKPUCTAIIIM30BaHHBIE 36pHA UHTEHCUBHO «IO€AAI0T» Ae()OPMUPOBAHHYIO MATPUILY.
Cy03epHa Ha CTaJAuM TMOJUTOHHM3ALUM HMEIOT OpPUEHTALHIO0 Aed)OPMUPOBAHHOIO
KPUCTAIIJIUTA, & POCT PEKPUCTAIUIU30BAHHOTO 3€pPHA, OKPY>KEHHOTO BBICOKOYTJIOBOM
IpaHUIed, MOXET OBbITh CBSI3aH C CHJIBHOM NEpeopUeHTAIMENd KPUCTAITUNYECKOU
PELIETKHU.

OO6pazoBaHue U pOCT 3epeH ¢ 00Jee COBEPUIEHHON CTPYKTYpPOU, OKPYKEHHBIX
BBICOKOYTJIOBBIMU I'PaHUIIAMHU, 33 CUET UCXOAHBIX Je(h)OPMUPOBAHHBIX 3€PEH TOH XKe
(da3pl HA3BIBAIOT MEPEUYHON peKpucmaiiu3ayueil Wil peKpucmaniuzayuei
oopadomku.

[Ipn aHanu3e KUHETUKU MEPBUYHON PEKPUCTAILIU3AIUU ONEPUPYIOT TEMU K€
napaMeTpaMM, YTO M B KHUHETHKE (Pa30BbIX MpEeBpalleHUud, a UMEHHO CKOPOCTHIO
3apOKACHUS LEHTPOB pEKpUCTAILTN3AIUN (aTO YHCIIO LEHTPOB
PEKPUCTAIITIM30BAHHBIX 3€PEH, BO3HUKAIOIIMX B €AWHUIY BPEMEHH B E€JIMHHUIIC
o0beMa) U JMHEHHOM CKOPOCTBIO POCTa 3€pEH, T.€. CKOPOCThIO MEpeMeElIECHUS
rpa"uilsl 3epHa. C pocToM TeMIiepaTypbl 00a 3TU apaMeTpa yBEIUYUBAIOTCA.

['MaBHBIM B MEXaHU3ME 3apOKIACHUS PEKPUCTAIIM30BAHHBIX 3€PEH B JIIOOBIX
Martepuagax W B JIIOOBIX YCJIOBUSX SIBISIETCS (POPMHUPOBAHUE OKPYKEHHOIO
BBICOKOYTJIOBBIMU I'PAaHUIIAMH YYaCTKa C BBICOKHM CTPYKTYPHBIM COBEPILIEHCTBOM.
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B 3aBucumoctu 0T 0cOOEHHOCTEN CTPOCHUS 1ePOPMUPOBAHHOTO MaTepHUaia u
MIPOIIECCOB BO3BpaTa, MPOTEKAIOIIETO HAa HAYAJBHBIX CTAAMUSIX OTKUTa, KOHKPETHBIC
MeCTa M MEXAHU3Mbl 3apOXKACHUS LIEHTPOB PEKPUCTAUIM3AIMKU OBIBAIOT BeChbMa
pazHbiMu. LleHTpbl peKpucTaIM3auu MOTYT HMOSIBISATHCS: a) HEMOCPEIACTBEHHO Ha
rpaHuIaXx 3epeH JePOpMHUPOBAHHOTO Marepuaia M 0) BHYTPH 3€pEH B ydacTKax
CUJIBHOTO JIOKAJBbHOTO U3MEHEHUSI OPUEHTUPOBKH PELICTKHU.

[Ipu pa3zpaboTke pexKUMOB TEPMHUUYECKOW OOpaOOTKUA W JUIsl JPYTUX Ieleu
HEOOXOJUMO yMETh  OJKCIEPUMEHTAIbHO  (UKCUPOBATh Hayajao  MOSIBICHUS
PEKPUCTAITU30BAHHBIX 3€PEH CPABHUTEIBHO MPOCTHIM METOIOM.

[Ipu pemeHun OOJBIIMHCTBA MPUKIAAHBIX 3a7ad4 yCIOBHOE HAYayo
PEKpUCTAIIIU3AIMU  ONPENEISAI0OT ¢ TMOMOIIbI0 CBETOBOM MHMKPOCKONHUHU IO
MOSIBJICHUIO TEPBBIX, OOBIUHO 00JIee CBETJIBIX PABHOOCHBIX 3€pEeH Ha (POHE CHUIIbHEE
TpaBsieiicss nedOpMUPOBAHHOW MATPUIBl WJIM PEHTTEHOBCKUM METOJOM IO
MOSIBIICHUIO TOYEUYHBIX TMSTEH («YKOJIOB») Ha Pa3MbITBIX HMHTEPPEPEHIIMOHHBIX
JUHUSX peHTreHorpamMmbl. Kaxpgoe Takoe NSATHO COOTBETCTBYET OTPAXKEHUIO
PEHTTEHOBCKUX JIy4€U OT pEKPUCTAINTM30BAHHOTO 3€pHA Pa3MEPOM 2-5 MKM.

CBeToBass MUKpPOCKOMHSI HAJICKHO BBISIBISAET PEKPUCTAJUIM30BAHHBIE 3€pHA
rnocne AocTxkeHuss umu pazmepa 10-50 mMxm. MHorma Havano pexpucTaiin3anuu
OMPENENAI0T MO Hayaly HWHTEHCHUBHOTO TMAJICHUs] TBEPAOCTU WM BPEMEHHOIO
conpoTuBieHus. TemmepaTypa TOSBICHUS PEKPUCTAIIM30BAHHBIX 3€pEH, T.€.
Temneparypa Hadana pekpuctamsauud (Tpeq), HE ABIAETCS  (PU3UYECKOM
KOHCTaHTOW, TAKOW KaK TOYKA IUIABJICHHUS.
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Puc. 2.5. Bnusinue crenenu AedopMaluu Ha TeMIepaTypy Hadana
pPEKpHUCTATUIU3ALUT

B ornuune ot temmepaTypbl (azoBOoro paBHOBECHS TeMmIlepaTypa Hayaia
PEKpPUCTAIIM3ALUA 3aBUCHT OT BPEMEHHU OTXKHra. EcCiu BpeMs OTKUra COCTABISET
1000 mun, to mpu 325, 350 u 370°C nepBuYHaAsg PEKPUCTAIIM3ALHS YCIEBAET
MOJHOCTBIO 3aKOHUMUThCA, a Tpu 310°C oHa emie Tosbko HaunHaeTcs. 1Ipu BpemeHn

16



omkura 10 MuH Hauano pekpuctamzanuu ¢ukcupyercs npu 370°C, a npu Ooiee
HU3KUX TeMIIEpaTypax HOBBIC 3€pHA HE OOHAPYKUBAIOTCS.

Hpyroit  dakTop, CWIBHO BIMSIONIMHA Ha  TeMIepaTypy  Hayaia
peKpUcCTAIIU3aluu — CcTeneHb Jedopmaruu npu  ob6pabotke naBieHuem. C
YBEIMYCHHEM CTETeHH JAcdopManuyd TeMIlepaTypa Havala pPEeKpPUCTAIN3aIuN
cumxkaercss (puc. 2.5). OObsAcHSETCA 3TO TEM, YTO C YBEIUYCHUEM CTEIECHU
nedopManyyi  pacTyT IUIOTHOCTh JUCIOKAIMA W DSHEPTUs, HAKOIUICHHAs TIpH
nedopMaryy, T.e. BO3pacTacT TePMOJAMHAMUICCKUN CTUMYIT PEKPUCTAILTU3AITIH.

Tak kak TUIOTHOCTH AWCIOKAIMA ¥, COOTBETCTBEHHO, HAKOIUICHHAS TIPH
nedhopMaIiy YHEPTUSl ¢ YBEIMUYCHUEM CTETCHH Je(QOpMaIliH PACTyT C 3aTyXaHUEM,
TO W TEMIIepaTypa Havajla PeKPUCTAIUIN3AINHA CHUKACTCS TIPH YBEITUYCHUH CTEIICHU
nedopManii ¢ 3aTyXaHHEM, JOCTHTas ONPEICIECHHOTO Tpefena MNPy JTaHHOM
BpeMeHHU oTXkura (puc. 2.5).

Mexay TemMmepaTypHbIM TOPOTOM PEKPHCTAIUTM3AIMA W TEeMIIepaTypou
TUTABJICHUS METAJUIOB HMMEETCSl MPOCTOE COOTHOIICHHWE: PEKPUCTATUTH3AIUS
HAYMHACTCS TIPU TEMIIEpPAType, COCTABIISIIONICH OJMHAKOBYIO I BCEX METAJLIOB
JIOJTI0 OT TEMIIEPATyPhI TUTABJICHUS TI0 a0COFOTHOM ITKaJe, a MUMEHHO

Tperp = (0,3-0,4) Ty

Koadpdunuent 0,3-0,4 B 3T0i1 PopMyse OTHOCUTCS K METAJJIaM CPAaBHUTEIIHHO
BBICOKOW TEXHMYECKON 4UCTOTHI (0Kk0i0 99,99%). it 0co00 YUCTBIX METAJIOB
Tper = (0325_093) THH‘

Hampumep, MOXHO OIEHUTH TEMIIEpaTypy Hadajaa peKpUCTAUTH3AIlUNA CBUHIIA:

(327+273)-0,4 — 273=-33°C .

N3menpuenue ucxoaHoro (10 aedopmainiu) 3epHa MPUBOJUT K MOHMKEHUIO
TeMIepaTypsl Haudajlla PEKPUCTAIIM3AlMU, TaK Kak B 0oJiee MEJIKO3EPHUCTOM
MeTasie OoJblIe CyMMapHas MIOHAb BHICOKOYTJIOBBIX T'PAHUIL, TNI€ 3apOKIAAI0OTCS
LUEHTPBI peKPUCTAIIU3ALMH, U OOJIbIIE HAKOIIICHHAs TPU AedopMaliy SHEPTUsl.

Pexpucranin3oBaHHble 3€pHA PACTYT MyTEeM OBICTPOM MUTpallMM UX TPaHUIl B
CTOPOHY 1ehOPMUPOBAHHOU MATPHIIbl. JIBKYIIIEH CHUI0N TaKOW MHUTPAIUU SIBIIICTCS
Pa3HOCTh B YIPYTod SHEPTUU KPUCTAIIIIOB [0 00€ CTOPOHBI OT I'PAHULIbI U3-3a pa3HOI
IUIOTHOCTH Juciokanuil. B oTiaumume oT coOMpareNbHOM pPEeKpUCTAIIU3ALUU MHpPU
MEPBUYHON PEKPUCTAIUIM3AUMHA TPAHULA 3€pPHA MUTPUPYET B CTOPOHY OT LIEHTpa
KPUBU3HBL.

Murpanuio BBICOKOYTJIOBOM TpaHHIBl MPH PEKPUCTAILIM3ALAA  MOXKHO
paccMarpuBaTh KaK  pe3yJibTar VH]JIUBUYaJIbHOTO 178105 rPYNIOBOTO
HEYHOPSIIOUEHHOTO  TMepexoja aToMOB  OT  J1e(OpPMHUpPOBAHHOTO  3€pHA K
PEKPUCTAIIIIU30BAaHHOMY. ATOMBI IO 00€ CTOPOHBI OT TPAHUIIBI MPHU KOJIEOATEIHHOM
JIBH>KEHUH BPEMSI OT BPEMEHU OTPBIBAIOTCSA OT OJAHOTO 3€pHA U NMPUCOCIUHSIOTCS K
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npyromy. Takoit MexaHusM 1o cBoeil mnpupoge — AUGPy3uOHHBIN (UAET
HarpaBlieHHas caMoAu(dPy3us aTOMOB NMEPHEHAUKYISIPHO TPAHULIE).

ColOupartenbHasi peKpUCTALIN3ANNSA

[lo oOKOHYaHMM  MEPBUYHOM  pEKpHUCTAUIM3AlMU, KOrJa  HCUE3al0T
nedopMUpOBaHHBIE 3€pHA, CTPYKTypa OCTaeTcsl HECTaOWJIbHOW H3-3a pPa3BUTOM
MOBEPXHOCTH TPAHUI] PEKPUCTAJUIM30BAHHBIX 3€PEH U HEYPaBHOBEIICHHOCTH
MOBEPXHOCTHOTO HATSXKEHUS HA ATUX TPaHUIIAX.

B peanbHOM MeTamie mpu NEPBUYHON pEeKpHUCTAILUIM3ALMU 3€pHA MPUXOMST B
COMPUKOCHOBEHHE MEXIYy COOOW B pa3Hble MOMEHTHI BPEMEHU B Pa3HbIX TOUKAX
CBOEH MOBEPXHOCTH, U MO OKOHYAHMM NEPBUYHON PEKPUCTAIU3AIMU OHU HUMEIOT
HEMpaBWIbHYIO (HOPMY, pa3HbIE pa3Mephl U Pa3HOE YUCIIO TpaHEH.

B miiockoii Mmosenu Takue 3epHa u300paxkaroTcsi MHOIOYTOJIbHUKAMU C Pa3HbIM
YUCJIOM CTOPOH, Hampumep, 3, 4, 6, 10, 50 u 1.1. (puc. 2.6).

%, \

(4 #

A

0

Puc. 2.6. Ilinockas Mmoaenp CTPOEHHSI METAIUIA U3 3€PEH C PA3HBIM YHUCIOM
rpaHul] (CTPENKU YKa3bIBAIOT HAMPABICHUE MUTPALIUU TPAHUILL)

Bropuunas pexkpucrajan3anus
[Ipu cobOuparenbHON pekpUCTANIM3ALUN 3€pHA YKPYIHSAIOTCA Ooyiee WM
MEHEE PABHOMEPHO M METAJJI MOXHO XapaKTEPU30BaTh OJHUM CPEIHUM 3HAYCHHUEM
pa3Mepa 3epHa. Takol poCcT 3epeH Ha3bIBAETCS HOPMAJIBHBIM.
B omnpeneneHHbIX YCIOBUAX TMOCIE OTKUTa OOHApPYXHUBAeTCsl CTPYKTYpa,
COCTOSIIIAsl U3 MHOYKECTBA CPABHUTEIBHO MEJIKHX 3€PEH MPUMEPHO OAWHAKOBOTO
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pasMepa U ropas3fo MEHBIIEro YKclia OYeHb KPYMHBIX, UHOTJA TUTAHTCKHUX 3€PEH,
JOCTUTAOIIUX pa3Mepa B HECKOJIBKO CAHTUMETPOB (puc. 2.7).

Takast cTpykTypa BO3HHMKAaeT B pe3yJbTaTeé HEPABHOMEPHOTO pOCTa 3€pHA,
Ha3bIBAEMOI'0 BTOPUYHOW PEKpHUCTAILIM3ALUCH: OOJBIIMHCTBO 3€PEH YKPYMHSETCS
OYECHb MEJIJIEHHO WM MPaKTHUUYEeCKH BOOOIE HE pacTeT, a OTJeJbHbIE 3epHa
BBIPACTAIOT /10 OOJIBIIIUX PAa3MEPOB, «IIOEAs» CBOE MEIKO3EPHUCTOE OKPYKEHUE.

Bropuunas pekpucTaiiidzanus HAYMHACTCS C ONPEACIICHHOW TeMIepaTyphl,
HIDKE  KOTOpPOM  BO3MOXHA  TOJIbKO  OYeHb  MEIJICHHas  coOupaTebHas
pEeKpUCTAIITU3AIHSL.

[Ipu temnepatype 925°C 3a Bpems 1 4, mpeBbllIalONIee WHKYOAITMOHHBIN
MEepUOJ BTOPUYHON pEKpUCTALIM3ALUUA, Pa3Mep OTACIbHBIX 3€PEH YBEIUYMBACTCS
npuMmepHo B 50 pa3, mocturas BenuuuHbl 10 MM. OCHOBHas K€ Macca 3€peH Ipu
925°C coxpansiet pazmep okosio 0,02 mmM.

Puc. 2.7. I'panuna Mexay MEIKAMH 36pPHAMH M KPYITHBIM 3€PHOM,
00pa30BaBIIMMCS B IUHKE B PE3YJIbTATE BTOPUYHON PEKPUCTAILIU3ALUE BO BPEMS
omkura npu 200°C. x60 (Bypke)

Pa3mep pekpucTaANIN30BAHHOIO 3€pPHA

Pa3zmep pekpuCTanIn30BaHHOTO 3€pHA — OJIHA W3 BAXHEHIINX XapaKTEPHUCTHUK
OTOX>KEHHOT'0 METAJLJIA.

Bpems omxkura, kak mpaBUiiO, MPEBBINIACT MPOAOKUTEIBHOCTh MEPBUYHOM
pekpuctammsanun. [1oaToMy Ha pa3mep 3epHa OTOXKKEHHOTO METajula BIIHSIOT BCE
Te (aKTOpbl, KOTOPbIE CKa3bIBAIOTCS M HaA MEPBUYHOM, M HaA COOUpaATEIbHOMN
PEKpUCTAIITU3ALUH.

Pa3mep 3epHa K MOMEHTY OKOHYaHHS MEPBUYHON PEKPUCTAIIN3ALNM 3aBUCHT
OT COOTHOILLICHUSI CKOPOCHIU 3APOHCOCHUS WEHMPOE KPUCTAIUIN3ALUU U JUHEUHOU
CKOpOCmuU pocma 3€peH.

Yewm Oomble CKOPOCTh 3apOKICHUS IIEHTPOB U MEHbBIIE JIMHEWHAs CKOPOCTh
pocTa, TEM MeEJbYE IOAY4YaeTCs 3€pHO K MOMEHTY OKOHYAaHHS IEPBUYHOU
PEKpUCTATUIN3AINA, 1 HA00OPOT.

Ilocne OKOHUaHMS TIEPBUYHOM PEKPUCTAIUIM3ALMU 3€pHA YKPYHHSIOTCA
BCJIEJICTBHE COOUpATENbHOU pekpuctau3anuu. [loaToMy Ha KOHEUHBIM pazmep
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3epHa BIUAET TaKXKe JIMHEIHAs CKOPOCTh POCTa KPUCTAILIUTOB MPU COOMPATEIHHOM
PEKpUCTAILITU3AIIH.

K ocHoBHbiM  dakrtopaM,  BIUSIONMM  Ha  KOHEYHBIM  pa3Mmep
PEKPUCTAIIIM30BAHHOTO 3€pHA, OTHOCSTCS TeMIlepaTypa W BpeMs OTKUra, CTEIEHb
nedopmanum, XuMudeckuid 1 (a30BBIA COCTABHI CILJIaBa.

Bausanue cmenenu deghopmayuu. VICKIIOUUTENBHO CUIIBHO HA pa3Mep 3€pHA B
MOMEHT OKOHYaHHUS MEPBUYHON PEKpUCTAUIM3ALUU BIMUSIET CTeNeHb AedopMaluu
(puc. 2.8).

Tak Kak TPOJOIKUTEIBHOCTh OTXKHUIra OOBIYHO MPEBBIMIACT JITUTEIBHOCTD
MEPBUYHON PEKPUCTAIUIM3ALNKU, TO Tpaduku, MOAOOHBIE MPEACTAaBICHHOMY Ha
puc. 2.8, 0ToOpakaroT BIUSAHUE CTENEeHH AedopMalui Ha KOHEUHBIA pa3Mep 3epHa,
MOJIYYEHHBIH TOcie coOupaTenbHOM pekpuctamm3anuu. llocnennsiss  naumb
YKPYIHSET 3€pHO M KAaYeCTBEHHO HE MEHSET XapakKTepa 3aBUCHMOCTH pa3Mepa
KPUCTAIJIUTOB OT CTENEHU JAedopMallid B MOMEHT OKOHYAHHS TEPBUYHOU
PEKpUCTAIIIU3ALUH.

FasMen 360HT
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Puc. 2.8. Biusinue crenenu aedopManuu Ha pa3Mep 3epHa, MOIYISHHOTO MPU
HOCJIEAYIOIEM OTKUTE IIPH ABYX TEMIIEPATYpPaX ty, to; € — KPUTHUECKAsI CTENEHb
nedopmarun



[Ipu cpaBHUTENBHO HEOOJBIIONW KpUTHUYECKOU aedopmaiuu (00baHO OT 1 110
15%) npu oTxkure BbIpaCTa€T OYE€Hb KPYIMHOE 3€pPHO, HWHOI/A JIOCTUTAIOIIee
HECKOJIbKUX CaHTUMETPOB. MexaHu3M o0pa3oBaHUsi KpPYNMHOrO 3€pHA MpHU
KpUTUYECKOH nedopMali KaueCTBEHHO OTJIMYEH OT MEXaHW3Ma PeKpHUCTaUIU3aluN
B 3aKpUTUUYECKOI 00JaCTH, T. €. IpHU O0Jiee BHICOKUX CTENEeHAX AedhopMaIuu.

CTpyKTypHBIE U3MEHEHUS MpPU OTKUTe Ae(HOPMUPOBAHHOIO METAIa MOCIE
KpUTUYeCcKON nedopMani v ONM3KUX K HEH N0- U 3aKpUTUUYECKUX AedhopMaluii
COCTOSIT B CJIEAYIOIIEM.

I[Ipu  omxure mocie  JOKPUTHYECKUX  JepopMmariuii  MPOUCXOAUT
MOJIMTOHU3AIMSA, a TAKKE MEPEMEIICHUE BHICOKOYTJIOBBIX TPaHUI] 1€ OPMUPOBAHHBIX
3epeH Ha HEOOJIbIIINE PACCTOSHUS, COCTABISAIONINE BCETO JIUIIb COThIE-IECIThIE JTOJIH
pa3mMepa 3epeH.

C yBenuuenueM creneHu aedopmalvi B JOKPUTUUECKOM 00JIaCTH BO3pacTaeT
HEOJHOPOJHOCTH HAKJIeNa Pa3HbIX 3€PEH.

Kpurnueckass crenenp nedopmManuv COOTBETCTBYET COCTOSIHHIO, KOTJa 3Ta
HEOJHOPOJHOCTh CTAHOBUTCS CTOJIb OOJIBIIOM, YTO M3-3a PA3HOCTH B HAKOTUICHHOM
00beMHOM SHEpruu (MJIOTHOCTH TUCIOKAIMI) COCEIHUX 3€PEH MPU HArpeBE HJIET
ObICTpass MUTpalMs OTACJIbHBIX T'PAHUI] Ha PACCTOSHUS, COU3ZMEPUMBIE C Pa3MEPOM
3€peH, T. €. OTHEJbHbIE HMCXOJHBbIE 3€pHA PACTyT 3a CUET COCEAHUX, HECKOJIbKO
CUJIbHEE HaKJIETIaHHBIX 3€PEH.

OO0miasi MWIOTHOCTh MUCIOKAMN U M30BITOK IUCIOKAIMN OJHOTO 3HAKa IMpHU
KpUTUYECKON JedopMany emie HEeAOCTaTOYHBbI, YTOObl BBI3BATH IIPU HArpeBe
oOpa3oBaHME HOBBIX  BBICOKOYTJIOBBIX TpPaHMI] M  IEHTPOB  MEPBUYHOMU
PEKpUCTAIIITU3AINH.

CrnenoBarenbHO, IPU OTXKUTE MOCJIE KPUTUUECKOUN nedopMaiiiu mpoTeKaeT He
MEepBUYHAS  pEeKpUCTAUIM3alus, a OJAHM  ciaboneopMupoBaHHBIE  3€pHA
YKPYIHSIOTCS 32 CUET APYTUX AePOPMHUPOBAHHBIX 3€PEH, MPUUEM JIBHXKYILEH CUIIOMN
TaKOW pEeKpUCTAIIU3AIUU SIBIIAETCS PA3HOCTh B OOBEMHOM HEPrUM HEOAMHAKOBO
nehopMUPOBAHHBIX COCETHUX 3€PEH.

B oOnactu pameko 3akputuyeckux Aedopmauuii  oOuias IUIOTHOCTH
JUCJIOKAMA W W30BITOK JUCIOKAIMi OJTHOTO 3HAKa HACTOJIBKO BEIUKH, YTO MpPH
oTXure  ObICTpOo  oOpa3yercss  OOJBIIOE  YHUCIO  IICHTPOB  IEPBUYHOM
pEKpUCTAIIIU3AIMU, KOTOpasi 0XBaThIBAET BECh 00bEM MeTaslia.

[Ipu orxure nocne aedopmannii, HEHAMHOTO MPEBBIMIAIOIUX KPUTHUYECKYIO,
KOrJa YHUCJIO IIEHTPOB TNEPBUYHONW PEKPUCTAUIM3ALUU €IIe OYEeHb Malo,
KOHKYPHUPYIOT J[Ba MpPOIECCa: YKPYIMHEHUE 3€PEH BCIEACTBHE MUTPAIIUU MCXOJIHBIX
IPaHUIl U POCT HOBBIX 3€PEH U3 LIEHTPOB IMEPBUYHON pEKpHUCTaIM3auuu. Bropou
MPOIIECC MPUBOAUT K TOMY, YTO CPEIHUMN pa3Mep 3epeH MOIy4yaeTcs MEHBIIE, YeM
MIPU OTKUTE MOCJIE KPUTUUECKOU nedopManuu.

C noBbIlLIEHHEM TEMIIEpaTyphl AePOPMUPOBAHUS KpUTHUECKas aedopmanus,
BBIABIISIEMAsl MpU TMOCIEAYyIoUmeM OTxure, Bo3pactaer. llpu Oosiee BBICOKHX
Temmeparypax aepopmupoBaHus TpeOyeTcs Oosbiliee oO0XKaThue, 4YTOObI JTOCTUYb
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HEOOXOIMMON HEOJHOPOJHOCTU HAKJIENa COCEIHMX 3€PEeH, TaK KaK YK€ BO BpeMs
caMoro JieopMUpPOBAHUS TPOUCXOTUT BO3BPAT, YACTUYHO YCTPAHSIOUIUN HAKIIE.
Auazpammol pekpucmannuzayuu. 3aBUCHAMOCTb pasMepa 3€pHa OT BCEX
PACCMOTPEHHBIX BbIIIE (PAKTOPOB HEBO3MOXKHO H300pa3uTh rpaduyueckd B BHUJC
onHOW  auarpammbl.  J[oBosibHO ~ 0OJIBIIOE  PACHPOCTPAHEHUE  MOJYUHIH
MPOCTPAHCTBEHHBIC JUATPAMMBI PEKPUCTAJUIM3AlMK, MMOKAa3bIBAIOIINE 3aBUCHUMOCTD
pasMmepa 3epHa MeTaula WM CIJlaBa OT CTENeHH JedopMaluu U TeMIepaTypbl
OT)KHUIa MPU OMPEACICHHOM BPEMEHU BBIACPKKHU (puc. 2.9). TU nuarpaMmbl Jar0T

BO3MOXXHOCTh B CAaMOM TMEpPBOM MNPUOJIMKEHUH BBIOpATh PEXKHUM OTKUTA JJIs
MOJTYy4YECHUS JKEIIATENbHOU CTPYKTYPBL.
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Puc. 2.9. Ilnarpamma peKpucTaILIA3A0UH JJIEKTPOIUTHIECKOTO KEe3a.
Hcxoanas 00paboTka: KoBKa M oTkur ipu 930°C; okoHuaTensHas 00paboTKa:
X0noAHoe ocaxkuBanue u oTxur 1 1 (O6eproddep, Optenn)

Ha HuxHel TOpU30HTANIBHOM TIUJIOCKOCTH JHAarpaMMbl PEKPUCTAIIU3ALNT
4acTO MPUBOMSIT KPUBYIO 3aBUCUMOCTH TEMIIEpaTyphl Hauajga PeKPUCTATUIU3ANU OT
creneHu aedopmanuu (MyHKTUp Ha puc. 2.9).

[Tonb3ysch nuarpaMmamMu peKpucTalIu3alid, HEOOX0AUMO CTPOTO YUYUTHIBATh
T€ YCIJIOBHUSI, IPU KOTOPHIX OHM TMOJYUYEHBI, & UMEHHO: BPEMSl OTXKUTA; COIECPKAHUE
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MIpUMECei; UCXOIHBIN pa3Mep 3epHa; CKOPOCTh HarpeBa MpH OTXKUTE; BUI 00pabOTKH
JABIICHUEM H JIP.

[ToaToMy KaxIyr0 AuarpamMmy pEeKpUCTAJUIU3AIUU CIEAYEeT COMPOBOXKIAThH
MOJPOOHBIMU CBEICHUSMH OO0 HCXOJHOM COCTOSSHHHM M OKOHYATEIbHOM 00paboTKe
MeTauia. Tak Kak BeCbMa HEOOJIbIINE KOJIeOaHHs B COJICp)KaHUU IIPUMECEH, a TaKkKe
pa3lIMYHbIE HEYYUThIBa€Mble (DAKTOPHI CYIIECTBEHHO CKa3bIBAIOTCS HA pa3Mepe
3¢pHa, TO OTO B 3HAYUTEIBHOM MeEpe€ CHIDKACT IIEHHOCTh JHarpamm
PEKPUCTAIIIN3AIINM KaK KOJIMYECTBEHHBIX XapaKTePUCTHUK MeTasla.

OTH auarpaMMbl JTalOT CKOpee IMOJIYKOJWYECTBEHHBIC JAaHHBIC, MO3BOJISIONINE
OPUEHTHPOBATHCSA B TOM, KaK CTENEHb AedopMalli U TeMIepaTypa OTKHUTa BIUSIOT
Ha pa3Mep 3epHa MeTajljia Wi CIUIaBa.

Pa3znozepuucmole cmpykmypel. llociie peKpUCTAIM3AIMOHHOTO OTKHIA B
Pa3HBIX y4acTKaxX W3JENIHs 36PHO MOXKET ObITh MPUMEPHO OJAMHAKOBBIM IO pa3Mepy
(HampuMep, TOJIBKO MEJIKUM WM TOJIbKO KPYMHBIM), HO MOXKET HAOMI0AaThCi U
HeXeaTeabHas pa3Ho3epHUCTOCTh. OCHOBHBIE €€ (DOPMBI:

1) paBHOMepHasi pPa3HO3EPHUCTOCTh — 3aKOHOMEPHOE YEpPE/IOBAHUE MO BCEMY
00bEeMY KPYITHBIX U MEJIKUX 3€PEH;

2) 30Ha’bHAs PA3HO3EPHHUCTOCTh — PACHOJIOKEHUE KPYMHBIX 3€peH B
ONPEACIECHHBIX 30HAX U3/EIHUS;

3) cTpoueuyHas Pa3HO3EPHUCTOCTh — BBITSIHYTOCTh KPYIHBIX 3€pEH, OOBIYHO
BJI0JIb HAIlpaBJICHUSI TJIABHOU JiepopMaliniy;

4) ocTpoBHas pa3HO3EPHUCTOCTb — IPYMIBI OUYEHb KPYIMHBIX UM OUEHb MEITKUX
3€peH, HE3aKOHOMEPHO pacIpeiesIEHHbIE 10 00bEMY U3IETHS.

[TpuunHBI ¥ yCIOBHS MOSIBICHUS Pa3HO3EPHUCTOCTH BECbMa MHOTOOOpPa3HbI U
MOTYT pPa3jindarbCs NAXE B CIIydae OJIHOTO THUIIA PA3HO3EPHUCTOCTH B PA3HBIX
CIIaBax U U3JCIUSAX.

Pasnomepnas  pasnozepnucmocms  MOXKET  BO3HHKHYTH HA  CTaauu
HE3aBEPIICHHON BTOPUYHON PEKPUCTATIN3AIUN.

CrpouedHoe pacrojoXeHUue JUCIEePCHBIX YacTUll B AehOpPMUPOBAHHOM
15631 (01717 MOYET BBI3BAaTh CMPOYEUHYIO PA3HO3EPHUCOCTb pu
PEKPUCTAIIIM3AMOHHOM OTKUTE.

30oHaNpHAs JIMKBAlWsl B CIHWTKE MPUBOJUT K MAKPOHEOAHOPOJHOCTH IO
XUMUYECKOMY COCTaBy B JAe(OPMUPOBAHHOM H3JEIUM, U B YyYacTKaX pPa3zHOro
cocTaBa C pa3HOM CKOpPOCThIO HAYT IMEpBUYHAS, COOMpaTelbHAas WU BTOPUYHAS
PEKPUCTAIIIN3ALUY, BBI3BIBAS 30HAILHYIO WU OCMPOBHYI0 PAZHO3EPHUCTNOCTD.

Perynupys YCIOBUA KPHUCTAJUIU3ALUU CJIUTKA, pEKAM ero
TOMOTEHU3UPYIOLIEr0 OTXKUTa, YCIOBUS OOpaOOTKU [aBICHUEM, a TaKXKe COCTaB
CIUIaBa, MOKHO OOpOTHCSI C TMOSIBICHUEM pa3HO3EpHUCTOCTU. M3-3a MHOrooOpaszus
OpuYMH U (QOpM TMPOSIBIICHUS PA3HO3EPHUCTOCTH [JI KOHKPETHBIX HU3JEIUM
MPUXOJUTCS pa3padaThiBaTh CBOIO TEXHOJIOTHIO MPOU3BOJICTBA, 00ECIEUHMBAIOIIYIO
MOJTy4YEHUE PABHOMEPHOW 3€PHUCTON CTPYKTYPHI.
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M3MeHeHHe CBOMCTB MeTAJLJIa IPH T0PEeKPHCTATIM3AMOHHOM U
PEKPHCTAIN3AIHOHHOM OTXKHUTe
[Ipu oTkWre HakJIEmaHHOTO METaJla CBOWCTBAa M3MEHSIOTCS OOpaTHO TOMY,
KaK OHM U3MEHSUINCh TpPU XOJOAHOW nedopManuu, a WMEHHO — TIOKa3aTelu
COIIPOTUBIECHUS 1e(OPMUPOBAHUIO (BPEMEHHOE CONPOTUBIIEHUE, MPEAET TEKYUYECTH,
TBEPJIOCTh) YMEHBIIIAIOTCS, a MOKA3aTEeNH MIACTUYHOCTH (OTHOCUTEIBHOE yIITHHEHHE
U Cy’KE€HUE) BO3pacTaloT.

Pazynpounenue npu omocuce. B 3aBUCMMOCTH OT TeMIEpaTypel U
MPOAOJDKUTENIBHOCTH OTXKMI'a B METaUle C TOW WM MHOM IOJHOTOW MPOXOAST
pa3Hble CTPYKTYpHBbIE M3MEHEHUS M COOTBETCTBEHHO IIO-Pa3HOMY IPOTEKAET
pa3ynpoYHEHHUE.

Ha puc. 2.10 cxemaTW4yHO NOKAa3aHbl TPU THUIOBBIX CIy4as W3MEHEHUSA
MPOYHOCTHBIX CBOMCTB C YBEIMYEHHEM MPOJOKUTEIBHOCTH OTXKHUIA IIpU
MOCTOSIHHOM TeMmmeparype. B uHKyOanMOHHBIA Tepuoj A0 Haudajla MEePBUYHOM
PEKpUCTAIUIM3allid, KOTJAa MPOHUCXOJHUT TOJBKO BO3BpAT, HAKJIEN MOMXKET
MPAKTUYECKU COBCEM HE YMEHbINATHCS (KpuBasi 1), 4aCTUYHO yMEHBIIATHCS (KpUBast
2) ¥ IOJTHOCTBIO CHUMAThCS (KpuBas 3).
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Puc. 2.10. CxeMbl 3aBUCUMOCTEN TPOUYHOCTHBIX CBOMCTB HAKJIEIIAHHOTO
MeTaja OT BpEMEHU U30TEPMUUYECKOTO OTKUTa

Bropuunas pexkpucraminzanus, Jalolias O4YeHb KPYHMHOE 3€PHO, a TaKkKe
Pa3HO3EPHUCTOCTh CHUKAIOT MOKA3aTENU MIIaCTUYHOCTH.
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AHHU30TPONNS CBOMCTB OTOKKEHHOI0 MeTaJL1a

B pexpucraminzoBaHHOM MeTaljieé C XAO0TUYHO OPUEHTHUPOBAHHBIMU
KPUCTAJJIUTAMH BEKTOPHBIE CBOMCTBA OTJEIbHBIX MOHOKPHCTAJUIOB CTATUCTUYECKU
YCPEAHSIOTCS IO BCEM HAMPABJICHUSIM B MAaKpOOObeMe MOJIMKPUCTAILIA.

[Ipy HanmMuMM  TEKCTYphl  PEKPUCTAIIU3AIMU  OTOXKEHHBIH  MeETasl
aHu30TporneH. Ero aHu30Tponusi MpOSIBIAETCS TEM CHUJIbHEE, YeM COBEpIICHHEE
TekcTypa. Yamie Bcero aHU30TPONUSI CBOMCTB BpE/IHA, HO B OTIECIBHBIX CIy4asx
TpeOyeTcs MONYUYUTh U3JIETTUE, B KOTOPOM KaK0e-TO CBOMCTBO JOJIKHO OBITh YCUJIEHO
B OIPECICHHOM HaIlpaBJICHUH.

[TonyueHne OTOXOKEHHOTO M30TPOMHOTO METaljia, WM HAao0OpOT, MeTajia C
APKO BBIPAXKEHHOW AHU30TPOIMEN CBOMCTB — BaXKHasg HAY4YHAs M TEXHUYECKas
3a/1aqa.

BaxxupiM mnpuMepoM MPOMBIIUICHHOTO MaTepuaia, B KOTOPOM TEKCTypa
PEKpUCTAIIIU3AIMN  TOJIE3Ha, MOXET CIYKUTh MPAHCHOPMAMOPHAL CMAlb.
CranbHOW JUCT B cepJlieuHUKEe TpaHchopMaTopa HEMPEPHIBHO MEPEeMarHUUYUBACTCS.
Okonmo 0,4% oOmero pacxoda »SJIEKTPOIHEPIMU TEPSIETCSs HA HarpeBaHuUe
CEpPACYHUKOB TpaHc(popMaTopoB. Bricokwnii K.IL . TpaHcopmMaTtopoB
o0ecrnieunBaeTCsl MUHUMAIBHBIMU TOTEpPSIMU HA TEpEMarHUYMBaHUE  BIOJIb
HaIpaBJICHUs] MAarHUTOIIPOBOIA.

Tpanchopmaropnas ctanb coaepxkut 2,8-3,5% Si 1 MUHMMaIbHO BO3MOKHOE
KOJIMYECTBO yriiepoAa. MarHuTHbIE CBOWCTBA MOHOKPHUCTAJIJIA KPEMHUCTOTO *kKeje3a
CUJIBHO aHM30TPOIHBI: MArHUTHASI TPOHUIIAEMOCTh BJIOJb OJHOTO HampasieHus B 30
pa3 Oosbllle, 4eM BJOJIb IPYTOro HalpaBJICHUSI.

Pa3paboTrana TeXHOJOTHS MOJY4YEHUsS TpPaHCHOPMATOPHON CTadu C PE3KO
BBIPDAXKEHHON TEKCTYpOll peKpUCTaUIM3aluu, KOTopas olecrneunBaeT Haubosee
BBICOKYIO MarHUTHYIO NMPOHUIIAEMOCTh B HAMPABJICHUU MPOKATKHM U MUHHUMAaJIbHBIC
MOTEPU HA TUCTEPE3UC, MPU ITOM YXYAUIAIOTCS MArHUTHBIE CBOMCTBA B JAPYIUX
HarpaBlieHUsIX. MarHuTonpoBoj; U3 TEKCTYPOBAaHHOM CTajlu U3TOTOBJISIOT Tak, YTO
HaIpaBJICHHE MPOKATKU JINCTA COBNAAAET C HAIIPaBJIECHUEM MarHUTHOTO MOTOKA.

B Hacrosiiiee Bpemsi MPOMBIILUIEHHOCTh BCE€ B OOJBIIMX MacliTadax
MPOU3BOJIUT XOJOAHOKATAHYIO TpPaHC(HOPMATOPHYIO CTaldb C OCTPOM peOpoBOIt
TEKCTYPOU, Ha3bIBAEMOM TeKCTypoil I'occa.

[TpompitiieHHbld  JUCT TodmuHOM 0,2-0,5 MM ¢ peOpoBoOi  TEKCTypou
MOJYYAOT XOJIOJHOW MPOKATKOM, OTKUTOM mpHu ~850°C U BBICOKOTEMIEPATYPHBIM
IIUTENIbHBIM oTxUroM npu ~1100°C B Bogopoe.

XonoaHoKaTaHble (M OTOXXKEHHbIE) TpaHC(HOPMATOPHBIE CTAIH C PEeOPOBOI
TEKCTYpOU MPAKTUYECKH BBITECHUJIIU HU3OTPOIHBIE TOpSiYEKATaHbIe B MPOU3BOJICTBE
CEP/ICUHUKOB CUJIOBBIX TpaHchopmaTopoB. VX mpuMeHeHre MO3BOJSET YMEHBIIUTD
Maccy U radapuThl MOIIHBIX TpaHcpopmaTopoB Ha 20-25% U CUIBHO CHMXKAET
MOTEPH JIEKTPOIHEPTUU B HAPOJHOM XO3SMUCTBE.
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3. OT’KHI' BTOPOI'O POJA

OTxur 2-ro poja OCHOBAaH Ha HCMOJb30BaHUU AUPDY3UOHHBIX (HA30BbIX
MpeBpalIeHUN MPU OXJIAXKIEHUH METAJVIOB U CILIABOB.

[IpuHuMnuanbHy0 BO3MOKHOCTh MPUMEHEHHUS K CIUIaBY OTXKHUra 2-ro poja
MOXHO YCTaHOBUTb MO JHUAarpaMMe€ COCTOSIHUS. B TBepIOM COCTOSIHMHM MPOTEKAIOT
pa3sHooOpa3Hple  (a3oBble  TpPEBpalieHUs:  MOIUMOP(HOE,  IBTEKTOHIHOE,
pacTBopeHue OaHOW (ha3pl B APYrodl Mmpu HArpeBe M OOpaTHOE BbIJEICHUE MPU
OXJaXACHUU U .

OTxur 2-ro poja MOXHO MPOBOAUTH C TMOJHBIM H3MEHEHUEM (Ha30BOTO
cocTaBa, Korjaa (as3bl, CyIIECTBOBABIIME MPU KOMHATHOM TeMIlepaType, UCUe3aroT
npu Harpese, a (aza, craOuiibHAs MPHU TMOBBIIICHHOW TeMmIepaType, ucue3aeT Mpu
oxnaxaeHuu. [Ipumepom SBISIOTCS OpeBpallleHUE MEPIUTa B ayCTEHUT U pacmaj
aycTeHuTa ¢ 00pa30BaHUEM MEPIIUTA.

Ecaiu wusmenenue (Ha3oBOro cocraBa CBS3aHO TOJBKO C MEPEMEHHOM
PacTBOPUMOCTHIO KOMIIOHEHTOB B TBEPJIOM COCTOSIHUU, TO OCHOBHAs (a3a, B KOTOpOu
pactBopsieTcsi u30bITouHass (aza, crabuibHa W TPU HUBKUX, U TMPU BBICOKUX
TeMmrneparypax. B cmiaBax 3TOro Tuma mpu HarpeBe U OXJIAKJICHHH U3MEHSETCS
TOJIBKO KOJIUYECTBEHHOE COOTHOIIeHUE (a3 (BKII0OYasi MOJIHOE UCUE3HOBEHUE OJTHOM
u3 HUX npu Harpese). [Ipumepom sBisiercst nepexon CuAl, B antoMUHHUEBBIN pacTBOP
MpU HArpeBe W BBIACJICHUE HITOr0 MHTEPMETAUIMAA M3 TBEPJOTO pacTBOpa MpH
OXJIaXJICHUU.

OcHOBHbIE TIapaMeTphl OTXKUTra 2-ro poja: TemIepaTypa HarpeBa, Bpems
BBIJICP>KKHU MPU ATON TeMIepaType U CKOPOCTh OXJaxaeHusl. TeMneparypa HarpeBa u
BpEMsl BBIJICPKKHU JOJDKHBI OOECIEeUUTh HEOOXOJIUMbIE CTPYKTYpHbIE H3MEHEHUS,
HaIpuMep, MOJTHOE PacTBOPEHUE U30BITOUHOU (pa3bl. CKOPOCTh OXJIAXKICHUS JTOJKHA
OBITh JOCTATOYHO Majia, YTOObl NPH TMOHWKEHUU TEeMIEpaTypbl YCHEIU MNPOUTH
oOpaTHble (pa30Bble NpEBpaAlIECHUS, B OCHOBE KOTOPBIX JEXKUT AuPdy3us (wiu
camoiupysus). OOBIYHO NMPU OTKHUTE U3ETHS OXJIAKIAIOT BMECTE C MEYbI0 UK Ha
BO3J/IyX€ BHE IEUHU.

Tak Kak OT>KUT 2-ro poJila OCHOBaH Ha MCMHOJIb30BaHUH (ha30BbIX MPEeBpaIleHUN
B TBEPAOM COCTOSIHMM, TO BHayaje pacCMOTPUM OOIIKME 3aKOHOMEPHOCTH TaKUX
MIPEBPAILLCHUN.

3.1. O01ue 3aK0HOMEepPHOCTH (a30BbIX NPEBPALLEHUH
B TBEPAOM COCTOSITHHH

Tepmoaunamuka ¢pa3oBbIX NPeBpPaLICHUI
Kak wu3BeCTHO, mNpH TNOCTOSHHBIX TEMIIEpAType U  JaBJICHUM BCE
CaMOIIPOU3BOJIBHBIE MPOLIECCHl B CUCTEME UAYT B CTOPOHY YMEHBIICHHS 3HEPrUU
['nu60ca. PaBHOBECHOE COCTOSIHUE XapaKTepHU3yeTCs MHHUMAJbHBIM 3HAYEHUEM
sHepruu ['nboca.
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Paccmotpum (daszoBoe mpeBpaiieHMe B OJHOKOMIOHEHTHOM CHCTEME, B
YaCTHOCTH, TOTUMOP(HOE TIPEBpallleHUEe B MeTaJlIe.
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Puc. 3.1. 3aBucumocTts sHepruu ['nb0ca nByx ¢a3 oT TeMnepaTypsl

Ecmm nBe ¢aspl OJHOKOMIIOHEHTHOW CHCTEMBI MOTYT HaXOJWUTHCS B
paBHOBECHH, TO KpHBBIE 3Hepruil ['mbOca 3Tux ¢a3 JAOKHBI TMepeceKaThes (pHUC.
3.1). Touka nepecedyeHnil KPUBBIX MTOKA3bIBAET paBEeHCTBO dHepruit 'mboca nByx das
U COOTBETCTBYET TeEMIIEpaType ux ycrounBoro paBHoBecus ().

N3 rpaduka Ha puc. 3.1 BUIHO, 4TO HUXKE TeMiepatypsl Ty a-pa3za obOnagaer
MeHbIe sHepruei ['m66ca, yem B-daza. Tak kak cuctemMa CTPEMHUTCS YMEHBIITUTD
cBol0 sHepruto ['mbOca, To mpu oxnaxiaeHuu [-Qaza MOKHA MPU TeMIlepaTypax
Hxke Ty mpeBpaTuThes B a-(asy.

Temneparypa npeBpaiieHus Ipyu OXJIKICHUH JISKUT HIDKE, YeM TeMIleparypa
obpatHOoro (ha30BOr0 MpPEBpAICHUS IIPM HarpeBe. ITO SABICHHE Ha3bIBACTCS

mennosvim 2ucmepesucom npespaujerus. Hampumep, 6emoe 0JI0BO MpeBpaliaeTcs B
27



CEpoe TOJIBKO MPHU CUIIbHBIX MOPO3axX, XOTs TeMIepaTypa paBHOBECHUs O€JION U cepoit
Moaudukanuii papaa +13°C.

Pa3noctes Mexnay temmnepaTypod yctoiumBoro paBHoBecusi nByX (a3 (Ty) u
(hakTHyeCKOU TeMnepaTypor NpeBpalieHus: Mpyu OXJIaXKACHUU HA3bIBACTCS CIMENneHblo
nepeoxnaxcoenus (AT). CreneHb nepeoxnaxAeHus: pacTeT ¢ YBEIMUCHHUEM CKOPOCTH
oxnaxaeHusa. CienoBatelbHO, MEPEOXJIAKICHHE  CBA3AHO C  KAaKUMHU-TO
3aTpyJHEHUSIMU B (Da30BOM MPEBPAILICHUH.

[".'TammaH BBeJl KOJTUYECTBEHHBIC XapaKTEPUCTUKHU Tpoliecca KPUCTANIU3aAlUN
pacijiaBa — CKOPOCTh 3apO’KJICHHSI LEHTPOB KPUCTAJUIM3AIMK, BO3HUKAIOIIMX B
€AUHUIY BpPEMEHHM B eIuHUlle o0bema (C.3.11.), U JMHEUHYID CKOpPOCTh pPOCTa
KPHUCTAJJIOB M3 3TUX IIEHTPOB (JI.C.p.).

C yBenuyeHUEM TMEPEOXJIAKICHUS 00€ HITH XapaKTepPUCTHKU PACTYT,
JOCTUTAIOT MaKCUMyMa U 3aTeM MaJaioT 10 Hyus. ['paduku 3aBUCUMOCTH CKOPOCTH
3apOXKIACHUS LIEHTPOB KPUCTAIIU3AIMUA U JTUHEHHONU CKOPOCTH POCTa KPUCTAILIIOB OT
MEPEOXITAXKICHHS HAa3bIBAIOT KpUBbIMU TaMmaHna. OHM MmOKa3aHbl HA puc. 3.2.
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Temnepamipa npeboayasus T
Puc. 3.2. 3aBUCHMOCTH CKOPOCTH 3apOXKICHHS LIEHTPOB U JTUHEHMHON CKOPOCTH
pOcCTa NEPIUTHBIX KOJIOHUU OT CTENEHU nepeoxiaxkaeHus B ctanu ¢ 0,8% C
(no N.JL.Mupkuny)
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VYcTaHOBIIEHO, 4YTO KPUCTAUIM3AlMOHHBIE TpollecChl oOpa3oBaHus (a3 B
TBEPJIOM COCTOSIHUM TOJUYUHSIIOTCS TE€M € OOIIMM 3aKOHOMEPHOCTSIM, UYTO U
MPOIIECCHI KPUCTATIU3AINH KUIKOCTH.

B kpucramnne xoseOmromuecss aTtoMbl HEMPEPHIBHO OOMEHUBAIOTCA MEXKITY
co0ol KMHeTHYecKoil sHeprueil. M3-3a XaOTUYHOCTU TEIUIOBOTO JIBUKEHUS DHEPTHUS
pacripeiesieHa MeXI1y aToMaMu HepaBHOMEpHO. B ompeneneHHbII MOMEHT IHEPTUst
pPa3HBIX aTOMOB pa3jinWyHa, a JJis OJHOTO aToOMa OHA MEHSETCS OT OJJHOI'O MOMEHTA
BpEMEHHM K Apyromy. Bcerna mMeroTcs aToMbl M TPYIIBI aTOMOB, KHHETHYECKAs
AHEPIUsl KOTOPHIX OOJbIIIE UM MEHBIIIE CPEIHEN BETUUUHBI.

Bo Bpems npeBpaliieHusi B TBEPJAOM COCTOSIHUU JIEUCTBYET ellle ouH (HakTop,
3aTpyHSIONINN 3apoKAeHUE LIEHTPOB NpeBpaiieHus. Hopas ¢gaza Bcerga otnuyaercs
OT UCXOJHOW CTPYKTYpOoH H yAelbHbIM o0beMoM. Tak Kak MpeBpalleHue
pPa3BUBAETCS B YIPYrod KPUCTAIIIMUYECKON Cpelie, TO U3MEHEHUE YACIbHOTO 00bema
MIPU 3TOM BBI3BIBAET MOSIBJICHUE SHEPTUM YNpyroi AedopMaluu B OJHON WM 00eUX
(azax, 4TO 3aTpyAHSIET MIPEBPAICHNUE U MOBBIMIAET 3HEepruto ['nbdoca.

CrnenoBarenbHO, B U3MeHEHUEe sHepruu ['nb0ca npu npeBpainieHud B TBEPIOM
COCTOSIHUM BHOCHUT TMOJIOKUTENbHBIM BKJIaJ HEKOTOpasi ympyrasi COCTaBIISIOIIAS.
Hampumep, u3-3a yBenuueHusi yJenpHoro oobemMa Ha 25% mnpeBpaienue Oenoro
0JIOBA B CEPOE CBA3AHO C BO3HUKHOBEHUEM CTOJIb OOJIBIIONW BEIUMYHMHBI YHNPYTOU
COCTaBJISIIOIICH, YTO OHO HAYMHAET CAMOMPOW3BOJILHO pPAa3BUBAThCA TOJBKO Ha
Mopo3e mpu -20°C u TO BecbMa peakKo (TemmepaTypa paBHOBeCUsI 00eux
Moaudukanui onosa +13°C).

AHanu3, aHaJOTUYHBINA MPUBEAECHHOMY MJIS C.3.11., MO3BOJISIET TEOPETUUYECKHU
OOBSCHUTH XapaKTep 3aBUCHMOCTU JIMHEWMHOW CKOPOCTHU pPOCTa KPUCTALIOB (JI.C.p.)
OT CTETIEHU MEPEOXIIAXKICHUS.

MakcuMyMBbl  CKOPOCTH  3apOXKJICHUS W JIMHEWHOM CKOPOCTH  pocTa
COOTBETCTBYIOT Pa3HbIM CTEMEHSM MEPEOXJAXKICHUS, MPUYEM BOCXOJSIIAas BETBb
KPUBOM CKOPOCTH 3apO’KJCHUSI CABUHYTa B CTOPOHY OOJBIIUX MEPEOXJIANKICHUM
(puc. 3.2).
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Puc. 3.3. 3aBucumMocTb cpesiHel ckopocTu PazoBOro NpeBpaieHus: OT CTENEHU
MepeoXJIaXKICHUS
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CkopocCThb 3apOXJeHUs LEHTPOB W JIMHEHHAas CKOPOCTb POCTa KPHUCTAJIOB
OMPENENAIT CyMMapHyI0 CKOpOCTh (hazoBoro mnpeBpaiieHus. CpeaHsisi CKOPOCTb
M30TepMHUUECKOTO (ha30BOTO MPEBpAIEHUs BHAYAIE PACTET C YBEIMYCHUEM CTEICHU
MepeoXJIaXKICHUS, TOCTUTAeT MAKCUMYyMa U 3aTeM majaaet (puc. 3.3).

CpenHioto cKkopocTh (pa30BOr0 MPEBpPAIICHUS IKCIIEPUMEHTATBLHO OMPEALISIOT
KaK 0OpaTHYIO BETUYMHY BPEMEHHU MOJTHOT0 U30TEPMHUUECKOTO MPEBPAILICHHUS.

TepmonuHnamuyeckuii aHanu3 oOpa3oBaHUsA 3apojbliie HOBOW (a3l
OTHOCHUTCSI K H30TEPMHUYECKUM YyCIOBUSM. CKOPOCTH 3apOXKACHUS U JUHEUHOTO
pocTa y4acTKOB HOBOM (a3bl SKCHEPUMEHTAIBHO TAKXKE U3MEPSIOT IMIpH
OMPENICNICHHBIX MepeoxNaXaeHUsIX. B mnpakTuke xe TepMUYeckod o0paboTKu
HauOONBIINHI yIEeIbHBIA BEC 3aHUMAIOT MPOLIECCHI C HEMPEPHIBHBIM OXJIAXKICHUEM.

DT0 He 00eCLIEHUBAET BBIBOJIbI, MOJYYEHHBIE I U30TEPMHUUECKOTO (Ha30BOTO
MpEeBpalIEHUs, TaK KaK MPU HEMNPEPHIBHOM OXJAXKIACHUU METAI MPOXOAUT uepes
OecUHCIeHHOe MHOXECTBO CTEIEeHEeHW mepeoxiaxaeHus. Yem ObIcTpee OXJIaXKIaeTcs
METaJlJI, TEM MEHBIIIE YCIEeBAET OOPa30BBIBATHCS IIEHTPOB KPUCTAIIU3AIMU HOBOU
(da3pl mpU KaXJOW CTENEHU NEPEOXJAXKICHUS U TEM CHUJIbHEE NEePEeOXJIaxIaeTCs
ocHoOBHas (aza.

I'omorenHoe u rereporeHHoe 3apos;xxaeHue ¢as

3apoKeHre HOBOU (pa3bl, MPOUCXOSINNEE COBEPIICHHO CIy4YailHbIM 00pa3oM B
pa3HBIX MecTax 00beMa UCXOAHOU (Pa3bl, HA3BIBAIOT 20MO2EHHBIM.

OnHUM U3 MEXaHU3MOB TOMOT€HHOTO 3apOKACHUS SIBIsieTCs (DIYKTYallMOHHOE
oOpazoBanue kpuTudeckux 3aponpimei. Camu  (IyKTyaluu SHEPrUU U
KOHIICHTPALIMU SIBJIIIOTCS  PE3YyJIbTATOM XaOTUYHOI'O TEIJIOBOTO JBUWXKEHHS, U
BO3HMKHOBEHHE HMX B Pa3HbIX Y4YacTKax HCXOAHOW (a3bl HOCUT BEPOSATHOCTHBIM
xapaktep. lloatromy u pacnpezneneHue mo o0beMy HUCXOIHOWU (ha3bl 3apOJbIIIEH,
BO3HUKIINX Ha 0a3ze Takux (QIyKTyaluid, TaKxKe CIy4daiHo.

B TBepaoM cOCTOSHMM YCIOBUS JJii MPEANOYTHUTEIBHOTO 3apOXKIACHUS
KPUCTAJIJIOB B OIpPEJEICHHbIX MecTax emnle Oosiee OJaronpusiTHbl, YeM MpH
MEPBUYHON KPUCTAJUIN3AIMU, TAK KaK B UCXOJHOMU (pa3e UMEETCS MHOMKECTBO MECT C
MOBBIIEHHON 3Heprueid ['mO0Oca, KoTopasi crnocoOCTBYeT MpeBpalleHuto. Takumu
MECTaMH SBJISIIOTCSI TPAHUIBI 3€pEeH U Cy03epeH HMCXOJIHOW (pa3bl, AMCHEPCHBIC
BKJIFOUEHUS IpYyTUX (a3, TUCIOKAMNH U 1ePEKThl yIaKOBKH.

TepMuH «reTeporeHHOe 3apo’KJCHHE» pacIpOCTpaHSAETCs Ha BCE Cilydau
MPEANOUYTUTEIIBHOTO 3apOKICHUSI 3€peH B TBEpPAOM (paze HE3aBUCUMO OT MPUPOIBI
MECT, B KOTOPBIX 00pa3yroTCs 3apObIIIIH.

[Ipu cemepozennom 3apoxaeHUN B TBEPJOM COCTOSSHUM MOKHO BBIACIUTH JIBE
MPUYMHBI 00pa30BaHUs 3apOIblllia KPUCTAIU3ANN:

1) noHmXEeHHYI0 MeEX(pa3Hyl0 OJHEPrul0 Ha TOTOBOM TpaHWIE pasjela
3apOJIbIlia U MaTPUILBI;

2) MOJTHOE WM YaCTUYHOE MCUE3HOBEHHE B UCXOAHOM (aze aedeKTa peieTku
Y CBSI3aHHOU ¢ HUM 3Hepruu ['nb0ca.
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3aposcoenue na cpanuyax 3epen. OOJeTYEeHHE 3apOXKIACHUS Ha TpaHHUIIAX
3epeH UCXOJHON (pa3bl MOKHO OOBSICHUTH TaK: MPU 0O0pa30BaHUM 3apOAbIIIA HOBOU
(a3l KMcue3aeT HEKOTOpasl YacTh MEK3EPEHHOM TpaHMUIlbl, U BBICBOOOXKIAIOIIASCS
IpU 3TOM M30BITOYHAS DHEPTUsl MEK3EPEHHOM TpaHUIlbl UCXOAHOW (a3bl UIET Ha
oOpa3zoBaHue 3apojbillia HOBOM (pa3bl, T.€. HA MOCTpOEHUE MeK(Pa3HOU TpaHUILI U
KOMIICHCAIIMIO BO3HUKAIOUIEN YIIPYTOM SHEPTHUHU.

NmeroTea u apyrue OpUUUHBI OPEANOYTUTEIBHOTO 3apOXKICHUS Ha TPaHUIAX
3€pEH.

Camonpou3BoibHOE 00OTalllEHHE TPaHUIl 3€PEH PACTBOPECHHBIM SJIEMEHTOM,
HAa3bIBAEMOE PABHOBECHOU cezpecayueli, YCUIUBACTCS C YBEIMYEHUEM BPEMEHU
M30TEPMUYECKON BbLAECPKKUA. OTHON M3 NPUYMH PABHOBECHOW CErperanuu sIBISETCS
YIOPYroe€ B3aUMOJICHCTBHE AaTOMOB PACTBOPEHHOIO JJIEMEHTA C MEX3EPEHHOU
rpaHuLICH.

B pactBopax 3amenieHuss H3-3a Pa3MEPHOrO HECOOTBETCTBUS AaTOMOB
KOMIIOHEHTOB BOKPYI' aTOMOB PACTBOPEHHOTO JJIEMEHTAa pelleTKa HCKakeHa. Ha
MEK3EpPEHHON TpaHUIle aTOMbI PACIOJIOKEHbl HEMPABUIBHO, U UMEIOTCS YYaCTKH
Pa3pEeKEHUS U CTYIIEHHsI. ATOMBI pACTBOPEHHOTO JIEMEHTA C IMaMETPOM, OOJIBIIUM,
YeM y OCHOBHOI'O MeTajlia, OyAyT CTPEMUTHCS MOMACTh B Pa3pe:KEHHbIC YUaCTKHU Ha
IPaHUILIE 3€PEH, & ATOMbI PACTBOPEHHOTO 3JIEMEHTA C MEHBIIUM JUAMETPOM, YEM Yy
pacTBOPUTENS, B YYaCTKU CTYIICHUSI Ha MEX3EPEHHON IpaHHUIIE.

B pactBOopax BHeApEeHUsST aTOMBI PACTBOPEHHOIO 3JIEMEHTA TAKXKE CO3Jal0T
HUCKaXXEHUs B 00bEMe KpHCTallJla M3-3a TOr0o, 4TO HMX JUAMETp Oojblie pa3mMepa
MyCTOT PpELIETKH, B KOTOPBIX OHU pa3MEIIAIOTCA. OTHUM aToOMaM TaKXKe
SHEpPreTUYecKu OoJiee BBITOJHO pa3MENIATbCsl Ha MEX3EPEHHOM TpaHule B
Pa3pEKEHHBIX yUACTKAX.

Takum oOpa3om, ABUXKYIIEH CHIOM pPaBHOBECHOW cerperanuu sBiIseTCs
Pa3HOCTh B DHEPTUM HCKAXKEHUM PEIIETKA BOKPYT aTOMa PaCTBOPEHHOTO 3JIEeMEHTa B
o0beMe KpucTajia U Ha MEK3EpPEHHOU rpaHuiie. ITa pa3HOCTh MPEACTABIAECT COOOM
SHEPrUI0 YNPYrOM CBSI3M aTOMa PACTBOPEHHOTO 3JIEMEHTA C rpaHuuer 3epeH. Ot
BEJIMYMHBI ATOW PHEPrUUd U OT KOHILIEHTPAIMU PACTBOPEHHOTO 3JIEMEHTa B O00ObeMe
3epHAa 3aBUCUT KOHIEHTPAIIHsI €r0 Ha rpaHulIe.

Uem OoJibllie pa3MEpHOE HECOOTBETCTBUE AaTOMOB, T€M OOJbIIE SHEPIus
YOPYyTroro B3auMMOAEHCTBUA. B O.ILK. pemerke pa3Mep MyCTOT, B KOTOPBIX
pa3sMEIIATCsl aTOMBl BHEAPEHUS, MEHBIIE, YEM B T.I[.K. PELIETKE, MO3TOMY B HEW
aTOMBI BHEJPEHUS JOJKHBI CUIIbHEE CETPErupoBaTh K MEK3EPEHHON IPaHUIIE.

Tak kak BOKpPYr aTOMOB pAacTBOPEHHOrO 3JIEMEHTa B 00beMe KpHucTasuia
pelIeTKka BCerja MCKaXeHa, TO, CIEJOBATENIbHO, BCErJa CYLIECTBYET YIPYroe
B3aMMOJICMCTBUE 3TUX aTOMOB C MEK3€PEHHOM I'PAHULIEH.

OnHako HMMEIOTCS IKCIEPUMEHTAIbHBIE JAHHBIE O TOM, YTO KOHIEHTpalus
HEKOTOPBIX 3JIEMEHTOB Ha TPAaHUIIE 3€PEH MEHbIIIE, YeM B 00beMe. DTO 3HAUUT, UTO,
KpPOME YIPYroro, CYIIECTBYET €II€ W XUMHYECKOE B3aUMOJCHCTBHE AaATOMOB
PAcTBOPEHHOI'O 3JIEMEHTa C MEK3EPEHHOM TrpaHulieid, KOTopoe (B 3aBUCUMOCTU OT
OCOOCHHOCTEM  JJIGKTPOHHOIO  CTPOCHHUSI aTOMOB) MOXET CIOCOOCTBOBAaTh
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PaBHOBECHOM CErperanuy Ha TpaHulEe, & MOXKET, EPEKPbIBASI YIPYroe MPUTHKEHNUE,
BBI3bIBATh OUMIIICHUE IPUTPAHUYHON 30HBI OT aTOMOB PACTBOPEHHOTO 3JIEMEHTA.

PaBHOBecHast cerperanusi OJHOTO »JJIEMEHTa WJIM, HA00OpOT, oOeIHEeHUuE
MPUTPAHUYHON 30HBI JPYTHM 3JIEMEHTOM MOXET CHUJIBHO BJIMATH Ha 3apOKICHUE
HOBOM (ha3bl MO T'paHUIIAM 3€pEeH, MPHUYEeM B MPHUHIIUIIE BO3MOXHO M OO0JerdeHue u
3aTpyJHEHUE 37ech (Ha30BOT0 MPEBpAICHHUS.

3apooswcoenue na Oucnoxayusax. BOKpyr IHCIOKALMM CYIIECTBYET II0OJIE
yopyrux HanpspbkeHuil. Hampumep, B ciiyyae KpaeBOM AMCIOKALMK TOJA Kpaem
HETOJIHON aTOMHOM MIOCKOCTH HAXOJAUTCS 00JIaCTh PACTSHKEHUS, a HaJl 3TUM KpPaeM —
00JIaCTh CKaTHSL.

[ToaTOMYy CTPYKTYpHOE€ HECOOTBETCTBHE 3apOJIbIIa U UCXOJIHOM (Ppa3bl MOKET
OBITh YACTUYHO WM TMOJHOCTHIO CKOMIIEHCUPOBAHO AMCIOKALUEH, YTO CIIY>KUT
OJIHOW W3 MPUYUH MPEANOUYTUTEIIBHOTO 00pa30BaHMsl HA AUCIOKAIUAX 3apOIbIIIECH ¢
MOJIYKOT€PEHTHBIMU W HEKOre€peHTHhIMU TpanHuiiamu. [lpu oOpa3oBaHMHM TaKoOro
3apoJIbIla YIpyras dHEPrus PEIIeTKH UCXOIHOM a3kl B HEKOTOPOM 00acTu BOIU3HU
JUHUU JTUCTOKAIIMM YHUYTOXKACTCS.

Jpyras mnpuyuHa NOPEANOUYTUTEIIBHOTO 3apOXKACHUS Ha AUCIOKAIUAX —
oOpa3oBaHue BJOJIb JUHUN AUCIOKAUWU ammocghep Kommpenna w3 aToMOB
pPacTBOPEHHOI0 13yieMeHTa. Eciu 3apofplill  OTIWYaeTCsl OT HCXOAHOM (ha3bl
MOBBIIIEHHBIM COJIEPKAHUEM JIETUPYIOIIETO 3JIEMEHTA, TO €My Jerde oopa3oBaThCs
TaM, TJI€ YK€ UMEETCs Cerperamus 3Toro sjaeMenta. HakoHnern, sHeprusi akTUBAIIMU
mud@y3un BAOIb KpaeBbIX AUCIOKAIMNA MPUMEPHO BABOE HUXKE, UEM B 00bEME 3epHa
BJIAJIM OT JUCIOKAIIWIL.

3aporcoenue na oegpexmax ynaxoeku. Jlepext ynakoBKH, HampUMeEp, B
IrpaHElEHTPUPOBAHHOU KyOuueckoi pelIeTKeE, SABIIAETCS MPOCIONKOM
reKCaroHaJbHOM IJIOTHOYMAKOBAHHOW pelieTku, u HaoOopor. Ecnu HoBas ¢aza
MMEET PEIIETKY TOr0 € THUMa, YTO U Je(PEeKT yHmaKkOBKH, TO OH MOKET CIIYKUTb
TOTOBBIM 3apO/IbIIIIEM HOBOM (Da3bl.

Tak Kak pacTBOPUMOCTH JIETUPYIOILIETO 3JEMEHTa B OO0IIEM cliydae JOJKHA
OBbITh pa3HOW B pelIeTKax pPa3HOro THUMa, TO aTOMbl MEPEepPaCIPENICTAIOTC MEXKIY
ne(eKTOM YIMakOBKH U OCTAJIbHOM peleTko ncxoaHou (asel, 00pasys ammocgepul
Cy3yKu, KOTOpbIE CIIOCOOCTBYIOT 3apOKICHUIO (a3bl, OTIMYAIOLIEHCS 10 COCTaBy OT
HCXOJHOM.

[lo »TuM AByM MNpUYMHAM PACTAHYTHIE [UCIOKAIIMU, B KOTOPBIX JOE€PEKT
YIaKOBKH CBSI3bIBA€T  YaCTUYHBIC JUCTIOKAIINH, SBJISIIOTCS MecTamMu
MPEANOUYTUTEIILHOTO 3apOXKICHUSI HOBOM (Da3kbl.

3aposcoenue na exnrouenuax. B ucxogHoit gpaze 4acTo UMEIOTCS BKIIOUCHHS
OKCHUJIOB, KapOUI0B, HUTPUAOB, MHTEPMETAILIUIOB U APYyrux ¢a3. Bxiatouenus Moryt
OOJIErYUTh 3apOXKJEHUE HOBOM (pa3bl B TOM Ciydyae, KOTJla pelleTKa BKIIOYEHUS
n3oMop(dHa pelieTKe 3apobliia.
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BxroueHnst MOTYT YCKOPSATH 3apOXKICHUE HE TOJIBKO HEMOCPEICTBEHHO, HO U
yepe3 oOpa3zoBaHue AUCIOKanui. M3-3a pasHuUilbl B TepMUYECKUX KOIPPUIIEHTAX
pacuIupeHuss BKJIIOYEHMM U MaTpuIlbl MOpU TEPMUUECKON 00paboTKe BOKpPYT
BKJIIOYEHUM MOTYT BO3HUKHYTh TaKu€ HANpsKEHUS, YTO B MAaTEpUHCKON (aze
TEHEPUPYIOTCS HUCIOKAIIMU, HA KOTOPBIX MOXKET MPEINOYTUTEIBHO 3apOoXKIaThCs
HoBas (aza.

[Ipu mpeBpanieHusX B TBEPAOM COCTOSIHUHU 3apOXKIACHUE HETOCPEICTBEHHO Ha
MOBEPXHOCTH BKIIOYEHUW WrpaeT, Kak TMPaBWIO, BTOPOCTENEHHYIO pOJIb IO
CPaBHEHHMIO C 3apO>KJICHHUEM Ha pa3HOro poja nedexrax pemeTku (rpaHullax 3epeH,
cyOrpaHunax, AUCIOKAIMAX), YUCIO KOTOPBIX U MPOTSHKEHHOCTh OOBIYHO HAMHOIO
OOJIBIlIE, YEM BKJIFOUCHHUH.

3.2. OTxur crajieu

OTmxur craneit (0TKur 2-ro poaa) — 3To TepMuUYecKkas o0padoTKa, Py KOTOPOM
TJIaBHBIMHM TIPOIIECCAMU SIBJISIIOTCS ayCTEHUTHU3ALMSA C IOCIASAYIOMHNM TEePJIUTHBIM
MIpeBpaICHUEM.
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OO0pa3oBaHne ayCTeHUTA NIPU HarpeBe

Mexanuszm u kunemuka aycmenumu3ayuu. llepen oOpa3zoBaHueM aycTeHUTA
UCXOJIHOW CTPYKTYpOW 4dalle BCero sBisgeTcss cmech d-pa3bl (deppuT ¢ O.ILK.
peleTkon) U kapouaa (B OCHOBHOM IIEMEHTUTA). B yriiepoaucThiX cTaisix ayCTEHUT
MIPY TEMIIEPATYPE HECKOJIBKO BbIIIE TOUYKUA A coaepkuT okoiyo 0,8%C, B To Bpems
Kak (peppuUT B HCXOAHOU CTPYKTYpE COJIEPKHUT COThIE AOJM MPOLIEHTA YTriepoja
(puc. 3.4).

Kakum o6pa3oM BO3HUKAET ydyacToOK Y-(a3bl (ayCTEHUTA C T.I.K. PEIIETKON) U
CPaBHUTEIBHO BBICOKUM COJIEp>KaHUEM yTriepoja. DKCIEPUMEHTAIbHbBIC JTaHHBIC
YKa3bIBAIOT Ha ABYCTaAUIHOE () OPMUPOBAHUE AYCTECHUTHBIX 3aPOIbIIICH.

[lepBass craguss — mnonUMOp(HOE O—Yy-TIPEBpPAIIEHHE IO CABUTOBOMY
MEXaHU3My C O0O0pa30BaHUEM METACTAOMIBHOIO MAaJOyIJIEPOJUCTOrO0 ayCTEHUTA.
Btopas cranus — yBeaudeHUE KOHIICHTPAIlMU YTriepojia B TaKOM ayCTEHUTE, T.C.
MpUONMKEHUE €r0 K paBHOBECHOMY COCTaBY BCIICJICTBUE PACTBOPEHUS B ayCTECHUTE
JacTHI] KapOua.

B 103BTEKTOMIHBIX CTalsIX MEpPBbIE YYACTKH AYCTEHUTA MPEANOYTUTEIHHO
MOSIBJIAIOTCA Ha TPaHUIAX 3€PEH U Cy03epeH B U30BITOUHOM (peppUTe U MO rpaHUlaM
MEPIAUTHBIX KOJIOHHIM.

['omorenuzanus aycTeHUTa HAET TOpa3lo AOJbILIE B JETHPOBAHHBIX CTaJsX.
Jlerupyromirie 3JIEeMEHTHl HEPABHOMEPHO paclpeeieHbl Mexay (epputoMm u
kapoOunoM. HekapOugooOpasyrone dJeMeHThl Haxonarcss B (deppurte, a
KapOug000pa3yromme — MPEeUuMYIeCTBEHHO B KapOuse.

[lo  oOKOHYaHWHM  MEPAUTHO-AYyCTEHUTHOTO  MPEBpAlICHUS  AYCTCHUT
HEOJHOPOJIeH. B yudacTkax aycTeHHTa, COOTBETCTBYIOIIMX HCUE3HYBIIUM YacTHUIIAM
depputa u kapOuja, pa3iauvyHa KOHIIEHTpalusi HE TOJbKO yriepoaa, HO H
JETUPYIOIINX SJIEMEHTOB.

Xotsa ckopocTh Aud@dy3un yriepojia B ayCTEHHUTE HAa HECKOJBKO IMOPSJIKOB
0oJIbllIe, YEM Y JIETUPYIOIIUX 3JIEMEHTOB, €r0 KOHIICHTPAILIUS HE MOKET BBIPOBHSITHCS
710 TE€X TOP, MOKAa HE UCYE3HET IPaJMEHT KOHIIEHTPAIUN JErUPYIOIINX 3JIEMEHTOB.

Bpewmst BbiJIepKKH TIPU HArpeBe OMPEIENIIeTCs] TEM, HACKOJIBKO MOJHO JAOJIKHBI
MPOUTH camble MEJJICHHBIE MPOLIECChl — PACTBOPEHUE KapOUJIOB U FOMOTECHH3ALIMS
aycrenuta. [lpu HarpeBe TOPBTEKTOUJIHOW CTald C YKOPOUECHHBIMH BBIACPKKAMHU
MOXHO TIpPU TeMIepaTypax BbIlIE TOYKHM Az MOJYUYUTh AYCTEHUTHO-KAPOUIIHYIO

CTPYKTYPY.

Paszmep aycmenumnozo 3epua. V3-3a o4deHb OOJBIIOIO 4YHCIA IICHTPOB
o0pa3oBaHusA ayCTeHWTa K KOHIY o—Yy-TIpeBpalieHuss GOpMUPYETCS MEJIKOe
ayCTEHUTHOE 3€pHO. DTO 3€pPHO ayCTEHHUTA, Ha3bIBa€MOE HaYaIbHbIM, OOBIYHO UMEET
pa3mep okoso 10-20 Mkm.

C mNOBBILIEHHEM TEMIIEPaTyphl C.3.1l. ayCTEHHUTAa BO3pacTaeT OoJIbIlIEe, YeM
J.C.p., U COOTBETCTBEHHO HAYaJlbHOE 3€pPHO AayCTEHHTA IOJy4aeTcsl Meibye.
CnenoBaTenbHO, MPU OBICTPOM HArpeBe JO BBICOKUX TEMIIEPATyp U KOPOTKHX
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BBIJICP’KKAX MOXHO TMOJIy4aThb MEJIKOE ayCTEHUTHOE 3E€pPHO, YTO BAXHO JJIs
TepMOOOPaOOTKH CO CKOPOCTHBIM HAarpeBOM.

[lo oKOHYaHWMM ayCTEHUTH3AlMM 3€pHA ayCTEeHUTa CIOCOOHBI K POCTY,
JNBHOKYILIEN CUJIONM KOTOPOTO SIBJISIETCS 3€pHOrpaHuuHast sHeprusd. C MOBBILIEHUEM
TEMIIEPATyphl POCT 3€pPHA AYCTEHUTA YCKOPSAETCS. 3€PHO MOXKET pacTH PaBHOMEPHO,
KaKk TMpU COOMPATENbHON pPEKPUCTAJUIU3AIMHU, HO MOXET HaOmogaTbes U
HEPABHOMEPHBIA POCT, KOT/Ia HEOOJBIIOE YUCIO KPYHHBIX 3€PEH ayCTEHUTA PACTET
3a CYET MHOYKECTBA MEIIKUX, ITOKA OHU HE MCYE3HYT. DTOT OPOLECC MO CYIIECTBY
ABJSCTCS ~ BTOPUYHOM  peKpucTtauih3amuend. Menkue  3epHa  aAyCTEHUTA
CTAOMJIM3UPOBAHBI MPOTUB POCTA AUCIEPCHBIMU YACTUI[AMU, B YACTHOCTU, HUTPHUAA
ATIOMUHHSL.

XoTd npu OXJaXKIACHUU aAyCTEHUT IpeBpaiaercs B apyrue ¢asbl, pa3Mep ero
3epHa SIBISETCS BAXKHOW XapaKTEPUCTUKOM CTaM. JTO OOBICHSAETCS TEM, UYTO BCE
CTPYKTYpPHBIE€ COCTABJISIOIINE MPU MEJIEHHOM U MPU OBICTPOM OXJIAKJICHUM CTald
dbopmupyroTcs B mpejenax KaxI0ro ayCTeHUTHOTO 3epHa. Yem Melbue ayCTEeHUTHBIC
3epHa, TEM MeJlbue CeTKa M30BITOYHOTO (peppuTa Mo UX rpaHUllaM, MEHBIIE pa3Mep
MEPIUTHBIX KOJIOHHH U MEHBIIIE pa3Mep MaPTEHCUTHBIX KPUCTAILIIOB.

[loaToMy MenkoMy 3€epHYy B ayCTEHUTHOM OO0JacTH COOTBETCTBYET
MEJIKOKPUCTAJUIMYECKUN  H3JI0M, a KPYIIHOMY AayCTEHUTHOMY  3€pHY  —
KPYNHOKPUCTAUIMYECKUI HU3JI0M CTAIM MPU TEX TEMIIEpATypax, II€ ayCTCHUTA YkKe
HET.

K pasHomy pa3mepy 3epHa aycTEHHUTa OCOOEHHO YYBCTBUTENbHA YJapHas
BSI3KOCTh, KOTOpas IaJaeT ¢ €ro yKpynHeHueMm. TemmeparypHblid TOPOT
XJIAJTHOJIOMKOCTH MOBBIIAETCS C YBEIIMUEHUEM pa3Mepa ayCTEHUTHOTO 3€PHA.

Pazmep 3epHa aycTeHUTa XapaKTepU3YIOT YCIOBHBIM HOMEpOM (Oasiom)
CTaHIAPTHOM MIKaJbl MUKPOCTPYKTYp. Kaxxpomy HOMmepy 3epHa N COOTBETCTBYET
ONPEJICIICHHOE CPEAHEE YMCIO 3€peH m Ha miomand 1 MM° nutuda U yCIOBHBIN
MIPOCTPAHCTBEHHBIN pa3Mep ITUX 3epeH D.

B ocHOBy nOCTpOEHHsSI CTaHAZAPTHOM IIKAJIbI MHUKPOCTPYKTYpP MOJIOKEHA

dbopmyia

CranmapTHas mkaia umeet 18 HomepoB 3epna: -3, -2, -1, 0, 1, 2, ..., 14. Uem
BBIILIE HOMED 3€pHA, TEM MEHBIIIE €T0 pa3Mep.

Homepy 3epHa -3 cOOTBETCTBYET CTpYKTypa ¢ m = 1 MMZu D=1 MM, HOMEpPY
6 — ctpyktypa c m = 512 MM~ 1 D~40 MKM, HoMepy 14 — ctpykrypa ¢ m = 131072
MM~ 1 D =20 MKM.

N3 dopmynbl ciaeayeT, 4To MpU BO3pacTaHUU HOMEpa 3epHa N Ha €JUHUILY
yABauBaeTcsl Beau4urHa m. J[jisi ObICTpO OLIEHKM HOMEpPA 3€pHa MPUMEHSIOT METOJ
CpPaBHEHHMSI UCCIEAYEMON CTPYKTYpbl C S3TAJOHHBIMU CTPYKTYpaMU CTaHIApPTHOU
HIKaJIbI (IPU OJJMHAKOBOM YBEIUYEHUN ).
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[ToBbIllIeHNE KOHLIEHTPAIIMHU YIJIEpOa B raMMa-pacTBOPE CIIOCOOCTBYET POCTY
3€pHAa, YTO MOXXHO OOBSCHUTH MOHMKEHUEM COJIUyCa CIJIaBa U COOTBETCTBYIOIIUM
POCTOM TOMOJIOTUYECKOUN TeMIepaTyphl MPU MOCTOSSHHON TEMIIEPaType OTKUTA.

[loBbllieHUE coAep:KaHUsl yriepoAa CBEpPX MPENesbHOW KOHIIEHTpaluu B
aycrenute (nmuHus ES pgumarpammsl  coctosinus Fe—Fe;C) 3arpymnsier poct
ayCTEHUTHOT'O 3€pHA, YTO OOBICHAETCS TOPMO3SIIUM JEUCTBUEM YaCTHUIl IEMEHTHUTA.

[loutn Bce Jerupylomuye 3JIEMEHTbl TOPMO3ST POCT AayCTEHUTHOTO 3€pHA.
Hckntouenre cocTaBisieT MapraHell, KOTOPbI yCHWJIMBAaeT POCT 3€pHA ayCTCHUTA.
CunbHO TOPMO3AT pocT aycTeHutHoro 3epHa V, Ti, Al, Zr, W, Mo u Cr u cmnabo
neucTBytoT Ni u Si.

OCHOBHOM NPUYMHOW ATOTO JEWUCTBUS JIETUPYIOIIUX SJIEMEHTOB CUUTAECTCS
oOpa3zoBaHue TPYJHOPACTBOPUMBIX B ayCTEHUTE KapOUI0B, HUTPUIOB U APYrux a3,
KOTOpbIE SIBISIIOTCS  OapbepaMM IS pacTyllero 3epHa. Takue aKTHUBHBIE
KapOunoobpazoBatenu, kak Ti, Zr u V cuiibHee TOPMO3ST pocT 3epHa, yeM Cr, W u
Mo, Tak kak kKapOuabl TEpBBIX OOJee YCTONYMBBI M TpPYJHEE PACTBOPSAIOTCSA B
ayCTEHUTE.

Pa3nple miaBku CTand OJHOW MapKd MOTYT CHJIBHO pa3liMyaTthCs IO
CKJIOHHOCTH K POCTYy ayCTEHUTHOIO 3€pHA, TaK KaK OHHU COJEp>KaT pa3HbIe
KOJIMYECTBA JHUCHEPCHBIX TPYAHOPACTBOPUMBIX 4YaCTHUI] KapOUIOB, HUTPUIIOB HU
npyrux ¢a3 — OapbepoB 1l pOCTa ayCTEHUTHOrO 3epHa. JlucmepcHOCTh U
pacripeielieHue 3TUX YacTHUIl 3aBUCAT HE TOJIbKO OT YCJIOBHI BBIMUIABKU CTalud M
ropsueid oOpabOTKHU [aBJI€HUEM, HO W OT MOPEIBaAPUTEIBHON TEepMOOOpPabOTKU
(oTxkura).

CrnenoBarenbHO, CKJIOHHOCTh CTaJIM K POCTY 3€pHAa NpPU HArpeBe 3aBUCHUT,
MIOMHMO €€ COCTaBa M0 OCHOBHBIM KOMIIOHEHTaM, OT METaJUTypru4ecKoro KauecrTna,
TEXHOJIOTUU TMPOU3BOJACTBA, T.€6. OT €€ HWCTOPUHU, KOTOpas MpeIIIecTBYET
TepMooOpaboTKe. B CBs3M ¢ 3TUM pa3nnyaroT HACIEJACTBEHHO KPYIMHO3EPHUCTHIE U
HACJIEJICTBEHHO MEJIKO3EPHUCTHIE CTaJIH.

B nacneocmeenno xpynnozepuucmoii cmanu 36pHO MHTEHCUBHO PacTeT IpPH
OTHOCHUTEJIbHO HEOOJBIINX MPEBBIINICHUSIX TEMIIEPATYPhI HAJl TOUKOU Acs.

B nacneocmeenno menxoseprnucmou cmanu MEIKOE ayCTEHUTHOE 3€pHO
MOJYy4YaeTCsd B MIMPOKOM JWana3oHe TeMmeparyp: OT TOo4ku Acz mo 950-1100°C.
[lepexon yepe3 3TOT TeMIIEpaTypHBIA MOPOT MPUBOJUT K MEPETPEBY HACIEICTBEHHO
Menko3epHuctoil cranu. Ilog meperpeBoM 37ech MOAPA3yMEBAETCS MHTEHCHUBHOE
YKPYIIHEHHUE 3€pHA U CBA3AHHOE C 3TUM IMaJieHHe yAapHOW Bsi3kocTH. llpu ctomnb
BBICOKMX TeMIIepaTypax 3€pHO B HACJIEJACTBEHHO MEIKO3EPHHUCTOM CTaaud MOXKET
OKa3aThCs Jaxe 0oJiee KPYMHbIM, YeM B HACJIEACTBEHHO KPYITHO3EPHUCTOM CTaIH.

ANOMUHUNA OCOOEHHO CUJIBHO BIIMSIET Ha POCT 3€pHA ayCTEHUTA MPU HATPEBE
ctanu. HaciaeaCcTBEHHO METKO3EpHUCTYIO CTallb MOJY4Yal0T BBEJICHHEM B KOBIII Epe]
paznmuBkoit mpumepHo 0,05% Al. Menpuaiiiiue 4aCTUYKH HUTPUJIOB M OKCHIIOB
ATIOMHHUSI TOPMO3SIT POCT 3€PEH ayCTEHUTA.

NHTEHCHUBHBIA POCT 3€pHA B HACJIEACTBEHHO MEJIKO3CPHUCTOM CTalld BBIIIE
950-1100°C o00bsicHsI€TCS PACTBOPEHUEM U, BO3MOXKHO, KOaryisinued OapbepHBIX
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gacturl. [Ilpm 3TOM u3-3a HEOJMHOBPEMEHHOTO B pa3HBIX MeCTax ociaabieHus
OapbepHoro 3¢dexrta MOKET BO3HMKHYTh XapakTepHas [l  Ieperpena
HACJIEJICTBEHHO MEJTKO3EPHUCTHIX CTajiel pa3HO3EPHUCTOCTb.

Takum oOpa3zoM, pa3nuualOT HACIEACTBEHHOE 3€PHO U JICHCTBUTEIBHOE 3€PHO
aycrenuta. Hacneocmeennoe 3epno TIONMy4daeTCsl B CTaHAAPTHBIX YCIOBHSIX U
XapaKTepu3yeT CKIOHHOCTh CTAlId K POCTY 3epHa. /lelicmeumeibHoe 3epHO — 3TO TO
3epHO, KOTOPOE MOIYYaeTCs B PE3yJIbTATe TON WIIM HHOW OTIepaIiii TePMOOOPabOTKH.
OHO MOXeT OBITh OOJIBIIIE WJIM MEHBIIIE HACICICTBEHHOTO 3€pHA B 3aBHCHMOCTU OT
Toro, Bbiie uiu Huxe 930°C temnepaTypa HarpeBa cTajid pu TepMooOpadoTKe.

CTpyKTypHasi HACJIeACTBEHHOCTh U MEPEeKPUCTALIN3ANUA AYCTEHUTA

[Tpu oxnaxkaeHUU BCeX YIJIEPOIUCTHIX U OOJIBIIMHCTBA JISTUPOBAHHBIX CTAJICH
ayCTEHUT MpETEPIEeBaCT NEPIUTHOE, MAPTCHCUTHOE WJIM OCHHUTHOE MpeBpalleHuE.

[Ipy mnoBTOpHOM HarpeBe, Korja BHOBb oOOpa3yeTcs ayCTEHUT, B
OMpENIENICHHBIX YCIOBUAX pa3Mep, hopMma u Kpucrtamuiorpadpuyeckass OpueHTUPOBKA
€ro 3epeH MOTryT OBbITh TaKUMH K€, KaK U Y HCXOJHOr0 3€pHa ayCTeHHUTa Mepes
MEpPBbBIM NEPIUTHBIM, MApPTEHCUTHBIM WM OEHHUTHBIM TMpeBpalieHueM. Takoe
HaclieJJoBaHue pasmepa, (HOpMbl U OPUEHTUPOBKH AYCTEHUTHOTO 3€pHA HA3bIBAIOT
CMPYKMYPHOU HACIEOCME8EHHOCMbIO.

[IposiBneHne CTPYKTYpHOW HACJIEICTBEHHOCTHU 3aBUCUT OT UCXOAHOM (Tiepen
MOBTOPHBIM HAarpeBOM) CTPYKTYPHI CTaJld U €€ COCTaBa, OT CKOPOCTU 3TOT0 HarpeBa u
TEeMIEePaTyphbl AyCTCHUTU3ALINY.

Haubonee sipko cTpyKTypHas HacCIEACTBEHHOCTb MPOSBISETCSA, €CIH Tepea
MOBTOPHBIM HAarpeBOM CTaJlb UMEJIa MAPTEHCUTHYIO WIH OCMHUTHYIO CTPYKTYPY.

VY cranu ¢ GeppUTHO-NEPIUTHOU CTPYKTYPOH MCXOJHOE ayCTEHHUTHOE 3€pHO
oObIYHO HE HacnenyeTcs. Eciu panee Takasi ctainb Oblia Meperpera u uMesna KpymHoe
36pHO ayCTeHUTa, TO NIpPU IMOBTOPHOM HarpeBe a0 Temmepatyp Acs + (30-50)K
ayCTEHHUT, 3apOXKJIasiCh BO MHOTMX MECTaX, MOJYy4aeTCs MEIKO3epHUCThIM. KpymHoe
ayCTEHUTHOE 3€PHO HACJIEYEeTCs 3/1€Ch TOJIBKO IPU UCXOJHOU GUOMAHUIMEmMMmMOBOU
cmpyKkmype.

JIist MapTeHCUTHOM, OETHUTHOM, a TaK)Ke BUAMAHIITETTOBOM CTPYKTYp 001Iei
4epToi sIBISIETCA KpucTauiorpaduyeckass yHnopsiAOUYeHHOCTh: B Mpenenax oObema
36pHa MCYE3HYBILETO ayCTEHWTAa IUIACTUHBI d-(Pa3bl HMMEIOT OINpeeICHHYIO
Kpuctaimorpaduueckyro opueHTHpoBKy. [lpu HarpeBe ctanm 3apoasiiiu y-(a3bl B
CBOIO Ouepe/lb 3aKOHOMEPHO OPUEHTHUPOBAHBI OTHOCUTENIBHO IUIACTHH 0O-(a3bl, B
pe3yibTaTe 4ero B OOBbEME HCXOJHOIO0 ayCTEHUTHOTO 3€pHa IpU HEOOJBIINUX
neperpeBax BbINIE TOYKU Acz POpMHUpPYETCS] TOUHO TAKOE K€ ayCTEHUTHOE 3EPHO,
Ha3bIBAEMOE 80CCMAHOBIEHHBIM.

Takum oOpa3zoM, Il BOCCTAHOBJIEHUSI ayCTEHUTHOTO 3€pHA MPH MOBTOPHOM
HarpeBe CcTadul HEOoOXOAMMO, BO-TIEPBBIX, MPOSBICHUE HACIEICTBEHHOCTH MpPH
oxnaxaeHun (oOpa3oBaHUE KpHUCTALIOrpadUUECKH YMNOPSJOUYEHHOTO KOMILIEKCA O-
KPUCTAJIJIOB B Mpelieflax KaKJIOro HCXOJHOIO0 ayCTEHHTHOTO 3€pHA) M, BO-BTOPBIX,
MPOSIBJIEHWE HACJEJACTBEHHOCTH NIPU TMOCJIEAYIONIEM HarpeBe craiu (mepexon
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YKa3aHHOTO KOMIUIEKCA O-KPUCTAJIOB B OJHO BOCCTAHOBJIEHHOE AayCTEHHTHOE
3€pHO).

Korma aycreHUT mnOpw OXJaXJEHUU CTalIM MPETEpPHeBaeT MEPIUTHOE
MpEeBpalIEHUe U HE BO3HUKAECT BUIMAHILITETTOBA CTPYKTypa, oOpasyroiuecs 3epHa
M30BITOYHOTO (eppUTa U KOJOHUU TNEpIUTa HE HMMEIOT CTPOro 3aKOHOMEPHOU
KpUcTamorpauyeckoil OPUEHTUPOBKU IO OTHOIIECHHUIO K PEIIETKE HCXOJHOTO
ayCTEHUTHOTO 3epHa. B 3TOoM cnyyae KOJOHMM MepiuTa U 3€pHA HU30OBITOYHOTO
(dbepputa He 00pa3yIOT €AMHOTO KpUCTAIOrpaduuecKu yIopsiJOUeHHOT0 KOMIUIEKCa
B Ipenesiiax o0ObeMa HCXOJAHOTO AayCTEHUTHOTO 3€pHa, BHYTPH KOTOPOTO MpH
MOCJEAYIOIIEM HarpeBe CTajlud BO3HUKAE€T MHOTO Pa30pPUCHTUPOBAHHBIX OJIUH
OTHOCHUTEJIbHO JPYroro 3apojblllied ayCTeHHTa, U €ro 3€pHO IMoaydyaeTcs Oosee
MEJIKUM, YEM HUCXOJIHOE.

Ecau npu HarpeBe cTanu Bblllie TOYKU Ac; BHAYalle HACJIEIOBAIIOCh KPYMHOE
3€pHO ayCTEHHUTA, TO MPU MOCIEAYIONIEM MOBBIIIEHUH TEMIIEPATypPbl, 4 HOTJIa U TIPU
YBEIIMYEHUH BBIJIEPKKHM BOCCTAHOBIICHHOE 3€PHO ayCTEHUTAa BMECTO TOT0, YTOOBI
YKPYIHATHCS, U3MelbuaeTcs. Takoe n3MeabpueHre 3epHa B TeMIlepaTypHOil o0acTy,
r7ie HET HUKAKUX (DA30BbIX MpEeBpalICHUM, MPOUCXOIUT B PE3YJbTaTE 3apOXKICHUS
HOBBIX 3€pEH ayCTEeHHWTa B OOJBIIOM YHUCIE MECT B Ipeienax o0beMa KaxKIoro
BOCCTAHOBJICHHOTO 3€pHa.

DTOT npouecc CTPYKTypPHOU NEPEKPUCTAIIIU3ZAIMU U TI0 BHEITHUM MPU3HAKAM,
U 110 PU3NYECKON CYIIHOCTH SIBISIETCS PEKPUCTAILUIU3AUOHHBIM. TONBKO B OTJIMYKE
OT OOBIYHOM TMEpPBUYHOM  pEKpUCTALIM3AIMU, KOrja HeoOXoaumasl s
dbopmupoBaHusa €€ 3apoAbIllCH MOBBIINICHHAs IUIOTHOCTh JUCIOKAlMM co37aeTcs
nedopmanuei MeTamiia BHEINIHUMU CHUJAMHM, B pacCMaTpUBacMOM  CJydae
MOBBIIIEHHAS TIUIOTHOCTh JUCJIOKAIMI BO3HUKAET MpU BHYTpPEeHHEM (a3oBOM
HaKJIeTe.

@daszoe6vlil Hak1en — 3TO TIOBBIIIEHUE TJIOTHOCTH JIUCIOKAIMN B HOBOM (aze B
xone (azoBoro mpeBpaimieHus. OH MOXET BO3HHKATh MpH JI0O0OM (pa3oBoM
MpEBpAEHUU U3-3a PA3HOCTHU YACIbHBIX 00BEMOB CTapOW U HOBOM (a3, a TakKe Mpu
MapTEHCUTHOM IMpEeBpallleHuH, Korjga naegopmanusi o0sA3aTEIbHO COMPOBOXKIACT
oOpa3zoBaHue KaxJa0ro kpuctamia. [loBeleHHast IIOTHOCTH Ae(EKTOB B HOBOM (paze
MOXKET TaK)Ke€ BO3HHUKHYTh H3-3a «Iepeflauyuy» AUCIOKAlMid OT UCXOAHOW (a3bl K
HOBOM.

Ecaiu B HacinenyemMoMm KpYNMHOM 3€pHE ayCTEHUTa HMMEETCS JOCTATOYHO
BBICOKAsI TUIOTHOCTh AMCIIOKAIMiA, TO 3TO M OOYCJIOBIMBAET Pa3BUTHE IMEPBUYHOU
pekpuctamnuzanuu. l[locne okoHYaHUS NEPBUYHON PEKPUCTAILIA3AIUMN ayCTEHUTA C
YBEIIMYEHUEM BPEMEHHM BBIJIEPKKH WJIM MPHU TOBBIIIEHUH TEMIEpPaTypbl HUIET
OOBIYHBIN POCT HOBBIX 3€PEH.

Takum 00pa3zom, HMEIOTCS JBa 3Tana (QPOPMHUPOBAHUS MEIKO3EPHUCTOU
CTPYKTYpPHI B CiIydae NpOsIBICHUSI CTPYKTYPHOM HACIIEICTBEHHOCTHU B cTaiu. lepBsiii
ATan — 00pa3o0BaHWE BOCCTAHOBIEHHOIO 3€pHA Y-(a3bl C MOBBIIICHHOW IIOTHOCTHIO
JTUCJIOKAUNA U3 KpUCTALIOTPpapUUECKH YyNOPsAI0YEHHOTO KOMIUIEKCA KPUCTAJIOB (-
¢da3pl B mpeaenax oObEMa HCXOAHOTO AayCTEHUTHOrO 3epHa. Brtopoil stam —
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3apoXJeHue U pocT Oojee COBEPIICHHBIX KpUCTaUIOB  Yy-(a3pl, T. e.
PEKPUCTAILTHA3AIINS, TIPUBOIAIIAS K YCTPAHCHHUIO CTPYKTYPHOM HACTIEACTBEHHOCTH.

Jliss  ycTpaHeHUsT CTPYKTYpHOW HACIEACTBEHHOCTH HArpeB JIETHPOBAHHOM
CTaid OOBIYHO JOJKEH OBITh 3HAYWUTEIHHO BBINIE TOYKH Ac;, YeM Harpes
yraepoauctoil. Hampumep, misi wcmpaBieHUss KPYMHOTO 3€pHA OTIWBOK W3 CTaJH
20X13JI ux narpesatot 10 1100-1150°C, T.e. Bbiie Ac; npumepHo Ha 300K.

HcxonHoe ayCTEHUTHOE 3€pHO HACHEAyeTCsl MpU HEOOJBIIUX CKOPOCTIX
HarpeBa (Tpaaychl B MUHYTY), XapakKTE€pPHBIX JJIsi OObIYHOTO meyHoro HarpeBa. C
ycKopeHueM HarpeBa 3G (deKT HacieI0BaHUs UCXOJIHOTO 3epHa ociabeBaer. Ecnu xe
3aKaJICHHYIO W HEOTHYIIEHHYIO CTallb HATPEBAaTh OYEHBb OBICTPO (COTHHU TPaTyCOB B
CEKYH]IY), TO CHOBa IIPOSIBUTCS CHJIbHASI CTPYKTYpHAsI HACIICICTBEHHOCTb.

Ju¢¢y3uoHHbIe NPpeBPALIEHUS aAYCTEHNUTA NP OXJIAKIEHHUHU
Ilepaumnoe npespauwyenue. OCHOBHOE MPEBpaIllEeHHE, TPOTEKAIOIIEEe BO BPeMs
OXJIAXKJICHUS TP OTXKUTE CTadd — 3TO DBTEKTOMIAHBIN pacmaj ayCTeHHUTa Ha CMECh
dbepputa ¢ kapobuaom. KuHeTHka 3BTEKTOMJIHOTO TpeBpaimieHus uzoodopaxkaercs C-
00pa3HBIMM KPHBBIMH Ha JAHarpaMMe H30TEPMHUUYECKOT0 IPEBpAIlCHUS ayCTEHHTa
(puc. 3.5).

800
27

400

o U | | | |
7 v 4 I
r Bpemem o/

Puc. 3.5. Ilnarpamma u30T€pMHYECKOrO paciajia ayCTEHUTA B I3BTEKTOUTHOU
cTanu: A — yCTOMYUBBINA ayCTEHUT; A — MEPEOXITKACHHBIN aycTeHUT; O — deppur;
K — xap6un

C-nuarpamMmMy  cTposIT clenyroomum oOpa3oMm. ToHkue 00pas3npl crTaiu
HArpeBarOT 10 TOJHON ayCTCHHTH3AIlMU WU 3aTEM OBICTPO MEPEHOCAT B TEPMOCTAT
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(coNsiHyI0 BaHHY) C TeMIepaTypod HIKe KpuTuueckoil Touku. Hauwano u koHen
pacriajla ayCTeHHWTa MNpHU JaHHOW TeMIepaType MOXKHO OINPEeIUTh HECKOJIbKUMU
METOJIaMHU.

MHUKPOCTPYKTYPHBIN aHAJIU3 — CAMBIM IPOCTOM, BMECTE C TEM HAJAECKHBIN, HO U
BechbMa TpyAoeMKuil meroa. OOpasibl MOCie Pa3IuyHOIO BPEMEHH BBIICPKKU B
TEpMOCTaTe 3aKajluBalOT B Boje. M30TepMuYecKH HepacHaBIIUMCS ayCTECHUT
MpeBpalIaeTCd B MapTEHCUT, KOTOPHIA XOPOIIO OTJIMYAETCS IMOJ MUKPOCKOIOM OT
MpOAYKTOB pacnaga aycrenuta. I[Ipm temmeparype 727°C ayCT€HUT HAXOOUTCS B
TEPMOJUHAMHUYECKHA YCTOMUYMBOM PAaBHOBECHHM CO CMeChblO0 (heppuTa U ILEMEHTHTA.
UtoOBI HavasCs pacmaj ayCTEeHUTa, HEOOXOAMMO €ro nepeoxaaauTs ke 727°C.

Yemouuusocmo NnepeoxnaNicOeHHo20 aycmenuma XapaKTepu3yeTcs
MHKYOAIIMOHHBIM TEPUOJIOM, T. €. OTPE3KOM BpeMeHHU (0T OCH OpJuHAT 10 JieBou C-
KpUBOM, puc. 3.5), B TeUeHHE KOTOPOro OOBIYHBIE METO/IbI HE (PUKCUPYIOT MOSIBIICHHUE
MPOAYKTOB pacmnaja.

B sBTekTOMaHOM cTanu npu temneparypax okono 550°C mepeoxiakIeHHBIN
ayCTeHUT HaumMeHee yctonluuB. Kak pa3 mpu 3THUX Xe Temmeparypax OOHapy>KEeHbI
MaKCUMyMbl ~ CKOPOCTH  3apOKJEHHUSI M CKOPOCTM pocTa »3BTekTouaa. B
UHKYOAUUOHHBIU ~ nepuo0 B TEPEOXJIAKJICHHOM  ayCTEHUTE  MPOTEKAIoT
MOATOTOBUTEIbHBIE MPOIIECCHI IEPEPACTIPEACICHUS YTIEPOaa.

[lepauT pacter W3 OTAENBHBIX LEHTPOB B BUJe KoioHui (puc. 3.6, 3.7).
3apoJibIlieM MEepPIUTHON KOJOHUU MOKET ObIThb WM IeMeHTUT (puc. 3.6,a), wiu
bepput, 3apoxaeHUE KOTOPBIX 00JIErYeHO Ha TPAHUIIE ayCTEHUTHBIX 3E€PEH.

} o N

2 d

Puc. 3.6. Cxema 3ap0ox’IaeHHS U POCTA ABYX MEPIUTHBIX KOJIOHUI
(Mbiin u Xorens)
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[Ipu yTonmeHun NEeMEHTUTHOM IJIaCTUHBI BOJU3M HEE ayCTEHHUT OO€IHSETCS
VIJIEPOJAOM U CO3JIAIOTCA YCJIOBUS ISl 3apPOXKICHHS MyTeM MOIUMOPEGHOro y—0-
npeBpanieHus GeppUTHHIX MIACTHUH, MPUMBIKAIOIIHUX K IEMEHTUTHOH (puc. 3.6,0).

[Ipu yronmeHun xe QeppUTHON IUIACTUHBI, MPAKTUUYECKU HE COIEepKalieit
yriepoaa, OH OTTECHSIETCS B AayCTEHUT, B pe3ylibTaTeé Yero Co3AaroTcs
OJIarONpUSITHBIE YCIOBUSL JJIsl TOSIBIICHUSI HOBBIX ILIEMEHTUTHBIX IUIACTUH U T.1.
(puc. 3.6,r, n).

Takoe MHOTOKpaTHOE€ TMONEPEMEHHOE 3apOXIACHUE IUIACTUH Qeppura u
IIEMEHTUTa — HE EIMHCTBEHHAs BO3MOXHOCTh OOKOBOTO pOCTa 3BTEKTOUIHBIX
KOJOHUU. J[pyroi 3KCepruMEHTANbHO YCTAHOBIEHHBIN MEXaHU3M OOKOBOI'O pOCTa —
BETBJICHHE IUIACTUH 00euXx (a3, KOTOPOEe MOXKET MPUBOAUTH K (DOPMHUPOBAHUIO KaK
MJIOCKOMApaIeNIbHbIX, TAK U BEEPHBIX CTPYKTYP.

Puc. 3.7. CtpoeHnue nepauTa oKoJio IpaHuIlbl KosioHnuu (Bunemnna)

Kpome 6okxoBOro, MaeT TOPLOBBIM POCT MJIACTUH ¢eppuTa U IEMEHTHUTA
(puc. 3.6,0, B). Ilepen Topuamu mnactuH ¢deppuTa U IEMEHTUTA KOHIICHTpaIus
yIiiepojia B ayCTEHUTE COOTBETCTBEHHO MOBBINICHA M MOHMXXEHA, T.€. CYHIECTBYIOT
TPagueHThl KOHIIEHTPAITNH TIEPTIICHANKYIIIPHO U MapauieTbHO (DPOHTY MpEeBpaIeHUS
(mpu pocte ogHOM (a3l rPaIUEHT KOHLEHTPALMM TOJIBKO MEPIEHIUKYIISIPeH GPOHTY
MIpeBpaIIEHUs).
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Poct MEPIUTHOMN KOJIOHUU KOHTPOJIUPYETCA muhPy3nOHHBIM
nepepacnpeesiecHueM yriiepoja NapauieibHO (POHTY NpeBpalieHus B oObeMe
ayCTeHUTa W MpPsSMO 1O TpaHUlEe MNepauTHONM KoimoHuu. KoomepaTuBHBIN pocT
nByx(a3Hoil KoJoHUU myTeM Au(@dY3UOHHOTO MepepacrpeeeHuss KOMIIOHEHTOB —
HauOoJiee XxapakTepHasi 0COOCHHOCTh MEPIUTHOTO MPEBPAIICHUS.

CkopocTh pocTa KOJOHMM W MEXIUIACTUHOYHOE pacCcTosiHuE (CymMMapHas
TOJIIHMHA MJIACTUH eppuTa U NEMEHTUTA WK, YTO TO K€ CaMO€, PaCCTOSIHUE MEXKTY
cepeAHaMU OJIMKaUIINX OJTHOMMEHHBIX TJIACTUH) MOCTOSHHBI IPU JTAHHOW CTEMCHU
MEePEOXJIAXKCHUS AyCTCHUTA.

MeXIMnacTUHOYHOE PACCTOSIHUE B TMEpPIUTE — Ba)KHEWIas CTPYKTypHas
xapaktepuctuka. C ero yMeHbIIEHUEM MPOYHOCTHBIE CBOMCTBA CTAJIM BO3PACTAIOT.

B sBTEKTOMIHON CTanu MpU pacrnaje ayCTeHUTa B 00JIacTH TemmepaTyp oT A
10 ~650°C MEXIUIACTUHOYHOE paccTosHUEe B KOJoHUSAX paBHO 0,5-1 MKwMm,
IByX(azHOE€ CTPOCHUE KOJOHUM XOpOIIO BHAHO TMPU CPEAHUX YBEIUUYCHUSIX
MHKpOCKona. Takoil 3BTEKTOU]T HA3bIBAKOT NEPIUMOM.

IIpn pacnage aycTeHWTa B MHTEpBajie Ttemieparyp npumepHo 650-600°C
MEXKIIACTUHOYHOE paccTosiHue paBHO 0,4-0,2 MkM, nByx(a3HOE CTPOCHHUE KOJIOHUM
BBISIBJISIETCS JIUIIb MTPU OOJBIIUX YBEJIUUYEHUSIX CBETOBOTO MUKPOCKOIA (IpeAeibHOe
pasperiaeMoe paccTosiHUE CBETOBOrO MHKpockoma ~0,2 MkwM). Takol 3BTEKTOHWI
Ha3bIBAIOT COPOUMOM.

Pacnan aycrenunta B mHTepBane temmneparyp 600-500°C naer o4eHb TOHKYIO
ABTEKTOMJHYID CMECh C MEXKIUIACTUHOYHBIM paccTosiHueM okoio 0,1 Mkwm.
JIByxdazHoe CTpOEHME TaKOro J3BTEKTOHMJA, HA3bIBAEMOIO  MPOOCHMUMOM,
BBISIBJISIETCS. TOJIBKO MO/ 3JIEKTPOHHBIM MUKPOCKOIIOM.

[Ipu HempepbIBHOM OXJaXJACHUU YKa3aHHbIE CTPYKTYpbl 00pa3yloTcs B
YTIIEPOAUCTOMN 3BTEKTOUIHON CTANIM B CJAEIYIOIIUX YCIOBUSIX:

nepaum — TPU OXJAXKICHUU CTald U3 ayCTEHUTHOTI'O COCTOSIHUS BMECTE C
MEYBI0 CO CKOPOCTHIO HECKOJIBKO TPalyCOB B MUHYTY;

copbum — Tpu OXJAXJCHUU HAa BO3JyXE CO CKOPOCTHIO HECKOJIBKO JIECSITKOB
rpajgycoB B MUHYTY;

mpoocmum — NpU OXJAXKJACHUU B Macllie CO CKOPOCTbIO HECKOIBKO JIECSITKOB
IpajlyCcoB B CEKYH]Y.

B cramu ¢ 0,8% C TBepmocTs mnepiaura, copOUTa W TPOOCTUTA paBHA
npuommxkenHo HB170-230, 230-330 u 330-400 cOOTBETCTBEHHO.

[lepnuTHOE mpeBpalieHUE B  HABTEKTOMIHOM CTalM MPOTEKAET MpH
mudPy3noHHOM paclajie ayCTeHUTa B HHTEpBaje OT A; 0 TeMmieparyp BOIU3H
m3ruba C-xpuBod. Hwmke m3ruba C-xpuBoil B uHTepBaie npumepHo 500-250°C
MPOUCXOJUT TMpPEBpAIllEHUE JPYroro TUNA — OelHumuHoe, KOTOPOE SIBISAETCS
MPOMEKYTOUYHBIM MEXKY IEPIUTHBIM U MAPMEHCUNHBIM.

[lepnuTHBIE KOJIOHMM 3apO’KJAIOTCS Ha TPAHUIAX AayCTEHUTHBIX 3€pEH.
[loaToMy C yMeHbLIEHHEM pa3Mepa 3€pHa ayCTEHHUTa COKpallaeTcs U pa3Mmep
MEPIUTHBIX KOJIOHUH (TIPU JAHHOM CTEMEHH MEePEeOXTaKICHUS ayCTEHUTA).
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C pocToM CTENeHH TMepeoXJIXKICHUS TMEPIUTHBIE KOJOHUM CTaHOBSTCS
HECKOJIbKO Menbue. Hu pasmep aycTEHUTHOTO 3€pHa, HHU pa3Mep MEePIUTHBIX
KOJIOHUHM HE BIIMSAIOT HA MEXKIIJITACTUHOYHOE PACCTOSHUE, KOTOPOE 3aBUCHUT TOJIBKO OT
TeMIEepaTyphl IpeBpaIicHusI.

Ilpespawienua aycmenuma 6 00I6MEKMOUOHBIX U  3AI6H KM OUOHBIX
cmanax. B 10PBTEKTOUTHBIX W 3a3BTCKTOUIHBIX CTAJISAX MEPIUTHOMY MPEBPAIICHHUIO
JIOJKHO TIPEIIECTBOBATh BBIJCICHHUE U3ObIMOYHBIX (pa3 — (HeppuTa U BTOPHUIHOTO
IIEMCHTHTA.

Ha  pgmarpaMmax  HM30TEpPMHUYSCKUX  IPEBpalleHWA  ayCTCHUTAa B
JTO3BTEKTOUIHBIX U 3a9BTCKTOMIHBIX CTAISAX JOJKHBI ObITh HAHECCHBI JTUHUN Hadaya
o0pa3oBaHus U30bITOUHOM (ha3bl (puc. 3.8).
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Puc. 3.8. Jlnmarpamma u30T€pMHUECKOTO PacIaia ayCTEHUTA B JOIBTEKTOUTHOU
cTayu (cxema): A — yCTOWYMBBIN ayCTEHUT; A, — EPEOXIIaXKACHHBIA ayCTEHUT;
® — deppur; K — xapouy

B ciyuae HempepbIBHOrO OXJa)JeHUS  U30BITOUHBIM  (EeppUT HAYMHAET
00pa3oBBIBATHCA MPHU MEPEOXJIAKICHUU ayCTEHUTA HUXKE TOUKU Az U NPOJOJKAET
3apOXKIATHCA M PACTH JO TEMIEPATYP HUKE TOUKH A1,
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[Ipu pocrte depputa yriaepoj HaKaIrIMBaeTCS B ayCTEHUTE Mepes PpOHTOM
MpeBpalleHus, Tak Kak GeppuT MOUYTU HE COJEpkUT yriepojaa. [Ipu temmnepaTtypax
HIKE A; B 3TUX OOOTAIIEHHBIX YIJIEPOJOM Yy4YacTKaX ayCTEHHUTa 3apoKIaeTcs
nepiauTHas KoJoHuWs. JJis 3TOro coCTaB aycTEHHWTa HE 00s3aTelbHO JOJIKEH
nocturath koHueHtpaiuu 0,8%C.

B nepaute (copbute, TpoocTuTe), OOpazoBaBIIEMCS W3 AaYCTEHHTa C
conepxkannem Menee 0,8% C, yBenuueHa 1ot GeppUTHBIX MNPOMEXKYTKOB. Takoii
ABTEKTOMJ] C TMOBBIIICHHBIM TPOTUB PABHOBECHOW KOHIEHTPALIMU HBTEKTOUIHOM
TOYKHU COJIEPKaHUEM >Kelie3a Ha3bIBACTCS K8A3UIGM EKIMOUOOM.

B 3asBTekTOMAHBIX cTanmgx ¢ coaepkanuem Oonee 0,8% C KBa3HMIBTEKTOU]T
o0orarieH yriaepoJioM Mo CPaBHEHHUIO C COCTABOM TOYKH S.

[lepnuTHOE mpeBpailleHHEe OBICTPO OXBAaTHIBAET BECh O0O0BEM ayCTCHHTA.
[ToaToMy mocie Hadalla MEepPIAUTHOTO MpeBpalleHrus 00pa3oBaHUE JOIBTEKTOMIHOTO
(dbeppuTa MOUTH NMpPEKpaIIacTCs.

OTHOCUTENBHOE KOJUYECTBO CTPYKTYPHO CBOOOJHON U30BITOYHON (a3l
3aBUCUT OT CTEMEHU TNepeoxjaxaeHus aycrteHuta. C yBEIMYEHHEM CKOPOCTH
OXJIaXJCHUS YMEHBIIACTCS KOJIMYECTBO YCHEBAIOMIETO 000COOJIEHHO BBIPACTH
M30bITOYHOTO (peppuTa WIM BTOPUYHOrO HemeHTuTa. lIpu gocraTtouHo OosbIIOM
MepeoXIaXIeHUH o00pa3oBaHUE H30BITOYHOM (paskl B BHJE CaMOCTOSATEIHLHOMU
CTPYKTYpHOW  COCTaBJSIIONICH  MOJHOCTBIO  MpEJOoTBpallaeTcss W CTalb
HEIBTEKTOUHOTO COCTaBa MPUOOPETAET YUCTO KBA3UIBTEKTOUIHYIO CTPYKTYPY.

Bausnue nezupywowyux 31emenmoé Ha nepaumHOEe  npeepaujeHue.
Jlerupyromune 37€MEHThl OKa3bIBAIOT YPE3BbIUANHO BAXXKHOE I MPAKTUKU BIIWSIHUE
Ha KUHETUKY pachaja aycTeHUTa. 3a UCKIIYEHHEM KoOallbTa, BCE UIMPOKO
UCIIOJIb3YEMbIE JIETUPYIOLIUE AIEMEHTHI, pacTBOpeHHbIe B aycTtenure (Cr, Ni, Mn, W,
Mo, V u gap.), 3amMeIsitoT MEepAUTHOE MpEeBpallleHue, CABUTash BEpXHIOK yacTb C-
KpuBOH BIpaBo (puc. 3.9).
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Puc. 3.9. Cxemarnueckue quarpaMmbl H30TEPMUUYECKOTO pacnaja ayCTCHUTA B
YTIEPOAUCTOM (a) U JerupoBaHHo (0) cTansix; Mpu 0OAMHAKOBOM CKOPOCTU
OXJIOKICHUS cTeneHb nepeoxnaxaeHus AT,>AT,
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[Ipupona yBenuyeHUs YCTOMUMBOCTH TMEPEOXJTAKICHHOTO AayCTEHHTa IO
BIIMSIHUEM JIETUPYIOIIMX 3JEMEHTOB JIOBOJBHO CJIOXKHas. Eciu B yriaepoaucTsix
CTalsX TEPIUTHOE TPEBpalEHUE CBS3aHO C Y—0-MEPECTPOUKON PpEIIEeTKU U
muhPy3noOHHBIM TepepachpeeieHUeM yriepoaa, TO B JIETUPOBAHHBIX CTAISIX K
ATOMY MOTYT A00aBUThCS OOpa3oBaHUE CHENHAIbHBIX KapOumoB u nuddy3uoHHOE
nepepacnpeiesicHue JETHPYIOMMUX SJIEMEHTOB, I0-pa3HOMY pAacCTBOPEHHBIX B
dheppure u kapouse.

PactBopeHHbIE B ayCTEHUTE JIETUPYIOIIUE JIEMEHTHI HE TOJIBKO CaMU HUMEIOT
Manbiii koadhuuuent nuddy3un, UHOTIA B ECSITKHM U COTHU THICAY pa3 MEHBIIIE,
4yeM y yriaepojia, Ho HekoTopeie u3 Hux (Mo, W) 3amenisatoT nuddys3uto yriepoaa B
y-pemetke. Kpome Ttoro, Hekotopele »saemeHThl (Cr, Ni) 3amMenisioT y—ad-
MEPECTPONKY, SBISIONIYIOCS COCTABHOM YaCThIO MEPIUTHOIO MPEBPAILICHHUS.

Takum o00pa3oMm, JErHPYIOMIME 3JIEMEHThI MOTYT 3aMeIJIsiTh MEPIUTHOE
MpeBpaIIECHUE MO CIASAYIOIUM IPUYNHAM:

1) wu3-3a o00pa3oBaHMs CHEHHUATBHBIX KApOUJOB H  HEOOXOJUMOCTH
muhPy3noHHOTO TIepepacipeeiieHuss B AyCTEHUTE JITUPYIOIIUX 3JIEMEHTOB, ATOMBI
KOTOPBIX HECPABHEHHO MEHEE MOJIBUKHbBI, YEM aTOMBI YTJIEPO/Ia;

2) u3-3a 3ameieHus 1udy3un yrieposa;

3) 13-3a YMEHBIIIEHHS] CKOPOCTH OJIUMOP(PHOTO Y—> -IPEBPAILICHHUS.

B 3aBucuMoCTH OT cOoCTaBa CTajM M CTENEHH MEPEOXTaXKIACHUS ayCTCHHTA
pelIaroluM MOXET OKa3aThCsl TOT WJIM MHOW W3 yKa3aHHbIX (paktopoB. Hampumep,
npu 100aBKe K 3BTEKTOMAHOUN yriepoauctoit cranu 0,8% Mo mpoaoKUTENbHOCTD
MOJIHOTO pachaja ayCTeHUTa mpu Temieparype BOau3u usruda C-kpuBoil Bo3pactaet
Ha YeThIpe MOPsAKa, NPUUYMHOW YEro SBISIETCI HEOoOXOAUMOCTh IU(y3UOHHOTO
nepepacnpeesieHus: KOMIOHEHTOB B ayCTEHUTE B CBSI3M C oOpa3oBaHUEM KapOujaa
(Fe, MO)23C6.

bonee cunbHbli  3ddexkT  oKazpIBaeT  JITUPOBAHHE  OJIHOBPEMEHHO
HECKOJIbKUMH 3JIEMEHTaMHU. 3aMeJJIeHHE pachaja ayCTeHUWTa I0J] JIeUCTBUEM
JETUPYIOMINX 3JEMEHTOB HIMPOKO HCHOJIb3YIOT ISl YBEIMYEHUS! MPOKAIUBAEMOCTH
CTaJHu.

BaxxHo, 4ro JerupoBaHu€ NPUBOAUT K OOJbIIEMY MEPEOXTAKICHUIO
ayCTeHUTa MPU HEU3MEHHOUM CKopocTH oxjaxaeHus (puc. 3.9). JlerupoBanHas ctalib
— MHOTOKOMITIOHEHTHAsl CUCTeMa, B KOTOPOU B COOTBETCTBUU C MPABWIOM (Pa3 BMECTO
ABTEKTOUJHOW TeMIepaTypbl HMMEETCS HSBTEKTOUJHBIA WHTEpPBaJl TEMIIEpaTyp,
MMOKa3aHHBIN Ha puc. 3.9 MTPUXOBKOM.

Tak Kak ¢ yBEeIMYEHUEM MEPEOXTKACHUS YMEHbBIIAETCS MEXKIUIACTUHOYHOE
paccTosiHue, TO MPU OJJMHAKOBOM CKOPOCTH OXJIAXKJICHHS JISTUPOBAHHAS CTAJIb MOCIE
MEPIUTHOTO IPEBPAIICHUS OKA3bIBACTCS IPOYHEE.

Pa3HOBHMAHOCTH OTKHra cTajeH
OcHOBHOM (aKTOp, OT KOTOPOTO 3aBUCUT MHUKPOCTPYKTypa CTalk IOCJHE
OTXKHWra 2-TO PpojJa, — 3TO CTENEHb MNEPEOXTAXKICHUS ayCTeHUTAa. Pa3sHOBUIHOCTH
OT)KUTa 2-TO poJia pa3luyarTCs TJIaBHBIM 00pa3oM CIIOCOOAMM OXJaXIACHUS U
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CTEIEHbIO MEePEOXJIAKICHHS ayCTEHUTA, a TaKXKe MOJOKEHUEM TeMIepaTyp HarpeBa
OTHOCHUTEJIbHO KPUTHYECKUX TOYEK.

Heobxonumasi creneHb MepeoxaxAeHUsT ayCTEeHUTa IOCTUTaeTCsl WU MpU
HEMPEPHIBHOM OXJIAXKJEHUHU, WK MIPU U30TEPMHUUECKOI 00paboTKe.

Ha puc. 3.10 Ha npumepe TOIBTEKTOMIHOM CTadd CXEMAaTHYHO H300PaKCHBI
PEXKUMBI OXJIAXKIECHUS, COOTBETCTBYIOIIME OCHOBHBIM PAa3HOBUHOCTSM OTXKHUTa 2-TO
poma: monubelii  (1); w3oTepMuueckuid  (2); HOPMATU3AIMOHHBIM  OTXKUT
(HopMmanuzanus) (3); naTeHTUpoBaHue (4).

[emnepamypa

Bpemg

Puc. 3.10. OcHOBHBIE Pa3HOBUIHOCTH OTXKHUTa 2-T0 poAa JO3BTEKTOUIHOU
CTajau

K 3a3BTEKTOUJIHBIM CTaJISIM TMPUMEHSIIOT CHEPOUAUUPYIONIUNA OTKUT U
HOPMAaJIU3aLMUIO.

Honnviu omorcuz. [Ina poBeAEeHUS MOJTHOIO OTXKUIa JOIBTEKTOMIHYIO CTaJIb
HarpeBaroT 10 Temneparypbl, kotopas Ha 20-40K Beimie Toukum Acs (puc. 3.11,
nuHus 1).

OxJaxkJieHle MpU OTKUIEe MPOBOMAST C TAaKOW Majoll CKOPOCTbIO, UTOOBI
ayCTEeHUT pacnajajics Mpu HEOOJNBIIOW CTENeHU NepeoxyaxkiaeHus. Tak Kak B
JIETUPOBAHHOM CTallM ayCTEHUT O0Jiee CKIOHEH K mepeoxnaxacHuio (puc. 3.9,0), To
UX CIIEAYET OXJaXJaTh MPU OTKUIE C MEHBIIEH CKOPOCTHIO, YEM YIJIEPOIUCTHIC.

46



Ecnu yrnepoaucTsie cTaii MOKHO OXJIAKAATh MNP OTKHUre co ckopocThio 200 K/u,
TO JIETUPOBaHHbBIE — cO CKOpocThio 100-30 K/u.

Tak kak npeBpallleHHe ayCTEHUTa MPU OTKUTE MOJTHOCTHIO 3aBEpIlaeTCs MpU
TeMreparypax 3HAuUTENbHO Bbile W3rHOa C-KpUBBIX, TO OTKUTAEMblEe U3CIHS
MOKHO BBIJABaTh U3 II€YM HA CIOKOWHBIN Bo3ayx mpu 500-600°C. ecau He omacHsl
TEPMUUYECKUE HAMIPSIKECHMUS.
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Puc. 3.11. Temneparypa Harpesa ctaieu g OTKUra 2-ro pojaa: 1 — moaHsIi
OTXKUT; 2 — HEMOJIHBINA OTXKUT; 3 — cheporuIu3upyIOMUN OTKUT; 4 — HOpMAJTU3aLIUS

Ecnu xe onHOW W3 1ened OTKUra SBJSETCS YMEHBIICHUE HaNpsHKEHUN B
JETaIu CIO0XHOM KOHQUTypaluu, TO CIEAYET MPOBOAUTH OXJIAXKICHHE C IEYbIO
MOYTH JI0 KOMHATHOM TeMIlepaTyphl.

CtpykTypa JO3BTEKTOUJHOW CTald MOCIE OTXKUTA COCTOUT U3 M30BITOUYHOIO
dbepputa u nepiaura.

OCHOBHbIE 1I€IM TOJHOTO OTXHUTa CIEIYIONIUe: YCTPAaHEHHE TMOPOKOB
CTPYKTYpbI, BO3HUKIIMX MpHU MOpenbiayiie oOpaboTke Metaia (JUTbe, ropsueu
nedopmarium, cBapke U TEPMOOOPAOOTKE); CMATUYCHHE CTajaud Tepes oO0paboTKoM
pEe3aHuEM U YMEHBIIICHUE HAIPSIKEHUH.
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B [103BTEKTOMAHON CTalld OTXKWUIOM YCTPAHSIOT JIBa IOPOKAa CTPYKTYPBI:
KPYITHO3EPHUCTOCTh M BUAMAHIITETTOB (hepput. KpymnHbie 3epHa aycTeHHTa MOTYT
chopMupoBaThCS IPU 3aTBEPACBAHUU OTIMBOK M CBapHBIX IIBOB M3-3a MEPErpeBa B
OKOJIOIIOBHOM 30HE M B CIINTKAaX, MOJABEPTrHYThIX romorennsannu npu 1100-1200°C.
B sTux xe ciyuyasx MOXET MOSBUThCS TpyOas BUAMAHIITETTOBA CTPYKTYpa, CUIBHO
CHIDKAIOIIAS YIapHYIO BA3KOCTH CTAJIN.

[Ipu otxkure ¢ HarpeBoM A0 Ac;t+(20-40)K oOpazyeTcs Menkoe ayCTEHUTHOE
3€pHO, U3 KOTOPOro MpH OXJaxACHUU (POpMUpPYETCS paBHOMEPHAsT MEIKO3EpHUCTAS
(dbeppuTo-niepauTHas CTPYKTYpa.

Ecnu B cranu ¢ BUAMAHIITETTOBBIM (PEppUTOM (a TaKKe ¢ MAPTEHCUTHOU WU
OCHUTHON CTPYKTYypOW, 0Opa3oBaBIIeiics W3-3a MOAKAJIKU MPU YCKOPEHHOM
OXJIQJKJICHUU HA BO3JyXE OTJIMBOK, CBAPHBIX IIBOB, TOPSYEr0 MNPOKATA U MOKOBOK W3
JIETUPOBAHHBIX CTaliell) MPU HarpeBe HACIEIyeTCS HCXOJAHOE KPYMHOE 3EpHO
ayCTEHHUTA, TO I JOCTHXKEHUS CTPYKTYPHOM NEPEKPUCTAIIN3ALNN CIEAYET
MPOBOJIUTHh BBICOKOTEMIEpATypHbI OoTxuUr. Hampumep, otnuBku n3 ctanu 20X13J1
cinenyet orxurath npu 1100-1150°C, uro npumepno Ha 300K Bbimre Touku Acs. [lpu
TAKOM HArpeBe JOCTUraeTcsi TeMIeparypa IEPBUYHOM  PEKPUCTATUIM3ALUN
ayCTEHMUTA.

[ensiM OOBIYHOTO MOJTHOTO OTXKHUTA, U3MEIBYAIOIIETO 3€PHO, MPOTHUBOIMOI0KHA
LEJIb OT)KHUTA, YBETUYUBAIOIIETO 3E€PHO.

Omxur Ha kpymHoe 3epHO ¢ HarpeBoM A0 950-1100°C npuMeHSIOT K MATKAM
HU3KOYTJIEPOAUCTBIM CTaIsIM JJis yAaydlleHus: oOpabaTbiBaeMOCTH pe3aHueM. Takue
CTal JAI0T BS3KYIO, TPYAHO OTHACISIEMYIO CTPYXKKY, CIIOCOOHYIO MpPHUBAPUBATHCS K
peXylIEMY HHCTPYMEHTY, 4YTO JE€JaeT MOBEPXHOCTh IMIEPOXOBATOW. YIIYUIICHUIO
KauecTBa MOBEPXHOCTH U OOJIBIIEH JIOMKOCTH CTPYKKH HU3KOYTJIEPOIAUCTBIX CTallei
CIOCOOCTBYET CTPYKTypa C KPYHNHBIMH KOJIOHHUSIMU IUIACTUHYATOTO TMEpJIHTa,
KOTOPYIO Y MIOJIy4YarOT IPHU BBICOKOTEMIIEPATYPHOM OTKUTE, YBEIUUHUBAIOIIEM 3EPHO.

Ecau cTpykTypy meperpeBa CTadd MOXHO YCTPAHUTh OTKUTOM (WM
HOpMaJIN3allKeil), TO MEePEkKOT, CBA3AHHBIN ¢ OKUCIEHUEM IO TPAHUIIAM ayCTEHUTHBIX
3epeH, — 3TO HEUCIIPABUMBII Opak.

Henonnwtii omacue. HenonHbll OTKUT JOSBTEKTOUIHOW CTaIM MPOBOIAT IIPU
HarpeBe 70 TeMiepaTyp Bbiiie Aci, HO HUXe Acs (puc. 3.11, nunus 2).

OTOT OTXKUT JUIsl JTOABTEKTOWJHBIX CTajel NPUMEHSIOT orpaHndeHHo. [lpwu
TEMIEPAType  HEMOJHOTO  OTXHUra  M30BITOYHBIM  (eppUT HE  HCUe3aerT.
CiienoBaTenbHO, HEMOJIHBIN OTKUT HE MOXKET YCTPAHUTh YKAa3aHHBIX BBIIIE MOPOKOB
CTaJ, KOTOPbIE CBA3AHBI C HEXKENATeNbHBIMU pazMepaMu U (HOpMOil H30BITOUYHOTO
beppura.

HenosHbli OTXKUT JTO3BTEKTOMAHOM CTalW WCIONB3YIOT JJISI CMSTYEHHUS €€
nepes; oOpabOTKOM pe3aHueM, TaK KaK B pe3yJbTaTe dBTEKTOUHOIO IMPEBpAICHUS
MIPU HETIOJTHOM OTXHUTe 00pa3yeTcs MATKUM nepauT. HemoaHblil cMsITryarommil OTKUT
MO3BOJIIET CAKOHOMUTH BPEMSI U CHUZUTH CTOUMOCTh 00paOOTKH.
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Copepouousupyrowguii omoycue. J11a 3a3BTEKTOUTHBIX CTAIECH MOJHBIN OTXKUT C
HarpeBoM BbIlle Ay, (puc. 3.4, nunus ES) BooOlle He UCMONB3YIOT, TaK Kak MpHU
MEIJIEHHOM OXJaXJCHUW TMOclie Takoro HarpeBa oOpasyercs rpyOas ceTka
BTOPUYHOTO IIEMEHTHUTA, YXY/IIAI0as MEXaHUYECKHUE CBOMCTBA.

K 3a3BTEKTOMAHBIM YIJIEPOJUCTHIM CTalsIM IIHUPOKO MPUMEHSIIOT OTXKHUI C
HarpeBoMm 10 740-780°C u mocneayommnumM MeAJIEHHBIM oXJaxaeHueM. [locne takoro
HarpeBa B ayCTEHUTE OCTaeTCs OOJIbIIIOE YHUCIO HEPACTBOPUBIIUXCSA BKIIOUYEHUM
LIEMEHTUTAa, KOTOpbIE CIyXaT IEHTPaMH KpUCTAJUIM3allMM BO BpeMs pacrnaja
ayCTeHUTA MPU OXJIAKICHUU.

B pesynbrate oOpa3zyercsi cCTpyKTypa 3epHHcTOro mnepnuta (cdhepouna),
MOYeMYy 3TOT OTKUT U Ha3bIBAIOT chepouausupyromum (puc. 3.11, nunus 3). Menkue
YaCTHUIIbI IEMEHTHUTA MPU TEMIIepaType OTXKUra B MHTEpBalie A|—A.y MOIy4aroTCs B
pe3yabTaTe JeJeHus IEMEHTUTHBIX IIacTUH. [Ipu neneHnn miacTuHbI pacTBOPSIOTCS
B HauOojee TOHKHUX Y4yacTKaX, a Takke B MeCTax BbIXoJa Ha Mexda3Hyro
MOBEPXHOCTh CyOrpaHuIl B IIEMEHTUTE WJIU AYCTCHUTE.

JleneHue UEMEHTUTHBIX IUIACTUH MOXHO YCKOPUTh, MPUMEHUB XOJOJHYIO
MJIACTUYECKYIO WM TEIUTyro Aedopmaiuio npu temmneparypax Huxe A;. Ilpu stom
LEMEHTUTHBIE TJIACTUHBI HE pa3pylIaloTCs, a Mmiuactuuecku aedopmupytores. [Ipu
HarpeBe Mociie XOJOJHOM M BO BpeMsl TEIUIoW jaedopMaliyd MyTeM MOJUTOHU3AIUU
00pa3yloTCs CyOrpaHUIIbl, CIIOCOOCTBYIOIIUE JCJACHUIO IIEMEHTUTHBIX IUIACTHH.
[locne neneHusi MIACTUH MEJIKME UX YACTHUIIBI CHEpOUTUZUPYIOTCS IMyTEM MEpeHoca
YIIIEPOJIa Yepe3 OKPYKAIIMKA TBEPABIN pacTBOP.

Jns  pexuma cPepouIU3UPYIONIEr0 OTKUTa  3a3BTEKTOMJHBIX — CTallei
XapakTEPEH Y3KUW TeMIepaTypHbll HWHTepBad. HuxHAS €ro rpaHuna JoJKHA
HaxOJIUThCSl BBIIIE TOYKU A, a BEpXHSsS TpaHULA HE AOJKHA OBITh CIUIIKOM
BBICOKOW, TaK KaK MHA4ye H3-3a PACTBOPEHUS B ayCTEHUTE IIEHTPOB KapOHIHOTO
BBIJICJICHUS [IPU OXJIAXKJIEHUH 00pa3yeTcs MIACTUHYATBIA MEePIIuT.

Tak kak TOUYkH Ay, U A CXOIATCS MPU 3BTEKTOMIHOW KOHIEHTpALHHU, TO Y
cTajiel, OJIM3KUX K 3BTEKTOUIHOMY COCTaBY, yYKa3aHHbBIN MHTEPBAJI OTKUTA OCOOCHHO
y30k. Hanmpumep, mist craneid YOA u Y10A rpanunsl storo uarepsaina 740-750°C, B
TO Bpemsa Kak st ctaed Y11A, YI2A u Y13A onu HaxoasaTcs B npenenax 750-
780°C.

KoHeuHast CTpykTypa 3aBHCUT OT CKOPOCTH OXJAXIEHUS M TeMIIEpaTyphbl
chepouu3NpyIomero oTxkura. Yem MeEHbIIE CKOPOCTh OXJAXICHUSA, TEeM 0
OOJNBIIMX pa3MepPOB BBIPACTAIOT 3€pHA KapOuaa Mmpu pacnaje aycTteHuta. Peryaupys
CKOPOCTh OXJIQXKJEHHUS, MOXHO TOJy4aTh CTPYKTYpbl 3€pHUCTOTO TMEpiIuTa OT
TOYEHYHOTO JO0 KPYHMHO3EpHUCTOr0. bolee MenKo3epHHUCTBIM mMepiuT oO0JIagaeT
MOBBIIIIEHHON TBEPAOCTHIO.

CdepounnzupyromeMy OTKUTY MOJBEPraroT YriaepOIUCThIe U JIETUPOBAHHbIC
WHCTPYMEHTAJbHbIE W MIAPUKOMOAIIUIHUKOBBIE cTanu. CrTalb €O CTPYKTypou
3€pHHUCTOrO MepJUTa 00JIalaeT HANMMEHBIIEH TBEPJOCTHIO, Jierdye oOpadaThiBaeTCs
pe3aHueM, YTO OCOOCHHO Ba)KHO, HalpUMeED, M1 pabOThl aBTOMATUYECKUX JTUHUN B
YCJIOBUSIX MAaCCOBOTO MOJUIMITHUKOBOIO MPOU3BOACTBA.
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Kpome TOro, 3epHUCTBIA TMEPIUT SBISIETCS ONTUMAIBHOM HCXOTHOU
CTPYKTYpOH mnepesa 3akaikod. IIpym MCXOOHOW CTPYKType 3EpHUCTOrO IMEpJInTa
MEHBIIE CKJIOHHOCTh K POCTY ayCTEHHTHOI'O 3€pHA, IMIMPE AONYCTUMBIM HHTEPBAI
3aKAJIOYHBIX TEMIIEPaTyp, MEHBIIE CKIOHHOCTh K PACTPECKUBAHHIO NPHU 3aKAJIKE,
BBIIIIE TPOYHOCTh M BS3KOCTh 3aKAJICHHOM CTalu (MEJIKHE 3€pHa PaBHOMEPHO
pacrpeielieHbl B MAPTEHCUTE 3aKaJICHHOW 3a9BTEKTOUIHOM CTalH).

Hzomepmuueckun omorcue. Manas CTeNEHb NEPEOXITAXKICHUS AYyCTEHHUTA,
HEOOXO0UMasi TIPU OTKUTE, MOXKET OBITh IMOJYYE€HAa HE TOJIbKO MPU HEIPEPHIBHOM
OXJIAXKJICHUU CTaau ¢ Tneuyblo. [lpyroil myTb — CTYyNEHYATOE OXJIAXICHHE C
M30TEPMHUUECKON BBIIEPKKOM B MHTEpBAJIC MEpPAUTHOro mpespaimieHus (puc. 3.10,
nunus 2). Takass TepMooOpaboTKa HA3bIBAETCS U30TEPMUUYECKUM OTKUTOM.

[Tocne HarpeBa 10 TeMnepaTypsl Bbille Aj CTaIb YCKOPEHHO OXJIAXKIAKOT 10
TEMIIEPaTypbl M30TEPMUUYECKOW BBIACPKKH, KOTOPAS HAXOIUTCS HUKE TOUKU Aj.
3aTeM IPOBOJAT YCKOPEHHOE OXJIAKICHUE HA BO3yXE; MEJKHUE H3JEIUs MPOCTOU
KOH(UTypallii MOKHO OXJIaJIUTh B TIOJIOIPETOM BOJIE.

Bpemsi u3zoTepMuuecKkoil BBIICPKKH JOJKHO OBITh HECKOJIBKO OOJIbIlIe
BPEMEHHU TOJIHOTO M30TEPMUUYECKOrO0 MPEBPALICHUSA AYCTEHUTA, OMPEAEISIEMOTO IO
C-nmuarpamme.

Yem Onmke TeMmieparypa H30TEPMUYECKOW BBIIEPKKA K TOYKE Aj, TeM
0OJIbIlIe MEXIUIACTUHOYHOE PACCTOSIHUE B MEPIUTE M MSrdye CTajib, HO OOJbIIE U
BpeMsl MpeBpalleHus. Tak KaKk OCHOBHOE€ HA3HAUYEHUE H30TEPMHYECKOTO OTKHUIa —
CMATYEHUE CTAJIH, TO MPAKTUYECKH BHIOMPAIOT TaKyl0 TEMIIEPATYPYy U30TEPMUUYECKOM
Boiiepkkd (Ha 30-100K Huxe temmeparypsl A;), OpU KOTOPOM TMOJIydaeTcs
JIOCTATOYHOE CMATYEHUE CTAJIA 3a CPABHUTEJIHLHO HEOOJBIION TPOMEKYTOK BPEMEHHU.

N3oTepMuyueckuii OT)KUT IO CPaBHEHHIO C OOBIYHBIM OTKUIOM HMMEET JIBa
npeumyiiectsa. l[Ipexxne Bcero, OH MOXKET JaTh BBIMIPHIII BO BPEMEHHU, €CIIU
CYMMAapHO€ BpEMsI YCKOPEHHOIO OXJAXICHUS, HW30TEPMUYECKON BBIICPKKH U
MOCJEAYIOMIETO  YCKOPEHHOTO  OXJIAXKJECHUS MEHBbIIE BpPEMEHH MEIJICHHOTO
HEMPEPBIBHOTO OXJIAXKIACHUS U3IEIUS BMECTE C MEYBIO.

OcoOeHHO ~ OOJIBIION  BBIMIPBIINI ~ BPEMEHH  MOXHO  MOJYYUTh  IpHU
M30TEPMUYECKOM OTKHUIE€ JIESTUPOBAHHBIX CTAJIEW C YCTOMYMBBIM MEPEOXIIAKICHHBIM
ayCTEHHUTOM.

Jlpyroe mnpeuMymecTBO HU30TEPMHUUYECKOrO0 OTXKHIra — IMOJydeHue Oosee
OJHOPOJHOW CTPYKTYPBI, TaK KaK IMPU U30TEPMHUYECKON BBIAEPKKE TEMIIEpATypa I0
CEUEHUIO U3JENIUs BBIPABHUBACTCS W MpPEBpallleHUE BO BCEM OObEME CTalH
MIPOUCXOAUT ITPU OJJMHAKOBOM CTEIEHU MEPEOXIAXKICHHUS.

Hopmanuzayua. 1lpy HOpMalu3alMu CTallb HArpeBaloT JI0 TEMIIEpaTyp Ha
30-50K Bermme naunuu GSE u oxnaxparor Ha Bosnyxe (puc. 3.11, naunusa 4).
YcKkopeHHOE MO CpPaBHEHHUIO C OTXKHUIOM OXJIaXKJIEeHHE OOYCIOBIMBAET HECKOJBKO
Oonbiee mnepeoxnaxaeHue aycrenuta (puc. 3.10, munusa 3). llostomy mnpu
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HOpMaJIM3allMK TOJydaeTcsi 0ojieeé TOHKOE CTPOCHHUE 3BTEKTOWJA (TOHKUU MEPIUT
WU cOpOUT) U 00JIee MEJIKOE IBTEKTOUIHOE 3E€PHO.

Kpome Toro, yactTuuHo mojaBisercs: BbiaeneHue n30bITounon (daszel (Peppurta
WJIU BTOPUYHOTO IIEMEHTHUTA) U, CJIEI0BATEIHbHO, 00pa3yeTcs KBa3udBTEKTOU . Takum
00pa3oM, MPOYHOCTh CTaJIM TOCJIE HOpMalu3alliyd J0JDKHA OBITh OOJbINE, YeM
MPOYHOCTBH MOCIIE OTKUTA.

HopMmanu3zanuio npuMeHSIOT Yalle BCEro Kak NPOMEKYTOUHYIO ONEPALINIO IS
yCTpaHEHHUs MOPOKOB CTPOCHUS U OOIIETO YIYUIlIEHUsI CTPYKTYPHI Mepe]] 3aKaJIKOM, a
TaK)K€ JUISI CMSTYCHUS] CTaIM Tiepen oOpaOoTkoil pe3aHueMm. Takum o0pasowm,
Ha3HAYCHUE HOPMAIM3alMM KaK MPOMEKYTOUHOM 0O0pabOTKM  aHAJIOTHYHO
Ha3HAYCHUIO OTXKUTA.

Hopmanuzanuio mMUpOKO TMNPUMEHSIOT B3aMEH OTXKWra i YCTpaHEHUS
MOPOKOB CTaJI¥, BOBHUKIIUX MPHU ropsuei nedopmanuu U TepMUUECcKol o0OpaboTKe:
KPYIMHO3E€PHUCTOM, BUJIMAHIITETTOBOM CTPYKTYpPbI, CTPOYEYHOCTH. BoO MHOrmx
ClIyyasX HOpMalu3alMs [JaeT JIydllhe pe3ylbTaThl, uYeM oTxur. Hampumep,
CTPOUYEYHOCTh B CTQJIM JIErde YCTPaHUTh HOpPMalM3allMeil, Tak Kak Mpu OOJbIlIeM
MEePEOXJIAXKICHUN ayCTeHUTa (eppUT BBIACISAETCS HE TOJBKO HAa BBITAHYTHIX
[IUTAKOBBIX U CYJIb(PUAHBIX BKIIOUCHHIX, HO U BO BCEM 00bEME ayCTEHUTHOTO 3€pHa.

B 3asBTekTOMIHOW CTany HOpMaiu3alus yCTpaHseT TrpyOylo CeTKy
BTOpUYHOTO 1emeHTuta. [Ipu HarpeBe BbIie TOYKH A, (MuHUs ES) BTOpUYHBIM
LEMEHTHUT PACTBOPSIETCS, a MPH MOCIEAYIONIEM YCKOPEHHOM OXJIXK/ICHUH HAa BO3IyXE
OH HE ycIleBaeT 00pa3oBaTh rpyOyI0 CETKY, MOHUKAIOIIYIO CBONCTBA CTAJIU.

Hanpumep, ecnu nociie ropssueil IpOKaTKU B UHCTPYMEHTAIBHBIX cTalsAx Y 11-
V13 umeercs rpy0asi IEMEHTUTHAS CETKa, TO Mepesl cHepoun3upyrouuM OTKUTOM
€€ YCTpaHsIT HopManuzauued ¢ HarpeBom A0 850°C wum mocieayronum
OXJIaXJECHUEM, YCKOPEHHBIM C MIOMOIIbI0 BEHTUIITOPOB.

Hopmanuzanuio HUCnosib3yl0OT U KaK OKOHYATEIbHYI0 00pabOTKYy cpenHe- U
BBICOKOYTJIEPOAUCTBIX JIOABTEKTOMAHBIX CTajieil, eciu TpeOoBaHMUS K CBONCTBaM
YMEPEHHBIE U HE0O0s13aTeIbHA 3aKaIKa C BBICOKUM OTITYCKOM.

Ilamenmupoeanue. J1j1s1 ONy4eHNs] BBICOKONIPOYHOM KAaHATHOM, NPYKUHHOU
U PpOSJIbHOM MPOBOJIOKU MPUMEHSIIOT HU30TEPMUUYECKYI0 00paboTKy, KoTopas
MOJTy4YrJIa Ha3BaHUE MATEHTUPOBAHUS.

[IpoBonoKy M3 yriepoaucTeix craieu, coaepxkammx oT 0,45 mo 0,85% C,
HarpeBaloT B IMPOXOAHOW meun [0 Ttemmneparypsl Ha 150-200K Bemme Acs,
MPONYCKAIOT Ye€pe3 CBUHUOBYIO WJIM COJISIHYIO BaHHY ¢ Temnepatypoi 450-550°C u
HaMaTbIBAIOT Ha MPUBOJIHOM OapabaH.

Pacnan aycreHuTa mnpoxXxoauT oOkKojgo wu3ruba C-KpuBOM BOJMM3M HUKHEH
IPaHUIBl TEMIIEPATYPHOTO MHTEpBAJIa MEPJIUTHOTO npeBpamieHus (puc. 3.10, nuHus
4).

[lo BbIXOJI€ U3 BaHHBI MPOBOJIOKA UMEET (PEPPUTO-LIEMEHTUTHYIO CTPYKTYPY C
OYEHb MaJIbIM MEXIUIACTUHOYHBIM paccTosHueM. Ee MpuHATO Ha3biBaTh COpOUTOM
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MaTEeHTUPOBAHUS U TPOOCTUTOM. M30BITOUHBIN PEeppUT UM BTOPUUHBIN LIEMEHTHUT HE
ycrneBaeT 00pa3oBaThCs, U BCSI CTPYKTYpa SIBISETCS KBA3UIBTEKTOUTHOM.

[locne maTeHTUpPOBaHUS TPOBOJOKY MOABEPral0T MHOTOKPATHOMY XOJIOAHOMY
BOJIOUEHHIO C OOJIBIIMM CyMMapHbIM oOkathueMm. OOBIUHO MOJYYalOT MPOBOJIOKY C
BPEMEHHBIM conpoTuBIeHUEM, paBHbIM 1500-2000 MIa.

3.3. OTKUT YYTYHOB

OcCHOBHBIE KOMIIOHEHTHI YyI'yHa — K€Je30, yriaepon u kpemHuid. Kpome toro,
OOBIYHBIE UYTYHBI COAEPKAT Mapranell, Gochop u Apyrue 3IeMEHTHI.

HecMoTpss Ha CJHOXHOCTH XUMHMUYECKOTO COCTaBa 4YyryHa, BaKHEHIue
CTPYKTYpPHbIC U3MEHEHUS MPU €T0 OTKUTE KAYECTBEHHO MOXKHO MPOaHAIU3UPOBATh C
WCIOJIb30BAHUEM HArpaMMbl COCTOSIHUS ABOMHOU cuctemsl Fe — C. B aToit cucteme,
KaK M3BECTHO, ayCTEHUT U (PEPPUT MOTYT HAXOJUTHCSI B CMAOUNLHOM PABHOBECUU C
epagumom (MyHKTHUPHBIC JTUHUU HA puc. 3.4) U B memacmabuibHOM PABHOBECUU C
yemeumumonm (puc. 3.4, CIUIONIHBIC JIMHUN).

['padur mo cpaBHEHHIO C IIEMEHTUTOM TpPYJHEE 3apOXKIaeTCsl U TpYyIHEe
pacTeT B MeTamuyeckod Mmartpuue. [ns 3apoxaeHus rpagura TpeOyroTcs ropasuo
Oonpiue (PIyKTyalluu KOHIEHTPALUK, TaK Kak rpadut — 31o npaktudecku 100% C
(pacTBOPUMOCTH KeJie3a B HEM HUYTOXKHA), a [IEMEHTUT COACPKUT TOIbKO 6,67% C.

[Ipu pocte rpaduTHOrO KpHCTauia HEOOXOAUMO IOYTH MOJHOE YJajeHue
aTOMOB keJje3a OT (PpOoHTa MPOJBUKEHHS €r0 TPAHUIBI B METAJUTMYECKOU MaTpHIIE.
[ToaTomMy 00pa3zoBaHMEe METACTaOWUIBLHOTO IIEMEHTUTA B OMPEICICHHBIX YCIOBUSX,
HarpuMep, MpU YCKOPEHHOM OXJIaXJACHWU, KUHETUYECKH Oo0Jee BBITOJIHO, YEM
oOpa3oBaHue cTabUIbLHOTO rpadura.

Onnako MeTacTaOMIIbHOE PABHOBECHE ayCTEHUTA WU (eppHUTa C LIEMEHTUTOM
COOTBETCTBYET OTHOCHUTEIBHOMY MHHUMYMY J3Heprun [ubb6ca, a crabuibHOE
paBHOBecue c rpadgutom — abCoOMOTHOMY MHHUMYMY 3Hepruu ['mb6ca. Iloatomy
BBIJICP)KKAa 4YyryHa MpHU TMOBBIIIEHHBIX TeMIEepaTypax [IOJbKHAa B KOHIIE KOHIIOB
MPUBECTH K 3aMEHE LIEMEHTUTA I'pauTOM.

Kpemnuii, Hukenb, aglOMUHUA W JAPYrHe DIEMEHThl CIIOCOOCTBYIOT
rpaguTU3aluy, a MapraHell, XpoM, BaHaJWi, MarHui, UEpud, cepa U Jpyrue
AJIEMEHTHI 3aTPYAHSIOT €€.

da3oBble NpeBpalleHUsl IpU TEPMUUYECKON 00pabOTKe YyTyHOB BKIIFOUAIOT BCE
T€ OCHOBHBIE MPOLIECCHl, KOTOPHIE BCTPEUAIOTCA B CTaNsAX, U JOMNOIHUTEIHLHO
OCJIOHEHBI ITPOIIeCCaMU, CBSI3AHHBIMU C TIOBEJIeHUEM rpadUTHOM (a3bl.

OcCHOBHbBIE Pa3HOBUJHOCTU OTXKHUTa 2-TO poAa YYyryHOB — rpadUTU3UPYIOLIUN
OT)KHUT U HOpMaJIU3allusl.

I'padpuru3upyrommii OT’)KUT YyryHa

['padutusupyronmii OTXKUT 4YyryHa — 3TO TepMUueckas o0paboTka, mHpu
KOTOPOW TJIaBHBIM IMPOLECCOM SIBIsieTCsl oOpa3oBaHuEe rpaduTa ¢ OJHOBPEMEHHBIM
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YaCTUYHBIM WJIA MOJTHBIM MCUE€3HOBEHHEM IIeMeHTUTA. [ papuTU3upyronemMy oTKUry
MOABEPratoT benvle, cepvie U gblcOKOnpouHbvle (MOAUGMUITMPOBAHHBIEC) UYTyHBI.

Omorcuz 6en020 uyzyna Ha Koekuii. benplil YyryH TBEpJ U OYEHb XPYIIOK U3-3a
OOJIBIIIOTO KOJMYECTBA IBTEKTUUECKOTO IIEMEHTUTA B €ro cTpykType. COBpEeMEHHBIM
croco0 MOJIyYyeHHUsI KOBKOI'0 4yryHa rpadUTHU3HPYIOIMIUM OTKUTOM O€Joro MIMPOKO
pacrpoCTpaHeH B MPOMBIILIEHHOCTH.

B Hactosimiee BpeMsi KOBKMHA UYyryH — 3TO MIMPOKO MNPUMEHSEMBIH
MaIlMHOCTPOUTENBHBIN MaTepuai, COYETAIOMINI MPOCTOTY U JICHIEBU3HY MOIYUYEHUS
OTJIUBKOM (DACOHHBIX JeTajiel ¢ BHICOKUMHU MEXaHUYECKIUMU CBOWCTBAMU.

Jlns  mpou3BOACTBA  KOBKOIO  UyryHa  HMCIHOJIB3YIOT — OTJIMBKH U3
JTO3BTEKTUYECKOT0 OeI0ro uyryHa, coaepsxkariero 2,2-3,1% C, 0,7-1,5% Si, 0,3-1,0%
Mn u g0 0,08% Cr. ConepxkaHue B IMXTE KPEMHHUS, 00JIErvaromero rpauTu3aimio,
M MapraHiia ¢ XpoMOM, 3aTPYIHSIONINX €€, PEryJIHpYIOT TakuM o0pa3oM, 4YTOObI
MOAABUTh KPUCTANIM3ALUI0 TpauTa U3 paciiiaBa U 00eCHedYuTh BO3MOXKHO Ooiee
OBICTPOE MPOXOXKACHUE TPAPUTU3AIMN [TPU OTKUTE.

[Ipu xpucrammmzanuu ceporo uyryHa rpadur pacTeT U3 paciiaBa B
HeOnaronpuaTHo (opMe pa3BeTBICHHBIX KPAaOOBUIHBIX PO3ETOK, CEUCHHUSI KOTOPHIX
Ha nuiide UMEIT BU M30THYTHIX TiacTuH. [Ipu omxkure Oenoro uyryHna (puc. 3.12)
rpaguT, HaA3BIBAEMBIN YIJIEPOJOM OTXKHUra, oOpa3yeTrcs B 3HAYUTEIbHO OoJiee
KOMITIAaKTHOM, OJIarONMPUATHOM JJIsI MEXaHMYECKUX CBOUCTB (popMme.
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Puc. 3.12. I'paduk omxura 6emnoro yyryHa Ha koBkuii: | u Il — nepBas u BTopas
CTaJuu rpaguTU3auu

XOTd KOBKMH YyryH W HE KYyIOT, HO OTHOCUTEIbHOE YJIMHEHUE Y HEro
HaxonuTtcs B npenenax 2-20 % (B 3aBUCUMOCTH OT CTPYKTYpbI), B TO BpeMS KakK y
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0eyioro 4yryHa OTHOCUTENIbHOE ylnuHeHue He mpesbimaeT 0,2 %, a y ceporo — He
ooiee 1,2 %.

Wcxonuelil pa3oBblil cocTaB 0€JI0r0 YyryHa Takou ke, Kak y CTajiu — (heppuT u
LEMEHTUT, T03TOMY MEXaHHM3M €ro ayCTeHUTH3aluuu aHajmoruyeH. I[lpu Harpese
BHayaje MPOUCXOJUT MEPIUTO-ayCTEHUTHOE NPEBpPAILEHUE, 3aTEM pPACTBOPEHUE
BTOPUYHOTO IIEMEHTUTA U TOMOTreHu3aIus aycrenura no C u Si.

Ilepeasa cmaousa cpagpumuzayuu. Bo BpeMs BblIepXku okoJio 10 u mpu 900-
1050°C mpoxomut mnepBas cranus Trpaduruszanuu (puc. 3.12), Mo OKOHYAHUH
KOTOpPOM BECh LEMEHTUT 3BTEKTUYECKOTO MPOUCXOXKJECHUSI U OCTATKU BTOPUYHOIO
IIEMEHTUTa 3aMEHSIIOTCS TrpadUTOM U CTPYKTypa H3 ayCTEHUTO-IIEMEHTUTHOU
MpEBpaIIAETCs B ayCTEHUTO-TPaQUTHYIO.

Jlokazano, uto rpadutuzanus Oeloro 4yyryHa Ha NMEpBOM CTaJUM COCTOUT B
3apoXJeHUU TpaduTa HA TPAHUIE AYCTCHUT-LIEMEHTUT U BAAIH OT LIEMEHTUTHBIX
KPUCTAJJIOB W pocTe rpadura Mnpu OAHOBPEMEHHOM PACTBOPEHUM IIEMEHTUTA B
ayCTEeHUTE MyTEM MEePEeHOCca aTOMOB YIJIEpO/ia YEPE3 ayCTEHUT OT I'PAHUIIBI AyCTCHUT-
LEMEHTHUT K FPaHUIe ayCTEHUT-rpadur.

VYnenpHblit 00beM rpaduTa B HECKOJIBKO pa3 OoJibllie, YeM Yy ayCTEHUTAa, U
MOATOMY €ro TOMOI€HHOE 3apOo’KJE€HHE B IUIOTHOM METaJUNIMYECKON MaTpuile
MaJIOBEPOSITHO.

Jucnokanuu, cyOrpaHullbl U BBICOKOYTJIOBbIE TpaHUIbI Maiod((PEeKTUBHBI B
KaueCTBE MECT reTePOTeHHOTr0 3apokaeHus rpadura.

Kak wu3BecTHO, cepoe 0JIOBO, yAENbHBIM 00bEM KOTOPOrO HAa OJIHY YETBEPTH
Oonblle, yeM Oeyoro, 3apoXIAAeTCs MPEANOYTUTEILHO HAa OTKPBHITOW MOBEPXHOCTH
oOpasnia 6enoro onoBa. [Ipu rpaduruzamnuu, Korga yneinbHblE 00beM HOBOU (ha3bl
enie Oosiee pPe3KO OTIMYAETCS OT YAECIBHOIO O00beMa MCXOAHOW (ha3bl, 3apOJIbIIIH
rpaguTa TaKXKe MPEUMYIIECTBEHHO BO3HUKAIOT HAa CBOOOJHOW TMOBEPXHOCTH
ayCTeHUTA.

B o0beMe OTIMBKM MeCTaMH T€TEPOTr€HHOIrO 3apOXKICHUS TpaduTa CiayKaT
HECIUIOIIHOCTH, CKOIUICHUSI BaKaHCHUM, yCaJOYHblE W Ta30BbIE€ MHUKPOIYCTOTHI,
MUKPOTPEUIUHBI, pa3pblBbl HA TpaHULE AayCTeHUTa C HEMETaUIMYECKUMHU
BKJIIOYEHUSIMU  M3-3a PA3HOCTH HX TEPMHUYECKOro pacuupeHus. Mecramu
3apoxaeHus rpadura MOryt ObITh AU(PPY3UOHHBIE MMOPHI, BO3HUKAIOIIWE MPU
rOMOTEHM3AllMU aycTeHuTa. Hampumep, npu BbIpaBHUBAaHUU COCTABa ayCTEHHUTA
MOCJI€ yXO0Ja aTOMOB KPEMHHS M3 OOOTaIllEHHBIX UM YYaCTKOB OCTAETCS U30BITOK
BaKaHCHUM, 00pa3yIOIIKX MOPHI.

OTUM MOKHO OOBACHUTH YCKOpEeHHUE rpadUTU3ALMU MO AeHCTBUEM KPEMHUS,
KOTOpPO€ MPOUCXOAUT, HECMOTPS HA TO, 4YTO KpeMHUU 3amemser auddys3uto
yIiiepojia B ayCTEHUTE.

[locne o6pa3zoBaHusi UEHTPOB TrpadUTU3ANUU B ayCTEHUTE CYIIECTBYET
IPaIMCHT KOHIIEHTPAIMU yTiepo/ia, TaK KakK MpeeibHas PacCTBOPUMOCTh IIEMEHTHUTA
B HEM BBIIIIE, 4eM rpaduTa (Ha Auarpamme coctosiHus puc. 3.4 nunust ES Haxonurcs
npasee nuHuu E'S').
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Hamnpuwmep, ecnu niepBasi ctaaus rpaduTH3aiuy IpoXoaUT Opu Temmneparype t*
(puc. 3.13), To cocTaB ayCTEHUTA HA TPAHUIIE C LIEMEHTUTOM U300paxaeTcs TOYKOU
b, Ha rpaHuIle ¢ Tpa@UTOM — TOUKOH a.

BripaBHUBaHME KOHIIEHTpAIlMUM  YIJIEpoJa B ayCTEHUTE JIeNIaeT  €ro
HEHACBIIEHHBIM IO OTHOIICHUIO K IEMEHTHUTY (Ha TpaHulle ayCTEHUT-LIEMEHTHUT
COCTaB ayCTEHUTA CABUTACTCS BJIEBO OT TOYKU a) U MEPECHIIIEHHBIM MO OTHOIICHUIO
K rpaduTy (Ha TpaHUIle ayCTEeHUT-TpadUT COCTaB CABUTAETCS BOPABO OT TOUKHU a). B
pe3yiabTaTe HENMPEPHIBHO, BIUIOTh 10 HCUYE3HOBEHHS, PACTBOPSETCA IIEMEHTUT U
pactet rpadur.

Kpome mepenoca artomoB yriepoja uepe3 TBEpPIbIA pacTBOp, IS
rpaduUTH3AUKA HEOOXOoAuM elfe OoAuH mporecc — aud@ys3us aToMoB xejiae3a OT
MOBEPXHOCTH pacTyuiero rpadura, 4roObl OCBOOOAUTH TrpaduTy MTPOCTPAHCTBO.
Nmenno »3t1or muddy3uoHHBIM Tmpoliecc, a HE TMPUTOK AaTOMOB yriepojaa
KOHTPOJIUPYET CKOPOCTh pocTa TpadUTHBIX BKJIIOUYECHHH B ayCTEHHUTE, TaK Kak
mudPy3noHHas MOJBHKHOCTh aTOMOB JK€JI€3a HAMHOTO MEHBIIIE, YEM Y YTIIepoa.

®opma rpaduTa 3aBUCUT OT TEMIEPATypbl OT)KUTA U COCTaBa YyTyHa.
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Puc. 3.13. YuacTok nuarpamMmbl COCTOSIHUSA cucTeMbl Fe—C co CIUIOMIHBIMHU
JUHUSMU CTAOUIBHOTO U MYHKTUPHBIMU JIMHUSIMA METACTA0OUILHOTO PABHOBECHS
(cxema)
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Jlo0aBkM ¥ IPUMECH OKa3bIBAIOT CIIOXKHOE BIUSIHUE HA POCT yriiepoja OTKUTa.
Hanpumep, maneie no6aBku mMaruus (<0,1%) oOecrneunBarOT poCT yriepojaa OTKUra
B KOMITAKTHOM (hopme.

Bmopaa cmaoua zpagpumuzayuu. Metannudyeckas MaTpuia KOBKOro 4yryHa
dbopmupyeTcss TpU SBTEKTOMIHOM pacmajae aycreHuta. JIjis moiydeHus: 4HUCTO
(dbeppuTHOI MaTPUILI OXJIAXKACHUE B UHTEPBAJIE TEMIIEPATyp IBTEKTOMHOTO paciajia
JIOJDKHO ObITh  MeljieHHbIM (puc. 3.12). 3xech nOpoxoautT BTOpas CTaaus
rpaguTHU3alUU — ayCTeHUT pacnagaercs no cxeme A—O+T".

Uem Oosblle CTENEHb MEPEOXTKACHUS (MM OOJIbIEe CKOPOCTh OXJIAXKICHUS
MpU HEMPEPHIBHOM TOHM)XEHUU TEMIIEPATYphl), TeM OoJjbIlas J0J1 ayCTEHHTa
pacnagaercs 1o cxeme A—O®O+I[. Ecim oxnaxaeHue OTIMBKA B HWHTEPBAIE
ABTEKTOUJHOTO TMPEBPAIICHUS HE 3aMeJIUTh, TO MOJYYUTCS UYHUCTO NEPIUTHBINA
KOBKHMH YyT'yH. Ero CTpyKTypa COCTOUT U3 yriaepoaa OTKUra U MEPIUTHON MaTPHIIBI.

[lepnut npumepHo B 2,5 pa3za mnpouyHee U TBepxke ¢eppura, HO MEHEe
mactuyeH. [loaToMy c yBelnMueHHEM KOJIMYECTBA MEPJIUTA B CTPYKTYpe KOBKOIO
YyryHa MNpOYHOCTHBIE CBOMCTBA PacTyT, a MJIACTUYHOCTh CHUkaercd. Hampumep, y
bepputHoro koBkoro uyryHa mapku KY37-12 6,=370 Mlla u 6=12 %, a y
nepauTHoro yyryHa mapku K463-2 ¢,=630 Mlla u 6=2 %.

Pa3Butre BTOpOW cTaguu TpapuTU3aAUMU MOXKHO OOECIEeUUTh HE TOJIBKO
3aMeUICHUEM OXJaXJCHUs B HBTEKTOMJHOM HWHTEpBaJie TEMIEparyp, HO H
M30TEPMHUUECKON BBIICPKKOM TMOCTAe OOBIYHOTO, HE 3aMEJICHHOIO OXJIAXKJIEHUS
(mMyHKTUpHAas IUIONIaaKa Ha puc. 3.12).

[Ipu HenmpepbIBHOM OXJaXAECHUU UJET NEPIUTHOE MPEBPAILCHUE ayCTCHHUTA, a
nocieayomas JUIMTelbHas BBIACPKKA NPUBOAUT K rpadUTU3aALUU MEPIUTHOTO
neMeHTuTa. MexaHusm rpaduth3anuu 37eCh MPUHLIUNHAILHO TAKOM K€, KaKk U Ha
MEePBOM CTAAMM, TOJIBKO rpaduTHU3alMg UIET MyTeM IepeHoca yriepoja He uepes
ayCTeHUT, a 4epe3 (eppuT OT rpaHUlbl (PEeppUT-LIEMEHTUT K rpaHule Geppur—
rpaduT. Y3KUM 3B€HOM Mpoiiecca sBisieTcsa Auddy3ust aToMoB xkese3a B peppure oT
MOBEPXHOCTH pacTyliero rpadura.

OnHoBpeMeHHO ¢ rpaduTH3alde  MEpIUTHOrO  LIEMEHTUTa  MpU
M30TEPMHUUECKON BBIIEPKKE MPOUCXOASAT J€JICHHWE I[IEMEHTUTHBIX IUJIACTUH H
chepounnmnzanus IEMEHTHUTA.

[loanep>kvBasi MOBBIIIEHHOE COJEpKaHUE Maprauia B muxte (10 1%), MoxHO
PE3KO0 3aMeUIUTh rpaUTU3ALMIO NEPIUTHOTO IEMEHTUTA, YTOOBl COXPAHUTh MEPIUT
U C IOMOIIBIO cpepouIn3aluu MOJyUYUTh KOBKUN YyT'yH ¢ MaTpulen u3 chepoua.

UyryH ¢ MaTpunei U3 3€pHUCTOTO MEPIUTA OTINYACTCS COUETAHUEM BBICOKOM
MIPOYHOCTU U TOBBIIICHHOMN IMJIACTUYHOCTH, a TaKKe Xopouieid o0padaThiBAEMOCTHIO
pe3aHMeM U BBICOKUMU aHTU(QPUKIMOHHBIMU cBoiictBamu. llpu o,~600MIla
OTHOCHUTEJIbHOE YIJIMHEHUE Y Takoro yyryHa gocturaetr 10% v uM MOXKHO 3aMEHUTH
JUTYI0 U KOBaHYyIO cTalb. M3 KOBKOTO 4YyryHa ¢ OCHOBOM U3 3€pPHUCTOTO MEPIUTa
W3TOTaBIUBAIOT JIa)K€ TaKWe OTBETCTBEHHBIE W3JENHs, KaK KOJICHYaThle U
KYJIAYKOBBIE BaJIbI.
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Hopmanu3anus yyryHa

VYopounstomas TepMuyeckas o0padoTKa ceporo 4yryHa He MOJIy4HJia Takoro
IIUPOKOTO PACIpPOCTpPaHEHHUsI, KaK TepMOOOpaboTKa cTaid. DTO OOBACHSIETCS TEM,
YTO IJIACTUHYATHIA TpauT, ACHUCTBYSd Kak BHYTPEHHHE HAAPE3bl, CUJILHO CHIKAET
MPOYHOCTh M IUIACTUYHOCTh META/NIMUECKON OCHOBBL. [loaTOMy wu3sMeHeHue ee
CTPOCHHS TIPU TEpMUUYECKOU 00paboTke He naet 0oabioro 3¢dexra ynpouHeHus u
4acTO HEPEHTAOEIBHO.

OddexkTuBHee TepMooOpabOTKa YYryHOB ¢ OoJiee OsarompusTHON (opmoit
rpadguTa, B 0OCOOEHHOCTH BBICOKOIPOUHBIX YYTYHOB C IIapoBHAHBIM Tpadurom. K
Takol TepMHUUECKOM 00pabdOTKE 4YyryHa OTHOCHTCS HOpMAaJIM3allvsi, MMOBBIIIAIOIIAS
MPOYHOCTb, TBEPJIOCTh U U3HOCOCTOUKOCTb.

Hopmanuzamuss 4yryna — 9To TepMmuueckas o00paOoTka, MOpU KOTOPOi
[JIABHBIMU TPOIECCaMH SIBJISIIOTCS ayCTEHUTU3AIUS W TOCJIEAYIOllee MNEepPIUTHOE
npeBpamienre. Hopmanuzanuu mnoABepraroT OTJIMBKU TJIaBHBIM  00pa3oM C
beppuTHOl U HeppUTO-TIEPIUTHON MATPULICH U PEXKE — C IEPIUTHOM.

OtnuBku HarpeBator 10 850-950°C m mocne Bbiaepkku B TeueHue 0,5-34
OXJIAKJIAIOT Ha CIIOKOMHOM BO31YyX€ WJIM B BO3AYIIHOW CTpye. OTIMBKHU CIOXKHOMU
GbopMBI I YMEHBUIEHUS OCTAaTOYHBIX HAIMpPSIKEHUM PEKOMEHAYETCsl, HauhHas C
temneparypsl okono 500°C, oxnaxaaTh B IECUU.

[Ipu HarpeBe cHavajlia MNPOXOAUT AayCTEHUTH3AIUS, BKIIOYAIOLIAs O—-
MpeBpalleHre, paCTBOPEHUE B ayCTEHUTE IpauTa U MEPIUTHOTO LIEMEHTUTA (EeCiH
MaTpula coAepkut nepaut). [locne aycTeHUTU3alMKU CTPYKTYypa YyryHa COCTOUT U3
aycTeHuTa u rpadura.

[Ipu panbHelieM HarpeBe IpauT YaCTUYHO PACTBOPSAETCS B ayCTECHUTE B
COOTBETCTBUM C XOJ0M JUHHUHU S'E' 1 KOJIMYECTBO CBSI3aHHOTO YIJepojia BO3pacTaeT.
B ciiyuae yckopeHHOro oxXJaxAeHusl Ha BO3AyXe UJET NMEePIUTHBIN paciaji ayCTeHUTa
Y BCSI MAaTpUla IPUOOPETAET MEPIUTHYIO WIIHM COPOUTHYIO CTPYKTYPY.

VYrpouHeHue nmpu HOpPMaIU3alMU JOCTUTaeTcsi Ojarojaps AByM (akTopam:
YCTPAHEHHUIO CTPYKTYpHO CBOOOAHOTO ¢epputa (MOBBIICHUIO KOHIICHTPAIIUU
CBSI3aHHOTO B IIEMEHTHUTE YIJIEpOJa) W YBEIWYEHUIO JUCHEPCHOCTH NEPIIHTA.
TBepnocts uyryna Bo3pacraet or HB150 no HB200-250.

OddekT ynpoyHeHUs 3aBUCUT OT MCXOJHOM CTpyKTyphl. Haumbomnbinee
YIOPOUHEHHE MOTYYaeTCsl IPU HOpMaIn3aluu (PeppUTHOTO YyryHa, TaK KaK MPU 3TOM
Markass (¢QeppuTHas OCHOBa 3aMmeHseTcss Oozee TBepaod mnepiautHol. [lpu
HOpMaJM3allMk  TMEPIUTHOrO 4YyryHa JIMIIb  yBEJIUYUBAETCS  JIUCIIEPCHOCTD
sBTekTOMAa. HO naxke B 3TOM cilyyae COMPOTHUBIIEHHE W3HOCY MOKET BO3PAacTH B
MoJITOpa pasa.
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4. 3AKAJIKA

3akanka — 3TO TepMHuYecKas oOpaOOTKa, MPU KOTOPOW TIaBHBIM ITPOIIECCOM
aBysieTcss  (OPMHUPOBAHUE HEPABHOBECHOW CTPYKTYpPhl BO BpeMSI YCKOPEHHOTO
OXJIaXACHUS.

CylecTBYIOT 1B MPUHIUNHAIBHO OTIUYHBIX OJAUH OT IPYrOro BUJa 3aKaJKU:

- 3aKaJIKa ¢ MOJIMMOP(HBIM MpeBpaIlCHUEM;

- 3aKasika 0e3 NoJMMOP(HOro MpeBpaIllCHUS.

N3 camoro Ha3zBaHUsi 3TUX BHUJIOB TEPMHUYECKOW OOpabOOTKM BHUIAHO, UTO OHHU
pa3nyaroTCcs TUIIOM (Ha30BBIX MPEBPAICHHUN.

3akanika ¢ MOAMMOP(HBIM MpeBpalieHueM (WM 3aKajika Ha MapTEHCHUT) ATO
OCHOBHOH cmoco0 yHMpOuHEHHs cTajed. 3akallky Ha MapTEHCUT MPUMEHSIIOT HE
TOJBKO K CTQJISIM, HO M K HEKOTOPBIM CILJIaBaM I[BETHBIX METAJJIOB.

3akanka 0e3 MOIUMOpP(HOTO TpeBpalieHus] B COYETAaHHH CO CTapEHUEM
SBJISIETCS OCHOBHBIM CIIOCOOOM YIPOUYHEHHS CIJIABOB Ha OCHOBE LIBETHBIX METAJIIOB.
Ee mnpomblluieHHOE UCHOIB30BaHUE HAYAIOCh OJHOBPEMEHHO C MPUMEHEHUEM
IypalitoMUHa B aBUACTPOCHUHU.

OcHOBHBIE MapaMeTphbl 3aKajJKH JIIOOOro BUJla — TEMIIEpaTypa HarpeBa, Bpemsi
BBIJICP>KKU U CKOPOCTb OXJIAXKJICHHUS.

Temmneparypa HarpeBa W BpeMsl BBIACPKKU JOJAKHBI OBITh TaKUMHU, UYTOOBI
NpOU30IUIM  HeoOXoaumble  (ha3oBble  HM3MEHEHUsS, HampuMmep, oOpa3oBaHUE
BBICOKOTEMIIEPATYPHOU (Pa3bl U3 OJJHON UM HECKOJIBKUX HU3KOTEMIIEPATYPHBIX (a3,
pacTBOpeHre HU30BITOYHOM (Da3pl B MAaTpUUHOW U Jp. B 3TOM OTHOIIEHUHU 3aKaliika
aHAJIOTMYHA OTXKHUTY 2-TO poja.

CkopocTh OXJIQXIEHUS MPHU 3aKaJIKe JO0KHA OBITh JOCTAaTOYHO OOJIBIION,
YTOOBI NIPU MOHWXEHUU TEeMMepaTyphbl ObLIK nogaBieHbl AU dy3uoHHbIE (a30BbIC
MpeBpalieHusT U 00pa3oBbIBaJlaCh MeETAacTaOWIIbHASI CTPYKTypa. OTHUM 3aKajka
OTJIMYAETCS OT OTXKUTa 2-ro poja.

4.1. 3akajka 0e3 noJuMOpP(QHOro nNpeBpamieHus

3akanka 0e3 moJuMop(dHOro mpeBpalieHUus — 3TO TepMHuueckas 00paboTka,
¢dukcupyomas npu 0ojee HU3KOW TeMmrepaType COCTOSHUE CILJIaBa, CBOMCTBEHHOE
eMy npu 0ojiee BEICOKOM TeMIieparype.

3akanika 0e3 MoaMMOpP(PHOTO MPEBpPAILICHUS TPUMEHUMA K JIIOOBIM CIIaBaM, B
KOTOPBIX O/1HA (ha3a MOJHOCTHIO WJIM YaCTUYHO pacTBopseTcs B Apyroi. Hanpumep, B
cruiaBe Cy Ha puc. 4.1 npu HarpeBe A0 T, B-(haza pactBopsieTcss B MAaTpUYHOU 0Ol
¢daze. IIpu oOpaTHOM MemJICHHOM OXJIaxJeHuu [B-¢asza Bwiaensiercss u3 o-(hasbl, B
KOTOpPOW KOHIIEHTpalusi KOMIIOHEHTa B yMeHbIIaeTcss B COOTBETCTBUU C XOAOM
coJibByca nb.

Tak kak coctaBbl o- U B-(a3 pa3nuuHbl, TO BbAedeHUE P-(a3bl CBA3aHO C
muhPy3noHHBIM MepepacnpeieieHneM KOMIOHEeHTOB. [Ipu pocratrouHo ObICTpom
oxnaxaeHuu auddy3noHHOE TIepepacupeaeieHue, HeoOX0IUMOe IS 3apOKICHUS U
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pocTa KpuctamuioB [-da3bl, He ycneBaeT mpoutu, u [-a3a He BbIIENSAETCS U3  O-
pactBopa. Ilocie Takoit TepMOOOpaOOTKM (3aKajdku) CIJIaB MpPH KOMHATHOMU
TeMIepaType COCTOMT M3 OAHON o0-¢a3bl, KaKk U IPU TEMIIEpaType HarpeBa o]
3aKaJKy.

] X

, — O
AbG GG 6 g %
Puc. 4.1. Cxema 3akaniku 6€3 moauMop¢HOTo MpeBpaleHust

[Ipn TemnepaType HarpeBa moj 3akalky T, B cmuaBe Cy TBEPABIN pacTBOP
HeHachlleHHbI. [locie 3akaiaku o-pacTBOp MPU KOMHATHOW TeMIEpaType HUMEeT
TaKOM ke COCTaB, Kak U MPHU TeMIepaType 3aKajaKuh, HO OH YK€ MEPECHIICHHBIN, TaK
KaK COCTaB HACBIIIEHHOTO PaCTBOPAa COOTBETCTBYET TOUKE b.

Takum o0pazom, npu 3akanke 0e3 MoauMOpHOro MmpeBpalieHust 0opa3yeTcs
MEPECHINICHHBIN  TBepAblii pacTBOp. Takas 3akanka K YHUCTBIM MeTajllaM
MPUHIUNHAIBHO HepuMeHuMa. PaccMoTpennyto Ha npumepe ciiaBa Cy 3akaiky 6e3
MOJIUMOP(HOTO MPEeBpaIICHUS MIUPOKO MPUMEHSAIOT K aTIOMUHUEBBIM, MATHUEBBIM,
HUKEJIEBbIM, MEJHBIM U JPYTUM CIUIaBaM, a TakKXe K HEKOTOPBIM JIETMPOBAHHBIM
CTaJIsIM.

3akankoil maneko He Bcerja pukcupyrot onHodazHoe cocrosiuue. Hampumep,
B cmaBe C, (puc. 4.1) mpu mr00BIX TemrmepaTypax, BIUIOTh /10 3BTEKTUYECKOH,
conepxurcst B-¢paza. Ilpu temmeparype 3akanku T, B 3TOM CIUIaBE HAXOIATCA
HACBHIIIECHHBIN TBEPABIM PACTBOP COCTaBa TOYKM M W HEPACTBOPEHHBINM H30OBITOK [3-
¢da3pl. Ilpu gocTaToOyHO MEIJIEHHOM OXJaXIACHUU U3-3a BbIAeNeHHs [(-(da3bl U3 d-
pacTBOpa €ro cocTaB JOKEH U3MEHATHCS 1O JUHUKM mb. [Ipu ObIcTpOM OXITaXKACHUU
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MPOUCXOJUT 3aKaika: B-paza He ycHeBaeT BBIACIUTHCS U3 0-pPacCTBOpA U COCTaB €ro
Ipd KOMHATHOM TeMmmeparype TaK »>Ke, KaKk W TMpU TeMIepaType 3aKajku
ompeaensiercss Toukoil m. CrenoBaTenbHO, 3akaleHHbIM criaB C, COAEpKUT
MEPECHINICHHBI  0-pacTBOpP cOCTaBa TOYKM M U U30bITOUHYHO [-da3y, He
PAcCTBOPUBIILIYIOCS MPU HArpeBe MoJ 3aKaiky. 3akankoul craBa C, 3adUKCUPOBAHO
COCTOSIHUE, KOTOpOE ObLIO CTaOUIILHBIM MPU TEMIEPATYpe HArpeBa Moj 3aKajiky.

[IpuHnunuansHO 3akanka 0e3 mnoJauMOpGHOrO TMpeBpaIieHus BO3MOXKHA
BCErja, KOrja B PAaBHOBECHOM COCTOSIHMM MPHU Pa3HbIX TEMIIepaTypax HMeeTcs
pa3iinyure B XUMHYECKOM COCTaBe (a3.

HN3meHeHune cBOMCTB NpH 3aKajike 0e3 moJJuMopGHOro npespameHus

N3meHeHne CBOWMCTB MpH 3akalike 3aBUCUT OT (pa30BOr0 cOCTaBa W
OCOOCHHOCTEH CTPYKTYpbl CIUIaBa B HMCXOJHOM M 3aKaJICHHOM COCTOSIHUSIX, OT
YCJIOBUHM 3aKallku, Mpeapiayiieid oOpaboTku u apyrux ¢aktopoB. Hampanenue u
BEJIMYMHA U3MEHEHUSI CBOMCTB B Pa3HbIX CIIJIABAX BEChMa Pa3IUyHBI.

BceTpeuaercs ommbOo4yHOe yTBEpKACHUE, YTO 3aKalika BCErja MPUBOJUT K
VOPOUHEHHUIO, TPUYEM TEPMHUHBI «3aKaldKka» U «YMNPOYHEHHE» YacTO HEBEPHO
CUMTAIOT CUHOHUMaMH. B JEHCTBUTENBHOCTH € 3aKalKa MOXKET U YIPOUHSTh, U
Pa3yMpoOUHSATh CIUIaB. Y OJHMX CIUIABOB 3aKajKa MOBBIIIAET MPOYHOCTh, HO CHUKAET
MJIACTUYHOCTh, Y JPYTUX, HA00OPOT, CHMXKAET MPOYHOCTHBIE XAPAKTEPUCTUKHU H
MOBBIIIAET IMOKA3aTeNId MJIACTUYHOCTH, a Yy TPEThHUX MOBBIIMIAET W MPOYHOCTh, U
MJIaCTUYHOCTh. HakoHell, y 04eHb MHOTHX CIUIABOB, K KOTOPHIM B MPUHIUIIE MOXKHO
MPUMEHUTDH 3aKAJIKy, OHA MPAKTUYECKU HE U3MEHSET CBOMCTB.

CusibHOE YIIPOUHEHHE C OJTHOBPEMEHHBIM PE3KUM CHUKEHHEM IIJIaCTUYHOCTH B
MPOMBINIJICHHBIX ~ CIUIaBaX, IMOJBEpPraeMbIX  3akajike 0e3  moauMop¢HOro
MpeBpalIeHusl, He HaOJII0AaeTC .

[Ipu 3akanke 6e3 monMMOpP(HOro MpeBpalleHust 1ePOpMHUPYEMBIX CIIaBOB
HauOoJyiee YacThlil cllydail — MOBBIIMICHUE MPOYHOCTH IPU COXPAHEHHH BBICOKOM
MJJACTUYHOCTH, KOTOpPasi MOXKET Majo OTIMYAThCA OT IJIACTUYHOCTH OTOXKXKEHHOIO
craBa. TunuuHbeli npumep — aopanroMuH /16.

Pexxe BcTpeuaroTcs CIiaBbl, Y KOTOPBIX P 3aKalIKe CHUXKAETCSI MPOYHOCTh U
CWJIBHO BO3pACTaeT IUIACTUYHOCTh MO CPAaBHEHUIO C OTOXKEHHBIM COCTOSIHHUEM.
Tunuunelii npumep — OepwiiueBas Oponza bpb2. VYV Hepxkaseromeit
xpoMmoHukeneBor ctanu 12X18H9 oTtHOcuTEnpHOE yIIIMHEHWE NPU 3aKAJIKE IOCIIE
ropsiueit npokatku Bo3pactaet ¢ 20 10 45%. [lonydabpukatsl U3 TaKUX CIIJIABOB, KaK
OepwinueBas OpoHza M ctanb 12X18H9 anst moBbillIeHUS TUIACTUYHOCTH TEPE
XOJIOJHOM JiehopMalivielt He OT)KUTAI0T, a 3aKaJIuBaloT.

[loBbIlIEHNE WU CHUYKEHHUE MPOYHOCTH MPHU 3aKaJKe 3aBUCUT OT CIEAYIOLIETO.

C yBenuueHHEeM KOHIUEHTPAILMH JIETUPYIOLIEr0 3JIEMEHTa B TBEPAOM PacTBOPE
MIPOYHOCTH €ro Bo3pacTaeT. [103ToMy nepechlllleHHbI PAaCTBOP B 3aKaJICHHOM CILJIaBe
MIpOYHEE MEHEE JIETMPOBAHHOTO pPacTBOpa B OTOXOKEHHOM cruiaBe. [IpodHOCTh
OTOXKEHHOT'O CIUIaBa OMPEAEIISIETCS MPOYHOCThI0O MAaTPUYHOIO PACTBOPA, a TAKKE
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pa3MeEpPOM U CTPYKTYPOU YacTHUI] U30BITOYHOU (pa3bl U PACCTOSHUSIMU MEXKIY STHUMU
YaCTULIAMU.

Ecau B 0TOXKEHHOM CILIaBE TOPMOKEHHUE JUCIOKAIUA N30bITOUHON (Pa3oit He
BHOCUT OOJIBIIOTO BKJIaJia B NPOYHOCTh JBYyxda3zHOU cmecu (u3-3a OOJBIIOrO
pacCTOSIHUSI MEXKJy €€ 4YacTUIlaMHu), TO TMpH 3aKallke YIOPOUYHEHHE pacTBOpa
Onarogapsi YBEJIMYECHHUIO €r0o JITUPOBAHHOCTU KOMIIEHCHUPYET pa3ynpoyHEHUeE,
CBSI3aHHOE C PaCTBOPEHUEM U30BITOUHOM (Da3bl, U MPOUYHOCTH CILJIaBa BO3PACTAET.

Ecaiu ke pactBopeHne uW30BITOYHOM (a3l MPUBOAUT K  CHIBHOMY
Pa3yMpOYHEHUIO, TEPEKPHIBAIOIIEMY POCT MPOYHOCTH, CBSI3aHHBIM C IMOBBIIICHUEM
KOHIEHTPALIMK MATPUYHOTO PACTBOPA, TO CIUIAB MPH 3aKAJKE PA3YIPOUYHSIETCS.

Ha cymmapHoM s(pdekTe cka3zbIBalOTCs BEIMYMHA U3MEHEHUS PAaCTBOPUMOCTH
IpU HarpeBe IMOJ 3aKalKy W MOPUPOCT MPOYHOCTH MATPUYHOTO PacTBOpa,
MPUXOJAIINANCS HA KaXKIbIH MMPOLIEHT PACTBOPSIIOLIETOCS JIEMEHTA.

[Ipu 3akanke TUTEHHBIX CIJIABOB MPOYHOCThH U IMJIACTUYHOCTH OOBIYHO PACTyT
10 CpaBHEHHUIO C JHUTHIM cocTtosHueM (cruiaBel AJI8, AJI9 m MIJIS). B cTpykrype
JUTEHUHBIX TPOMBIIUIEHHBIX CIJIABOB U30BITOYHBIE (pa3bl OOBIUHO HAXOASATCS B popme
CPaBHUTEIBHO KPYIHBIX YACTHUI] C OOJBIIMM MEXYaCTHUYHBIM pacctosHueM. Ilocne
UX pPACTBOPEHHUS MPOYHOCTh CIJIaBa CTAHOBUTCS  BBINIE U3-3a  OOJIbILIEH
JIETUPOBAHHOCTU MAaTPUYHOTO PacTBOpa.

OcHOBHOE Ha3HAauY€HHE 3aKajJku ©0e3 NOJUMOP(HOr0 MpPEBpALCHUS —
MOATOTOBKA CIIaBa K CTapEHHUIO.

3akanky HekoTtopeix cmiaBoB (bpb2, 12X18H9) wucnoms3yroT ©u Kak
MPOMEXKYTOUHYIO CMATYAIOIIYI0 ONepaluio (BMECTO OTKHIa) Mepea  XOJOJAHOU
nedopmarnueii.

Hakonen, 3akajika CIIy)KUT OKOHYATEJIbHON TepMOOOPAOOTKON JUIsl MpPUIaHUS
U3JICJIUI0 HEOOXOJIMMOro KOMIUIeKca CBOUCTB. OpHo(a3HbId 3aKajJeHHBIN CILIaB
MOXeT o0/jagaTh 3HAYUTEILHO OOJBIIEH IJIACTUYHOCTBRIO U 00Jie€ BBICOKOM
CTOMKOCTBIO MPOTUB KOPPO3UH, YEM COCTAPEHHBIN. JINTEHHBIN aIFOMUHUEBBIN CIUIaB
AJI8 NpUMEHSIOT TOJBKO B 3aKAJIEHHOM COCTOSIHUA UMEHHO 110 3TUM ITPUYHUHAM.

Harpes u oxiia:kieHue npu 3akajke 6e3 noauMop(HOro npespamnieHunst

Hacpee npu 3axanke. OCHOBHOE HCXOJHOE TIOJIOKEHHE TIPU BBIOOpE
TEMIEPATYPhl 3aKAJIKH — BO3MOXKHO O0Jiee MOJTHOE pacTBOPEHHE MU30BITOUHBIX (a3 B
MaTpu4HOil da3e.

Ecou cnmaB pacnosiokeH B TOM 00nacTH AWarpaMMmbl COCTOSIHMS, TI€ OH
criocoO€eH TMpHU HarpeBe MOJHOCThIO MepeTu B ogHodazHoe cocrosuue (cmiaB Cy Ha
puc. 4.1), Temmeparypa 3aKaJKd JOJDKHA HAXOJUTHCS BBINIE JIMHUM COJIbBYCa
nBoriHOM cucteMsbl. [Ipu 3akanke crmaBa Cy ¢ temmneparypsl HUxe Ty coxpaHseTcs
HepacTBopuBLIascss [(-daza, U MaTPUYHBIA 0-paCTBOpP OKa3bIBAETCSI MEHEE
JIETUPOBAHHBIM, YEM IIPU 3aKaJKe ¢ TeMrepaTyp Bbiiie Ty.

BepxHioto rpaHully HHTEpBajla 3aKajJOYHBIX TEMIIEpaTyp BO H30exkaHUe
nepexora BhIOUPAIOT HUKE TOUKHU COJIMAYCa CIUIaBa ¢ Y4€TOM BO3MOXKHOIO Mepenaaa
TEMIIEPATyp B CaJKE U TOUHOCTU TEILIOBOI'O KOHTPOJIS.
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[Ipu omnnaBieHWH TpaHUI] CBA3b MEXKAY 3€pPHAMHM HAPYLIAETCA, U IOJ
JNEWCTBUEM 3aKaJOYHBIX HAIPSHKECHUA BO3HUKAIOT MEXKPHUCTAJUIMTHBIE TPEIIUHBI.
Menkue TpemmHbl MOXXHO HE OOHApyX UTh, HO OHH BBI3BIBAIOT CHI)KCHHE
IJJACTUYHOCTH, YAAPHOU BA3KOCTH, IIUKINYECKOU TOJITOBEYHOCTH.

[Ipn mepexxore MOryT MOSIBISATHCA YCAJOUYHBIE MOPHI, TJIABHBIM 00pa3oM, B
TPOMHBIX CTBIKAaX 3€peH. MexaHn4YecKre CBOMCTBA CHMKAIOTCS MPH IMEPEkKOTe H3-3a
o0pa30BaHUs B MPOIECCE 3aKAIKH MEKKPUCTALIUTHBIX MPOCIOCK XPyNKOH (as3pl B
pe3ysbTaTe HEPAaBHOBECHOM KPUCTAJUIM3AIMU OIUIABICHHBIX YYaCTKOB, 0OOTAIIEHHBIX
JETUPYIOIIUMU DJIEMEHTAMH.

Kpome Toro, mpuumHONl mnepexkora CIyXHUT OBICTpPOE€ NPOHUKHOBEHHE 10
OIUIABJICHHBIM  y4YacTKaM KOMIIOHEHTOB aTMocdepbl Te4yu, MNpPUBOJSIIEE K
0o0pa3oBaHUI0O OKCHUJOB U Tra3oBbIX Mmy3blpeil. Ha numde HeOonblIOW mnepexor
BBISIBJSIETCS. B BHUJIE YTOJIIEHUW TpaHUll 3epeH. [lepejcoz — 3TO HEUCHPABUMBIA U
caMbIil OTIaCHBIN Opak.

Bo3moxkHas mmpuHa MHTEPBAJIA 3aKAJTOYHBIX TEMIIEPATYP B ABOWHOM CUCTEME
ONpPEAENACTCS «BUIKON» MEXy TOUKaMU coiuayca u coibByca. 13 puc. 4.1 BuaHo,
yTo y cmuaBa Cy' BO3MOXKHBIA HHTEPBA] 3aKaJOYHBIX TEeMIEpaTyp IIHpE, YeM Yy
cmaBa Cy.

Ecnm  coxmepkaHwe — JIETUPYIOLIErO  JJEMEHTA  MPEBBIMIAET  MPEIes
pPacTBOPUMOCTH U CIUIaB HEJb3s MEPEBECTU B OAHO(]a3HOE cocTosiHUE, HanpuMmep, C,
Ha puc. 4.1, To TemnepaTypy HarpeBa MOJl 3aKajKy BbIOMPAIOT BO3MOXKHO OJIMIKE K
ABTEKTUYECKOW  (IIEPUTEKTUYECKOW) TEMIeparype C Yy4eTOM TEXHHYECKUX
BO3MOXKHOCTEH M30€KaTh Mepexora.

Bpems 6b10eporcku ipu TeMIEpaType HarpeBa Mol 3aKajiKy BhIOUPAIOT Tak,
YTOOBI 3aBEPIIMIIUCH TPOLIECCH] PACTBOPEHUS N30BITOUHBIX (a3.

Oxnascoenue npu 3akanke. C TMOHSATUEM «3aKalikay OOBIYHO aCCOLUUPYETCS
MpEACTaBICHUEe O OBICTPOM OXJaXACHUH. JIeHCTBUTETHbHO, MHOTHE H3JCIHS
3aKaJIUBaIOT B BOJIE.

Onnako TpH 3aKajike HeoO0s3aTesIbHO OBICTpOE OXJaXJeHHe. BakHo nwiib,
yTOOBI MPU OXJAXKIACHUU HE YyCHed MPOU30HTH pacmaj MaTpUYHOro pactBopa. B
3aBUCUMOCTH OT CKOPOCTH 3TOr0 pacmnaja CKOPOCTh OXJIaXACHUS MPU 3aKAJTKE MOXKET
OBITh paznmuuHOMW. J[JI1 OMHMX CIIaBOB 00s3aTellbHA 3aKajlka B XOJOJHOW BOJE, a
Apyrue, B KOTOPBIX pAacTBOpP paclafacTcs MEIJIEHHO, MOXHO 3aKaJuBaTh C
oxJaxjaeHueM Ha Bo3ayxe. CyIlecTByeT MHOTO MPOMBIIUICHHBIX CIIJIABOB Ha OCHOBE
&Kese3a, HUKeNs, aTlOMUHUS U MarHus, 3aKaJIuBaeMbIX Ha BO3IyXe€.

4.2. 3akajika ¢ oJIMMOP(PHBIM NpPeBpalIeHuEeM

3akanka ¢ NOJUMOP(HBIM MpEeBpalleHUEeM — H3TO TepMuyeckas o0paboTka
MeTajlla Wiu CIUTaBa, PU KOTOPOU TJIABHBIM SIBJISETCS MAapTEHCUTHOE MPEBPAICHHE
BBICOKOTeMIIepatypHOil (a3bl. [ToaToMy Takyro TepMooOpabOTKY OOBIYHO HA3BIBAIOT
3aKaJIkOW Ha MapTEHCUT. JTa 3aKallka B MPUHIIUIIE TPUMEHUMA K JIFOOBIM METaIaM U
CIUTaBaM, B KOTOPBIX MPH OXJIAKICHUN TIEPECTPANBACTC KPUCTALTNYCCKAS PEIICTKA.
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Oco0eHHOCTH MAPTEHCUTHOT0 NIPEeBPAILEHUS B YIJIEPOAUCTBIX CTAJAX

Haunbonee xapakTepHbIMU OCOOCHHOCTSIMM MApTEHCHUTHOTO MpEBpalleHUs B
VTIEPOJUCTHIX CTANSAX MPH CPAaBHEHWU C TIEPIUTHBIM MPEBPAIICHUEM SBIISIOTCS
CJIeIYIOIIHE.

1. MapreHcutHoe TpeBpalleHue NPOTEKAET NpPU OBICTPOM  OXJIAKJICHUU
YIJIEPOAUCTON CTalM C TemIepaTyp Bbille A, HallpuMep, B BOJIe, KOrJa MOAaBJICH
mudPy3noHHBIN pacnaj ayCTeHUTa Ha cMech IBYX (a3 (dhepputa u kapOuaa), pe3ko
OTJIMYAIOIINXCSI 10 COCTaBY OT HMCXOJHOro aycteHuta. KoHueHTpauus yriepojia B
MapTEHCHUTE TaKas K€, KaKk U B UICXOJIHOM ayCTEHHUTE.

CnenoBarenbHO, B OTJIMYKE OT MEPIAUTHOTO MPEBPAIEHUS MAPTEHCUTHOE
npeBpartieHue — 6e3audpy3noHHoE.

2. [IpeBparnieHne aycTeHUTa B MAPTECHCUT TMPU OXJIAKICHIN HAYNHACTCS C
ONPEAECIECHHON NI KaXKI0M MAPKHU CTAIM TEMIIEPATYPHI My,.

Temmneparypa Hauana MapTEHCUTHOTO MPEBPAILECHUS] HE 3aBUCUT OT CKOPOCTH
OXJIQXJICHUS B OYEHBb ITUPOKOM JIMaria30He CKOPOCTEH, B TO BpeMsl KaK TeMIieparypa
Hayasa NepJIMTHOTO MPEeBPaIICHUsI CHUXKAETCSI C POCTOM CKOPOCTHU OXJIAXKICHUS.
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Puc. 4.2. C-guarpamMmma ¢ MapTE€HCUTHBIMU TOUKamu Ju1st ctai ¢ 0,8% C:
A — ayCTEHUT yCTOMYUBBIN; A — ayCTEHUT MEPEOXIIAKICHHBIM;
Aoer — OCTAaTOUHBIN aycTeHUT; M — mapteHcut; @ — depput; K — kapOun
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B ornuume OT mNEepaMTHOrO MApPTEHCUTHOE TMPEBPAIICHHE HEBO3MOXKHO
MOAABUTH JIaXKe MPHU CaMbIX OOJBIIUX JOCTUTHYTHIX CKOPOCTSIX OXJIAXKICHHUS.

O6pa3zoBaHre MapTEHCUTA MPOUCXOAUT B  ONPEACICHHOM HWHTEpBaJe
TeMIIEpaTyp MEXKIY BEPXHEH MApPTEHCUTHOM TOUYKOM My M HMKHEH MapTEHCUTHOU
TOYKOM, oOo3HawaeMon M,. Ha C-mmarpamme mnpeBpalieHuil MepeoxiakJIeHHOTO
aycTeHUTa mpu Temmeparypax My u M, npoxonar ropuzoHTanu (puc. 4.2),
YKa3bIBAIOIIME HA HAyajo M KOHEIl MapTEHCUTHOIrO IMpeBpalleHUs. 3aBUCUMOCTh
TeMIepaTyp Hauajla M KOHIIa MAapTEHCUTHOrO NPEBpaIECHUS OT COJEpNKAHUS
yriepoja noxkaszasa Ha puc. 4.3.
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lemnepamypg T

200 I I I I

(odepxarue % (o macce)

Puc. 4.3. 3aBucumocts Temnepatyp Hauyana (My) u koHna (My) MapTEeHCUTHOTO
MpeBpalIeHus OT coAepkanus yrieponaa B cucteMe Fe — C

3. Ilpu Temmeparype M, mpeBpalieHUE TOJBKO HAYMHAETCS, MOSBISIOTCA
TepBbIE KPUCTAUIBI MapTeHCcHTa. YTOOBI MapTEHCUTHOE IPEBpAIlleHNE Pa3BUBAJIOCH,
HEOOXOJMMO HEMPEPHIBHO OXJIAXKIATh YIIAEPOJUCTYI0 CTajdlb B MapPTEHCUTHOM
nHTepBasie My — M.

Ecnu oxnaxaeHrne NpruOCTAaHOBUTH U BBIICPKUBATH YTIIEPOAUCTYIO CTAJb MPH
MOCTOSTHHOM TeMmmepaType BHYTPH ATOrO MHTEpBaja, TO O00Opa30BaHHE MAapTEHCHUTA
MOYTH Cpa3zy »Ke IMpeKpaiaercs. JTa OCOOCHHOCTh Haubojee SPKO OTINYAEeT
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KMHETUKY MAapTEHCUTHOTO MPEBPAIICHUSI OT MEPIUTHOTO, KOTOPOE, KaK MOKa3bIBAET
C-nuarpamma, Bcerja J10XOUT /10 KOHIIA TPU MOCTOSIHHOM TeMIlepaType HUKE TOUKH
Aj, T.e. OKaHUYMBAETCA TMOJHBIM HCUE3HOBEHHEM AayCTEHUTA, €CIU BpeMs
M30TEPMHUUECKON BBIACPIKKU JOCTATOYHO BEIHUKO.

[locne MapTeHCUTHOTO MpeBpalleHus, AaXe MPU OXJAKIACHUU MPAKTUYECKHU
«MTHOBEHHOY», 00pa3yeTcs HEKOTOPOE KOJIUYECTBO OCTATOYHOTO ayCTEHUTA.

4. B oTiMune OT MEPIUTHOTO MApPTEHCUTHOE MPEBPAILCHUE B YTIEPOAUCTOM
CTaJIM HE UMEET UHKYOAIlMOHHOTO Mepro/a.

Jlnuna ropuzoHTanu M, Ha puc. 4.2 HUKAKOro (pU3MYECKOro CMbICIA Kak
OTPE30K BPEMEHH, B T€UEHHUE KOTOPOTO UJIET MAPTECHCUTHOE MPEeBpaIleHNE, HE UMEET.
l'opuzontane My  COOTBETCTBYET TEMHEpaAType, HUXKE KOTOPOW YPE3BBIYAWHO
OBICTpO, TMPAKTHUUYECKH «MTHOBEHHO», 00pa3yeTcs HEKOTOpOe  KOJIMYECTBO
MapTEHCHUTA.

5. Maprencut obOpa3yerca B Qopme IJIACTUH, PACTYIIUX C TPOMAJTHOU
CKOpOCThIO (Topsiaka 1 kM/c) mpu 00BIX Temneparypax, B ToM uucie u Hke 0°C.
[Tocne «MrHOBEHHOTO» 00pa30BaHUs MApPTEHCUTHAS IJIACTHHA HE PACTET.

KonnuecTtBo MapTeHCcUTa NMPU OXJIKACHUN HUXKE TOUYKH My yBeIMUUBAETCS HE
BCJIEJICTBHE TIOJIpACTaHMsl YK€ O00pa30oBaBIIMXCS IUJIaCTUH, a B pe3yJbTare
«MTHOBEHHOT0» BOBHUKHOBEHUSI BCE HOBBIX U HOBBIX IUIACTHH.

OTa 0COOCHHOCTh TaKXKE PE3KO OTINYAET MApPTEHCUTHOE MPEBpAIllCHUE OT
nepauTHoro. B mporecce pa3BUTUA MEPAUTHOTO MPEBpAILEHHUS HE TOJBKO
00pa3yroTcsl HOBbIE, HO U PAcTyT paHee 00pa3oBaBIINECs KOJOHUH.

6. Mexny peméTkamMy KpUCTANIOB MAapTEHCHTa W HMCXOJIHOTO ayCTEHHUTa
UMEETCSl  ONpEACICHHOE  OPUEHTAllMOHHOE  COOTHOIIEHHE,  3aKOHOMEpHas
OPUEHTHPOBKA PEIIETKH MAPTEHCUTA IO OTHOUICHUIO K PEIIETKE ayCTeHUTa, B TO
BpeMsl KaK MpU MEPIAUTHOM MPEBPallCHUU peleTku (a3, BXOIAUUX B 3BTEKTOUIHYIO
CMEChb, MOTYT OBbITh W MPOU3BOJBHO OPUEHTUPOBAHBI MO OTHOIICHUIO K PEIIETKE
MCXOJIHOT'O ayCTEHUTHOTO 3€pHA.

7. Ilpy MapTEHCUTHOM NPEBPAIICHUHA B YIVIEPOJMCTHIX CTAlSAX HA IJIOCKOU
MOJIMPOBAHHOM  MOBEPXHOCTHM  oOpa3lia o0pa3yeTcsi  XapakKTepHbIM  pelnbed,
CBUJIETENbCTBYIOIIUN 00 M3MEHEHUHU (DOPMBI ITPEBPALIIEHHOTO0 00bEMA AYCTEHUTA.

[Ipyn nmepauTHOM MOpeBpallleHUH Takoll penbed HE BO3HUKAET. XapaKTEPHBIH
penbed Ha UCXOJIHOM IJIOCKOW MOBEPXHOCTH OOpaslia MOXKET CIIY>KUTh TJIaBHBIM
BHEIIIHUM IIPU3HAKOM MAapTEHCUTHOT'O PEBPAIICHUS B CTAJIH.

MapreHcuTHOEe TpeBpalleHUe SBISIETCS OJHUM U3  (PyHAaMEHTaJIbHBIX
CIIOCOOO0B MEPECTPOUKU KPUCTATUTUYECKON PEIIETKH, CBOMCTBEHHBIM CaMbIM Pa3HbIM
KJIaccaM KPUCTAJIIMYECKUX BEIIECTB: YHUCTHIM METaIaM, O€3yTJIepOJAUCTHIM CILIaBaM
Ha OCHOBE JKeje3a, CIUIaBaM [BETHBIX METAJJIOB, MOJYNPOBOAHUKOBBIM
COCIMHEHUSIM U JIp.

Jlns  Teopum TepMUYECKOM o00paOOTKM Hamboyee BaXKHBI MCCISIOBAHUS
MapTeHCUTHBIX mpeBpamieHuii B cuctemax Fe—C (puc. 3.4) u Fe-Ni. O6e cucrtembl
MPEACTABIAIOT UCKIIOUUTENBHO 00JbIoN npakTuueckuil uutepec: Fe—C kak ocHOBa
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craneif, a Fe—Ni kak OCHOBa TPYIIIbl BBICOKOMPOYHBIX MapPTEHCUTHO-CTAPEIOIINX
CILJIABOB.

TepMoguHAMUKA MAPTEHCUTHBIX NPpeBpALIEHU I

Paccmorpum Ha npumepe cmiaBoB Fe—C  mpeBpamieHuss B CHCTEME
ABTEKTOUHOTO THIIA.

Pacnag aycrenutra Ha (eppUTHO-KApOUJIHYIO CMECh — HTO CBSI3AHHBIM C
nepepacnpeaenieHueM yriepoaa nudp@y3uoHHbIN Opolecc ¢ nepeMenieHneM aTOMOB
Ha PacCTOSHUS, HAMHOTO MPEBBIIAIONINE IEPUO]T PEIIECTKH AyCTCHUTA.

[Ipu ObICTpOM OXJIAXKJEHUM YTJIECPOAMCTON CTanu (3aKajika B BOJIE — COTHH
IpaslyCcoB B CEKYH/IYy) ayCTEHUT YCIEBAET CUJIbHO MEPEOXIAAUTHCS, HE MPETEpIICB
mudPy3uoHHOTO pacmajia Ha CMeCh IBYX (a3.

Ho aycTeHUT He MOXXET MOJHOCThIO COXPAHUTHCS MPH JOOOM CKOJb YTrOJHO
OBICTPOM OXJIQXKJAEHUU 10 KOMHATHON TEMIIEpATyphl, TaK KaK B YIJIEPOJUCTON CTAIH
ero sHeprusi ['mb6ca, HaunHasg ¢ HEeKOTOpoM Temmepatrypsl T, OKa3bIBA€TCS BBIIIE
sHeprun ['mbOca TepechIIEHHOTO TBEPJAOr0 pacTBOpa yIrjiepoaa B O-Kele3e
(MapTeHCcHUTa), UMEIOIIEro COCTaB, OAMHAKOBBIN C COCTABOM MCXOJIHOTO ayCTEHUTA, U
OTJIMYAIOIIETOCA OT HETO TUIIOM KPUCTAJTUYECKON PEIIETKH.

Maprencur — wMeractrabuiibHas (asza; OHa OTCYTCTBYET Ha JHarpaMme
coctostHusi Fe—C (puc. 3.4), Tak Kak B pPaBHOBECHBIX YCIIOBUSX, KOrJa CUCTEMa
oOnagaer aOCONIOTHBIM MHUHMMYMOM J3Hepruu ['mb0ca, CTpyKTypa cTajieil HHxe
Toukd A (727°C) cOCTOUT U3 CMECH ABYX CTaOWIbHBIX (ha3 — heppuTa U IEMEHTHUTA.

Maprencut npu t00bIX TemnepaTypax oblanaer Oosblieit sneprueit ['udoca,
YeM 3Ta CMECh, HO HIKE TemIeparypel Top OH OTIMYAETCs MEHBIIEH J>HEpPrueu
['n60ca, uem nepeoxyaKICHHbI ayCTEHHUT.

Korma B ycioBusix OOJNBIIOrO MNEPEOXTAXKACHUS HE MOXKET MPOU30UTH
mudPy3noHHBIN pacmnaj; aycTeHUTa Ha (PeppUTHO-KapOUIHYIO CMECh, MPUBOSIIHI
cucTeMy K aOCOJIIOTHOMY MHHUMyMY BHepruu ['ub0ca, TO ayCTEHUT
0e31uddy3MOHHBIM CIOCOOOM MPEBPAIIACTCS B MAPTEHCUT, YTO MPUBOIUT CUCTEMY
K OTHOCUTEIIbHOMY MUHUMYMY 3Hepruu ['ub0ca.

VY aycreHuTa rpaHEUEHTPUPOBAaHHAs KyOWdecKkas pelieTka y-keie3a, a y
MapTEHCUTAa — TeTparoHajbHas, OJIM3Kasi K OOBEMHOLECHTPUPOBAHHOW KyOHMUYECKOM
peuieTke a-xene3a. Huke Touku A perieTka y-xene3a cTabuIbHO CYIIECTBOBATh HE
MoxeT. [Ipu OONbIINX MEePEOoXIIAXKIECHUIX B YCIOBUSIX MAJIOW MOJBUKHOCTH aTOMOB
NoNUMOpPHOE  Y—O-MPEBpAILICHHE MPOUCXOIUT, HO YIIIEpOJ HE YCIEBaeT
BBIJICIUTHCA U3 PACTBOpPA B BUJE KapOUIHOU (a3bl.

B o-xene3e mpu KOMHATHOM TeMmmepaType paBHOBECHAas pPacTBOPUMOCTD
yraepoaa HuuToxkHa (puc. 3.4). IloatoMy MapTeHCUT, 0Opa3yIOIIUIiCsa B pe3ysibTaTe
0e3n1upGy3MOHHOT0 MOIMMOP(GHOr0 MpPEeBpalleHUusT ayCTEHUTa B YIJIEPOAUCTOU
CTaJM, BCErJa SBJISIETCS IMEPECHIIEHHBIM pPAacTBOPOM BHEAPEHUS yriepoia B  O-
xeneze. Uem Oosbllie yriepoja B HCXOJAHOM ayCTEHHTE, TeM OOJbIle €ro M B
MapTEHCHUTE.
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C yBenmWueHWEM TIEPECHIINICHHOCTH MapTeHCUTA  YIIAEPOJOM  PacTeT
TEeTparoHajJbHOE MCKa)XXKEHHE €ro pelIeTKr: OTHOIIeHue oceit ¢/a = 1+0,046p, roe p —
KOHIIEHTpaIusl yriepoaa, % (mo macce). ¥ yucroro o-xenesza c/a=1 (kyoudeckas
pelieTka), a y MapTeHcuTa, coaepaxariiero 2% yriepoaa, c/a = 1,09.

B cucteme ¢ 3BTEKTOUIHBIM MPEBPAIICHUEM Ha THArPaMMy COCTOSHUS MOYKHO
HAaHECTH JIMHUIO TEMIIepaTyp paBeHcTBa HHepruil ['mb0ca nByx Moaudukanuii
TBEPJIOTO pacTBOpa.

Jluaus T, Ha puc. 4.4 yka3pIBaeT TEMIEPATypPhl METACTAOUILHOTO PABHOBECHS
MEPEOXTAKICHHOTO  ayCTeHWTa W MapTEHCUTa, HMCEHIOIHMX  OJMHAKOBYIO
KOHIIeHTpaIuio yriepoaa. Kaxknas Touka Ha nmuaun Ty OTBeUaeT MJis CTAIA JAHHOTO
COCTaBa TMEPECEYCHUIO0 TEMIIEPaTyYpHBIX KpUBBIX sHeprum [mbOca aycTeHWTa WU
MapTteHcuTa (puc. 4.5).

N3-3a TOrO, 9YTO XUMHUYECKHHA COCTaB JBYX TBEPIBIX PACTBOPOB OJMHAKOB,
nByxkommoHeHTHas cucteMa Fe—C Bener ce0st Kak OTHOKOMITOHEHTHAsI.
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Puc. 4.4. 3aBucuMocTbh TeMnepaTypbl paBeHCTBa dHepruu ['mb6ca aycreHura
Y MapTeHCHUTa oJuHaKoBoro coctara (Ty) u Temmnepatypsl M, OT coepkaHust
yriepona B cucreme Fe—C
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Temnepamypa Havana mapmeHcumHoz0 npespawienus. MapTeHCUTHOE
MpeBpalieHue HE MOXKET HauyMWHAThCA TMPU JIFOOOM CKOJb YrOJHO MaJloM
MEePEOXJIAKIEHUN OTHOCUTENBHO TeMiepatypbl To. 31ech CyIIECTBYET aHAJOTHUS C
MOJUMOP(HBIM TMPEBpPAIICHUEM B OJHOKOMIOHEHTHOH cucteme. OOpa3oBaHue
KpUCTAJlJla MapTEHCHUTA CBS3aHO HE TOJBKO C TOHIKEHHEM OOBEMHOU 3HEpruut
I'n66ca (AGys Ha puc. 4.5), HO U C TOSABJICHUEM MOBEPXHOCTHOU (Mexda3zHON)
sHeprud (AGyes) U, 9YTO OCOOCHHO BakHO, 5Heprun ynpyroi aedopmanuu (AGyyp),
MPENATCTBYIOUIUX PEBPAIICHUIO.

.~ JHepeugq [uooca

My My Tp A Ay

— [emnepamypa

Puc. 4.5. 3aBucumocTts sHepruit ['uooca aycrenuta (G,) u Mmaprencura (Gyy)
OT TEMITePaTyPhI

OHeprus ynpyroi aedopmanvd BO3HHUKAET, BO-TIEPBBIX, H3-3a H3MEHEHUS
yAeJIbHOTrO 00beMa Mpu (pa30BOM IMpeBpallleHUH (IIPU Y— 0-IPEBPALIEHUN B CIIaBax
Ha OCHOBE XeJje3a YIelabHbI 00beM Bo3pactaeT Ha 2-3%), U, BO-BTOPBIX, H3-3a
KOT€PEHTHOCTH PEIIETOK MAPTEHCUTA U UCXOTHOMU (Da3kbl.
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PesynpTupyromee ymeHnblienue sHeprun [ubb6ca cuctembl AG=-AGyst
AGyostAGyyp. 1 Hayama MapTEHCUTHOTO IIPEBpAIleHUs HEOOXOAMMO HACTOIBKO
MepeoXJIaIuTh ayCTEHUT HIKE TEMIIEPATypbl METACTAOMILHOTO PAaBHOBECHS €ro C
MapTEHCUTOM, YTOOBI TEPMOJUHAMUYECKHIN cTuMyn mnpeBpaieHust (AGys) TOCTUT
HEOOXOIMMOM BEJIMYHHBI.

[ToaTomMy TemriepaTypa Hayajga MapTEHCUTHOTO MpeBpalieHus (MapTeHCUTHAs
Touka My) Bcerma HaxoauTcs Huke Temreparypsl To. B cucteme Fe—C pasHocTh
temmnepatyp Ty - My~ 200-250K (puc. 4.4).

Temneparypa My MOXKET CHYXHUTh XapaKTEPUCTUKOM CILIaBa OMPEEICHHOIO
coctaBa (Ipu JAaHHOM pEXKUME MpeaBapUTENbHOU 00paboTku). ['opuzoHTaNbL HpH
temreparype My Ha puc. 4.2 yka3pIBaeT, YTO MAPTEHCUTHOE MPEBPALICHUE B JAHHOU
CTaJly HAUYMHAETCA MPHU OJTHOM M TOM K€ TeMIlepaType HE3aBUCUMO OT CKOPOCTHU
OXJIaXACHUSI.

CocraB cmiaBa OOBIYHO CWIBHO BIMSET Ha TEMIEpaTypy Hadala
MapTeHCUTHOTO mpeBpamieHus. C TMOBBIIIEHUEM COJIEPXKAHUS YIJIEpoJa B CTalH
TOuka M, CWJIBHO CHUXAETCA: B CTaAX, coAepxamux meHee 1% C, oHa HaxoauTcs
Boiie 200°C, a mpu coaepkaHuu yriepojga okosno 2% Onu3ka K KOMHATHOM
temmneparype (puc. 4.3).

Conepkanue yriepoja B CTall U B ayCTEHUTE HE BCET/la OJIMHAKOBOE, TaK Kak
YTIEepOo BXOAUT B cocTaB KapOuioB. [Ipu moBbllieHnH TemMnepaTypbl 3aKaJlku, KOraa
KapOUJIbl PaCTBOPSIIOTCS B ayCTEHUTE U KOHIEHTpALUs YIJepoJia B HEM BO3pPACTaeT,
TO4YKa M, CHIKaeTcs.

N3meneHne cocraBa BIMSET Ha TeMIlepaTypy Haudajga MapTEHCUTHOIO
npeBpalieHus, TaK Kak MeHseTcss Temmeparypa Ty, a TakXKe CTEICHb
nepeoxnaxaenus To—M,. B wyactHOCTH, 100aBKH, YyBEIUYMBAIOIIHNE MOYJb
YIPYTrOCTH MaTpuubl (ayCTEHWTa), 3aTPYIOHAIOT oOpazoBaHue MapTeHcuTa: AGyp,
pacTeT U COOTBETCTBEHHO CTENEHb nepeoxnaxaeHus To—My yBennuuBaeTcs.

Oopamumocmov mapmencumnozo npespauwienus. 3 cxembl Ha puc. 4.5
BBITEKAET, YTO CILJIAB, 3aKAJICHHBIN HA MAPTEHCHUT, MIPU HArpeBe 0 TEMIIEPATYP BHIIIE
Ty MOXeT mpereprneTb 00paTHOE MAapTEHCUTHO-AyCTEHUTHOE IMPEBpAIlCHHE, KOTa
OyJleT JOCTUTHYTa ONpe/elIeHHasi CTEeNEeHb IMeperpeBa W OMNpe/esieHHAs JIBIKYLIAs
cuna npespamienus AG.

[lo anamormm c¢ Toukod M, TemnepaTypy Haudana Oe3aupPy3uOHHOTO
oOpa3zoBaHus aycTeHUTa 0003Ha4atoT Ay (puc. 4.5 u 4.6).

OO6pa3oBaHre ayCTEHHTa MAPTEHCUTHBIM MYTEM BO3MOXXHO TOJBKO B TaKHX
YCIOBUSIX, KOTJa MojaBieHO IU((y3MOHHOE MepepaclpeeieHie KOMIOHEHTOB B
UCXOJIHOM MapTteHcuTe. [ns storo Temmeparypa To Jo/KHa OBITh HEBBICOKOHM, a
HarpeB HaJl0 NPOBOJUTh YCKOPEHHO.

B yraepoaucthix cTansx oOpaTHOE MapTEHCUTHOE MpeBpalleHue He ObLIo
OOHApyKEHO, YTO MOXKHO OOBSICHUTH BBICOKOW MOJABUKHOCTHIO aTOMOB yTJ€pojia B
pacTBOpe BHEApEeHMs: MpU HarpeBe AudPy3uoHHBIN pacmaa MapTeHcuTa (OTIYCK)
MPOXOJUT paHbIIE, YEM JOCTUTAETCS TeMIiepaTypa Ay.
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OOpaTHOE€ MapTEHCUTHOE TMpeBpalieHre HaOIoJdadl B CIUIaBaX CHUCTEMBI
Fe—Ni (mmpu BBICOKOM COJIep>KaHUM HUKENs, Korja Touka T( JOCTaTOYHO HH3KA), B
MEJIHBIX CILIaBax (HampuMmep, allOMUHHEBBIX OpOH3aX) U B TUTAHOBBIX CILIaBax. B
ATUX CIUIaBaX 00paTHOE MaPTEHCUTHOE MPEBPAICHUE UMEET BCE TTIaBHBIC NMPU3HAKU
npsAMoro. CKOpOCTh HArpeBa MaJIO BIMSET HA TOUKY Ay.

lemnepamypa, T
/
/
/
/
/

Fe 10 20 30 4 N

4.6. 3aBUCUMOCTb TEMIIEPATYp HauaJla MAPTEHCUTHOTO MPEBPALICHUS TIPU
oxnaxaeHuu (M), 0OpaTHOr0 MapTEHCUTHOTO MPEBpAIEHUS TPU
HarpeBanuu (A;) U pacueTHOM TeMIlepaTyphl paBeHCTBa SHepruu ['mboca

aycrenuta u maprencuta To=1/2 (My+A;) OoT conepkaHusi HUKENS B
cucrteme Fe—Ni (mo nanasim Kaydmana u KosHa); myHKTUPHBIE JIUHUHT —
TPaHUIBI O~ U Y-00J1acTell HA AuarpaMMe CTaOUIbHBIX PABHOBECUI

[IpeBparmienne, HaYMHASCH TIPU OJHON Temmeparype (A;), 3aKaHINBACTCS MPU
Oonee Bricokoi Temmeparype (Ay). Hanpumep, B crutaBe Fe—32,5%Ni Temneparypa
A;=300-310°C, a A, =400-410°C.

[Ipu oOpaTHOM MapTEHCUTHOM TMpEBpallleHUH Haldonaercss penbed Ha

MOJIMPOBAHHOM MOBEPXHOCTU 00pa3lia, MPUYEM HHOI/IA OH BOCIPOU3BOAUT perbed
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npsiMoro TmpeBpamieHus. Kpucramnel npu oOpaTHOM NpeBpalleHUWH, Kak U TpHU
psIMOM, 00pa3yIOTCS YpE3BbIYAITHO OBICTPO.

MexaHM3M MApPTEHCUTHOIO NPEeBPALICHUSA

N3ydyeHrne MapTEHCUTHBIX MPEBPALICHHUI MPUBEIO K MPEACTABICHUIO O TOM,
YTO B 3aBUCHUMOCTH OT YCJIIOBUM MOTYT PE€aTu30BaThCs JBAa MEXAHU3Ma NEPECTPOUKHU
PEIETKH — CIBUTOBBIN (MAPTEHCUTHBIN ) U TaK HA3bIBAEMBIN «HOPMAJIbHBIN.

Hopmansnoe npespawenue. [Ipu HopMaibHOM TOJIUMOP(GHOM IpeBpalieHUU
KPUCTAJIJIBI HOBOM (pa3bl pacTyT MyTeM HEYIOPSJOUYCHHBIX, B3AUMHO HE CBSI3aHHBIX
MepexXoq0B aToMOB 4Yepe3 rpanully. OTpbeIBasChb B pPE3ylabTare TEPMUUECKOU
aKTUBAIlUU OT PEUIETKU UCXOAHOU (ha3bl, HANIPUMEp, Y-Kee3a, aTOMbI MOOJUHOUYKE
(w1 HEOONBIIUMHU TPYIINAMU ) TPUCOETUHSIOTCA K pelIeTKe HOBOM (pa3bl, HApUMED,
o-Kelie3a, U B pe3ysibTaTe IpaHulla KpUcTaljia o0 MUTPUPYET B CTOPOHY KpHUcCTasia vy,
HOBas (aza «moenaer» crapyto dasy.

Takoe He3aBHCHMOE OJHO OT JPYroro HEYyHNOPSAJIOYEHHOE IEpPEMEIECHHE
aTOMOB 4epe3 rpaHully pasjeina ¢a3 moxoxe Ha caMoaudpy3uoHHbBIN MPOIECC pocTa
KPUCTAJIJIOB TPU MEPBUYHON PEKPUCTAUIM3ALMA U OTJIMYAETCS OT HEro JIUIb
MPOUCXOKIECHUEM TEPMOJIUHAMUYECKOTO CTUMYJIA.

B cnyuae mnepBUYHOM peKpHUCTaUIM3alMM Pa3HOCTh HJHepruit ['nbOca
MCXOJIHBIX M HOBBIX 3€pEH SIBISETCS CIEACTBUEM OoJjbliel AeEeKTHOCTU CTPOCHUS
UCXONIHBIX (AedopMUpOBaHHBIX) 3epeH TOoW ke (a3pl, a mnpu mnoJauMopdHOM
MpEeBpalIEHUH MeTajlJla TEPMOJIMHAMUYECKUM CTUMYJIOM SIBJISIETCSI PA3HOCTh YHEPTUI
['n606ca nByx (a3 ¢ pa3HOU KPUCTAINIMUECKON PEIIeTKOM.

Kak wu pexkpucrammzanusi, HEYNOPSAJOUYCHHAsE MEPECTPOilka pEIIeTKU
(HOpMaJIbHOE MPEBPAILEHHUE) MOKET UJITH TOJIBKO MPU BHICOKUX TeMIEpaTypax.

Cosuzoeoe (mapmencummnoe) npeepauwjenue. CIBUTOBbIA (MapTEHCUTHBIN)
MexaHu3M (a30BOTr0 MPEBpALIEHUS OTINYACTCA YHNOPSAOUYECHHBIM, KOOIEPATUBHBIM,
B3aMMOCBSI3aHHBIM XapaKTEpPOM MEPEMEUIEHU aTOMOB Ha pAaCCTOSHHUS MEHbIIIE
MEKaTOMHbIX 0€e3 0oOMeHa aToOMOB MeCTaMH TakK, 4YTO coceld Jo0oro aroMa B
UCXOJIHOM (pa3ze O0CTaroTCs €ro coceIsIMU B HOBOM, MapTEHCUTHOM (a3e.

B sTOoM coctout rnaBHasi OCOOEHHOCTH CIBUTIOBOM MEPECTPOUKH PELIETKH,
MO3BOJIAIONIAsl MMOHATH MHOTHE XapaKTEpPHbIE YepThl MAPTEHCUTHBIX MPEBPAILCHU,
MPEXE BCEr0 KOT€PEHTHOCTh Ha TPAHUIIE PACTYILEr0 MapTEHCUTHOTO KpHUCTaILIA.

Ecnau npu npeBpaiieHnu cocenu J000ro aroma B UCXOIHOU (ha3e ocTaroTcs
€ro e coceasiMU B HOBOU (pa3e, Ha rpaHule (a3 OKpyKEHUE U3 CTApPhIX cocene
BOKpPYI' Ka)XJOT0 aToMa TaKXe JIOJKHO COXPAaHSThCA, T.€. TPAaHUIA JOJIKHA OBITh
KOT€pEHTHOM.

KorepeHTHOCTD, yripyroe conpsbKeHUE BYX PELIETOK HA TPAaHUIIE MAPTEHCHUTA
Y UCXOAHOM (ha3bl 00YCIOBIMBAIOT BO3MOKHOCTh YPE3BBIYAHO OBICTPOrO ABUKEHUS
IPAHUIBI B CTOPOHY MATPUIIbI JaKe MPHU OYEHb HU3KUX TeMIEpaTypax, Tak Kak JJis
TaKOTO «CKOJIB3SIIEro» ABUKEHUS He TpeOyeTcs qudPy3un ¢ MUrpanyet aToMoB Ha
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paccTosiHUsI, TPEBBIIAIONIME MeXaToMHble. Ha rpaHulle NOPOUCXOIUT JUIIb
KOOIEPaTUBHOE TNEpPEMEIIEHUE aTOMOB Ha pACCTOSHHUS MEHBIIE MEXaTOMHOTO,
pEe3yAbTaTOM KOTOPOTO U SBJISETCA MEPEMEIICHUE caMOil TpaHUIlbl B CTOPOHY
UCXOJIHOM (a3bl, T.€. POCT MAPTEHCUTHOTO KpUCTAJLNIA.

C pocTtoM MapTEHCUTHOTO KpHUCTallJla Ha KOTEPEHTHOW  TpaHUlIe
HakarMBaeTcs: ynpyras aedopmanus, MOKa, HAKOHEI, HE JOCTHTaeTcs Mpenen
TEKYy4eCTH M HACTyMmaeT pa3psjka YNpPyTruxX HampsLDKEHUN BCIEICTBUE HapYIICHHS
KOrepeHTHOCTU. Temepp yke, KOrja Ha TpaHUIE KpHUCTalIa MapTEHCHUTa C
MaTepuHCKON (a30i BO3HHMKAET HEYHOPSJIOYEHHOE pAaCIOJOKEHUE AaTOMOB,
«CKOJIB3SIIIEE» JBUKEHUE TPAHUIIBI CTAHOBUTCS HEBO3MOXXHBIM U OBICTPBIM POCT
KpUCTAJIJIa IO MAPTEHCUTHOMY MEXaHU3MY MPEKPaIaeTCs.

JlanpHeMmuMi poOCT KpHUCTala MAPTEHCUTAa BO3MOXKEH TOJBKO IIyTEM
HEYIOPSIIOYEHHOT0 MEepexo/ia aTOMOB 4Yepe3 TpaHully, a TaK KaK MapTEHCUTHOE
MpeBpalleHue MPOoTeKaeT B 00JacTU TeMIiepatyp, rae camoauddy3us UaeT KpaiiHe
MEIJIEHHO, TO U TMOJpacTaHWe MapTEeHCUTHOIO KpHUCTalia TIOCle pa3phiBa
KOT€PEHTHOCTU MOXKET MPAKTUUECKU HE HAOII01aThCsl.

Takum 00pa3oM, pacCMOTPEHHBIH MEXaHU3M CIBUTOBOM MEPECTPOUKHU
peleTkr OOBSACHSIET JABE BaXXKHbIE OCOOEHHOCTH MAPTEHCUTHOTO MPEBPAICHUS:
IPOMAJIHYI0 CKOpPOCTh pOCTa KPHUCTAJUIOB MapTEHCHUTa B YCIOBUAX MaJoH
MOABUKHOCTU aTOMOB (BIUIOTH JO TeMIepaTyp, OJU3KUX K aOCONIOTHOMY HYJIO) U
OBICTpOE MpEKpalIEHHUE UX POCTA.

KoonepatuBHoe, OJMHAKOBO HANpaBJICHHOE MEpPEMEILICHHE aTOMOB MpHU
CABUIOBOM TMPEBPAIICHUH BbI3BIBAET MAaKPOCKOMUYECKOE U3MEHEHHE (POPMBI
MpeBpaleHHoro o0beMa, a B MECT€ BbIXOJAa MApPTEHCUTHOrO KpHUCTAlJla Ha
OTKPBITYIO TOBEPXHOCTh HMCXOJHOM (pa3bl — HAKIOH COOTBETCTBYIOIIETO Yy4acTKa
MOBEPXHOCTH. OITUM OOBsICHAETCS o00s3aTelbHOE O00pa30BaHHE XapaKTEPHOTO
penbeda Opu MapTEHCUTHOM IMPEBPAIICHUH HA HUCXOJHOW IUIOCKON MOBEPXHOCTH
obpa3ria.

Jlnst monuMopdHOro mpeBpauieHrs TBEPIbIX PACTBOPOB MO MapTEHCUTHOMY
MEXaHU3MYy XapakTepHa e€IlIe OJHAa BaXKHAas OCOOEGHHOCTb — OTCYTCTBHE
muhPy3noHHOTO NepepacpeeeHuss KOMIOHEHTOB.

Ecnu atombl BO BpeMst npeBpalieHuss He 0OMEHUBAIOTCS MECTaMU, M KaxK[bIi
aTOM HE MEHSET CBOET0 OKPY>XEHUs, TO KOHIIEHTpalus o0pa3yrollerocs TBEPAOTO
pacTBOpa J0JKHA OBITH B TOUHOCTH TAaKOM K€, KaKk U B UCXOAHOH (aze (Hampumep,
KOHIICHTpAIIUs YTIIepo/ia B MAPTEHCUTE TaKas K€, Kak U B ayCTCHUTE).

OtcyrcTBHe nU(HY3MOHHOTO NEpepactuperesieHusi aTOMOB Pa3HOr0 CcopTa
caMo 1o cebe He SBISETCAd ONPEeNeNAoNUM [PU3HAKOM MapTEHCUTHOIO
MpEBpaICHUS.

Bo-niepBbIX, B YUCTOM MeTajie, HaIpuMep, Kelie3e, COCTOSIIEM M3 aTOMOB
OJIHOTO COpTa, IpHU MOIUMOP(PHOM MpEeBpaIieHUH BOOOINE HE MOXET OBITh peyud O
TaKoM mepepacrpezeneHuu. B To e BpeMs U B YMCTOM METAJLJIE B OMpPEIEIICHHBIX
YCJIOBUSX MPOXOJUT MAPTEHCUTHOE MOJUMOP(GHOE MpeBpalleHUue, OTINYAIOIIEECs OT
HOPMAaJIbHOTO MPEBPAIEHUS B TOM K€ METAJLIE.
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Bo-BTOpBIX, B CcIJIaBaXx BO3MOXXHO 00pa3oBaHHe HOBOM (pa3bl TOTro K€ COCTaBa,
YTO W UCXOJIHAsl, MyTeM HOPMaJbHOM MEPECTPONKU pelieTku. Takoe MpeBpalleHue
Ha3bIBalOT MACCUBHBIM.

Maccusnoe npespawenue, SBISIONIEECS PA3HOBUIHOCTHIO HOPMAJIbHOTIO,
MPOUCXOJUT BCJIEACTBUE MEPEMEIICHUSI HEKOTepPeHTHON Mexda3zHOW TrpaHULIBl B
CTOPOHY HUCXOAHOW (ha3pl B pe3ynbTaTe HEYMOPSAIOUYCHHBIX MEPEXOJ0B aTOMOB Ha
KOPOTKHUE PACCTOSIHUS B PAHOHE 3TOW TPAHULIBI.

Hubdy3un Ha panbHUE paccTosiHUS, HeoOxoaumou nns auddy3uoHHOTO
nepepacnpeesieHus: KOMIIOHEHTOB, 37IeCh HE TpeOyeTcs, B CBSI3U C YEM CKOPOCTh
pocTa MacCMBHOM (ha3bl CpPaBHUTENIBHO OOJbIIas (JOCTHUTraeT 3HAYEHUM OKoJio |
CM/C), W TMpEBpaIllEHHE MOXKET YCIETh MPOUZOUTH Jaxe B IMEPUOJ] 3aKaJTOYHOIO
OXJIaXKICHUS.

MaccuBHblE KpHUCTAUIBI (B OTJIWYHME OT TOHKUX MApPTEHCUTHBIX IJIACTHH)
MMEIOT UCKPUBJICHHBIE TPAHUIIbI HETIPABIWIILHON (DOPMBI.

MaccuBHOE MpeBpallleHle MPOUCXOJUT B TPAHUYHBIX TBEPIBIX PACTBOpax Ha
0a3ze metaiuia (Hampumep, B cmuaBax Fe—Ni, comepxamux a0 6% (ar.) Ni) u B
MPOMEXKYTOUHBIX (pazax (Hampumep, P—a-npeBpamieHue B garynu ¢ 37-38% (at.)
Zn).

Hopwmanbubie nonuMopdHbie MPEeBpalleHus] B YUCThIX METaJIaX MO CYIIECTBY
TaKXe SBJISIIOTCSI MACCUBHBIMH, XOTSI MCIOJIb30BAHHE 3TOTO MOHSTHUSA JUISl YHUCTBIX
METAJIJIOB HE HUMEET OCOOBIX TMPEUMYIIECTB, TaK Kak JPYrMX HOPMaJbHbBIX
MpEeBpAIICHUN B YUCTHIX METaJlIaX HET.

MapreHcuTHOE TMpeBpallleHre YacTo Ha3blBaloT 0e3n1u(y3MOHHBIM. ITOT
TEPMUH CJIelyeT IOHUMAaTh HE KaK OTCyTCTBHE AU(D(PY3NOHHOTO mepepacupeiesCHHs
KOMIIOHEHTOB, YTO CBOMCTBEHHO W HOPMaJbHOMY MAaCCHUBHOMY MPEBPAIICHUIO B
CIUIaBax, a Kak OTCYTCTBUE HEYMNOPSAI0YEHHBIX MEPEMEILICHUN aTOMOB, XapaKTEPHBIX
st camoaud hy3umu.

Ycnoeua peanuzayuu nopmanvnozo u mapmencummnozo npespauienuii. Ecnm
TeMmreparypa CcTaOWIbHOTO paBHOBECHUS JBYX MOJU(UKANMI YKUCTOro Merasia
J0CTaTOYHO BbIcOka (Hampumep, 911°C y xenesza, 882,5°C y turana, 865°C vy
uupkonus u 660°C y ypaHa), To MOTYT peaju30oBaThCcsi 00a MeXxaHU3Ma MepecTPOKU
pELIETKH.

[Ipy cpaBHUTENBPHO MalIbIX MEPEOXJITKICHUSIX, KOTJa MOJBHXXHOCTH aTOMOB
JOCTaTOYHO  BBICOKA, HJET HOPMallbHOE TNOJUMOpP(HOE MpeBpalieHue C
HEYIOPSAI0YEHHON NEPECTPOUKON PELIETKHU.

MapTeHcuTHOE NpeBpallleHue TP MaJbIX MEPEOXIIAKICHUSIX UJITU HE MOKET U
MOATOMY HE€ COCTaBIISI€T KOHKYPEHIIMU HOpMalIbHOMY MpeBpauieHuto. O0bsicHAeTCs
ATO TE€M, YTO MPU HEYNOPSJOUCHHOUN MepecTpoiiKke pemeTku ynpyras aedopMmanus
KPUCTAJIJIOB UCXOAHOU (pa3bl 00YCIOBIIEHA TOJBKO U3MEHEHUEM YAEIBHOTO 00beMma,
a MpU MapTEHCUTHOM MPEBPAIICHUHN — TAKKE€ U KOT€PEHTHOCTBIO PEIIETOK UCXOIHOM
(a3pl 1 MAPTEHCUTHOTO KpHUCTAILIIA.
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[Ipu MapTeHCHUTHOM TpeBpalleHuu TpeOyeTcs OoJblee MepeoXIIaXKICHUE
BBICOKOTEMIIEPATYPHOU MOJIU(UKAIMK, YEeM HTO HEOOXOAUMO [JIsi Pa3BUTHS
HOPMAaJIbHOTO MIPEBPAIICHUS.

C pocTtoM CTENEHU TMEPEOXJIAKICHHUS CKOPOCTh  HEYHOPSAOYEHHOU
MEPECTPONKK pEIIETKH BO3pPACTAET, JOCTUraeT MaKCUMyMma U 3aTeM IajaeT B
cooTBeTCTBUU C C-KPUBOM.

[Ipu cpaBHUTENBHO OOJIBIIMX MEPEOXIAXKICHUSX, KOT/A PA3HOCTb IHEPTUil
['u606ca nByx MoauduUKanuii CTAHOBUTCS JOCTATOUYHOM, YTOOBI IIIO MAPTEHCUTHOE
MpeBpalieHrne, OHO MPOUCXOJUT HAMHOI'O paHbIIE, YeM YCIEeT HadaThCs OYCHb
BSUIOE MIPU HU3KOM TeMIepaType HOpMalbHOE IIPEeBpaIlcHUE.

Hamnpuwmep, y uucroro xenesa (npu coaepxkanuu 0,0015%C) temneparypa My
paBHa 750°C, 4TO COOTBETCTBYET CTENEHM MepeoxaaxacHus okono 160°C. Ilpu
MEPEOXTAKICHUM Y-XKee3a A0 TEMIIEpATyp, Haxoasmuxcsa B uarepsaie 911-750°C,
MPOTEKAET HOPMAIbHOE Y—a-IpeBpaiieHue, a Huxe 750°C — MapTeHCUTHOE Y— 0~
MpeBpalieHue.

VY MeTaioB ¢ BBICOKOHM TeMIMepaTrypoil paBHOBecHs] MOAu(DUKALNI HE BCEraa
JIETKO TOJYYUTh TaKue OOJbIINE CTETICHU MEePEOXJIKICHHS, KOTOPhle HEOOXOUMBbI
JUIsT Hayajia MapTeHCUTHOTOo TmpeBpauleHus. Tak, Hampumep, sl peaiu3aluu
MapTEHCUTHOTO MEXaHu3Ma NOJUMOP(HOTO TMpeBpalleHus B JKejie3e O00paslibl
CIeAyeT CWIBHO TEperpeBarb B Y-00JIaCTH M OYEHb OBICTPO OXJIAXKJIaTh, YTOOBI
MOJAABUTh PAa3BUTHE HOPMAJIBHOTO TMPEBPAICHUS TMPU MEHBIIUX CTEMNEHSIX
MEePEOXIIAKICHHUS.

Ecam y uucroro Metaiia TemmepaTrypa paBHOBECHS ABYX MOAUGUKALINMA
cpaBHUTeNbHO HU3Kas (Hampumep, 400°C y kobanbta u -196°C y nutus), To u3-3a
MaJjioll TOJABUKHOCTU aTOMOB PEaJM3yeTCsd TOJbKO MapTEHCUTHOE IMpEeBpalllCHUE, a
HEYHOPSI0YEHHAs IEPECTPOrKa pelIeTKH BOOOIIe HEe HAOII01aeTCsl.

W3 W310%KEHHOT0 CIeayeT, YTO ONpPEeAelICHHEe «HOPMalbHOE» MpPEBpalCHUE —
YCJIOBHOE, TaK KaK MApTEHCUTHOE IMPEBpAILCHUE SBJISIETCS HE MEHEE OOBIYHBIM JIJIsi
(ha30BBIX MEPEXOI0B B TBEPIOM COCTOSIHUMU.

B tBepabix pacTBopax Ha 0a3e MOIMMOP(HBIX METAJUIOB peain3alusi TOro Uiu
MHOTO MEXaHu3Ma IMPEBPAICHUS] 3aBUCUT OT TOro, KaK JIETUPYIOLIUNA 3JIEMEHT
U3MEHSET TEMIlepaTypy paBHOBecus JByX Moaudukanui. Hamnpumep, npu
JETUPOBAaHUM KEJie3a HUKEJIeM M MapraHieM MOKHO TaK CHJIBHO TOHU3HUTHh
TEMIEpaTypy paBHOBecHUs JBYX (a3, UYTO HOpPMaJbHOE Y—(O-TPEeBpallcHUE
CTAHOBUTCS HEBO3MOXKHBIM M HaOIIOJaeTCsl TOJBKO MApTEHCUTHAs NEPECTpoiika
PELIETKH.

[IpoTHBOMONOXKHBIN Cilyyail — JIETUPOBaHUE KOOaIbTa 3JIEMEHTAMH, KOTOPBIE
TaKk TMOBBIIAIOT TEMIEPaTypy paBHOBECUS JABYX MOAU(UKALINKM, YTO, KpOMe
MapTEHCUTHOIO  MpEBpalleHus,  HUAYyUEro MNph  JOCTATOYHO  OOJIBIIOM
MEePEOXJIAXKIECHUN, CTAHOBUTCA BO3MOXHBIM K HOpPMajbHOE IMpeBpalleHue (mpu
MaJIbIX CTETICHSIX MEePEOXITAKICHUSA).
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Kpucmannozeomempua npeepawienus aycmenuma ¢ mapmencum. s
MOHUMAaHUS  CTPOCHHWS  MapTeHCHTa B CTajlsdX  HE0OXOAWMO  3HATh
KPUCTAJUIOTEOMETPUIO TIEPECTPONKHA T.IL.LK. pEHIETKA ayCTeHWTa B OOBEMHO-
[IEHTPUPOBAHHYIO TETPArOHAIBHYIO PEMIEeTKYy MapTeHCHUTa, OJM3KYH K O.ILK.
pelieTke o-xene3a. JTa nepecTpoiika u3BectHa kak aedopmanus belina (puc. 4.7).

Ha puc. 4.7,a noka3aHsl JBe coceAHHE KyOWUYECKHE 3IIEMEHTAapHbIE SYEUKHU
T.IL.K. PEIIETKHA ayCTeHUTa. ATOMBI KeJie3a, OTMEUCHHBIE KPY)KKaMH, PACTIONIOKEHBI B
BepIIMHAX KyOOB W IICHTpAaX WX TpaHeil. ATOMBI yriepojia, pacTBOPEHHOTO B Y-
Keyne3e IO Crmoco0y BHEIPEHUS, CTAaTUCTHYECKH PAaBHOMEPHO 3aHMMAIOT YacTh
OKTadIPUYECKUX MYCTOT T.IL.K. pemerku. ([[ns ympomienus yka3aHbl HE BCe
MIOJIOKEHUST aTOMOB JKeJe3a U yraeposa).

OxTa’apudeckre IMyCTOTHI, ITOMEYCHHBIC KPECTUKAMM, HAXOIATCA Ha
cepenrHax pedep M B IIEHTpe 00beMOB KyOumueckux sueek (puc. 4.7,a). Bece atu
MyCTOTHI CTPYKTYPHO KBUBAJICHTHBI, HEPA3TUIUMBI.

Puc. 4.7. lepopmanus belina, nmpeBpaiaroiias pemeTky aycTeHuTa (a)
B penieTky MapreHncura (0)

B r.uik. pemerke aycTeHMTa MOKHO MBICIEHHO BBIACIUTh HE TOJIBKO
KyOMYECKYyl0, HO M TETparoHaJbHYIO 3JIEMEHTapHylo sueiiky (Ha puc. 30,a oHa
MOKa3aHa >KUPHBIMU JIMHUSAMU). B 3TON TeTparoHanbHON sYelike ayCTeHHTa
OTHOLICHHE TEePHOTOB c¢/a = V2 , B TO BpeMs KaK y pEUIeTKH MapTeHCHTA
AKCIIEPUMEHTAIbHO YCTAHOBJIEHHAS CTENEHb TeTparoHaqbHOCTH c/a < 1,09.

Hedbopmanus beitna, mpocTedimM crnoco0oM MpeBpalaroias pemeTKy
aycrenuta (puc. 4.7,a) B pemerky mapTeHcuta (puc. 4.7,0), COCTOUT B CXKaTUH
TETparoHaJlbHOW SYEWKH ayCTEHHWTa BJOJIb €€ OCH «C» MU OJHOBPEMEHHOM
YBEJIMYEHHH Pa3MEPOB BJOJIb OCEH «a».
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B r.i.k. pemerke ayCTe€HHWTa aTOMBI YIIepoJa CTaTUCTUYECKH PABHOMEPHO
pacrpeiesieHbl M0 OKTa’ApUUECKUM MyCTOTaM BJ0JIb HAMpaBJIeHUN Tpex pedep Kyda
[100], [010] m [001] (kpecTuku Ha puc. 4.7,a).

Ho B To#l ke camoll pelmieTke ayCTeHHTa aTOMBI yriiepoAa H30UpaTeIbHO
PACIIOIOKEHBI 10 OTHOIIEHUIO K HAMPaBICHUSM peOep TEeTparoHaJbHOU SIMEHKU: OHU
HaxoJsITCsl TOJIBKO Ha cepeauHe pedep Baoab ocu [001] B meHTpe rOpU30OHTAIBHBIX
rpaHell TeTparoHajlbHOM AYEHKH, T.€. TOXE BAO0JIb HanpaBieHus [001].

IIo oxOHUaHWM MpeBpalIEHUs BHEAPEHHBIE aTOMBI YTIIEPOJA MPOIAOJKAIOT
pacnoJiaratbCsi B PEUICTKE MAapTEHCUTA B OKTa3APUUYECKUX MYCTOTaxX TOJBKO BIOJb
Harnpasnenus [001], ne 3anumas myctot B HanpasieHnusx [100] u [010] (puc. 4.7,0).

Haxonsce Mexay aTtomaMu kele3a B psjaax, napamienbasix ocu [001], atomsl
yriiepojia He Mo3BoJisIIoT nedopmariuu beitHa npeBpaTuTh T.I.K. PEHIETKY B O.IL.K. C
OTHOIIIEHWEM IEPUOJIOB, PaBHbIM eAuHHIE. CTENEHb TETPArOHAIBHOTO MCKAXEHHS
pEUIETKH MapTEHCHUTA C/a pacTeT MPsIMO MPOMOPIMOHAIBHO KOHIIEHTPAIMd B HEM
yIJIepoJa.

[TonBM>KHOCTH aTOMOB  yrjaepoja Jake NpU KOMHATHOW TEMIIEpaType
J0CTaTOYHA, YTOOBI 110 OKOHYAHUU MPEBPAILCHUS OHU CMOTJIU MepepacipeeaIuThCs
W 3aHATh ONvkaiiiine CcBOOOJHBIE OKTa’JPUYECKUE MYCTOTHI BAOJL HAIMpPaBICHUIM
[100] m [010] ¢ OMHOBpEMEHHBIM HCUYE3HOBEHHUEM TETpParoHaJbHOCTH. J[isi 3TOTO
noctaTouHo AP Y3UOHHBIX MEPEMEIICHUH Ha O4YEeHb Majble pACCTOSHHUS — B
npeaenax OAHON AIEMEHTAPHON TYECHKH.

Onmnako B JEHCTBUTENBHOCTHM  pEUIETKA  MApTEHCUTa  COXpaHsSET
TETPArOHAJIIBHOCTh NPYU KOMHATHOW Temmeparype. TeopeTndecknil aHaiau3 Mokasadn,
YTO MEXAY aTrOMamMu yriepoJa B MAapTEHCUTE CTajld CYIIECTBYET TAaKOe
nehopMallMOHHOE B3aUMOJICHCTBHE, KOTOPOE AENIAeT TEPMOANHAMUYECKH BBITOAHBIM
UX YNOPSJOYECHHOE PACHPENECICHHUE C MPEANOYTUTENBHBIM PACIONOXKEHUEM BJIOJb
OJIHOM U3 KpucTauiorpauuecKux ocei.

Takum o0pa3om, TETparoHaJlbHOE MCKa)KEHHE PEIIETKU MapTEeHCUTa OTBEYAET
MUHUMYMY BHepruu ['mbbca Onaromaps MUHUMHU3ALMU SHEPTUU  YIPYTrou
nedopMalvi PElIeTKH, CBS3aHHON C BHEIPEHHBIMM aTOMaMU YTJEpoJa, HpH HUX
YIOPSAOYEHHOM PACTIOIOKEHUU.

C mnoBbllIEHHEM TeMIEpaTyphl NAIbHUN MOPSIOK B PACHOJNOKEHUU ATOMOB
yriiepojia A0JxKeH Obul Obl Mcue3HyTh. HO 3TOMy MpensTcTBYeT ynpyroHanpsiKEHHOE
COCTOSIHUE KpHUCTAJIJIa MapTEHCHUTA B MAaTPHUIE OCTATOYHOrO aycTeHuTa. biaromaps
€My JaJbHHUM MOPSJOK B IEPECHILIEHHOM TBEPAOM PACTBOPE Yriepoda B O-KeEJe3e
(MapTeHCUTE) COXpaHseTCA IMPHU BCEX TeMIlepaTypax, IPU KOTOPHIX MapTEHCUT €Ille
HE MPETEPIEBAET pacIaia.

3apoovtuiu  mapmencuma. Bomnpoc 0 TOM, UYTO TPEACTABIAIOT COOOM
3apoJIBIIIA MapTEHCUTa, HaumOoyiee TPYAHBIH BO BCeil MpoOIeMe MapTEHCUTHBIX
MIPEBPALLECHUN.

['umore3a TOMOTIE€HHOTO 3apOXKJICHHS, CBSI3aHHOTO C (DIYKTyallMOHHBIM
00pa3oBaHUEM 3apojIblllla KPUTHUECKOTO pasMepa, OOJIBITMHCTBOM HCCIEI0BaTeIeH
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OTBEpraercsi, TaK KaK U3-3a BBICOKOM DJHEPruM YIPYrMX MCKAKEHU pabdora
TOMOTEHHOTO  00pa3oBaHUs KPUTHYECKOrO 3apojblllla CTOJb  BEIHKA, 4YTO
BEPOSITHOCTH €ro (QIyKTyallMOHHOTO MOSBICHUSI HUYTOXHA.

BonbmmHCTBO TUNIOTE3 MPEANnoaraeT reTeporeHHOe 3apoKIeHUEe MapTEHCUTA,
MPUBSI3bIBAs IEHTPHI IPEBPAIEHUS] K 0COOBIM CYOMUKpPOyYacTKaM B UCXOJIHOU (ase,
MpUYEM B Pa3HBIX METaIaX W CIUJIaBaX MPUPOJA U CTPOCHUE TaKUX YYacTKOB
3apOXKIACHUS MOTYT OBITh PA3HBIMH.

N3 paccMoTpeHHs MCKIIOYAIOTCS TPAaHUIBI M CYOTpaHMIIbl, TaK Kak
AKCHEPUMEHT MOKAa3bIBAE€T, YTO OHU HE SBIAIOTCS MECTaMH MPEANOYTUTEIBLHOIO
00pa3oBaHus MAPTEHCUTHBIX KPUCTAIIIOB.

[IpsMbIM ~ [10KAa3aTEbCTBOM  TETEPOTCHHOTO  3apOXKACHUS  CUUTAIOTCS
PE3yAbTATHI OMBITOB MO UCCIIEIOBAHUIO MAPTEHCUTHOTO MPEBPAILCHUS B JUCIIEPCHBIX
yactunax cimiasa Fe — 30,2% Ni.

Oxkomno 1/20 obmiero uucna yactui] 1uametTpom ~40 MKM U MEHEe OCTalIUCh B
ayCTEHUTHOM COCTOSIHUM, HE HCIBITAaB MapTEHCUTHOTO MPEBPAILCHUs], BILUIOTH 0
-196°C, B TO BpeMms Kak y OOBIYHOTO MaccuBHOro obOpazua M, = -20°C. DOto
OOBSICHSIETCS TEM, YTO TOMOI€HHO MApPTEHCUT HE 3apOXKIaeTcsi, a BEPOSITHOCTD
HaXO0XJICHUS] YYaCTKOB T€TEPOre€HHOTO 3apOXKICHUS B YACTHUIEC aYCTEHUTA CHUXKACTCS
C YMEHBIIEHUEM €€ pa3Mepa.

Haubonee mnpocto mpupoga MECT TE€TEPOreHHOIO 3apOXKIACHUS MapTEHCHUTA
TPaKTyeTCsl B Ciiy4asiX, Korja u3 ¢asbl C TI.I.K. pelIeTKOW 00pa3yercss MapTEHCHUT C
reKCaroHajJbHOM MJIOTHOYIMAKOBAHHOMW (T.M.) pemieTkoil. JlepeKkThl ynakoBKU B T.II.K.
(aze, BOZHUKIIKE MTPU PACUICIUICHUU TUCTOKALMM, IBISIOTCS TOHKUMU MTPOCIOMKAMU
I.0. PEHIeTKH M TO3TOMY TMPEJCTaBISIIOT COOOM Kak Obl TOTOBBIE JBYXMEPHBIC
3apOJBIIIM TEeKCAarOHAJIBLHOTO MapTeHcHuTa. Takas cuTyalus HMEeTcs B ciydae
MpeBpaIICHUS Py x — 0 B KOOATBTE.

B cramsax ¢ BeicokuM cojiepkaHueM Mapranma (Oonee 10%), a Takxke B
HEPKABEIOIINX XPOMOHUKEJEBBIX CTAISAX 00pa3yeTcsl TaKk Ha3bIBA€MbIU £-MAapTEHCHUT,
MMEIOIIUH T.I. PElIETKY, a U3 HEro MOXET 00pa30BaThCsl OOBIYHBIA O-MAPTEHCHUT C
00bEMHOLICHTPUPOBAHHON KyOHWUECKON WM TeTparoHajdbHOW pemerkoil. ['oToBbIMU
3apOJIbIIIAMU E-MapTEHCUTA SBJISIIOTCA 1E€PEKThl YIAKOBKU B ayCTEHUTE.

B cranm ¢ TOBBIIIEHHBIM  COAEpP)KAHMEM MapraHia M  ayCTEHHUTE
XPOMOHUKENIEBBIX HEPKABEIOIIUX CTalel M3-3a OYEHb HU3KOM IHEPTUM J1€PEKTOB
YIAKOBKH JIHUCIIOKAIIUU CUIJIBHO PACIECIUICHBI U, CJIEI0BATEIbHO, HMEETCS MHOKECTBO
3apOJbIIIEeH reKCaroHalIbHOTO E-MapTEHCUTA.

[IpssMbIMU HAONIOJEHUSIMU B BBICOKOBOJIBTHOM 3JEKTPOHHOM MHUKPOCKOIIE
OOHapyX EHO, YTO B HEPHKABEIOIINX CTaJISAX 3aPOJIBIIIN £-MAPTEHCUTA AEHCTBUTEIHHO
MOSIBIIIIOTCA Ha Je(deKxTax yMakoBKM aycTeHHWTa. BmecTte ¢ TeM 0-MapTEHCHUT
3apOXKIACTCA B MECTAX CKOIUICHUS TUCIOKAIUH.

Ponp nucnokaiuii B reTeporeHHOM 3apOKI€HUU O-MapTeHCUTa 0ecCropHa, HO
B YEM KOHKPETHO COCTOMT 3Ta POJib, MoKa He sicHO. [1o ogHUM rumnoreszam, rpymibl U3
HECKOJIbKMX JUCJIOKalMil B T.I.K. peuieTke oO0pa3yloT Takyl KOH(UTypaluio,
KOTOpasi MpeBpalllaeT COOTBETCTBYIOIIMNA MHKPOYYAaCTOK B 3apOJBIII C O.ILK.
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pemetkor. Jlpyrod moOaxXoA pacCMaTpUBAET JHUCIOKAIMM KAK HKCTOYHHUK IOJIA
BHYTPEHHUX HAIpPSHKEHUM, YMEHBIIAIOMEro pabdoTy 00pa3oBaHMs KPUTHYECKOTO
3apobiiia (BIUIOTH 10 0€30apbepHOro 3apOKICHNUS ).

3apokJeHle MapTEHCUTa PAcCMATpPUBAIOT TaK K€, KaK pe3ysibTaT MOTEpH
MEXaHUUYECKON YyCTOMUUBOCTH PEIIETKUA ayCTEHUTA B IPEAMAPTEHCUTHOM COCTOSIHUM.
B moaTBepkaeHue 3TOro MpUBOAIT (PaKThl MaCHUS MOJYJIEH YIPYyTrOCTH ayCTEHUTA
MIPY MPUOIMKEHUH K TOYKE My, y HEKOTOPBIX CTUIABOB.

MHuKpOCTPYKTYpPa U CYOCTPYKTYpPa CILJIABOB, 3aKAJEHHbIX HA MAPTEHCUT

Muxkpocmpykmypa. IIpuy  wuccienoBaHMM  CTPYKTYpPhl  3aKaJE€HHBIX
YTIEPOAUCTHIX CTae U 0e3yriIepoAUCThIX CIUIAaBOB HA KEJIE3HOU OCHOBE BBISIBJICHBI
JIBa TJaBHBIX MOP(OJIOTUYECKUX TUIA MApTEHCUTA — IUIACTUHYATHIA M TMaKETHBIH,
KOTOpbIE pa3nuyaroTcs (OpMOI M B3aMMHBIM PACIOJIOKEHUEM KPUCTAIOB, a TAKKE
CyOCTPYKTYpOIA.

Inacmunuametii mapmencum (KOTOPbIM HA3bIBAIOT TaKXXE HIOJbYATHIM,
HU3KOTEMIIEPAaTYpHBIM W JIBOMHMKOBAHHBIM) — 3TO  XOPOIIO  HM3BECTHBIN
«KJIACCUYECKUI» THUN MapTEHCUTa, HauboJiee SPKO BBIPAKECHHBIM B 3aKaJICHHBIX
BBICOKOYTJIEPOAUCTHIX CTANSIX U B 0€3yTrIepOAUCTHIX KEIE3HBIX CIJIaBaX C BBICOKOM
KOHIIGHTpAIlMel BTOPOr0 KOMIIOHEHTa, Hampumep, B cruaBax Fe-Ni npu
coaepxkxanuu 6osee 28% Ni.

Kpucrainel MapreHcuTa uUMEOT (POpMYy TOHKHUX JHMH3000pa3HbIX ILIACTUH
(puc. 4.8). Takas popMa MmIacTUH MapTEHCUTA COOTBETCTBYET MHUHUMYMY JHEpPTUU
YOPYTUX UCKAXEHUW MpH 00pa30BaHUU €T0 B ayCTEHUTHON MAaTpHUIlCe U aHAJOTMYHA
(dhopme MeXaHUUYECKUX TBOMHUKOB.

[lonaganue muacTUHBI CBOEH OOJBIION MOBEPXHOCTHIO B INIOCKOCThH HUIH(a —
KpaiiHe peakuil ciydail (puc. 4.9). Ilpou3BoabHbIE CEUEHUSI MAPTEHCUTHBIX IUIACTUH
IJIOCKOCTHIO NUIH(a NMpU HEOOJBIINX YBEIUUYECHUSIX MHUKPOCKOIA CO3JAI0T JI0KHOE
BreyarieHue o0 wurongpuaToil  Qopme kpuctammoB. OJHAKO HCTOPUYECKU
CJIOKHBILMECS TEPMUHBI «KPYHHOUSONbUAMBIUY U «METKOUSONbUAMBIUY MAPMEHCUM
HIMPOKO PACIPOCTPAHEHBI.
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Puc. 4.8. depmoobpazHoOe pacmooKEHUE TIACTUH MAPTEHCUTA U OCTAaTOUHBIM
aycTeHuT (cBeTabIil (hoH) B 3akaneHHou cranu ¢ 1,66% C. x550 (Kpayc u Manep)
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Puc. 4.9. Penkuii cay4dail pacrionio;keHuss MApTEHCUTHOM IUTACTUHBI B INIOCKOCTH
nunda. x750 (A.IL I'ynses, E.B. Iletynuna)

CocenHue IMIAaCTUHBl HE NapajUieNibHbl OJHA JPYrod W 4YacTo 00pa3yroT
dbepMonogoOHbIE aHcaMOu (puc. 4.8). Beuny uHTepdepeHIu
JNAJbHENCUCTBYIOIINX TOJIEH YNPYTUX HANPSHKEHUW OT KaKIOW IUIACTHHBI TAaKOe
3aKOHOMEPHOE HX PACMHOJIOKEHHE B MAaTpuuHOM ¢haze oOecrneunuBaeT MUHUMYM
YOPYro# 3HEPTUH CYyMMapHOTO TOJISl BCEro aHCcaMOJIs U3 MJIaCTUHYATHIX KPUCTAILIOB.

Puc. 4.10. Cxema 00pa3oBaHus MAPTEHCUTHBIX IUIACTUH PA3HOU IJIMHBI
B OJJTHOM ayCTE€HUTHOM 3€pHE

[TnacTuHbBI, BO3HUKAIONIME B TIEPBYIO OYepelb BOMHM3U TOYKH M, , MPOXOAAT
Yyepe3 BCE ayCTEHHTHOE 3€pHO, PAcwiIeHssl €ro Ha OTCeKH. Uepe3 rpaHmily 3epHa
MaTpu4HON (a3l MapTeHCUTHas IIACTHHA, KaK CIeAyeT W3 MeXaHu3Ma ee
oOpa3oBaHUs, IPOUTH HE MOXKET, U TIOATOMY MaKCHUMAJIBHBIA pa3Mep MapTECHCUTHBIX
MJTACTHH OTPAHUYEH Pa3MepPOM ayCTCHUTHBIX 3EpPEH.

B oTcekax aycTeHHWTa TpU TOHIKCHUH TEMIIEpATypbl OOpa3yloTCs HOBBIC
MapTeHCUTHBIC TUIACTHHBI, pa3Mep KOTOPBIX YK€ OTpaHWUYCH pa3MepaMH OTCEKa
Matpullsl (puc. 4.8 u cxema Ha puc. 4.10).

[To mepe pa3BUTHS TpPEBpAIIECHUS AYCTEHUTHOE 3E€pPHO PACUWICHSETCS Ha BCE
0ojee MeJKHMe OTCEKH, B KOTOPBIX 0Opa3yroTcs Bce 0ojiee MEIKHE MapTCHCHTHBIE
macTuHbL. [Ipu METKOM ayCTEHWTHOM 3€pHE, HampuMmep, MPU MaJbIX TeperpeBax
CTaJIH BHITIE A, TUIACTUHBI MAPTEHCUTA CTOJb MEJIKH, YTO HUTOJIBYATOE» CTPOCHUE
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Ha nuide He BUJHO M MApTEHCUT Ha3bIBAIOT OECCTPYKTYpHBIM. Takoll MapTEHCUT
HauOoJee KelaTeseH.

[Tocne 3akanku MeX1y IJIaCTUHAMU MAapTEHCUTA NPU KOMHATHOW TEMIIEPATYPE
cOoXpaHseTCcsl OCTaTO4YHbIM aycTeHUT (puc. 4.8). B MecTax CTOJIKHOBEHHS IJIACTUH
MAapTEHCUTA, PACTYIIUX MOJ YIJIOM OJIHA K JAPYrOM, MOTYT BO3HUKATh MEXAHUYECKHUE
JBOMHUKU U MUKpOTpelmuHbl. C YKpYNMHEHUEM ayCTEHUTHOTO 3€pHa YKPYIHSIOTCS
IJJACTUHBI MapTEHCHUTa U 00pa30oBaHME MUKPOTPEIIMH B MECTaX MX CTOJKHOBEHUS
YCUJIUBAETCS.

Ilakemnuotit mapmencum (KOTOPBI HA3BIBAIOT TAK)KE PECYHBIM, MACCHUBHBIM,
BBICOKOTEMIIEPATYPHBIM U HEJBOMHUKOBAHHBIM) — 3TO IIMPOKO PACIPOCTPAHECHHBIN
MOPQOJIOTUYECKUIT ~ TUI, KOTOPHIA  MOXKHO  HaOIOAaTh B 3aKaJE€HHBIX
HU3KOYTJIEPOAUCTHIX u CPEeIHEYTIECPOIUCTHIX CTaJIsX, OOJIBIINHCTBE
KOHCTPYKIIMOHHBIX JIETUPOBAHHBIX CTajl€d, CPaBHUTEIBHO HMHU3KOJECTUPOBAHHBIX
0e3yriepoAUCThIX KEJIE3HbIX CIUlaBax, Hampumep, B cmiaBax Fe-Ni npu
KOHIIEHTpaiuu Menee 28% Ni.

Kpucramnel 3Toro MapreHcuTa UMEIOT (QOpMy MNPUMEPHO OJUHAKOBO
OPUEHTHPOBAHHBIX TOHKUX MJIACTUH, MPUIMIACOBAHHBIX OJ[HA K IPYTroi U 00pa3yronmx
Oojiee WM MeHee paBHOOCHBbIM makeT. [llupuHa mNIacTUH B Mpenenax Mnakera
MPUMEPHO OJIMHAKOBA M HAXOAMUTCS B JAMAIa30HE OT HECKOJbKUX MHUKPOH JI0 JOJIeH
Mukpona (00braHo 0,1-0,2 MKM), T. €. MOKET HAXOJAUTKLCS Ha MpeAeie pa3peniaroliei
CIIOCOOHOCTH CBETOBOTO MUKPOCKOIIA U JIAXKE 32 3TUM MPEICIIOM.

[ToaTOMy «peeuHbIe» KpUCTAILIBI MO, CBETOBBIM MUKPOCKOIIOM WJIM COBCEM HE
BUJIHBI, WJIM K€ BBIBJISIIOTCS KaK TOHKas CTPYKTypa MakeToB. B cBsizu ¢ 3ThM B
KaueCTBE OCHOBHOT'O CTPYKTYPHOIO 3JeMeHTa nuirda BbICTYNAeT NaKeT U3 IUIACTHH,
a HE OTAEJbHBIE OYEHb TOHKHE KPUCTAIUIBL. [103TOMY MapTE€HCHUT C TaKOW CTPYKTYpPOMl
1 ObLI Ha3BaH MAKETHBIM, UJIM MACCUBHBIM, B OTJIMYKE OT UT'0JILYATOrO.

B KOHCTPYKIIMOHHBIX JIESTUPOBAHHBIX CTaJsAX BHYTPU MAPTEHCUTHBIX MAKETOB
MEXy KpUCTaUlaMUd MapTEHCUTa HaXOIATCS MPOCIOWKH OCTAaTOYHOI'O ayCTEHHTA
tonmuHoi 20-50 HM. B 0JIHOM ayCTEHUTHOM 3€pHE MOKET 00pa30BaThCA HECKOJIBKO
MapTEHCUTHBIX MTAKETOB.

Ot 3epeH deppuTa, 00pa3yOIIUXCA TP HOPMAIHBHOM MPEBPAIICHUH, MAKETHI
MapTEHCUTA OTJIMYAIOTCS HE TOJbKO YKa3aHHBIM BHYTPEHHHUM CTPOEHUEM, KOTOPOE
MOXET HE€ BBISBIATHCS TMOJ CBETOBBIM MHUKPOCKONOM, HO U H3PE3aHHBIMU
BBITIHYTBIMU KOHTYpPaMH.

O0Opa3oBaHMI0 TMAKETHOTO MapTEHCUTA CBOICTBEHHBI BCE OCHOBHBIC
OTJIMYUTENbHbIE TMPU3HAKKM MApPTEHCUTHOIO MpPEBpallleHUs, B TOM UHCIE U
BO3HUKHOBEHUE penbeda Ha MOJMPOBAHHON MOBEPXHOCTH, COOTBETCTBYIOIIETO
BHYTPEHHEMY PEEUHOMY CTPOCHHUIO.

Cyocmpykmypa. 1IpocBeunBaronias 3JIEKTPOHHAS MUKPOCKOITHS BBISIBUJIA BO
MHOTHX CIUIaBaX BEChbMA CJIOKHYIO0 TOHKYIO CTPYKTYPY MAapTEHCUTHBIX KPUCTAILIOB C
OOJNBIIMM KOJIMYECTBOM JHCIOKAIIMA M JBOMHHUKOB. Takas CyOCTpyKTypa MOKET
BO3HUKHYTh JBYMS NPUHUWANHAIBHO pPAa3HbIMU IYTAMHU: BO-IIEPBBIX, IIPHU
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AKKOMO/JIAIIMOHHOM MJIACTUYECKOU nedbopmanuu (CKOJIb)KEHUEM 158105
JIBOMHUKOBAHUEM ), KOTOPAsI SBJISIETCSI HEOTHEMIIEMOUM COCTaBHOM YaCcThl0 MEXaHU3Ma
MApTEHCUTHOW TMEPECTPOMKH PEHIETKH, U, BO-BTOPBIX, IMpPU IIACTUYECKOU
nedopmanuu nociae oopa3oBaHUs MApPTEHCUTA U3-3a BO3JACHCTBUSI HA MAPTEHCUTHBIN
KPUCTAJUI OKPY>KAIOIIEH YyIPYTrOM CpEeabl.

B mepBom ciiyqae MOXKHO TOBOPUTH O TIEPBUYHOU CYOCTPYKTYype
npeBpalieHrs, a BO BTOPOM — O BTOPUYHOM CYOCTpyKType nedopmaruu.
COOTBETCTBEHHO  pAa3NW4YalOT MOHATHUS O  JABOMHMKAX  IPEBpPALICHUS U
neopmaniioHHBIX (MEXaHHMYECKHX) JBOMHUKAX. Pa3muuuTh XK€ NPOUCXOXKJICHHUE
CyOCTPYKTYpPBI 3KCIIEPUMEHTATBHO HE BCETJa yIaeTCsl.

CyOCcTpyKkTypa Make€THOIO MAapTEHCHUTa KA4eCTBEHHO OTJIMYAeTCS  OT
CyOCTPYKTYphl IJIACTUHYATOTO MApPTEHCUTAa OTCYTCTBUEM 30HBI M3 TOHKHX
JTBOMHUKOBBIX Tpociioek. CyOCTpyKTypa MakeTHOrO MapTEHCUTa HUMEET CI0KHOE
JUCIIOKAIMOHHOE CTPOCHUE, 111 KOTOPOrO XapaKTEPHBI JUCIOKAMOHHBIE CIIIETCHUS
MPU BBICOKOW MJIOTHOCTH JAUCIOKAIUMN — MOPsIKa 10'-10" CM'Z, T.€. TAKOM Ke, KaK 1
B METaJLJIE MOCJI€ CUILHOM X0JI0IHOM Nedopmariuu.

CyOCcTpyKkTypa OCTaTOYHOIO ayCTEHHUTAa OTJIUYAETCS OT CYOCTPYKTYpbI
HCXOJIHOTO ayCTEHHUTa OOJbIIEH TUIOTHOCThIO HECOBEPILICHCTB, BO3HHKAIOMIUX MPHU
JIOKaJIbHOM TJIACTUYECKOW JedopMaluu ayCTEHHUTa MOJ ACHCTBHEM MapTEHCUTHBIX
KpuctayyioB. B aycTeHute BOIM3M MapPTEHCUTHBIX KPUCTAIJIOB HAOIIOMAIOTCS
MJIOCKWE CKOIUICHHS JHUCJIOKAlUi, AUCIOKALMOHHBIE CIUIETEHUS U AePEKThI
YIaKOBKHU.

Tepmuueckasn cmabdunuzauus aycmenuma. ITon TEPMUYECKOMN
ctabmnu3anueil ucXogHOoW ¢a3bl MOHMMAIOT 3aTpyJAHEHUE €€ TNpeBpalleHusi B
MapTEHCUT B pe3yJIbTaTe TEIIOBOTO BO3ICHCTBUSI.

Tepmuueckasi ctabunuzanusi ayCTeHUTa, KOTOPYIO OOBIYHO Ha3bIBAIOT MPOCTO
cTtabunmn3ainueii, HabJIoAaeTCsl P BPEMEHHOW OCTAHOBKE OXJIAXKJICHUS KEJIE3HOTO
CIUIaBa B MapTEHCUTHOM MHTEpBAJIC IPEBPAILICHHUS.

Ecou mpepBath oxnaxnaenue npu temmeparype T,<M, (Ho Bbimie My) u
cAenaTh 3/1eChb BBIAEPXKKY, TO aycTeHUT cradunusupyercs. Crabunuzanus
MPOSIBIISIETCS. B TOM, UTO MO BO30OHOBIIEHUH OXJIQXICHUS MpEeBpallcHUEe HAUYMHACTCS
He cpasy npu temnepatype T, a mocie nepeoxia)kaeHusl aycTeHuTa (TucTepesnca)
710 HEKOTOpOM TeMiiepatypsl M.

[Ipu 3TOM MapTeHcHTa 4acTo OOpa3yeTcs MEHbIIE, YeM MpU HENPEPbHIBHOM
OXJIaXJICHUH, u KOJIMYECTBO OCTaTOYHOTO ayCTeHUTa BO3pACTaET.
BozoOHoBisitoeecss npu temmepatype M’y MapTEHCUTHOE NpEeBpalleHUE MOXKET
MpPOTEKaTh B3pbIBOOOpa3HO (Hampumep, B craBax Fe—Ni—C).

Tepmuueckass crabunuzanus ayCTEHHTa — CJOXKHBIA Tmpolecc. B pasHbIx
ClIy4asiXx, Halmpumep, B Pa3HbIX TEMIEPaTypHbIX HHTEpBAJIaX, JNEUCTBYIOT pa3HbIC
MEXaHU3MbI CTAOMIIU3ALINH.

B Tepmuueckyro cTaOmiauzaluio NOpU  TeMIleparypax HIXKE TOYKA My
OMpENICNICHHbIA BKJIaJl MOXET BHECTH pellakcalus YIOpyrux HanpsoKeHUd B
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ayCTEHUTHON MaTpUIlle BOKPYT MAPTEHCUTHBIX IJIACTUH. DTU HANPSKEHUS BHI3BIBAIOT
ABTOKATAIUTHYECKUM 3(P(DEKT, CBOUCTBEHHBIN BCEM MapTEHCUTHBIM MPEBPALICHUSIM.
YMeHbllIeHHE YOPYTruX HaNpsKeHUH BOKPYr MApTEHCUTHBIX KPUCTAIIOB XOPOIIO
OOBSICHSIET MOBBIIIIEHUE CTEIIEHH CTAOWIN3ALUY C YBEIIMUCHUEM BPEMEHHU BBIICPKKHU.

Tepmuueckas crabunnzanus HaOIIOJAETCS TOJBKO B TEX CIUIaBaX Ha OCHOBE
&Keje3a, KOTOpbIe COJepkKaT, XOTS Obl U B CPABHUTEIHLHO HEOOJIBIIIOM KOJUYECTBE,
AJIEMEHTHI BHEAPEHHUS: yriiepo ] u a3oT. [[o3ToMy modTH Bce COBPEMEHHbIE TUIIOTE3bI
MEXaHU3Ma TEPMUYECKOU CTaOWUIM3allMd ayCTEHUTA UCXOIAT U3 MPEANOI0XKEHUS O
pelaromen pou Cerperainuy aToOMOB YIJIEPOIa UM a30Ta.

ATOMBI 3JIEMEHTOB BHEJAPEHHUS BO BPEMs CTAOMIM3UPYIOLIEH BBIACPKKHA MOTYT
CErperupoBaTh B MOTEHIMAJIbHBIE YYACTKH 3apPOXKJCHUS B ayCTECHUTE, MPEHSTCTBYS
MPEBPAIIEHUIO 3THUX YYaCTKOB B 3apOoJblId MapTeHcuTa. OHU MOTYT CErperupoBarh
Ha MeK(a3HyI0 rpaHUIly MATPHUIIBI U 3apOJIbIIIa, TPENSTCTBYS €r0 POCTY.

CymiecTByeT TuUIOTE3a, CBS3bIBAIONIAS TEPMHUYECKYIO CTAOMIM3ALMIO C
nedopMallMOHHBIM CTapEHHUEM — 00pa30BaHUEM CErperaluy U3 BHEJIPEHHBIX aTOMOB
Ha JUCIIOKAIUSIX B AyCTCHUTE.

Tak kak 00pa3oBaHHE€ MApPTEHCUTHOTO KPHUCTAJIa BBI3BIBACT IJIACTUYECKYIO
nedopMalio ayCTEHUTHOW MATPHIlbl, TO YINPOUHEHHE €€ Mpu Je()OopMaMOHHOM
CTapeHUU 3aTpyJHseT MapPTEHCUTHOE TMpeBpaileHue. YMeHblieHue sddexra
CTAOMIM3AlNY C JATbHEHIITUM YBEIUYCHUEM BPEMEHH BBIJIEPKKH MOKHO OOBSICHUTD
«TrepecTapruBaHUEM, C KOTOPBIM CBSI3aHO MajJieHUE Mpejiesia TeKy4eCTH ayCTeHHUTa U
KOTOPO€ CHJIBHO Pa3yNnpoYHSEeT AayCTEHUT U MOXET MPUBECTH K OOCTHEHUIO
ayCTeHUTa yriaepoaoM BOJM3U BblAeNeHUN KapOuaa. Takue o0eJHEHHbIE YTIEepOI0OM
Y4aCTKHU UMEIOT MOBBIIIEHHYIO TeMIIepaTypy M.

[Ipu komHaTHOW M OoJee BBICOKMX TeMmepaTypax MOTYT JeHCTBOBaTh 00a
MEXaHU3Ma CcTabuiau3aluu: O0O0pa3oBaHME Cerperaluud yriepoja M pellaKcaius
HaNpsSHKEHUMN.

Biausinue nepopManuu Ha MAPTEHCHTHOE MPEeKPAIlleHHe

Mapmencum Hanpsaxcenuna u mapmencum Ooegopmayuu. Jledhopmarus
MCXOJIHOU (pa3bl OKA3bIBAET CIOKHOE BIMSHUE HA MAPTEHCUTHOE MpEeBpalCHUE.

Hedopmanust Bbllie TOYKU My BBI3BIBAET MapTEHCUTHOE IMPEBpAILCHUE B
MHTEpPBAJIC MEXAY TeMIieparypod My M HEKOTOopoM Temmeparypoid M, , koropas
HaXOJIUTCSI HUXKE TOUKHU Ty, MHOTJIa OYEHb OJIM3KO OT HEe.

AHanoruyHo aedopmainusi MapTeHCUTA BBI3BIBAET OOpPaTHOE MApPTEHCUTHOE
MpeBpalleHne B 00JacTH TeMIlepaTyp HIXKE TOYKH Ay BIUIOTH JI0 HEKOTOPOM
TeMIeparypsl A

MapreHcuTHOEe TpeBpalieHue Bblle My BBI3BIBAETCA W YNPYroM, U
rmacTuaeckon nedopmarnueit (puc. 4.11).

Beiie Toukun M, B HEKOTOpOM HHTepBaie M, — M,’ ymnpyrue HanpsoKeHHsS
CIOCOOCTBYIOT 3apOXKIACHUIO KPUCTAIIIIOB MAPTEHCUTA B T€X K€ Y4aCTKaX MCXOIHOU
da3pl, rae OHU TOSBIAIOTCA HIKe M, 03 ydacTusi JTUX HaNpsSKEHU.
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MapTeHCUTHOE TpeBpallleHUe CTAHOBUTCS BO3MOXXHBIM TPH MEHBIIUX CTETEeHSIX
MEePEOXIIAXKIECHUS IO OTHOIIEHUIO K Ty, T. €. mpu Oojiee BEICOKUX TeMIIepaTypax.

Yem Oonpine ynaineHa temmeparypa oT My (B ctopony Tj), Tem Oomblie
JOJDKHO  OBITh  HampspKeHue  ynpyroil  aedopmainuu, CIOCOOHOE  BBI3BATH
MapTEHCUTHOE MpeBpailieHue (yuyacTtok ab Ha puc. 4.11).
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Puc. 4.11. HanpsikeHus, BbI3BIBAIOIIAE MAPTEHCUTHOE MPEBPAICHUE PU YIPYTOn
nedopmanmu (yyacTok ab) B mHTEpBaie M, — M’ ¥ IpHu IIacTUYECKOi gedopManuu
(yuactok bc) B untepBane M,° — M, (cxema o Oscony u Kosny)

C mNOBBIIICHHEM TEMIIEPATyphl aehOopMalul J0CTUraeTcs Touka M,°, mpu
KOTOpOW yKa3aHHOE HaIpsPKEHHE CTAHOBUTCS PaBHBIM Mpeleny TeKydyecTu. Beiie
Temreparypsl M,° Iuiactuueckas aedopmarys OOYCIOBIMBAET WHOW MEXaHU3M
CTUMYJIMPOBAHUSI MAPTEHCUTHOTO TMPEBpaIllEHHs, a HMEHHO oO0pa3oBaHUE TOA
nerictBueM jaedopMaliid  HOBBIX MECT 3apOXIASHHUS MapTeHcuTa. Yem BbIIIe
TeMmieparypa, TeM OOJbIlle JOKHAa OBITh jaedopMaius, CIOCOOHAas BHI3BATH
MapTEHCUTHOE MpeBpalieHue (yaacTok be Ha puc. 4.11).

Beime temmeparypel M, HuKakas IuiacTHdeckas aedopMamus HE MOXKET
MpeBpaTUTh ayCTEHUT B MapTeHCUT mnpu Aedopmaruu. B Keae3HbIX cruiaBax ¢
OTHOCHUTEJIBHO BBICOKOM »JHEprue JepeKTOB YHIAKOBKH B ayCTCHHTE TIPH
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MJIaCTUYECKOU AedopMallud MapTEHCUT 00pa3yeTcsl Mo CXemMe Y—0, a B CIIaBax C
HU3KOM AHeprueil 1e)eKToB yHaKOBKU — IO CXEME Y—>E—>0.

Takum oOpa3oM clielyeT pa3anyaTh:

1) mapTeHcUT oxnaxiaeHus, oOpasyromuiics 0e3 BO3ACHCTBUS yHNPYrou Wiu
MJIACTUYECKOU JepopMaliii TOJBKO B pe3yJIbTaTe MOHMKEHUS TEMIEPATyphl HIXKE
TOYKH M,;

2) MapTEHCUT HaIpsLKEHUS, 00pa3yIoNIUicsa MoA JeHCTBUEM HANPSIKEHUU OT
MPUJIOKEHHOU HAarpy3ku (ynpyroi negopmanun);

3) MapTeHCUT IJIacTUYeckor jaedopMalmM, COKpPAIIEHHO MAapTEHCUT
nedhopmanuu, 00pa3yronuiics B pe3yabTaTe MIacTUYecKo AedopMalud UCXOAHOU
(ha3zbl.

Mapmencum nanpsoicenus 3apoXKIacTCs B TEX )K€ MECTaX UCXOIHOH (ha3bl, YTO
U MApTEHCHUT OXJIAXICHUS;, HAIPSOKEHUS JUIIb CIOCOOCTBYIOT €r0 3apOKJICHUIO B
ATUX MECTax.

Mapmencum Oegopmayuu 3apoxkAaeTCs B ydacTKaX, MHOATOTOBICHHBIX
MJIACTHYECKOU J1eh opMaIiuei.

[Tpu Temneparypax Bbillie My MapTEHCUT HANPSKEHUST MOKET 00Pa30BBIBATHCS
TOJBKO B WHTEpBaje M, — M,°. Beime Temmepatypsl M,°, B uHTepBane M,° — M,
MOXKET 00pa30BBIBATHCS TOJBKO MAPTEHCUT JAe(OopMaliii.

W mapTeHCUT HanpspKeHUs, U MapTEeHCUT JedopMaliii MOTYT MOSBISTHCS U B
YKa3aHHbIX MHTEpBaJlaX, W IMpu OoJiee HUBKUX TeMmieparypax. Hamnpumep,
AKCHEPUMEHTAJIBLHO YCTAaHOBJIEHO O0Opa30BaHUWE 3THUX JBYX THUIIOB MapTEHCUTA B
uHTEpBaie M, — M,°, Korja NpHWIOKEHHAs Harpy3Ka BbI3BIBAET ILIACTHYECKYIO
nedopmanuio ucxonHou Gaspl. Ilog pgeiicTBUEM HaNpsSKEHUM OT HArpys3KH,
MPUIOKEHHOU MpH TeMIlepaTypax Hke My, MapTeHCUT HampshKeHus oOpa3yeTcs B
JOTIOJIHEHUE K MAPMEHCUNTY OXTANCOCHUSL.

ABTOKaTalMTUYHOCTb,  XapakTepHas  Juisi  J000ro  MapTEHCUTHOrO
MpEeBpalICHUs, IO CYIIECTBY SBISIETCA PE3YyJIbTaTOM HWHUIUUPYIOIIETO BIUSHUS
HarnpsbKeHus. TOJBKO B 3TOM cllyyae HalpsKEHUs BOZHUKAIOT B UCXOAHOU (aze mpu
MOSIBIICHUH KaXKJIOTO HOBOT'O KPUCTAJIa MapTEHCHUTA.

Oddext mapTeHCUTOOOpa3oBaHUA TOJ JeWCTBHEM Jedopmaliuv Halienl
pa3zHOOOpa3HOe MPAKTUYECKOE TPUMEHEHUE.

B 60-e¢ ronsr 20 Beka MOSBWIICS HOBBIM KJIACC BBICOKOIIPOYHBIX CTAJIEH — TaK
HazbiBaeMble Tpun-ctanu wiau [IHII-ctanmm (ITHII — nmactuyHOCTH, HaBeaEHHAas
npeBpauieHueM (anri. — Transformation Induced Plasticity unu coxpamenno TRIP).

OTU cTaly, JErupoBaHHBIE XPOMOM, HHUKEIEM, MOJUOACHOM, MapraHiueM u
OPYTHUMU 3JIEMEHTaMHU, UMEIOT TOUYKM My m M; HMKe KOMHATHOU Temieparypsl. B
aycteHUTHOM coctosgsHuu npu 400-600°C Tpumn-cTanu HaKIEIbIBAIOT JJIsI TOBBIICHUS
npouyHoctd. [lpu H5TOM Ha JUCIOKALUSAX BBLACISIOTCS KapOUIbl, ayCTEHUT
oOelnHsIeTCA YIJIepoJOM, W TOo4yka M; mogHUMaeTcss 1O TEMIEepaTypbl BBIIIE
KOMHATHOM.
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Takas cranp o00mamaeT TECHHBIM COYETAHWEM IMOBBINICHHOW TPOYHOCTH
(6bmaromapst HakiIenmy U Ae(OPMAIMOHHOMY CTAPEHUIO ayCTEHUTA) W OYCHBb BHICOKOU
TTACTHYHOCTH.

Korma Bo BpeMs pacTsokeHHS TpH KOMHATHOM TeMmmepaType pa3phIBHOTO
oOpasiia HauMHAeTCsl JoKanu3anus Aedopmaluu, To Mo €€ JehCTBUEM oOpasyercs
MapTeHCHUT, yNPOUHSIOMMK oOpazerr B 3TOM Mecre, © jaedopManus
pacmpocTpaHsIeTCs Ha COCETHNE YIaCTKH ayCTCHHUTA.

Takum o0pa3zom, oOpa3oBaHHME MapPTEHCUTA MOJ JICUCTBHEM IIJIACTHYECKOM
nedopmaiuy TpeaOoTBpaIllaeT pa3BUTHE JOKaau3anuu aedopmanuu (0O0pazoBaHHe
HIEHKH), 4eM 00ecIieunBaeTCsl BHICOKOE OTHOCUTENbHOE yanuuenue (10 100-150%).

HenoctaTtok Tpumn-craneii — TpyAHOCTh MOJYy4YEHHUS OOJbIIMX OOXKaTHH Mpu
CpPaBHUTEIIBHO  HHU3KHX  TEMIepaTrypaxX, KOIrJa  BEJIMKO  CONPOTHBIICHUE
neopmMupoBaHio U TPeOYETCS MOIIHOE O0OPYA0BaHHE.

IPppexm 3anomunanus Gopmot u ceepxynpycocms. HWHTEpec K
3aKOHOMEPHOCTSIM BJIUSIHUS JeopMalii Ha MapTEHCUTHOE MIPEBPAICHUE YCHITUIICS
B CBSI3M C MPOMBIIUICHHBIM HCIOJIb30BaHUEM H(ddekTa 3anoMuHanuss (GOpMbI U
CBEPXYNPYTrOCTH.

Oddexr 3anomunanuss ¢opmel (D3D) mnposiBISETCS B TOM, UYTO MOCIE
npuganus o0pasiy omnpeaeaeHHOW (OpMblI MpHU TMOBBIIIEHHOW TEMIIEpaType €My
MpUAa0T HOBYIO (hopMy IpH OoJiee HU3KOM TemIepaType, a mociie HarpeBa UCXoiHas
(dhopma 00pasia BocCTaHABIUBAETCS.

Hampumep, eciau npoBoJoOKy, 3aKpYUYEHHYIO NPU MOBBIIMIEHHON TeMIlepaType B
cCriupaib NPpUYyIUBON (OPMBI, BBIIPIMUTH HNPU KOMHATHON TemmepaType, TO Hpu
MOCJIEAYIOIIEM HarpeBe MPOBOJIOKA caMa 3aKpy4YMBAETCS B CHHUPAJIb TOYHO TaKOM
(bOopMBI, KaK UCXOHAS.

CBepXyInpyroctb MposIBISIETCS B TOM, UTO 00pasel mpeTeprneBaeT oOpaTuMble
nedbopmanuu, Kotopble Ha 1-2 nopsaaka Oonblie, yeM aepopmalus METaNIMYeCKUX
MaTepuagoB 0 YCIOBHOIO Tpejesia YNpyroctu. MeTaminuyeckuid CIuias,
o0JaaroIIuil CBEpXYyNPYrocThio, BeJET ce0s MoJ00HO pe3uHE.

O3@ u CBEepXyNpPYrocTh CBSA3aHbI C OJHUM M TEM K€ SBICHUEM —
oOpatuMoOCThi0O  Makpoaedopmanuu  oOpasiia, OOYCIOBICHHON  JIBUKEHHEM
CKOJIB3SIIIMX TPaHUIl MEX]y KpUCTaulaMu IMpPU CABUTOBOM IpeBpallleHUH. TepMUH
«CKOJIb34111asi» MPUMEHHUTENIBHO K TPAHMIIE UCMOJB3YETCSI B TOM K€ CMBICIE, YTO U
Uit qucnokanuu. [Ipu cKonb3s1eM ABUKEHUHU aTOMbI CMEIAOTCS MO0 OTHOLIEHUIO K
CBOMM COCEJIM Ha PACCTOSIHUS MEHBIIE MEXKAaTOMHOI'0, HET MOTOKa BaKaHCUU U
JIPYTUX TOYEUHBIX Ne(PEKTOB, IHEPTrUsl aKTUBALMKM CYIIECTBEHHO MEHBIIE 3HEPTUU
aKTUBaIuu camoaudpy3umu.

B pa3HbIxX criaBax u J1ake B OJJHOM CIUIaBE B HEOJMHAKOBBIX YCIOBUSAX MOTYT
JEUCTBOBATh pa3Hble MEXAHU3Mbl BOCCTAHOBIEHHS ¢opmbl. Cpenu HHUX AJiA
MIPOMBIIIJIEHHOTO HMCIOJIb30BaHUsl HanOOJiee Ba)KHBI T€, YTO CBSI3aHBI C OOPATHBIM
MapTEHCUTHBIM MPEBPAILICHUEM TTOCIIE AedOopMaIUu.
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MapreHcutHOoe TpeBpalieHue o00A3aTeIbHO COMPOBOXKIAAETCA H3MEHEHUEM
(dbopMBI TIpEBpalIEeHHOTO 00BbEMa, WU B CIydae TEPMOYIPYroro MapTeHCUTa MpU
oOpaTHOM MpeBpallleHnH MeX(a3HbIe TPAHULIBI TPOXOAT MYyTH, OOpaTHBIE TEM, YTO
OHM MPOXOJWIIU MPHU MPSIMOM IPEBPAIICHUU.

s cmmaBoB, oOnagatomux O3d, wnHanbonee Ba)XXHBI CIEIYIOIIME JIBa
BO3EHCTBUS AehOpMaITUH.

Bo-niepBbix, noj aerictBueM jaedopmanuu Boiie My 3ap0oKIat0TCs KPUCTAILIBI
MapTEHCUTA C MPEUMYIIIECTBEHHOW OPUEHTUPOBKOM WIIM MPEANOUYTUTEILHO PACTyT 32
CYeT UCXOJHOW ¢a3pl paHee OOpPa30BABIIMECS KPUCTAUIBI, HMMEIOIIHE 3Ty
OPUEHTHUPOBKY.

Bo-BTOphiX, ecaum npedopmaiiuio TPOBOASIT MO OKOHYAHUU  IPSMOIO
npeBpauieHus (Huxke My), OnaronpusTHO OPUEHTUPOBAHHBIE MAPTEHCUTHBIC
KPUCTAJJIBI PacTyT 3a CUYET MeHee ONaronpusiTHO OPUEHTHUPOBAHHBIX KPHUCTAJUIOB.
brnaronpustTHOM sBASETCS Takas OpPUEHTUPOBKA, NPU pealu3alid KOTOpPOU
u3MeHeHne (GOpMbl MPEBPAIICHHBIX 00JaCTE COOTBETCTBYET MAaKpPOU3MEHEHUIO
dbopmbl 00pasiia, 3aJ1aBaeMOMY MPUITOKEHHON HArpy3KOU.

[Ipu narpeBe mocie aedopmanuu OOpaTHOE MAPTEHCUTHOE IPEBpAIlCHUE
MPUBOJUT K UCUE3HOBEHUIO KPUCTANIOB MapTEHCUTA, BHIPOCIINX MpHU Jeopmaliui,
U eclii MexX(a3Hble TPAHUIBI OCTABAIMCHh KOTEPEHTHBIMU (WM MOJTYKOTE€PEHTHBIMU),
T.e. OBUIM CKOJIB3AIIMMHU, TO MCXOAHAs (opma oOpasila BOCCTAHABIMBAETCS. IJTO
CBOMCTBEHHO JlaJieko He BceM cruiaBaMm. Hampumep, B crutaBax Fe—Ni mexdasHbie
IPaHUIIBI IBHXKYTCSI HEOOpaThMO, U 3P(PEeKT 3anoMuHaHusi POpMbI OTCYTCTBYET.

Ha puc. 4.12 wuzo0pakeHO yBEIWYEHHE KOJMYECTBA TEPMOYIPYTroro
MapTEHCUTA MPU OXJAXJCHUU M YMEHBIIEHUU €r0 KOJIMYECTBA MPHU MOCIEIYIOIEM
Harpese.

Ecau npuitoskuth K 00pasily Harpysky B obmactu temneparyp A<T,< M,’, B
HEM HayHET 00pa30BBIBATHCA MAPTEHCUT HAINPSKEHUS U U3MEHUTCs (popma oOpasua.
CBsi3b MeX1y HalpsbKeHHEeM U JieopMalriuent Juisi 3TOro ciiydasl okKa3aHa Ha pHUcC.
4.13. Ha yuactke AB npoucxoaut ynpyras aedopMaiusi UCXOAHOU (ayCTEHUTHOMN)
MaTpHIIbI sApr .

Ha yuyactke BC npu nocTostHHOM HampsikeHuu gedopmaiusi UJ1eT BCISICTBHUE
W3MEHEHUS (OPMBI TMPEBPAIICHHOTO O00BeMa Mpu OOpa30BaHMU MaPTEHCHUTA
HaIPSKEHUS.
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Puc. 4.12. I3MeHeHHEe KOIMYECTBA TEPMOYIIPYTOTO MAPTEHCUTA
MIPY OXJIAXKIAEHUH U HArPEBE

[Ipu nedopmanium, mpoucxoasiien 3a Toukoir C, oOpa3oBaBIIUiCS MApTEHCUT
yopyro gedopmupyercsa (yuactok CD), W mnpu jganbHEHIIeM MOBBIIICHUU
HalpsDKEHUM OT TNPWIOKEHHOM Harpy3ku (Bbimie Touku D) mpoucxoaut
riacTuyeckas aedopmalus MapTEeHCUTA U pa3pylieHue oopasia.

Ecnu npu HarpyskeHun oOpasiia HampsKeHUsT HE BBIXOAAT 3a TOuKy D, To mpu
pasrpy3Ke CHauaja ucue3aet ynpyras neopmaius mapreHcuta (10 Touku E), 3arem
MIPOUCXOUT O00paTHOE MpeBpallleHre MapTeHcuTa B aycTeHUT (ydactok EF), mocne
4ero ucuesaet ynpyras geopmanus ayctenura (yaactok FA).

bonpmass yactb oOpatumoil naedopmainuu OOyCIOBJI€HA MAapPTEHCUTHBIM
npeBpamienueM (yuactok EF). Ota nedpopmanus paBHa npumepHo 7%, B TO BpeMs
KaK 00JIacTh OOBIYHOM YHNPYTrOCTH MOJUKPUCTANIMUECKUX METAJIIOB HE BBIXOAUT 3a
npefen B JecsaThie A0Ju mpoueHta (Ha puc. 4.13 ydacTku OOBIYHOM ympyroit
nedopmanuun AB u CD B cpaBHenun ¢ yudactkom EF moka3anbl He B maciiTade).
Hedbopmanus BC nonyuuna HazBaHUE CBEPXYIPYTOi.

Ecau mpoaedopmupoBats oOpazenr B uHTepBajie temneparyp M <T,<A;, To
10CJIe yIpyrou aeopMalyy HCXOMHOM MAaTPHIBI &y, (ydacTok AB Ha puc. 4.14,a) B
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Hel OynyT mpoucxoAauTh (a30BbIe U CTPYKTYPHBIE MPEBpAILICHUS, 00€CTICUNBAIOIINE
nedopmanuio Ha ydactke BC.
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Puc. 4.13. Cxema, WIUTIOCTpUPYIOLLIAs TPOSIBICHUE CBEPXYNPYTOCTH
A M
(& ynp M € yyp— ynpyras aedopManus ayCTCHUTa U MapTEHCUTA
COOTBETCTBEHHO; £y — CBEpXymnpyras aedopmarns)

[Ipu cHATHM HATpy3KH WCYE3aeT JIUIIL YIPyTras COCTaBIISIONIAs aedopMmaruu
(yuactok CD). Hedopmanus, oOycioBieHHas MpeBpalleHueM, He HAaYHET UCYE3aTh
70 TeX TOop, TMOKa TeMmreparypa HE MPEeBBICUT A, KOTJa CTaHET BO3MOXHBIM
MpoTeKaHue o0paTHbIX NpeBpaienuii (yuactok EF Ha puc. 37,0).
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Puc. 4.14. Cxema, wtoctpupytomas 3¢ ekt 3anomuHanusi GOpMBbl: a — TuarpaMmma
HarnpsbKkeHue-negopmaiust; 0 — 3aBUCUMOCTh BOCCTaHABIMBaeMOU AedopMaluu OT
TEeMIEPaTyphl MPU HArpeBe

[Ipu HarpeBe Bbillie TOUKU Ay Aedopmalivs, 00yCIOBIECHHAs MPEBPAICHHUEM,

MOJIHOCTBIO HCYE3HET M BOCCTAaHOBUTCA IEepBOHayalbHass ¢opma obOpasna, T.e.
nposiBisiercst 3P exT 3anoMuHaHus (POPMBI.
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[lepBble TPOMBINLICHHBIE CIUIaBbl, OOManaronme >hPEeKToM 3anmOMUHAHMS
dbopMbI, — 3TO CIUIaBbl HUTHHON Ha Oa3e wuHTepMmeraumaa NiTi, y KoToporo
BBICOKOTEMIIEpATypHas MOAU(PUKAIUS IPETEPIIEBAET MAPTECHCUTHOE MIPEBPAIIICHUE.

N3 criiaBoB HUTUHOJ € TOUYKOM M, BbIllle KOMHATHON TeMIepaTyphl (mpumep —
cuiaB ¢ 50% ar. Ni u 50% ar. Ti) H3roTOBIAIOT CamMOpPa3BEPTHIBAIOIIUECS
YCTPOMCTBA, B YACTHOCTH, AaHTCHHBI.

W3nenuio mipu TOBBIIEHHON TeMIeparype MpuaaloT TpedyeMyro s
AKCIUTyaTauuu GopMmy, MpU KOTOPOH OHO 3aHMMAET OOJBIIOW O00BEM WU HUMEET
OOJBIIYIO JUIMHY. 3aTeM H3JEIUE CBEPTHIBAIOT (AePOPMHUPYIOT) MPU KOMHATHOM
TeMreparype, 4ToObl TPAaHCIIOPTUPOBATh €r0 B KOMIAKTHOM Bujie. [locne noctaBku k
MECTy Ha3HA4Y€HUs W3JeNINe HarpeBaloT [JIsi BOCCTAHOBICHHUS (OPMBI U OHO
caMopa3BepThIBaeTCsl. [akue pa3BepTHIBAIOIIMECS YCTPOMCTBA MPEJCTABISIIOT
OOJIBIIION MHTEPEC 1T KOCMHUYECKON TEXHUKH.

CmutaBbl HUTHHOJ ¢ Toukoi M, BOu3m -150°C (manpumep, cmiaB ¢ 50% (at.)
Ti, 3-4% (at.) Fe, ocT. Ni) IpUMEHSIOT JJis1 U3TOTOBJICHUS] COCIUHUTEIIBHBIX MYPT U
VIUIOTHEHHH TpyOompoBoaoB. Jlehopmaruio Takoil pgeTanu, HampuMep, s
YBEIIMYEHUSI BHYTPEHHEro auamerpa My(Tbl, MpoBOAAT B xujakoM azote. [locne
YCTAHOBKU MY(THI Ha CTHIK TPYO OHA OTOrpeBaeTcs 10 KOMHATHOW TeMIepaTyphl U,
BOCCTAHABJIMBas CBOIO IMEpPBOHAYANBbHYIO (10 nedopmanuu) popmy, obecrieuuBaeT
IJIOTHOE U MPOYHOE COeIUHEHUE TPYO.

N3meHeHne CBOMCTB CIJIABOB NMPH 3aKAJIKe HA MAPTEHCUT

Ynpounenue npu 3axanke. Baxueuuee sBICHUE, CONPOBOKIAONIEE 3aKAIKY
Ha MapTEHCUT — YIIPOUHEHHE, TTOBBIIIEHUE TBEPIOCTH.

[lonbiTkH OOBSICHUTH OOJIBIIYIO TBEPJIOCTh 3aKAJECHHON CTaJM KaKOW-IMOO
OJTHOM MPUYMHOMN IKCIEPUMEHTAIBHO HE MOJATBEPAUINCH. Y IPOUYHEHUE MPU 3AKAIIKE
CTaJlM HAa MapPTEHCUT SBIISIETCS PE3yJIbTATOM JEUCTBUSI HECKOJIBKUX MEXaHHU3MOB
TOPMOKEHHUS JUCIOKAIUN.

Baxnenmas poiib BO BCEX TEOPHUSAX YNPOUHEHUS MPHU 3aKaJKEe CTaleu
oTBoaUTCS yriaepoay. OJHaKO MapTEHCUTHOE IMPEBpAIlEHUE B YHCTOM JKEJie3€ U B
0e3yriiepoAUCTHIX CIJIaBaX CIOCOOHO TMPUBECTH K TMOBBIIICHUIO MPOYHOCTHBIX
CBOWCTB B 3-4 pa3za 0 CPaBHEHHUIO C OTOXKKECHHBIM COCTOSTHHEM.

Tak, Mo cpaBHEHUIO C OOBIYHOM (PEepPPUTHOI CTPYKTYpOM TBEPIIOCTH Kelie3a B
pe3yJibTaTe MapTEHCUTHOro mpeBpamieHuss Bo3pactaet ¢ HV60 mo HV200, a
BpeMeHHoe cornpoTtusiieHrue — ¢ 200 1o 900 MIla. ¥ oToxkkE€HHOTO CrjiaBa Kejes3a ¢
8% Cr u 0,45% N1 npenen tekydectu paBeH 220 MIla, a y 3akanennoro ¢ 1000°C on
cocrasisieT 800 MI]a.

Maprencur B oTaumuve OT (a3bl TOrO K€ XHUMHUYECKOrO0 COCTaBa, HO
oOpa3oBaBIIEHCS TMPU MEIJIECHHOM OXJIaXKJICHUU BCJEACTBUE HEYIOPSIAOUYCHHOM
MEPECTPOUKU PEUIETKH, XapaKTePHU3yeTCS TIOBBIIICHHONW IJIOTHOCTHIO J€(EKTOB:
JBOWHUKOBBIX MPOCIOCK M AucIoKauui. [LIOTHOCTH aucinokanuii B MapTEHCUTE
poxomut mo 10'°-10" cm?, T.e. MO TOPSAKY BENMUMHBI TaKas JKe, KaK H B
XOJIOAHOI€(POPMUPOBAHHOM METAJLJIE.
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['panuipl ABOMHUKOB M CIUICTEHUS JUCIOKAIMM chyxaT OapbepoM s
CKOJB3SIIIMX JUCIOKAlUM, T. €. YHOPOUHSIOT MapTeHcut. Da3oBbId HaKIe,
BO3HUKAIONIMKA NP MAPTEHCUTHOM IPEBPAIl€HUH, B TOW WJIM UHOW CTEIIEHU BHOCHUT
BKJIaJl B YIIPOYHEHUE BCEX METAJJIOB U CIJIABOB, 3aKAJTMBAEMbIX Ha MAPTEHCHT.

Paccmorpum ponbs yriaepona B yOpoyHEHMM Tmpu 3akanke crajed. C
YBEIIMYEHUEM COJIEp>KaHUSl Yriepo/ia B MapTEHCUTE TBEPJOCTh €ro HEMPEPHIBHO
Bo3pactaet. CneayeT oOpaTuTh BHUMAaHUE HA TO, UTO TBEPJOCTh 3aKaJICHHON CTAJIA U
TBEPJAOCTh KPUCTAIIJIOB MAapTEHCUTAa — 3TO HE OJIHO M TO K€, TaK KaK B 3aKaJCHHOU
CTaJIM UMEETCSI OCTATOYHBIN ayCTEHUT.

TBepaocTh cTanau, 3aKaJe€HHOM C TeMrepaTyp B ayCTEHUTHOM 00JacTv, ¢
YBEIIMYEHUEM COJIEpKaHUs yTiepoJa B CTAIM MNPOXOAUT 4YEepe3 MaKCUMYyM MpH
KoHIeHTpanuu okojo 0,9% C, a 3aTeM CHMXAETCS HM3-3a YBEIMYCHHUS OOBEMHOM
JIOJTM MATKOTO OCTaTOYHOTO aycTeHuTa (puc. 4.15).

3akajeHHas C TeMmepaTypsl Bhllle A, cranb ¢ 1,9% C mmeer Takyro xe
TBEPAOCTh, KaKk U 3akajieHHas ctaib ¢ 0,1% C. Ecau ke 3a3BTEKTOMIHBIC CTalu
3aKanuBath ¢ Temreparypsl Aq+H(35-60)K, kak 3T0 U genaroT, TO COCTaB ayCTEHUTA
Mpy TEMIEepaType 3aKajKd M YPOBEHb TBEPJOCTH BO BCEX 3a3BTEKTOMIHBIX CTaJIsAX
OyIyT MPaKTUYECKU OJIMHAKOBBIMH.

HRC
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Puc. 4.15. 3aBucuMocTh TBEPAOCTH OT COCTaBa JIBOMHBIX criaBoB Fe—C mociie
3aKaJiKi UX ¢ TeMreparyp aycteHuTHou oonactu (JlutBunuyk, Keizep u batikep)
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CnocoOHOCTh CTadyd K IIOBBIIICHUIO TBEPAOCTH IIPH 3aKajJKe Ha3bIBACTCS
3aKanueaemocmpio. 3aKaIuBaeMOCTh XapaKTEPU3YETCSI MAKCUMAIIBHON TBEPAOCTHIO,
KOTOpasi MOXET OBITh MOJy4Y€Ha MpPH 3aKaJKe JIaHHOW CTajdd Ha MOBEPXHOCTH
W3JICIIHS.

[Ipu MapTEHCUTHOM MPEBpPAIICHUU ayCTeHUTa 00pa3yeTcsi MEepeChIICHHBIHI
pacTBOp yriepojia B O-XKeJe3e M TEeM CHUJIbHEE IEPEeChINICHHbIN, YeM Ooblie
YIJIEpOJIa COIEPIKUT ayCTEHHUT.

C pocToM conepkaHus yriaepoaa B MAPTEHCUTE MEKATOMHBIEC CUJIbI HE TOJIBKO
HE YCUJIMBAIOTCS, a, HAOOOPOT, JJaXKe HECKOIBKO ociabeBatoT. TeM He MeHee yriiepoa
TIOBBIIIAET TBEPAOCTh MapTeHCUTa. OOBICHACTCS ATO MPEXKAE BCErO TEM, YTO aTOMBI
YIJIEpOJia, BHEAPEHHBIE B PELIECTKY (L-)KEJI€3a, 3aTPYAHSIIOT CKOJBKEHUE AUCTOKALNN
B MapTEHCHUTE (TaK Ha3bIBA€MbIM TBEPOPACTBOPHBIM MEXaHU3M YIPOUHECHUSA ).

B mepwon 3akaiky WIM TPH BBUICKUBAHWM CTAIM TOCJE 3aKaJIKH aTOMBI
yriepoja B KpUCTa/UIaX MapTeHCHUTa O0O0pa3yroT aTMocdephl Ha AUCIOKAIHSX,
3aKPEIUISIOT UX.

B cramsax ¢ BeICOKOM TOUKOW My, Hampumep, B yriIepOIUCTBIX, COAECPKAIIUX
menee 0,5% C (M, >300°C), B mepuoji 3aKaJIOYHOTO OXJIAXKICHUS B MapTEHCHUTHOM
HWHTEpBaJe CO3/al0TCs HanboJiee OJaronpusITHBIC YCIOBUS JJISI YaCTUYHOTO pacriaja
MapTEHCHUTA C BBIJEICHUEM JUCIIEPCHBIX YaCTHUIl KapOUJIOB, T.€. CAMOOTITyCKA.

Kpome Toro, B JIOOBIX CTAISIX YIJIEPOA MPH OOBIYHBIX CKOPOCTSX 3aKaJIKU
yCIieBaeT 00pa3oBBIBATh CErperanuyd Ha AcdeKTax PEeneTKd ayCTeHUTa B IMEPHO]
OXJIAKICHUSI CcTanu Bblle Toukd M, Cerperauuu yriepoaa B ayCTECHUTE
HACJIEYIOTCSI MApTEHCUTOM, a MOCKOJIbKY OH M TaK IMEPECHINECH yIJIEPOJAOM, TO 3TH
cerperaiym CTaHOBSITCS MECTaMU 3apO>KJICHUS YacTHI] KapOuaa.

C »TuM corjacyeTrcss TO, YTO IPU OYECHBb OOJIBIIIUX CKOPOCTAX OXJIAXKJICHUS
TBEPAOCTh KPUCTAJIOB MAPTEHCUTA OKA3bIBACTCA MOYTH B 1,5 pa3a HHXKeE, 4YeM MOCTe
OOBIYHOM 3aKaJIKH.

N3-3a pelicTBUS yKa3aHHBIX BBIINIE MEXaHW3MOB YIPOYHEHUS YIJIEPOA
OKa3bIBAET CTOJIb CHJIBHOE YIPOYHSIONIECE BIMSHUE HA MApPTEHCUT, YTO TBEPIOCThb
3aKaJCHHOM CTajld TIPAKTUYECKH HE 3aBUCHUT OT COJEp)KAHUS JICTUPYIOIIUX
AJIEMEHTOB, PACTBOPEHHBIX B MApPTEHCHUTE MO CIIOCO0Y 3aMEICHUs, a ONMPEaeIsIeTCS
TOJIBKO KOHIICHTPALMEH yIiiepoaa.

CunpHOE YIPOYHEHHE CTalle NpH 3aKajdke Ha MapTEHCUT OOYCIIOBIICHO
00pa3oBaHUEM IMEPECHIIMICHHOTO YIJIEPOJIOM 0-pacTBOpa, MOSBICHHUEM OOJIBIIOTO
Yyucja JBOWHUKOBBIX TMPOCIOCK W TOBBIINICHHEM IUIOTHOCTH JHUCIOKAIUK TIpH
MapTEHCUTHOM IpEeBpalleHUH, 00pa30BaHUEM Ha JUCIOKAIMAX aTMOc]ep U3 aTOMOB
yIJIepoJia U BBIACICHUEM U3 O-pacTBOpA TUCTIEPCHBIX YaCTHUIl KapOua.

Yacto paccMaTpUBAOT CHJIBHOE YIOPOYHECHHE TMPH 3aKAIKE CTallell 1o
MPUPOCTY TBEPAOCTU. TBEPAOCTH ABTEKTOMHOM CTAIM B OTOXKEHHOM COCTOSTHHH
coctaBisieT HB180, a B 3akanennom HB650. CrnenoBaTenbHO, 3aKajika MOBHIIIACT €€
TBEPAOCTH B 3,5 pasa.

92



H3zmenenue naacmuynocmu npu 3akajike. 3aKajaka yTrIepOAUCTHIX CTalel
MPUBOAUT K PE3KOMY CHUIKEHMIO BCEX IMOKa3areliel miacTuuHocTh. OTHOCUTENIHHOE
YJIMHEHUE U CYKEHUE 3aKaJICHHBIX BHICOKOYTJIEPOAUCTHIX CTalIeld paBHBI HYJIIO.

B T0 Bpewms, korga cUuTanoch, 4YTO MApTEHCUTHOE MpPEBpAIEHUE MPOTEKAET
TOJIBKO B CTajsiX, OOBIYHO MOJYEPKHUBAIOCH, YTO MApPTEHCHUT TBEPJ, HO XPYIOK.
Korna xe oOHapyXuin MapTeHCUTHOE MPEBpaIlleHHE B 0€3yTIIepOAUCTHIX JKEJIE3HBIX
CIUIaBax U CIUIaBaxX I[BETHBIX METAJUIOB, TO OKa3allOCh, YTO XPYIKOCTh HE SIBISETCS
OOILIIMM CBOWCTBOM, MPUCYIIUM JTIOOOMY MapTeHCUTY. Temeph yCTaHOBIEHO, YTO
HU3KOE COMPOTHUBIICHHE XPYNKOMY pa3pylIeHUI0O MapTEHCHUTAa B CIUIaBax >KeJe3a
CBSI3aHO C MPUCYTCTBHEM B O.II.K. PEHIETKE SJEMEHTOB BHEAPEHUS — yriepoaa U
azora.

OcHOBHasi TpUYMHA PE3KOr0 OXPYMUUBAHUS NPU 3aKAIKE YIJIEPOIUCTHIX
cTajell — Manasi MOJABUKHOCTh JUCIOKAlMM B MapTEHCHUTE, COJEpKAIIEM YIIIEPOJ.
OTO BBI3BAHO, BO-MEPBBIX, MOBBIIIEHHBIM COMPOTUBICHUEM PEIIETKA pPacTBOpa
BHEJIPEHUSI CKOJIb)KCHHUIO JIHUCIOKAIIMA M, BO-BTOPBIX, 3aKPEIUICHHEM JTUCIOKAIUI
atMoc(depaMu U3 aTOMOB YTIJIepoa.

N3-3a HU3KOM TOABMKHOCTHA JUCIOKAMM HE MPOUCXOAUT pPENaKcaluu
HalpsDKEHUM Yy BEPIIMHBI XPYNKOM TPEUIMHBI BCIEACTBHE MUKPOIIACTUYECKOU
nedbopmanuy, YeM U OOBSICHAETCS HHU3KOE CONPOTHUBICHHUE MAapTEHCHUTA
PacIpOCTPAHEHUIO TPEILUHBI.

3apOoKIECHUI0 XPYNKHX TPEHIMH CHOCOOCTBYET JIOKAJbHAS KOHIEHTPALIMS
MHKPOHAIPSKEHUW OKOJIO CKOIUICHUM NHMCIOKAIMi B MapTeHcuTe. ClienoBaTenbHO,
MapTEHCUT YIJEPOJUCTBIX CTajed o00JaaeT MOHUKEHHBIM COMPOTUBICHUEM
3apOKIACHUIO U OCOOEHHO HU3KHUM COMPOTUBICHUEM Pa3BUTHUIO XPYIKHUX TpeuuH. B
BBICOKOYTJIEPOAUCTBIX CTaIsIX MHUKPOTPEUIMHBI MOXHO YBHUAETH Cpa3y K€ IMOCIe
3aKajKH, ellle 10 NPUIOKEHHs BHEIIHEW Harpy3KHu.

Kaptuna pe3ko MeHsieTcs, €clii yriepoJ BBIBECTH M3 cOcCTaBa cIulaBa. Tak
Ha3bIBA€MbIE MAPTEHCUTHO-CTAPCIONIUE CTAJIU, SBISIOMIMECS Oe3yriepoauCThIMU
CIUIaBaMHM jKejie3a ¢ HUKEJeM, KOOaIbTOM, MOJMOJIEHOM U TUTAaHOM, IOCJE 3aKaJKU
Ha MapTEHCHUT OTJIMYAIOTCS BHICOKMMH MOKa3aTeIsIMHM IacTUHIHOCTH (O = 14-20%, v
= 70-80%).

OTHU CIJIaBbl B 3aKaJE€HHOM COCTOSIHUUA MOXHO 00padaThiBaTh P KOMHATHOU
TEMIIEpaType AABJICHUEM C BBICOKMMHU OOXKATHUSIMHU, B TO BpEMs KaK 3aKaJICHHYIO
BBICOKOYTJIEPOAUCTYIO CTajlb H3-32 XPYNKOCTH BOOOIIE HEBO3MOXHO 00paboTaTh
JABJICHUEM MPU KOMHATHOM TEMIIepaType.

Bricokune mnokazarenu MIACTUYHOCTH O€3yIJIEpOAUCTHIX >KEJIE3HBIX CIIJIaBOB
MOCJI€ 3aKaJIKU Ha MAPTEHCUT OOBACHSIOTCS CIEAYIOIINM.

B MapreHcuTe 3aKalleHHBIX MapTE€HCUTHO-CTApEIOIIUX CTajeil, coaepKalinux
He 6osee 0,03% C, umMeroTcsl He3aKpeIUIeHHbIE AUcIoKauu. Hukenb u kobaibT, co-
Jepokairecs: B OOJBIIOM KOJMYECTBE B ATHX CTaNAX (Hampumep, ctaib ¢ 18% Ni u
8% Co), yBeIMUMBAIOT MOABWKHOCTH IUCIOKAIIMA B MapTEHCHUTE, TaK KaK OHH
MOHUXKAIOT COMNPOTUBIICHHE PEIIETKH MapTEHCUTA CKOJBXKEHUIO IHUCIOKAUNA HU
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YMEHBIIAIOT CTENEHb 3aKPEIUIEHUS OUCIOKAUHWN aTOMaMy NPUMECEW yriaepoaa H
azora.

Bricokasg mNOABMKHOCTH [HCIOKALMM B JKEIIE30HUKEIICBOM MApPTEHCUTE
oOecrnieurBaeT pas3psAlKy HaOpsDKEHUW Y  BEPUIMHBI  TPEIIMHBI, TOBBIIIAS
CONPOTHUBIICHUE XPYNIKOMY Pa3pyLICHUIO.

Takum o00pa3om, 3aKajJ€HHbIE HAa MApPTEHCUT METaUIbl W CIUIaBbl 32
WCKJIIOUCHUEM TBEPJBIX PACTBOPOB C O.IL.K. PELUIETKOW, COAEPKAMMX IJIEMEHTBI
BHEJIPEHUSI, B 00IIEM, MOTYT UMETh JOBOJIHHO BBICOKHME MOKA3aTENIH IMIACTUYHOCTH,
XOTsI TIOCJIE€ MAPTEHCUTHOI'O MPEBPAIIECHUS K3-3a MOBBIIICHHOW MIIOTHOCTHU 1€(PEKTOB
PEIIETKH MOKAa3aTeNH MIACTUYHOCTU JTOJDKHBI OBITh HUXKE, YEM TOCHe MOJIUMOP(HOTO
MPEBPAILIECHUS C HEYNOPSATOUEHHON MEPECTPONKON PEIIETKH.

beiinuTHOE MpeBpaleHue

Cmpoenue oOeninuma. B yriepoaucThiX cTalisXx Huxke u3ruda C-kpuBoil, B
untepBasie npumepno 500-250°C, npoucxoauT OeitHUTHOE TmpeBpaieHue. OHO
Ha3bIBAETCS TAKXKE IMPOMEKYTOUYHBIM MPEBPAIICHUEM — MPOMEKYTOUHBIM MEXKY
MEPIUTHBIM M MapTEHCUTHBIM. KHHETHKa 3TOro mpeBpalieHus U MOoJydaroluecs
CTPYKTYpPbI UMEIOT YePThl KHHETUKHU U CTPYKTYP, HaOMt0gaeMbIX npu 1uddy3uoHHOM
nepauTHOM U 6e31u(dHy3MOHHOM MapTEHCUTHOM MPEBPAIICHUSIX.

B pesynbrare 6eitHUTHOrO NMpeBpanieHus: oopasyercst cMech o-(hassl (heppura)
u kapbuma, Koropas HaszpiBaeTca OeitHuTtom. KapOun B OeliHuTe HE HMeEET
MJJACTUHYATOTO CTPOEHUS, CBOMCTBEHHOTO nepauTy. KapOuaneie yacTuilbl B OeHUTE
OY€Hb JIUCTIEPCHBI, UX MOKHO OOHAPYKUThH TOJIBHKO MO/ JIEKTPOHHBIM MHUKPOCKOIIOM.

PaznuuaroT eepxnuti u HuocHuti Oetinum, oOpPa3yIOMIMICI COOTBETCTBEHHO B
BEpXHEH M HIKHEM 4YacTH NPOMEXKYTOYHOIO0 HHTEpBaia Temiiepatyp (ycloBHas
rpanuna mexay Humu 350°C). Bepxuuil OeHHUT HMMEET IMEPUCTOE CTPOCHHUE, a
HWKHUM — Wroiapyatoe, MapTeHcuTonogooHoe. HwkHuit OelHUT 10 BUIY
MUKPOCTPYKTYPBI ObIBAET TPYAHO OTIUYUTH OT OTIYIIEHHOTO MapTEHCHUTA.

DNEeKTPOHHO-MUKPOCKONMMYECKHUI aHaIu3 MOKa3al, 4To CYOCTPYKTypa d-(a3bl
BepxHEro  OeilHMTa  aHAJIOTMYHA  CYOCTPYKType  PEEYHOro  MapTEHCHUTa
HU3KOYTJIEPOAUCTBHIX CTajed, a cTpoeHue o-(a3pl HUKHEro OelHHUTa ONUKE K
CTPOCHUIO MAPTEHCHUTA CTajieil ¢ 00Jee BHICOKUM COJIEPKAaHUEM YTIIepo/ia.

B Bepxnem Oelinute a-¢aza COCTOUT U3 peeK MUPUHON 5-10 MKM U TONIIMHOM
MeHee | MKM, a KapOUJHBIE YaCTHUIbI PACIOJIOKEHBI MEXIY pelKaMH WIH/U 10
rpaHuiaM, u3HyTpu peek. CienoBaTenbHO, B BEpXHEM OeilHUTE KapOu BbIIEISETCS
MPEUMYIIECTBEHHO U3 ayCTEHUTA.

B HmxHem OeliHUTE yYacTHIlbl KapOHaa HAXOIATCS BHYTPHU IUIACTUH O-(as3bl,
T.€. KapOuj oOpa3yercs npu ee pacnaje. BHyTpu a-¢pa3bl 1 B BEpXHEM, U B HIKHEM
OelfHUTE ITOBBIIIEHA IJIOTHOCTD JUCJIOKAIIUH.

[IponyKThl M30TEPMHUECKOTO MPEBPALIECHUS MEPEOXIJIAKICHHOIO ayCTCHHUTA B
MPOMEXKYTOUYHOM MHTEPBAJIE TeMIepaTyp N0 CBOUM (DU3UYECKUM CBOMCTBaM,
COCTaBy U CTPYKType (a3 ONM3KH K MPOAYKTaM OTIYCKa MapTEHCUTA 3aKaJlCHHOU
CTalW, €CIU TeMHepaTrypbl OCHHUTHOrO NpPEBpalleHUsT U OTMYCKAa OJUHAKOBBI.
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@®epputHas (aza B OCHHUTE SBISIETCS NEPECHIILIEHHBIM PACTBOPOM YIiepoJa B O-
Keese.

KapOunnas ¢aza B BepxHem OeilHUTE — IIEMEHTHUT, a B HUXKHEM OeilHuTe — -
KapOuJl, KOTOPBIA 3aMEHSETCS [IEMEHTUTOM C YBEIUYCHUEM BPEMEHU BBIJIEPKKH (KaK
U IIPU OTIIYCKE CTAJIN).

CneunanbHple KapOWIbl B JIETMPOBAHHBIX CTajsAX, oOOpasyromuecs B
NEPJIUTHOM UHTEpPBaJe, NP OCMHUTHOM MpEBpalIeHNH He nosaBisitoTcs. Conepxkanue
JETUPYIOUIUX AJIEMEHTOB B €-KapOWJe M LIEMEHTHTE OEHMTa Takoe Xe, Kak U B
HCXOJHOM ayCTE€HHUTE. 3/1€Ch MOJIHAs aHAJIOTHS C OTIIYCKOM JIETUPOBAHHBIX CTaJIEH.

CrnenoBarenbHO, JETHUPYIOLIUE 3JEMEHThl NPH OCHHUTHOM NPEBPALLEHUN HE
nepepacnpeaensoTcs. B cTansx, JernpoBaHHbIX KpEMHUEM, KapOUa MOXKET BOOOILE
He 00pa30BbIBATHCA, U OEHHUT COCTOUT U3 0-(a3bl 1 OCTATOYHOI'O aAyCTEHUTA.

Mexanuszm 6eithumnozo npegpaujeHusi. bEMHUTHOE NPEBPAILICHUE BKIIFOYACT
CJIEAYIOIINE OCHOBHBIE MPOIIECCHI: Y— O-IIEPECTPOUKY PEIIETKH, MepepacnpeieiCHue
yriiepoia, BelIeJICHHE KapOoua.

BonpmmHCTBO HccienoBaTeaell CUYMUTAIOT, YTO BO BCEM TEMIIEpaTypHOM
WHTEpBaje OCEHHUTHOrO mpeBpaileHus Gepput obOpaszyeTcs H3 ayCTeHHWTa IO
MapTEHCUTHOMY MEXaHHU3MY.

B monw3y 3TOro mpencraBiieHUs TOBOPAT CHEAYIOMIME (PakTbl: 00pa3zoBaHHE
penbeda Ha TUIOCKOM MOJIMPOBAHHOM MOBEPXHOCTH oOpazna (mpu MNEPIUTHOM
MpeBpalieHud penbed He BO3HUKAET); NPUCYTCTBUE B JIETMPOBAHHBIX CTaJsX
OCTaTOYHOI'0 ayCTEHUTAa IOCJIE OKOHYaHMsS OCMHUTHOrO MpeBpalleHus (MEepIUTHOE
MpeBpalieHue Bcerja JOXOAUT JI0 HMCYE3HOBEHUSI AayCTEHUTA); CXOJCTBO
MUKPOCTPYKTYp HWXKHEr0 O€HHUTa M OTIYILIEHHOIO0 MAapTeHCUTa; OJU30CTh
kpuctaiorpadpuu ¢depputa B OCHHHTE U MAPTEHCHUTA; CXOJICTBO CYOCTPYKTYp
BEpxXHEro OCMHUTA U MaJOYIJIePOIUCTOr0 MAPTEHCUTA.

MexaHu3M OEHHUTHOTO MpEBpalIEHUs, CBOEOOpa3ue ero KUMHETUKU, OJIM30CTh
U K TMEepIUTHOMY, U K MApPTEHCUTHOMY NPEBPALICHUSM MOXHO OOBSICHUTD
CIEAYIOIINM.

bellHuTHOE mpeBpalleHuE MPOUCXOAUT Npu Temmeparypax Huxke 500-450°C,
T.€. HIDKE MOpOora peKpUcTALIM3alMU >Kejie3a. JTO O3HayaeT, 4yTo B OCHHUTHOM
WHTEpBajie¢ MPAaKTUYECKH TOJHOCTHIO MojaBieHO AuDPy3MOHHOE TEpeMeIIeHue
aTOMOB OCHOBHOI'O KOMIIOHEHTa — 3kejie3a. [l03TOMy CTaHOBUTCS HEBO3MOKHBIM
oOpazoBaHue (eppura TMyTeM HEYNOPSAIOYEHHONH Y—>0-IEPECTPOUKH, T. €.
nogasisieTca nepauTHeld pacnad. Ho Beime 200-250°C emie 10CTaTOYHO aKTUBHO
unet auddysua yriepoaa, KoTtopas AeiaeT BO3MOXKHBIM BbIACICHHE KapOuja u3
aycteHuTa u eppura.

NmMeroTea nokazaTenbCTBa TOTO, YTO B MHKYOAIIMOHHBIM MEPUOJ B UCXOJHOM
ayCTEeHUTE YIJIEpOJ Mepepacupeneisercss mnepen OCHHUTHBIM IPEeBpallCHUEM.
YyacTkn aycTeHMTa C HU3KOM KOHUEHTpAIMEW yIJIepoJa IMPETEepreBarOT
MapTEHCUTHOE Y— O-IIPEeBpalllCHUE.
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Kpucramner a-¢pas3sl 00pa3yroTcsi B IPOMEKYTOUYHOM HHTEpPBaJe TEMIIEPATyp
MyTEM KOTE€PEHTHOTO POCTa MPU YIPYrod CBSI3U C UCXOAHOU y-Pa3oi, T. €. TOYHO
TaK, KaK pacTyT IUIACTUHBI MApTEHCUTA MPU TMPEBPAIICHUH HUXKE MApTEHCUTHOU
TOUYkU M,,.

Ho B oTinunMe OT YHUCTO MApPTEHCUTHOTO MPEBpPAICHUS, I KOTOPOTro
XapaKTepHO «MTHOBEHHOE» OOpa30BaHHWE IUIACTUH MapTEHCHUTA, MPU OEHHUTHOM
MpeBpallleHNd IUJIACTUHKU  0-(a3bl  pacTyT CPaBHUTEIBHO MEIJIEHHO. OTO
OOBSICHSIETCS TE€M, YTO B MPOMEKYTOUHOM HMHTEpBAJC TEeMMEpaTyp d-(pa3a MOKET
oOpa3zoBaThCi TOJIBKO U3 7Y-(pa3bl, OOETHEHHOW YIJIEPOJOM H, CJIEAOBATEIBHO,
CKOPOCTh POCTa KPUCTAIJIOB 0-(a3bl KOHTPOIUPYETCS CKOPOCTHIO AU y3nOHHOTO
OTBOJIa aTroMoB yriepoaa. llpu oTBoge »TUX aroMoB TOo4yka M, B ayCTEHUTE
HETMOCPEJCTBEHHO y TPaHMUIIbI C 0-()a30l MOBBINIAETCS U MAPTEHCUTHAS MEPEeCTpOrKa
Y—0 UAET OPU TEMIIEpAType, KOTOpas BBIIMIE TOUYKKM My, XapakTepHOW s JaHHOU
CTaJHu.

B MOMEHT MapTeHCUTHOTO TMpPEBpPAICHUS KOHIEHTpalus YIrjepoja He
MEHSIETCS, a UBMEHSETCS TOJIBKO PEIIeTKa U 00pa3yeTcsl MEPECHIICHHBIN 0-pacTBOP.
[loaTomMy ceityac ke mocliie y—0-IpeBpalleHrus] HAYMHACTCS BbIJICJICHHE KapOuaa
(IeMeHTUTa UK g-KapOuaa) U3 o-pacTBopa, T.€. (aKTUYECKH MPOUCXOJUT OTITYCK.

B yuactkax aycTeHuTa, KOTOpbIE Mepe]] Y—O-IpeBpalieHueM O00OTaTHINCh
YTJIEPOIOM, MOKET BBIJICIUTHCS KapOuI.

Pa3nuily Mexay CTpOEHHEM BEPXHETO0 M HUXKHEro OeWHHTa CBS3BIBAIOT C
pa3sHOM MOJABMKHOCTBIO YIVIEPOJIa B BEPXHEHM M HM)KHEW YacCTH TEMIEPATYPHOIO
MHTEpBaJia 0EMHUTHOTO MPEBPAICHUSI.

[Ipu BbICOKMX TeMmIiiepatypax OEHHUTHOrO MpeBpalieHus o-daza COAEPKUT
Majio YIJepojia, YCHEBAIIIero OTBOAUTHCA B ayCTEHUT OT MIPOJIBUTAIOLIEHCS
IpaHUIBl 0/y, U KapOWa BBIACISETCS MPSAMO M3 ayCTEHHTA MEXIY IUIaCTUHAMH Ol-
(da3sl — popMupyeTcsi BepXHU OCHHHUT.

[Ipn HU3KHUX TeMIlepaTypax MPEBpPAIICHUS H3-32 MEHbIIEH MMOJBHKHOCTH
yriepoaa o-pasza mepechillleHa UM, U YacTULbl KapOuJa BbIACISIOTCS BHYTPHU O-
MJIACTUH — GOPMUPYETCS HUKHUNU OCHHUT.

Mexanuueckue ceoiicmea cmaau ¢ OeUHUmMHOM cmpykmypou. benHuT
MpOYHEE MEPJINTA, MPUYEM €ro MHPOYHOCTHBIE CBOMCTBA PACTYT C IMOHUKECHHUEM
TeMIIEPATypPbl U30TEPMUUYECKOTO MPEBPALLCHUSI.

[loBbllleHHAass TPOYHOCTh OeiiHMUTAa OO0yCJOBIEHA MajbiM  Pa3MEPOM
(eppUTHBIX KPUCTAJIOB, JUCIEPCHBIMU BBIACICHUSMU KapOuaa, MOBBIINICHHOM
IJIOTHOCTBIO JIUCJIOKALMM, 3aKPEIUICHHBIX AaTOMaMH VyIJIEpOoJa, U HCKaXKECHHEM
pemieTku QeppuTa M3-3a MEPECHIIMIEHHOCTH €ro yriepoAoM U JIETHUPYIOIIUMHU
AJIEMEHTAMH.

C noHm:KeHuEeM TeMmIepaTypbl H30TEPMUUYECKOrO MPEBpAIlCHUs] B OCHHUTHOM
WHTEpBaJle M3-3a 0o0Jiee MEJJIEHHOTO OTBOJA B ayCTEHUT aTOMOB YTriepoaa OT
TPaHUIIBl 0y KpHUCTaIbl eppUTa MOJYy4YarOTCsl MENbYe, U 3TO SIBIAETCS OJHOU W3
[JIABHBIX MPUYUH MOBBIIICHUS! TPOUYHOCTHBIX CBOMCTB OelHuTa. YacTuisl KapOumoB,
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HaXOJISIINECs BHYTPH 0-(Pa3bl, TOPMO3ST ABUKEHHUE TUCTOKaluil TeM 3P (deKTUBHEE,
yeM O0JIbllle UX B €AUHUIIC 00beMa, M YeM OHU PaBHOMEpPHEE paclpeaeICHEI.

B BepxHewm OeliHUTe KapOUAHBIC YaCTHUIBI PACTIONIOKEHBI TJIABHBIM 00pa30M Mo
rpaHuiaM (peppUTHHIX KPUCTAIJIOB U MO3TOMY HE BHOCST CYIIIECTBEHHOI'O BKJIaJa B
ynpouHnenre. C MOHMKEHUEM TeMIlepaTyphbl MPEBpaIlleHHs] JUCIIEPCHOCTh KapOUa0B
BO3pAacTaeT M OHM PACHOJIAraloTCs B OCHOBHOM BHYTpU (eppuTa, MOBBIIIAS
MIPOYHOCTh OCHHHUTA.

@eppur B OeliHUTE uUMeeT OONBIIYI0 IUIOTHOCTh JUCIOKALMM, YeM
M30BITOYHBIA (DEPPUT B JOIBTEKTOUIHOU cTanu. Jlucmokaruyu B OCHHUTHOM (eppute
3aKpeIUieHbl KOTTPEJUIOBCKUMHU aTMocepamMu U3 aTOMOB Yriepojia U BHOCST
3HAUUTENIbHBIA BKJIAJ B yIpOYHEHHE. TBEpAOPACTBOPHBIN MEXaHU3M YINPOUHEHUS
AJIEMEHTaMH, PACTBOPEHHBIMU IO CHOCOOY 3aMEIEHUs, HECKOJIbKO IOBBIIIACT
yIpoYHEeHHe OCHHUTA.

[1nacTUYHOCTH TIpU MEpEeXoje U3 MEePAUTHON 00JacTh B OEMHUTHYIO MaJacT, a
3aTeM C TMOHM)XEHUEM TeMIIepaTypbl BHOBb Bo3pactaeT. CHUXEHUE TUIACTUYHOCTH
CBSI3aHO C TEM, YTO CTPOEHUE BEpXHEro OeHuTa CpaBHUTENIBbHO rpydoe. YacTullsl
KapOuJia, pacloyiO)KeHHbIE 10 TpaHulaM QEPPUTHBIX KPUCTAIIOB, MMOHUKAIOT
MJACTUYHOCTh OciiHuTa. B HIDKHEM ke OCHHHTE YacTUIBl KapOWJIOB HAXOJSITCS
BHYTpPH 0-(a3bl, U MOATOMY MUIACTUYHOCTH Yy HETO 00Jiee BhICOKASI.

Cranu co CTpyKTypoil HIKHEro OedHuTa, Kak MpaBuUiio, 001aaaroT OoJblien
BSI3KOCTBIO, YEM MOCJE 3aKAJIKM HAa MapTEHCUT M OTIYCKAa HA PAaBHYIO TBEPAOCTh U
MPOYHOCTh. BSI3KOCTH OCOOEHHO BBICOKA Yy CTajel, JErMpPOBaHHBIX KPEMHHUEM, B
KOTOPBIX OEHHUT COCTOUT U3 0-(pa3bl U 00OTramieHHOIro YIIEepOJOM AayCTeHHTa, a
KapOuHOM (ha3bl HET.

IIpokanuBaemocTs crajei

Ilpokanuseaemoemocmov u Kpumuueckas cKopocms oxaaxcoenusn. llpn
3aKajike Ha MapTEHCUT CTallb JIOJHKHA OXJIAXK/IaThCsl C 3aKaJIOYHOM TeMIepaTyphl Tak,
yTOOBl AYCTEHHUT, HE YCIEB MPETEepPIeTh pachajg Ha (eppUTO-KapOUJIHYIO CMECh,
MePeOXJIaIUIIC HIXKE TOUKH My,.

J1J1st 3TOro CKOpPOCTh OXJaXACHUSI U3JIeNUs JOJKHA OBITh BbILIE KPUTUUYECKOM.
Kpurnueckas ckopocTh OXJaXACHUS — 3TO MUHHUMAJIbHAasi CKOPOCTh, MPU KOTOPOil
ayCTEHHUT €Ille He pacrnagaeTcs Ha PeppuTo-KapOUIHYIO CMECh.

B nepBoM mpuOIMKEHUU KPUTHUYECKAs CKOPOCTh OXJIAXKICHHUS MPU 3aKaIKe
ONpEeAENsAeTCS HAKIIOHOM KacartenbHOM K C-KpHBOM Hadaja pacriaaa aycreHura. [lpu
TaKOM OMpENIENICHUH TOJIy4aeTcsi BeJIUMYMHA, MpuMepHO B 1,5 pa3a mpeBsblliaronias
UCTHHHYIO KPUTHUYECKYIO CKOPOCTh. ICTMHHYIO CKOPOCTB Uy MOYKHO IOJYYUTH IPU
UCIIOJIb30BaHUU TEPMOKHMHETUYECKHUX TUArPAMM.

Ha puc. 4.16 npencrasiena takas aquarpamma s cranm 35I°C. Ilepeceuenns
KPUBBIX OXJIAXKJCHHUSI C JUHUAMH TEPMOKHHETUUECKON AMarpaMmbl TOKa3bIBAIOT
TEMIEepaTypbl Hayajla M KOHIA COOTBETCTBYIOIIETO MpeBpalieHus, a Iudpsl y
KPUBBIX — 3HAYEHHUS TBEPAOCTH MO BpUHEIII0 IO OKOHYaHUU OXJIAXKICHUS.
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MuHuManbpHas CKOPOCTh OXJIAKICHUS TIPH 3aKajike Ha MapTeHcuT ctanu 351°C
J0JDKHA OBITH TaKO#, YTOOBI HE HayajaoCch OeMHUTHOE mpeBpalieHue (A—b).

CKOpOCTh OXJaXJICHUS Ha TOBEPXHOCTH H3ACIHUS MOXKET OBITh OOJbIle
KPUTUYECKOM, a B IIEHTpE MEHbIlIe. B 3TOM cilyyae ayCTEHUT B MOBEPXHOCTHBIX
CIOSIX TIPEBPATUTCS B MApTEHCHUT, a B IIEHTPE H3JACIHS HCIBITHIBAET IMEPIUTHOE
MpeBpalieHue, T.6. JeTalb HE MPOKAJIUTCS HAcKBO3b. IIpokanmmBaeMoCcTh — OoJHA U3

BAKHEHIINX XapaKTepucTHK cTainu. [loag mpokanmBaeMOCThIO MOHUMAIOT TIIYOUHY
MMPOHUKHOBEHUS 3aKaJICHHOW 30HBI.
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Puc. 4.16. Tepmokunerndeckas auarpamma st ctanu 351°C, cogepxament 0,34% C,
1% Mn, 0,76% Si (K.®. Crapoay06os, }0.3.bopkosckuii, B.B.Ilapycos)

[IpokanuBaeMOCTh 3aBUCHUT MPEXKIE BCErO OT KPUTHYECKOW CKOPOCTH
oxnaxnaeHnus. Ha pwuc. 4.17 wnzo0pakeHa KpuBas pacrlpeeleHus CKOpoCTei

OXJaXJCHUS MO JAWAMETPy IWIMHAPUYECKOro o0paslla B COIMNOCTaBICHUU C
BEJIMYMHON KPUTUUYECKON CKOPOCTH.

T OXAIN GO T

1
i

i
L

I I
I I
[ dtcsm |
| opEAa |

L

7
[

!
Ty % M.

L

Puc. 4.17. IIpokanuBaemMOCTh HWJIMH/PA: & — HECKBO3HAs MPOKAINBAEMOCTb;
0 — CKBO3HAsI MPOKAIMBAEMOCTh; | — KpHUBas pacrpeeseHus CKOpOCTen
OXJIJKJICHUS 110 TUAMETPY UUIUHAPA; 2 — KPUTUUECKAsi CKOPOCTh OXJIAaXKICHUS
(3amITpUXOBaH CJIOW, 3aKAJICHHBI HA MAPTEHCUT)
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B MaccuBHOl netann OOJIBIIOTO CEYEHHUs MOCIE 3aKalIKh MOXKHO HaOII0JaTh
BCIO TaMMY CTPYKTYp: IJIABHBIM NEPEX0] OT MApTEHCUTA OKOJIO MTOBEPXHOCTH YEPE3
TPOOCTOMAPTEHCUT, TPOOCTUT U COPOUT JI0 MEPJIUTA B IIEHTPE.

Ecnau nenTp uznenusi oxJIaxkJaeTcsi CO CKOPOCThbIO OOJIbIlIe KPUTHYECKOH, TO
JeTallb 3aKaJruBaeTCs Ha MAapTEHCUT HaCKBO3b (puc. 4.17,0).

Kak BugHo u3 puc. 4.17, ans yBenndeHus: NpOKaJIUBAEMOCTH JI€TAIU JAHHOTO
CEUYEHUs1 HEOOXOIMMO WM MOBBIIIATH CKOPOCTh OXJIaxK/IeHus (KpuBasi 1 caBuraercs
BBEPX), WU MOHUKATh KPUTHUYECKYIO CKOPOCTh 3aKAJIKU: U B TOM, U B IPYTOM Cllydae
3alITPUXOBAHHOE CEUCHUE 3aKAJICHHOM 30HBI OyJIeT BO3pACTAaTh.

Kpurnueckass CKOpOCTh OXJaXJACHUSI 3aBUCUT OT BCEX (PAKTOPOB, BIUSIOMINX
Ha CKOpPOCTh pacmaaa aycTteHuTa. DakTopbl, YBEIMYMBAIOIINE CTOMKOCTH
MEPEOXTAXKACHHOIO ayCTeHUTa NOpPOTHB pacnaga, T. €. caBuramomume C-KpuBble
BIIPABO, VYBEIMYUBAIOT MpoKaduBaeMocTh (mpu casure C-KpuBOW  BHOPABO
KacaTelbHas K Hel pacnoJiaraeTcsi ol MEHBIIUM YTIIOM).

Tak kak myg 3apOoXJIEHUS ABTEKTOUJAa HEOOXOAMMBI MECTHBIE OOOTAIlCHUS U
oOelHeHUsT Y-pacTBOpa yTIEepoAOM, TO, Y€M OJHOPOAHEE ayCTEHUT, TeM Ooiiee
YCTONYMB OH MPOTHUB 3BTEKTOUIHOTO pacraja u TeM 00JIbllle MPOKAIUBAEMOCTb.

C yKkpynHEHHEM JAEHUCTBUTEIBHOTO AYCTEHUTHOTO 3€pHA YMEHBIIACTCA
CyMMapHasi MEX3€pEeHHasl MMOBEPXHOCTh, HA KOTOPOM MPEANOYTUTEILHO HAYMHAETCS
pacnaj, u MPpOKAIMBAEMOCTh YBEITUUYNBAETCS.

VYBenuueHne Temmneparypbl HarpeBa U BPEMEHHU BBIJICPKKU MEPEH 3aKalKOM
MPUBOJUT K BBHIPABHUBAHUIO KOHIIEHTPALMU Y-pACTBOpPAa U K POCTY AyCTEHUTHOTO
3€pHa, T. €. MOBBIIIAET YCTOMYMBOCTh NEPEOXJIAXKIACHHOrO aycteHuta. [loatomy ¢
pPOCTOM TeMIEpaTypbl HarpeBa M BBIIECPKKU IEPE] 3aKAJIKOM MPOKAIMBAEMOCTH
CTaJIM YBEJIMYMBACTCS, PUYEM NEepBbIid PakTop Oosiee 3PpPeKTUBEH.

OueHb CUIIPHO Ha TPOKAIMBAEMOCTD BIMSAECT XUMUYECKHN cOCTaB aycteHura. C
MOBBIIICHUEM KOHIIEHTPALMU YIJIEPOJIa B AyCTEHHUTE OH JIENIA€TCS YCTOMYMBEE U
KPUTHUYECKAsE CKOPOCTh 3aKaJIKA YMEHBIIACTCS.

VYBenuueHne MpPOKAIMBAEMOCTH IIPU JIETUPOBAHMM HCHOJB3YKOT B JIBYX
HaIpaBJICHUSIX.

Bo-niepBbiX, NpUMEHEHHE JIETUPOBAHHOM CTadu OO0ECHeuYrBaET CKBO3HYIO
MIPOKAJIMBAEMOCTh B TaKMX OOJBIIMX CEUEHUSIX, KOTOPbIE€ HEBO3MOXKHO MPOKAIUTH
HACKBO3b, €CJIM UCITOJIB30BaTh YIIEPOAUCTYIO cTanb. Hampumep, mpu 3akanke B BOJE
cranu 45 KpuTH4YeCcKnil auameTp paBeH 20 MM, B TO BpeMs KAaK M3AEIUS U3 CTalu
40XH2MA munamerpom 120 MM MpOKaNMBAKOTCS HACKBO3b MPU OXJIAXKICHUU B MacJe.

Bo-BTOpBIX, A u3nenuii HeOOJBIIOTO CEUYCHHS 3aMEHa YIJIepOJUCTON CTalu
JIETUPOBAHHOM TMO3BOJISIET MEPEUTH K MEHEE PE3KOMY 3aKaJOYHOMY OXJIAXKICHHIO.
[IpuMeHsist yriepoaucTyto cTajib, MOKHO MPOKAIUTh HACKBO3b U3JIeNIME HEOOJIBIIOTO
CEUCHHs IpU 3aKkaike B Bojge. Ho mpu 3TOM MOryT BO3HUKHYTH HEIOIYCTUMO
OOJIbIIIME OCTATOYHBIE HAMPSHKEHUS, a TAKKE KOPOOJIEHHE U TPEIIUHbI, OCOOEHHO B
U3JIENUSIX CI0XHOU (opmbl. C UCMONB30BAHUEM JIETUPOBAHHOW CTalld 3aKajKy B
BOJIE MOHO 3aMEHHUTh 00Jiee MSTKOM 3aKajKOW B 3MYJbCHM, Macje WIM JaXKe Ha
BO3/YyXE.
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Xapaxkmepucmuku npokaiueaemocmu. IlpocTeiiiiein XapakTepUCTUKON
ABJISIETCA TJyOMHA TMPOKAIMBAEMOCTH WU3JIENIUSI B OMNPENEICHHOM OXJIaJIUTele.
['myOuny npoKaMBaeMOCTH MOXHO OINPEIETUTh METOJAOM MNPOOHON 3aKalKdh IO
U3JIOMY, Makpouutudy u pacipeiesICHUI0 TBEPAOCTU B CEUCHUU U3JIEIIHUS.

3akajieHHasi HAa MapTEHCUT CTajlb XPYIKA; B 3aKaJCHHOW 30HE U3CINE UMEET
POBHBIM MEIKO3EPHUCTBIN, MAaTOBO-CEPHIN, 4acTo ¢hapOopOBUAHBIN U3IIOM.

Henpoxkanennas cepaneBrHa — 0oJiee Bs3Kasi; y HE€ HEPOBHBIN, IEPOXOBATHIM,
CJIErKa BOJIOKHHUCTBIN M3JIOM. ['paHuIia MEXAy 3TUMU JIByMsI 30HAMH OYE€HBb XOPOIIO
BUAHA B m3aoMe. Ha Makpomnummde 3akaieHHass W HEMpPOKaJeHHAs 30HBI TPaBATCS
MIOPa3HOMY M MTOATOMY Pa3JIM4arOTCs JOBOJBHO YETKO.

Pacnipenenenne TBEpIOCTH MO CEUCHUIO 3aKAJCHHOTO IIJIMHJIPA MOKa3aHO Ha
puc. 4.18. XapakTepHO HHTCHCHBHOE HW3MEHEHHE TBEPAOCTH Ha OINPEACICHHOM
pPAacCTOSAHUU OT MOBEPXHOCTH H3AECIUS, MPUYEM OBTO PACCTOSSHUE COOTBETCTBYET
TpaHMIe MEXKAY 3aKaJCHHOW M HEMPOKAJICHHOM 30HAMH, BBISIBISIEMON IO HM3JIOMY U
Makpouutudy.
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Puc. 4.18. Pacnipeenenue TBEpAOCTH MO TUaMETPy 0Opasia u3 cranu 60,
3akajienHoro ¢ 815°C: 1 — 3akainka B Bojie; 2 — 3akaika B macie; HRC™ — tBepaocTs
CTaJIH C TIOJIYMapTCHCUTHOU CTPYKTYpOI
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['myOMHON MPOKATMBAEMOCTH YCIOBHO CUMUTAIOT PACCTOSHHUE OT OXJIAXKAAeMOM
MOBEPXHOCTH JO CJIOA C MOJyMapTeHCUTHOU cTpykTypout (50% Tpooctuta u 50%
MapTeHcuTa). B pailoHe 3TOro ciost Ha TBEPAOCTh OYEHb CUJIBHO BIIUSIET PACCTOSHUE
OT NOBEPXHOCTH U3/IEIIHSL.

[loaTomMy T©yOMHY NpOKaIMBAaeMOCTH KaK pAacCTOSHUE OT OXJIaXKIaeMou
MOBEPXHOCTU JIO CJOS C MOJYMAapTEHCUTHOM CTPYKTYpOM MOXKHO BECBMAa TOYHO
ONPENIeNUTh, U3MEPSIA TBEPIOCTb U3ACIUS U MOIb3YACh CIPABOYHBIMH JAHHBIMHU O
TBEPJIOCTU CTajieil pa3HOro coctaBa ¢ noigymapteHcutHou ctpykrypoil (HRC,, Ha
puc. 4.18).

[IpyTok nuamerpom 38 MM u3 ctanu 60 mpu 3aKajike B BOJIE UMEET IIIyOUHY
MPOKAIMBAEMOCTH 7 MM, a IIpH 3akaike B Maciie 0,4 Mm.

Jlst onipenieneHus: MpoKaIuBaeMOCTH YIIIEPOJUCTBIX U JIESTUPOBAHHBIX CTAJICH,
32 UCKJIIOUCHHEM 3aKaJMBAIOLIMXCS HAa BO3yX€, MIUPOKO MPUMEHSIOT CTaHAAPTHBIM
METO]I TOPLIOBOM 3aKaJIKH.

CranmapTHelii  00paszell IMocjie HarpeBa B M€Y OBICTPO TNEPEHOCIT B
CIICIMAJIBHYI0 YCTAHOBKY, B KOTOPOM €ro OXJXJAlT CTPYyed BOJBI MOJ
OMpeNIeICHHBIM HaopoM ToJIbko ¢ Topua. [locie monHoro oxmaxaenus odpasia mo
€ro JBYM JUaMETPajbHO MPOTHUBOIOJIOXKHBIM O0O0pPa3yIOIIUM COLLIU(OBBIBAIOT
mromaaky Ha riayouny 0,5 M. Ilo aauHe 3THX momaaok yepes 1,5-3 MM u3mepsoT
TBepAocTh 1o mkane HRC um cTpodAT KpHUBYIO NpPOKaIMBa€MOCTH B KOOPAMHATAX
TBEPAOCTh — PACCTOSHHE OT Topua. YeM MeHbIIE MPOKATUBAEMOCTh CTAJIH, TEM
ObICTpee MajlaeT TBEPAOCTD MPU YAAICHUHU OT TOpLA.

JInst pasHbIX IUTAaBOK OJHOM MapKu CTalld [OJdydaeTcsi Habop KPUBBIX
MPOKAJIMBAEMOCTH, TAaK KaK OT IUIABKM K IUIaBKE MPOKaJIUBAEMOCTh MEHSETCS.
ITosToMy cTanbp ONPENEICHHOM MApKHW XapaKTepU3yeTCsd MapOYHOM MOJIOCOU
MPOKAJTUBAEMOCTH.

Nunekcamu (UM(PPOBBIMU TOKA3aTENSIMHU) MPOKAIUBAEMOCTH MAapKH MOTYT
CIIYKUTh MaKCUMajbHas U MUHHMAaJbHasl TBEPAOCTh HA ONMPEACICHHOM PACCTOSHUU
OT OXJIAXJAEMOI'0 TOpIla, UJIM MAaKCUMaJIbHOE U MUHUMAJILHOE PACCTOSIHUE OT Toplia
JI0 TOYEK € 3aJJaHHOM TBEPJIOCTHIO, HAIPUMED, C «IIOJTYMAPTEHCUTHOW» TBEPAOCTHIO.

O0beMHas 3aKajIKa cTajiel
[Ipu oObemMHON 3akanke H3JEIUE HArpeBarOT A0 3aJaHHON TeMIepaTyphl,
OJIMHAKOBOM I10 BCEMY €ro 00beMy.

Hacpee noo 3axanky. TemieparTypbl HarpeBa MOJ 3aKajKy YriaepOAUCTBIX
cTajieid MOJKHO BBIOpATh IO JuarpaMmme coctossHus (puc. 4.19).

JI03BTEKTOUIHBIE CTAJIM 3aKaJUBAIOT C TEMIEPATYpP, NPEBBIIMIAIONIUX TOUKY Aj
Ha 30-50K. HacnencTBeHHO MeENIKO3EpHHUCTasi CTalb JAOMYCKaeT Ooyiee BBICOKHIA
HarpeB. [Ipu meperpeBe HACIEACTBEHHO KPYMHO3EPHUCTOM CTalyd 3aKajlka JaeT
CTPYKTYpPY KPYITHOUTOJIbYATOI0 MapTEHCUTA.
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[Ipu 3akanke ¢ TemMmeparyp HUXKE TOYKM Az (HEMOJIHAs 3aKalKa) Hapsay C
MapTEeHCUTOM OCTaeTCs H30BITOUHBIA (EeppUT, KOTOPBIA CHHXKAET TBEPAOCTD
3aKaJICHHOU CTaJI M yXyIIIAaeT MEXaHUYECKNE CBOWCTBA MTOCIE OTITYCKa.
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Puc. 4.19. UaTepBan TemnepaTyp HarpeBa noj 3aKajiKy YriepOJAUCTBIX CTallei

3a’BTEKTOUJIHBIC CTANIM 3aKalMBAIOT C TEMIEPATYpP, MPEBBIMIAIONIUX TOUKY A
Ha 35-60K. Ilpm 3akanke ¢ temmnepatyp B uUHTEpBaie A|-A., B 3a3BTEKTOWIHBIX
CTaJIsIX HAPAY C MAPTEHCUTOM MMEETCS BTOPUYHBIA [IEMEHTHUT, KOTOPBII MOBBIIIAET
M3HOCOCTOMKOCTh MHCTPYMEHTA.

Harpes no temnepatyp Bbiie A, BpEIeH, TaK KaK TBEPJOCTh 3aKAJICHHOU
CTaldM TOJY4YaeTCsl HUXKE H3-3a PACTBOPEHUS TBEPABIX LIEMEHTUTHBIX YacTHUI[ U
MOBBIIICHUSI KOJIMYECTBA OCTAaTOYHOro aycreHutra (puc. 38), yKpymHseTCs
ayCTEHUTHOE 3€PHO, YCUIIMBAETCS O00€3YyrJiepoKMBaHUE TOBEPXHOCTH M PACTYT
3aKaJOYHbIC HAMPSKCHUS.

Temnepatypa HarpeBa MOJ| 3aKaJKy OOJBIIMHCTBA KOHCTPYKIMOHHBIX U
MHCTPYMEHTAJIbHBIX JIETUPOBAHHBIX cTasiel Haxonutes B npenenax 800-880°C (mns
KaXJI0M MapKy CTalM SKCIEPUMEHTAIbHO MOJAOUPAIOT CBOW OoJiee y3KHIl MHTEpBa
3aKJIOYHBIX TEMIEPATYD).

Cranu ¢ OGonpmuM cojaep)kaHueM KapOumooOpasyromux sneMeHToB (W, Mo,
V, Cr) 3akanuBaroT ¢ 0ojiee BBICOKMX TEMIIEpaTyp, MHOTAA OJU3KUX K COJIUIYCY,
YTOOBI MEPEBECTU B AYCTEHUT OOJBIIOE KOJUYECTBO TPYAHOPACTBOPUMBIX KapOUIOB.
Hamnpuwmep, osicTpopexynryto ctainb POMS 3akanuBarot ¢ Temmepatyp 1200-1230°C,
a mrammnoByto X12®1 — ¢ remneparyp 1030-1050°C.
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[Ipoa0IKUTENBHOCTh BBIAEPKKU IMPU TEMIIEpaType HarpeBa JOHKHA OBITh
TaKoOW, 4TOOBI IpoLLIa TOMOreHu3anus aycreHuta. CKOpOCTh HarpeBa KeJlaTelabHO
MMETh MaKCHUMAaJbHOM [UI TOBBILIEHUS NPOM3BOAMTENBHOCTH. llpm 3akanke c
BBICOKHX TEMIIEPATYP HEKOTOPBIX BBICOKOJIETUPOBAHHBIX, HaIpuMmep,
OBICTPOPEXKYIIUX CTAIEH JUIsl YMEHBIICHHUS] TEPMUUYECKUX HAMPSKEHUN HCIONb3YIOT
CTYIIEHYaThI HATPEB.

Oxnasicoenue npu 3akanke. PexuM OXJaXAEHUS NPU 3aKaJKe JOJDKEH
IpEXJe BCEro 00ecneunTh HEOOXOOMMYI0 IIIyOHMHY MpOKaluBaeMocTH. B To ke
BpEMsI PEXKUM OXJIAXKIEHUS JOJDKEH OBITh TaKWM, YTOObl HE BO3HHMKAIU CHUJIbHBIC
3aKaJOYHbIE HAIpPSIKEHUS, NPUBOJAILINE K KOPOOJIEHUIO HM3JENHS U 00pa30oBaHUIO
3aKAJIOYHBIX TPEIIUH.

3akasioyHble HAMpPSKEHUSI CKIIAJIBIBAIOTCA M3 TEPMHUYECKUX U CTPYKTYPHBIX
HanpsbkeHui. [Ipu 3akanke Bcerga BO3HMKAET meEpenaj TeMIepaTyp IO CEYEHUIO
u3aenus. Pa3nas BeM4rHa TEPMUYECKOTO CKATUSL HAPYKHBIX U BHYTPEHHUX CJIOEB B
MEePUOJI OXJIXKIACHUSI 00YCIOBIMBAET BOSHUKHOBEHHE TEPMUUECKUX HAMPSKEHUI.

MapTeHcUTHOE MPEBpAIlCHUE CBSI3aHO C YBEIWYEHUEM O00beMa Ha HECKOJBKO
poueHTOB. [[OBEpXHOCTHBIE CIIOW paHbIIE€ JOCTUTAIOT MAPTEHCUTHOM TOYKH, YEM
cepAueBUHA U3enus. MapTeHCUTHOE NMPEBPAILLIECHUE U CBA3aHHOE C HUM YBEIINYCHUE
o0beMa MPOUCXOASIT B PA3HBIX TOUKAX CEUCHHUS HU3JIENUsS HE OJHOBPEMEHHO, YTO
MPUBOJUT K BOSHUKHOBEHHUIO CTPYKTYPHBIX HAIMPSKEHUM.

CyMMapHbIe 3aKallOUHbIE HAMPSHKEHUS PACTyT C YBEJIUYECHHUEM TeMIIepaTypbl
HarpeBa IoJ| 3aKajlKy M C MOBBIINICHUEM CKOPOCTH OXJIaXJACHUs, TaK Kak B 000UX
ATUX CIIy4dasgX BO3pACTAeT MEPEMNaJl TEMIEPATYp MO CEUCHUIO M3AECHUSA. Y BEIMYCHUE
nepernajga TeMmeparyp MNPUBOJUT K POCTY TEPMUUYECKHUX U  CTPYKTYPHBIX
HaNpsHKEHUMN.

st craneit Hanbosjee BEpPOSTHO BO3HMKHOBEHUE 3aKaJlOUHBIX TPEIIMH B
UHTEpBAJIe TEMIIepaTyp HUXKE MapTEHCUTHOM TOYKH, KOTJa TMOSBISIOTCS
CTPYKTYpHbIE HamnpspKeHuss U oOpasyerca xpynkas ¢asza — MapTeHcUT. Beiie
MapTEHCUTHOW TOYKH BO3HUKAIOT TOJBKO TEPMUUYECKUE HAMPSKEHUSI, IPUUEM CTallb
HaxXOJIUTCSl B @yCTEHUTHOM COCTOSIHUM, a AyCTEHUT IIACTHUYECH.

Kak nmokassiBaer C-guarpamma, ObICTpOE OXJIaXAEHUE HEOOXOIMMO B pailoHe
HaUMEHbIIEH YCTONYMBOCTU TMEPEOXJIAKACHHOrO aycteHuta. Jnsg OonbIIMHCTBA
cTajed 3TOT paloH Haxomutcs B uHTepBane 650-400°C. Bpime um HHXKE 3TOro
WHTEpBaJIa TEMIIEpaTyp ayCTEHUT ropaso Oojiee YCTONYMB MPOTUB pacraja, 4em
ok0J10 n3ruda C-KpuBOM, U3JEITUE MOKHO OXJIAXKIATh OTHOCUTEIIBHO MEIJIEHHO.

MennenHoe oxyakJaeHue 0COOEHHO Ba)KHO MPOBOJUTH HAUMHAS C TEMIIEPATyp
300-200°C, HuXke KOTOpbIX B OOJIBIIMHCTBE cTalield oOpa3yercss MapreHcut. [lpu
3aMEUICHHOM OXJaXJAeHUU Bbllle u3ruda C-KpUBOM YMEHBIIAIOTCS TOJBKO
TEPMUUYECKUE HANpPSIKEHUsS, a B MApPTEHCUTHOM HWHTEpPBAJIE CHWKAIOTCA U
TEPMUYECKUE, U CTPYKTYPHbBIC HANPSKEHUS.

B kadecTBe 3aKalO4HBIX CpejJ HamOOJee HIMPOKO HCHOJIB3YIOT XOJIOJHYIO
Boay, 10%-it Bonubli pactBop NaOH wiu NaCl u macno.
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XoyiogHasg BOJIa — CaMblil JCIIEBBIM M BEChbMA DHEPTUYHBIN OoXjaauTesb. OH
OBICTPO OXJIAXJAET U B MEPIUTHOM, U B MApPTEHCUTHOM HHTEpBajax TeMIIEpaTyp.
JloOaBKM CONMM WM WIEJOYU YBEIWYUBAIOT OXJIAXKIAIOIIYI0 CIOCOOHOCTh BOJBI B
NEepPIUTHOM UHTepBasie. [JMaBHBI HEJOCTATOK BOABI — OOJbIIAs CKOPOCTh
OXJIaXJCHUS B MAPTEHCUTHOM UHTEpBAJIE.

MuHepanbHOE MAcli0 MEIJICHHO OXJIaXKJaeT B MAPTEHCUTHOM HHTEpBajie (3TO
€ro TIJIaBHOE MPEUMYIIECTBO), HO OHO MEIJCHHO OXJaXJIAaeT U B MEPIUTHOM
UMHTEpBaJie (3TO €ro OCHOBHOM HemocTaTok). lloaTomy Mmacio mHpUMEHSIIOT AJid
3aKaJKu CTAJIEH C XOPOIIEeH MPOKAINBAEMOCTBIO.

Harperas Boga He MOKET 3aMEHUTh MAclo0, TaK KaK HArpeB PE3KO YMEHBIIAET
CKOPOCTh OXJIQXJEHUS B TMEPIUTHOM HWHTEpBaJIe, HO IMOYTH HE H3MEHSET €€ B
MapTEHCUTHOM HMHTEpBAJIC.

OTHOCUTENHFHO HOBBIM KJIAaCC 3aKaJOYHBIX Cpell — BOJHBIE PaCTBOPHI
MOJIMMEPOB, KOTOPBIE B 3aBUCUMOCTH OT KOHLICHTPALUH MOJIMMEPA M0 OXJIaXKAAOIIECH
CIOCOOHOCTH MOTYT 3aHUMAaTh MIPOMEKYTOUHOE MOJIOKEHUE MEXKIY BOJIOM U MACIIOM.

B oTnnune oT 3aKano4HbIX Macesl BOJAHBIE PACTBOPHI MOJMMEPOB MPHU 3aKAIKE
B HUX CTQJIM HE TOPAT W HE BBIACIAIOT AbiMa. KpoMe Toro, oHu jaemieBie Macel.
ITpumep — 3akamounas cpena IIK-2, aasromascs BogubiM pactBopoM (0,5-2,5%)
HETIOJIHOW JKEJIE3HOW COJIA MOJIMAKPUIIOBOUN KUCIIOTBHI.

Cnocoo6wl 3axkanku. Tak Kak HET TaKOM 3aKaJIMBAIOLIEH CpPEAbl, KOTOpas JaBajia
Obl ObICTpOE oOXJaxjaeHue B wuHTepBase Temmepatyp 650-400°C u memyieHHOE
OXJIaXJCHUE BBHIIIE M TJIaBHBIM 00pa3oM HUXKE ITOTO MHTEpBaja, TO NMPUMEHSIOT
pa3liuyHble  CHOCOOBI  3aKalIku, OOECIEeUMBAIOIINE  HEOOXOAMMBIM  pexUM
OXJIaXACHUS.
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Puc. 4.20. 3akanka yepe3 Boy B Maclio (3aKaJika B JIBYX cpeaax):
| — HOpMaNBHBIN pexnM; 2 — HEAOAEPKKA B BOJE; 3 — MEPELIEPIKKaA B BOAE
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JInst  yMEHBIIEHUST CKOPOCTHM OXJIAXJECHHUSI B MApPTEHCUTHOM HHTEpBaje
MIPUMEHSIIOT 3aKanKy 6 08yx cpedax (puc. 4.20).

Bnauane petanp morpy’arT B BOJAY U IOCJIE€ KOPOTKOW BBIAEPKKU B BOJIE
nepeHocaT B macio. [loaTomy Takoil cmoco0 3akalkyd Ha3bIBAIOT 3aKaJIKOM uepes
BOJIy B MacJo.

bricTpoe oxnaxaeHue B BOAE MPENOTBpAIACT MEPIUTHOE IMPEBpaIlCHHUE, a
nocjieAylomiee 3aMEIJICHHOE OXJIaXJEHHWEe B Maclie YMEHBIIAeT 3aKaJOYHbIC
HaIpsHKEHUS] B MAPTEHCUTHOM MHTEpBAJeE.

Haunbonee oTBETCTBEHHBIIT MOMEHT — BBIJIEPKKA B BOJAE, MPOJOKUTEIIBHOCTh
KOTOPOM YCTaHABIMBAIOT JIA KaXJOTO KOHKpeTHoro usnaenus. W mepenepikka, u
HEJI0/IePKKa B BOJIE MOTYT MPUBECTH K Opaky. [Ipu Henoaepkke B BOJIe MPOUCXOAUT
YaCTUYHBIN WM MOJHBINA pacnaja ayCTeHUTA, U MOJy4aeTcs 3aHMKEHHAs: TBEPAOCTh, a
MpU TEPEeIepPKKE BO3ZHUKAIOT 00Jie€ CHIIbHBIE 3aKAJIOYHBIE HAMPSKEHUS, KOTOPHIC
MOTYT IPUBECTHU K KOPOOJICHUIO U 00PA30BaHUIO TPELIUH.

HecmoTpsi Ha yka3zaHHbIE HEIOCTAaTKH, 3aKaJIKy 4epe3 BOAY B Macjio IIUPOKO
MPUMEHSIIOT B MPOU3BOJCTBE PEXKYILIET0 HHCTPYMEHTA U3 YIVIEPOJUCTON CTalH
(yraepoaucras ctaib 001agaeT HEOOIbIION MPOKATUBAEMOCTHIO, TOATOMY PEXKYILIUMA
MHCTPYMEHT U3 HEE HEJb3s 3aKajJuBaTh B MacJe).
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Puc. 4.21. 3akanka B BoJie ¥ TOpsAUMX cpenax: 1 — B Boxe; 2 — cTyneHyaras;
3 — u3oTepMHUYECKas

Hpyroii cmnoco0® yMEHBIIEHUS CKOPOCTH OXJaXJACHUS B MapTEHCUTHOM
UHTEpBalle — cmynenuamasn 3akanka (puc. 4.21). Harperoe no temmnepaTypsl 3a-
KaJIKU u3lienrue OBICTPO MOTrPYXKalT B BaHHY C ropsiiedl cpeioi, a 3aTeM IMocie
HEKOTOPOU BBIACP>KKHU BBIJAIOT HA BO3/IyX WU MOTPYKAIOT B XOJIOAHOE MAcJo.
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[Ipu BBIOOpPE pexkuma CTylneHuaTod 3akajnku nomoraet C-auarpamma.
Temneparypy ropsiueit cpennl (Temiepatypy «CTYNEHbKHW») BBIOMpAIOT BOIU3H
MapreHcutHo Touku (Ha 20-30K Bbllie Hee) B 00JaCTU BBICOKOW YCTOWYHMBOCTH
MEePEOXJIAKIEHHOTO aycTeHuTa. Bpems BblIepkKU B ropsiueil cpene (ayimnHa
«CTYNEHBKW»)  JIOJDKHO  OBITh ~ MEHBIIE  WHKYOAIIMOHHOTO  Mepuoja  Mpu
COOTBETCTBYIOILIEH TemMIepaType.

Crynenuaras 3akajnka 0ojee NpocTa B UCIIOJIHEHUH, YEM 3aKalika 4Yepe3 BOJly B
Maciio U JaeT Oojee cTaOuibHbIE pPe3yibTaThl. J[pyroe Ba)kHOE MPEUMYIIECTBO
CTYNEHYaTOM 3aKaJKh — BbIPABHUBAHUE TEMIIEPATYPhI MO CEUCHUIO U3JENUS MpU
BBIJIEP)KKE B ropsiueil cpene. MapTeHCUTHOE TpeBpalieHUuEe MOCJE 3TOU BBIIEPKKH
MPOUCXOJUT MPU MEIJICHHOM OXJaXKICHUU U OJHOBPEMEHHO IO BCeMYy O0OBEMY, B
pe3yabTaTe Yero yMEHbBIIAIOTCS 3aKaI0YHbIE HAMPSXKEHUS.

Becpma cyliecTBeHHOE MPEUMYIECTBO — TO, YTO CTallb MPU TeMIEepaType
«CTYTIEHbKM» HAXOJIUTCS B ayCTEHUTHOM COCTOsiIHUU. [locie u3BneueHus u3 ropsiaeit
Cpebl U3JeIUEe HEKOTOPOE BpeMsl IJIACTUYHO U €r0 MOXHO MPABUTh JIJI YCTPAHEHUS
KOpoOJieHHsI. DTO OCOOEHHO IIEHHO JJIsi TOHKUX U JJIMHHBIX U3JEIUN, TIPHU 3aKajKe
KOTOPBIX Jaxe B ropsiueii cpene Hem30exxkHO KopobieHue. YacTo UCmoib3ytoT MPaBKy
BPYYHYI0, HO HAWJTYUIIIUE PE3YIbTAThI Ja€T MpaBKa MOl IPECCOM.

[IpaBka MOKET MPOJOJIKATHCS MPU OXJIAKIACHUM HUXKE TOUYKM M, , Tak Kak
HEMOCPEJACTBEHHO B MOMEHT MApPTEHCUTHOTO NpeBpalieHus (HO HE Mociie €ro
OKOHYaHUs1) MJIACTUYHOCTD MOBBIIIEHA.

[Ipu cryneHyarol 3aKajke UCHOIB3YIOT TPU TPYHIbl TOPAUYUX CPE.:
MUHEpaJIbHbIE MacJia, PACILJIaBbl CETUTP U PACIUIABHI IIETOUECH.

Ecniu pnvHa «CTynmeHbKW», HaXOJsLIEHCs B TEMIEpPaTypHOM MHTEpBaje
OCMHUTHOIO MpeBpalleHus, 00JIbIlIe BPEMEHU M30TEPMHUECKOI0 paciaja ayCTeHUTA,
TO OIEpalnuio TEePMOOOpPaOOTKHM HA3bIBAIOT HM30TEPMHYECKON WM OCHHUTHOMU
3akankou (puc. 4.21, kpusas 3).

Pe3koe yMmeHblIEHHE 3aKaJOYHBIX HANPSHKEHUH W KOPOOJEHUS — BaKHOE
MPEUMYIIECTBO U30mepmuueckoi 3akanku. Kpome TOro, y HU30TEpPMUUYECKOU
3aKaJKH €CTh U Apyroe npeumyiiectBo. [Ipu 6eHHUTHOM MpeBpalieHur B HEKOTOPBIX
JIETUPOBAHHBIX CTAISX COXpaHseTCsl OOJbIIOE KOJUYECTBO OCTATOYHOTO ayCTEHUTA,
KOTOpPBI HE MPEBPAIAETCS] B MAPTEHCUT MPU OXJAKACHUU MOCIE U30TEPMUUYECKOM
BBIJIEPKKU. M30TepMuueckass 3akajika TakKuxX crajleid oOecrnedurBaeT BBICOKYIO
YAApHYIO BA3KOCTb, PE3KO YMEHBIIIAET YyBCTBUTEIBHOCTD K HAAPE3y IO CPABHEHUIO C
3aKAJICHHOM HAa  MApTEHCHUT W  OTOyUIEHHOW  cranbto.  ClienoBaTenbHO,
M30T€pMHUUECKasl 3aKaJlKa IIO3BOJISIET IMOBBICUTh KOHCTPYKIHMOHHYIO MPOYHOCTD
CTaJH.

Bo mHorux cransx MapTeHCUTHBIM uHTepBan (M;—My) mnpoctupaercs a0
OTpULIATENIBHBIX TeMIlepaTyp. B 3ToMm cilyyae B 3aKajJ€HHOM CTajlu COJEPKHUTCA
OCTaTOYHBIA ayCTEHHUT, KOTOPbIA MOKHO JOMOJHUTEIHHO MPEBPATUTh B MAPTEHCHT,
oxjaxzaass u3AeNue A0 TemmepaTyp Huke KoMHatHou. Ilo cymectBy, Takas
00pabomkKa Xx071000M TPOJOJKACT 3AKAIOYHOE OXJIAXKICHUE, NPEPBAHHOE IIPU
KOMHATHOU TemmepaType, KOTopas He SIBIISI€TCS] KpUTUUECKOM JIJIs1 MeTalla.
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O6paboTKy XOJI0JA0M MOXKHO MPOBOAUTH BCETAa, KOTJa Touka M JEXUT HUXKE
HyIs. DddexT 00paboTKH XO0JI0JA0M 3aBUCUT OT KOJUYECTBA OCTATOUHOIO ayCTEHUTA
Mpu KOMHATHOM Temmneparype. C yBEIWUYEHHEM COJEpKAHUS YIIIEpOoJa B CTaIA
MapTEHCUTHBIM MHTEpPBAJ CHIDKAETCS B 00JacTh OoJiee HU3KHX TEMIleparyp H
YBEJIMYUBAETCS KOJMYECTBO OCTATOYHOI'O AayCTEHUTAa, KOTOPBIM MpeBpamiaercs B
MapTEHCUT MpPH OXJAXKICHUM 3aKaJC€HHOM CTald JI0 TeMIepaTypbl HUKHEH
MapTEHCUTHOU TOUKHU M. OXaxaeHue cTajau HIKe TOUKU My He UMEET CMbICa, TaK
KaK OHO HE MPUBOAUT K JOTOJHUTEILHOMY MAPTEHCUTHOMY MPEBPAIICHUIO.

OcHOBHOE Ha3HaueHHE OO0pabOTKM XOJIOJOM — CTa0WIM3alus pPa3MepoB
m3nenuii. CTpyKTypa 3aKajJeHHOW CTajdu C OOJBIIUM KOJUYECTBOM OCTAaTOUYHOTO
aycTeHUTa HecTaOuiIbHA. YK€ MpU KOMHATHOM TemmepaType, a TeM Oojee mnpu
HEOOJIBIIIOM KJIMMATUYECKOM TOHMKEHUU TEMIIEpAaTyphl OCTATOYHBIM ayCTEHUT
MOCTENIEHHO TMPEBpPAIAeTCs B MApPTEHCUT. OTO MPEBpalleHUE COMPOBOKIACTCS
yBeJIMYEHUEM 00beMa, U pa3Mepbl U3ICTUS MEHSIIOTCS.

VY Takux u3nenuid, Kak MapuKoO- U POJTUKONOAIINIHUKHU, KaTuOpbl U APYrou
WU3MEPUTEIBHBIN MHCTPYMEHT, pa3Mepbl JOJKHBI BBIIEPKUBATHCS C TOUHOCTHIO 0
MUKPOMETpA. DTH HU3JAEIAUS ISl CTAaOWIM3AlUU Pa3MEPOB 00pabaTHIBAIOT XOJOAOM.
Bo mHorux ciydasx naxe He TpeOyercs riayOOKOro OXJaXXJIEHUsS HUXKE HYJs, a
JOCTATOYHO OXJIAJIUTh 3aKAJICHHYIO JIETalb B BOJAE ¢ TeMnepaTrypoii ot +5 go + 10°C.

Ilpyroe Ha3HaueHue OOpaOOTKH XOJIOAOM — TOBBIIICHHE TBEPIOCTU U
M3HOCOCTOMKOCTH  PEXKYLIEro HMHCTPYMEHTAa, IITAMIOB U  HU3MEPUTEIHLHOIO
WHCTPYMEHTA.

O6paboTka X0JIOJOM MOBBIIIAET TBEPAOCTh U U3HOCOCTOMKOCTh U yCTPaHSIET
HUIM(OBOYHBIE TPEIIMHBI B JETANSX U3 JIETUPOBAHHBIX KOHCTPYKIMOHHBIX CTaJIeH,
MOABEPIHYTHIX IIEMEHTAIMU. B BBICOKOYTJIEPOAMCTOM IIEMEHTOBAHHOM CIJIO€ IOCIE
3aKaJKU COACPKUTCS 3HAYUTEIbHOE KOJIMYECTBO AyCTEHUTA, KOTOPHIA YMEHBIIAET
TBEpJIOCTh CTaJIM W BCIEJACTBHE pacnaja KOTOpPOro BO BpeMs NUIM(POBAHUS
MOSIBIISIFOTCS TPEILUHBI.

O6paboTKOI XO0J0A0M MOKHO MOBBICUTH MAarHUTHBIE CBOMCTBA MOCTOSIHHBIX
MarHuTOB B pe3yJibTaTe JOMOJHUTEIBLHOIO MEpexo/ia mapaMarHiTHOTO ayCTeHUTa B
(dbeppOMarHiuTHbIM MapTEHCHUT.

[Ipu o00paboTke XOJOJOM CIEAyeT YUWUTHIBATH SBICHHUE CTAOWIIM3ALUU
aycTeHuTa. Pa3pbiB BO BpeMEHU MEXy Oornepanueit 3akaiku u 00paboTKOW X0J010M
MPUBOJUT B HEKOTOPBIX CTAISAX K CUJIBHOW CTAOMJIM3AlUKA ayCTEHUTA TP KOMHATHOM
TeMmrneparype, a cradbminzanus yMeHblnaeT 3g¢dext o0padoTku xonoaom. [loatomy
NpeAeibHO JONYCTUMBIA pPa3pbhiB periaMeHTUPYIOT. Tak, mJisi HM3MEpUTENbHbIX
IUTUTOK U3 cTanu X pa3pbiB HE MOJBKEeH mpeBbimaTh 30 MuH. OObIYHO AJ1s1 00paboTKH
X0JIOJIOM TpeOyroTCs Temiepatypsl He Hike -80°C.

IIpy HEMOMHOM 3aKalIKe CPENHEYTIIEPOAUCTHIX CTAJEH U3-3a IPUCYTCTBUSA B UX
CTPYKTYp€ MSATKOro (heppura NpOYHOCTh U TBEPAOCTH MOTYUAIOTCS HUXKE, UEM TOCIIE
MOJIHOM 3aKaJIKU U3 ayCTEHUTHOUN 00JacTH.

OpHako 3axkanxka ¢ memnepamyp medxdcKkpumuueckozo unmepeana Aci—Acs
MMEET MECTO B CBA3U C pa3pabOTKOM U Bce 00Jee MUPOKUM MPUMEHEHUEM, OCOOEHHO
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B aBTOMOOWJIECTPOEHUHU, TAK HA3BIBAEMbIX JABYX(a3HbIX (HEeppUTO-MaAPTEHCUTHBIX
crajnei (cokparmienno JJOMC).

OTU HUBKOYIJIEPOAUCThIE W HU3KOJETUPOBAHHBIE CTAIM (TUIHMYHBIE MapKU
06XT'CHO, 06I'2CH)) 3akanuBarOT C TeMmmepaTryp o+y-00jacTu [Jsi MOJIy4YEHUS
MEJKO3EPHUCTON (PeppUTHOM MaTpHUllbl C PABHOMEPHO PACHPENCICHHBIMH B HEH
OCTPOBKAaMHM MAapTEHCUTa, OO0BEMHAasl JOJisI KOTOporo cocrtamisier 15-25%. 3a
pyOeKOM Takue MaTepualibl Ha3bIBAIOT CTAISAMHU C «JIyadbHOU CTPYKTYpPOM».

JOMC oTiIn4aroTcsi BBICOKOM TEXHOJIOTHYECKOW IIJIACTUYHOCTBIO IPH
XOJIOJJHOW IITAMIIOBKE JIUCTOBBIX JETal€d M XOJOJHOM BBICAIKE KPEIMEKHBIX
neraned. Xopomas mramnyemocts JID®MC oOycnoBieHa TeMm, yTo Onaromaps
cnenuduke cocraBa U CTPYKTYpPbl Y HUX HHM3KHUU Mpeen TEeKYy4yeCTH, OTCYTCTBYET
IUIOIIAJKAa TEKY4YeCTH Ha KpPUBOW pPACTSKEHHUS, HU3KOE€ OTHOILUEHUE C(o/C; H
COOTBETCTBEHHO OOJIBIIIOE paBHOMEpHOE yiunHeHue. boinbmoi kosdduuueHt
neOopMallMOHHOTO YIPOUYHEHHS] O0ECIEeUMBAET JOCTATOYHO BBICOKYIO MPOYHOCTD
MOCJIE€ U3TOTOBJIEHHUS IETAIU XOJIOJJHOW IITAMIIOBKOW WIIW BBICAJIKOM.

KonkpeTHbIil pexxuMm TepMooOpabOTKu (TeMIepaTtypy B MEKKPUTHUUECKOM
MHTEPBAJIE U CKOPOCTh 3aMEJIJIEHHOTO OXJIAXJEHHUS) BBIOUPAIOT JJIsl KaXKJAOW CTaju C
y4eTOM TpeOyeMOro KOMIUIEKCAa TE€XHOJIOTMYECKUX M JIKCIUTyaTallMOHHBIX CBOWCTB.
Hanpumep, npu konmuectBe maprencura 10-18% o, > 450 Mlla, a npu konmnuecTBe
mapreHcura 20-28% o, > 550 Mlla, HO paBHOMEpPHOE YIJIMHEHUE CHUKAETCS C
POCTOM OOBEMHOMU 107U MapTEHCHUTA.

S. CTAPEHHUE N OTIIYCK

3akalieHHbI CIUIaB HAXOJUTCS B METAcTaOWIBHOM COCTOSIHUM M 00JaiaeT
MOBBIIEHHOM 3Hepruei ['nb6ca. Ilpu 3akanke 6e€3 noauMopdHOro MpeBpalieHus 1 B
MOAABJISIONIEM OOJBIIMHCTBE CIYy4aeB MPHU 3aKaJIKE C TOJUMOP(PHBIM MpEBpalIEHUEM
oOpa3yeTcsi MEPeCHIICHHbIM TBEPIbIA PAcTBOP M 3aKaJCHHBIM CIUIAB CTPEMUTCS
MOHU3UTH CBOIO 3HEpruto ['nb0ca, B pe3ysbTare yero TBEpAblid pacTBOp pacnagaeTcs.

VYxke npu KOMHATHOM TeMIiepaType MOTyT OOpa3OBBIBATHCS BBIJCICHUS U3
MEPECHIIIEHHOTO PAacTBOpa, OJHAKO B OOJBIIMHCTBE CIUIaBOB JuBy3uoHHas
MOABUKHOCTh aTOMOB IIPU KOMHATHOW TeMIIEpaType HEJAO0CTaTO4YHa, YTOObI pacmaj
pacTBopa mpoiilesl B HeoOXOAMMOM CTeneHu 3a npuemisiemoe Bpems. l[loatomy st
M3MEHEHHUSI CTPYKTYPhI M CBOMCTB 3aKaJICHHOT'O CIIaBa €r0 HarpeBaroT — MOJIBEPraroT
CTapEHUIO WIIH OTITYCKY.

Hcropuueckn CIOXKUIOCH Tak, 4YTO /ISl OJHHMX CIJIaBOB, HampuMmep,
ATIOMUHUEBBIX, UCTIOIB30BAIM MMPEUMYIIECTBEHHO TEPMHUH «CTAPEHUE», I IPYTHUX,
HaIlpuMep, YIIepOAUCTBIX CTalle, — «OTIYCK», a I TPEThbUX, HApUMep, OpOH3 U
TUTAHOBBIX CILJIABOB, 00a 3TU TEPMHHA HCIOJIb30BAJIM HA paBHBIX MpaBax. [IpuHsATO
TEPMUH «OTITYCK» MPUMEHSThH K TEM CILIaBaM, KOTOpble ObLIM MOJABEPTHYTHI 3aKaJIKE
C MOJUMOP(HBIM MPEBPAIICHUEM, & TEPMUH «CTApPEHUE» — B Cllydyae 3aKalKu 0e3
NOIUMOP(HOTO MpeBpaIIECHUS.
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['maBHBIM TpolleCCOM TPH CTAPEHUU U OTIYCKE OOJBIIMHCTBA 3aKaJEHHBIX
MPOMBINLJICHHBIX CIJIABOB SIBJISIETCSl paciaji METacTaOMJIBLHOTO TBEPAOTO pacTBOpa.
IIpu sTOM cmaB mepexoauT B 0ojiee CTAOMIBHOE COCTOSHHUE, XOTS OOBIYHO H
JajleKoe OT HWCTHUHHOTO PaBHOBECHUS, [UJII KOTOPOTO XapakTepeH aOCOMIOTHBIM
MuHumMyMm sHeprun ['ub0ca. Ilpomecchl pacmana mMepechIIEHHOTO pPacTBOpa B
3aKaJl€HHOM CIUIaB€ MPOTEKAIOT CAMOIPOU3BOJIBHO C BBIJICICHUEM TEIUIOTHI
MpEeBpaICHUS.

dakr HarpeBa  CIUlaBa  HE  IPOTHUBOPEUUT  MPEACTABICHHIO O
CaMOIPOU3BOJIBLHOCTU TMPOIECCOB, MPOUCXOJAIINX B CIUJIABE MPU CTAPEHUH U
OTIYCKE, TaK KaK HarpeB HEOOXOAWM JUIIb JUIsl yCKopeHus auddys3uu, nexamei B
OCHOBE BCEX CTPYKTYPHBIX U3MEHEHUM MPU pacnajie NePEChIIEHHBIX PACTBOPOB.

OcHOBHbIE MapaMeTpbl CTapeHUsi U OTIyCKa — TeMmIepaTypa W Bpems
BbIZIEPKKU. CKOPOCTHU HarpeBa M OXJAXACHUS OOBIYHO UTPAIOT MOJYUHEHHYIO POJIb.
Hckntouenrue cocTaBisieT CHEUM(pPUUYECKOE SIBJICHUE OTIYCKHOM  XPYIKOCTH
JETUPOBAHHBIX CTAJIEH MPU 3aMEITIEHHOM OXJIAXKJIEHUH C TeMIIEpaTyphbl OTHYCKa.

5.1. Crapenmue

Crapenne — »3TO TepMHuueckas o0pabOTka, TpU KOTOPOH B CILIaBe,
MOABEPrHYTOM 3aKajike 0e3 MHOoJUMOP(HOro MNpeBpalleHusi, INIaBHBIM MPOLIECCOM
ABJISICTCS PACIal NEPECHIIECHHOTO TBEPIOTO PacTBOpA.

Crapenue IropaitoMiuHa CBA3aHO C IEPEMEHHON PACTBOPUMOCTBIO COCTMHEHUS
CuAl, B amtomunuu. I[Ipu Harpese crnaBa coenunenne CuAl, mepexoauT B TBEpABIit
pacTBOp U HE YCHEBAeT OOPATHO BBIACIUTHCS BO BpEeMsi OBICTPOTO OXJIAXKICHUS
(3aKkanku), a TOCIENYIOIlee BbUICKUBAHUE CIUIaBa MPU KOMHATHOM TemmepaType
MPUBOJUT K TOCTENEHHOMY BBIJIEICHUI0 W3 MEPECHIIIEHHOTO pPacTBOpa OYEHb
JUCIIEPCHBIX U MOTOMY HEBUAMMBIX MOJ MUKpockonoMm udacTul, CuAl,, kotopeie u
BBI3BIBAIOT YIIPOUHEHHUE.

Tunwt évidenenuii. B 3aBUCUMOCTH OT CTPOEHUSI IOBEPXHOCTH pa3jIesia MEKIy
BBIJICJICHUEM UM MaTpUlLEd pa3MyaloT TpPU THUIA BBIJICICHUNU: TOJHOCTHIO
KOTE€pPEHTHBIE, YACTUYHO KOTEPEHTHbIE U HEKOTepeHTHbIE (puc. 5.1).
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Puc. 5.1. CxemMa cTpoeHUs MaTPHUIIbI C MOJTHOCTHIO KOTEPEHTHBIM (a), YACTUYHO
KOTE€pPEHTHBIM (0) U HEKOTEPEHTHBIM (B) BBIICICHUSIMHU
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Y TOJHOCTBIO KOTEPEHTHOTO BBIACICHUS BCSI IMOBEPXHOCTh paszfieia C
MaTpUlIed KOre€peHTHasi U PElIeTKa MaTPUIbl BOKPYT BBIACICHUS YIPYTO MCKaKeHA
(puc. 5.1,a).

VY 4acTUYHO KOTE€pPEHTHOTO BBIICICHUS XOTsI Obl OJIHA U3 TPaHUIl C MaTpUIlEH
KOTE€pPEHTHAsA, a OCTaJIbHbIE MOT'YT ObITh MOJYKOT€PEHTHBIMU (puc. 5.1,0) wim gaxe
HEKOTE€PEHTHBIMHU.

HekorepeHTHOE BbIICICHUE HE MMEET HU OJHOM KOTEPEHTHOM TIpaHUIIbl C
Martpuuei (puc. 5.1,B).

B crapetomnx cmmaBax Al-Cu nOpumepoM MOJTHOCTBIO KOTE€PEHTHBIX
BblJieieHUN  sBisitorcst  30HbI  ['mHbe-Ilpecrona (I'T) u  ®"-dasza, yacTU4HO
KorepeHTHbIX — @'-(ha3a u HekorepeHTHbIX — CuAl.

Cmaouu pacnaoa pacmeopa npu OUCHEPCUOHHOM meepoeHuu. Y
JUCTIEPCUOHHO-TBEPACIONINX aIOMUHUEBBIX CIUIABOB W OEpPUIUIMEBBIX OpOH3 MpH
KOMHATHOM TemIepaType cpa3y Mociie 3aKaJIKu PacTeT JIEKTPOCONPOTUBIICHUE.

DOTO0 O00BACHAIOT 00pa3oBaHWEM B IIEPECHIIMICHHOM TBEPJAOM PacTBOpE
CKOIJICHUM AaTOMOB JIETHPYIOIIMX 3JIEMEHTOB — KIJIACTEPOB, PACCEUBAIOIINX
AIEKTPOHHBIE BOJHBL. YacTh KiIacTepoB ycmeBaeT 0O0pa3oBaThCs YK€ B MEPUOJ
3aKaJOYHOT0 OXJIaXJeHUsA. BHauane pa3mep KJacTepoB OYEHb Mall, U CTPYKTYypHBIC
METOJbl MX HE BBIBIAIOT. Uepe3 HEKOTOpoe BpeMsl KIIacTepbl MOTYT BBIPACTH
HACTOJBKO, YTO OHHU BBI3BIBAIOT AU(PpakunoHHbIE (PPEKTHl HA PEHTrEeHOrpaMmax
MOHOKPHUCTAJIJIOB U 3JIEKTPOHOTpaMMax MpHU MPOCBEUNBAHUU (OJIBT.

Knacrepsl, oOHapyxuBaeMmble CTPYKTYPHBIMH METOJAaMHU, HA3bIBAIOT 30HAMU
I'mabe-Ilpectona (I'TI). ¥V Hux Ta ’Xe KpuUCTaNIMYeCKas pelieTka, 4YTo U Yy
MaTpPUYHOTO PacTBOPA, HO U3-3a Pa3JIMUMs B aTOMHBIX JUaMeTpaxX METaljla OCHOBBI U
JETUPYIOUIETO 3JIEMEHTA CKOIUICHHE JICTUPYIOIIETO 3JIEMEHTa BbI3BIBAET MECTHOE
BMEHEHUE MEKIUIOCKOCTHBIX PACCTOSIHUM.

Ha puc. 5.2 uzobpaxena monens crpoeHust 30ubl [Tl B amroMuHuEBO-MeTHOM
cruiaBe. ATOMBI MEM 3aHUMAIOT OJIHY U3 IJIOCKOCTEW, a 1Mo 00€ CTOPOHBI OT Hee
napasuiesibHble TUIOCKOCTH COCTOST TOJIBKO M3 aTOMOB altOMUHUA. Tak KaKk aTOMHBIM
IUaMEeTp y MEIM MEHbIIE, YeM y allFOMUHUS, TO TUIOCKOCTH, 3aII0JHEHHbIE aTOMaMU
AJTIOMHUHUS, CMEILEHBI B CTOPOHY IJIOCKOCTH, COCTOSAIIEH U3 aTOMOB ME/IH.

CMmelnieHne aTOMHBIX CJIO€B W3 HOPMAJbHbBIX IMOJOXKEHUN MNpU yAAJICHUU OT
ueHtpa 30HbI ['I] yMeHbIm1aercs, 1 COrimacHO 3TOM MOJENH YEThIPHAIATHIE aTOMHBIE
CJIOU 10 00€ CTOPOHBI OT LIEHTPATIbHOM MJIOCKOCTU OCTAIOTCSI HECMEIIEHHBIMHU.

N3-3a OonblIONM pa3HUIBI B AaTOMHBIX JUAMETpax MeIW U AIIOMUHUS,
00yCIOBIMBAIONIEH 3HAUUTENBHYIO YIIPYTyI0 nedopMaruio pemretku, popma 30H 11
B aJIFOMUHUEBO-ME/IHBIX CIUIaBaX TOHKOIJIACTUHYATAS, AUCKOOOpa3Has.

O6pazoBanne kinactepoB — JIUPGY3UOHHBIM MPOIECC, CBSA3AHHBIA C
MepeMEIIEHHEM aTOMOB JIETUPYIOIIETO 3JIEMEHTa B PEIIETKE TBEPAOrO pacTBOpa.
Baxneiiimeil 0COOCHHOCTBIO KHHETUKHM OOpa30BaHUSl  KIIACTEPOB  SIBISETCS
HEOObIUaiHO BbICOKasgs AU(PPy3nOHHAS TOABUKHOCTH AaTOMOB PAaCTBOPEHHBIX
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anemMeHToB. Krnactepsl 00pa3yroTcst Jgaxe Npu OTpPUIATEIbHBIX TeMmmepaTrypax (B
cruiaBax Al-Zn npu munyc 100°C).
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Puc. 5.2. Mopnenb cTpoeHusl TBEPAOTO PacCTBOPA MEJIA B ATIOMUHUN
c 3ono# I'TI (o I'eposnbay)

AHOMAJIBHO BBICOKAsI CKOPOCTh AudPy3un mpu oOpa3oBaHUU KIACTEPOB BO
BpeMsl CTapeHUsi 00YCIOBJIEHA NEPECHIIIEHUEM TBEPJOTO PAaCTBOpA BAaKAHCUAMU MPU
3akayike. PaBHOBECHAs! KOHUEHTPALMS BAKAHCHI IIPU TEMIIEPATYPE 3aKaJIKH HA MHOTO
MOPSIAKOB  OoJibIlle, YeM TMpU TeMieparype crtapeHus. Bo Bpems 3akanku
3HAYMUTENIbHASl YaCTh BAKAHCUM HE YCIEBAET aHHUTWIMPOBATH B CTOKaX, U TBEPIbIil
pacTBOpP OKa3bIBAETCS MEPECHIMIEHHBIM HE TOJBKO JIETUPYIOIIUM 3JEMEHTOM, HO U
BakaHcHUsIMU. Tak kak MexaHu3M AU Py3un B pacTBOpaX 3aMEIICHUS] BAKAHCUOHHBIH,
TO 3aKaJOYHbIE BAKAHCUU PE3KO YCKOPSIOT MUTPAlHUI0 aTOMOB JIETUPYIOIIETO
AJIEMEHTa, YeM U O0O0YCIJIOBJIEHa OY€Hb BBICOKAsi CKOPOCTh OOpa30BaHUS KJIACTEPOB
MIPU CPaBHUTEIILHO HU3KUX TeMIEpaTypax.

O6pruno 30HBI ['TI comocTaBAsIIOT ¢ METACTaOUIBHBIMU MPOMEKYTOUHBIMU
¢dazamu. Ilpu sTom uvacto momuepkuBaroT, uyto 30Ha I'Tl — 310 He HOBas daza, a
Y4aCTOK UCXOJHOTO TBEPAOTO PacTBOPA, OOOTAIEHHBIN paCTBOPEHHBIM SJIEMEHTOM.

B ornuume oT mnpoMexyTO4yHBIX (a3, XapaKTepU3yHOUIUXCS COOCTBEHHOM
pemetkol, 30Ha 'l umeeT Ty ke peleTKy, YTO U MaTPUUYHBIA PAaCTBOP, TOJIBKO OHA
nedhopMUpoBaHa H3-3a pazIMuMs B AaTOMHBIX JUaMETpax pacTBOPUMOTO H
pactBopuTENsA. MeXay 30HOM M OKPYKAIOIIUM pPAacTBOPOM HET YETKOW T'PaHHUIIbI
paszaena.

B nekoropsix cruaBax 30Hbl [Tl (kmactepsl) 00pa3yroTcs O€3UHKYOAI[MOHHO,
cpa3y ’Ke MOCJIe 3aKalKu WK JaXKe B MEPUOJ 3aKAIIOYHOTO OXJIaXKICHUS, B TO BpeMs
KaK TIPOMEXYTOUHble M CTaOWibHbIe (a3bl MOSBISIOTCS Yepe3 HEKOTOPbIM
MHKYOalMoHHbIN niepuo. Bee 3Tu gakthl cBuaeTenbcTBYOT 00 oTinunu 30H I'IT ot
MPOMEXKYTOUHbIX U cTabwibHbIX ¢a3. [lostomy 3oubl [Tl wyacTo Ha3bIBaIOT
NpEABbIACICHUSIMHA,  YTOObl ~ OTJIMYUTh UX OT  «UCTUHHBIX»  BBIICJICHUI
MPOMEKYTOUHBIX U CTAOMIIbHBIX (pa3 C KAUECTBEHHO UHOU CTPYKTYpPOH.
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HN3meHeHne CBONCTB CIVIABOB NP CTAPCHUU.

Ilpupooa ynpounenusn npu cmapeHuu.YNIPOUYHECHUE TMPU CTAPCHUU —
pe3yabTaT TOPMOXKEHUS AUCIOKAIUM TEMU BBIJICICHUSIMU, KOTOpPbIE 00pa30BaNCh
MpU pacnaje MEPECHIIIEHHOT0 TBEPAOTO pacTBOpa. M0OXHO BBIICIUTH TPU TJIABHbBIC
MPUYMHBI YIIPOUHEHUS :

1) TopMoOkeHHE NUCIOKAIMU MOJIEM YHPYTuX HANpsDKEHUW B MATPUIIE BOKPYT
BBIJICICHUI;

2) ynpo4YHEHHUE MIPU NePEPEe3aHUU BbIICICHUN AUCIOKAIUIMU;

3) ynpouHeHHe Ipyu OTUOAHUU YACTHUIL TUCIOKAIUSIMH.

[lone ynpyrux HanpspKeHUM HEW30€KHO BO3HHUKAET B MAaTpUIle MU
00pa3oBaHUU KOTEPEHTHBIX U MOJYKOTEPEHTHBIX BBIICICHHM, TaK KAK KOT€PEHTHOCTD
pemeTok oOecrnedynBaeTcsl ynpyrod aedopmanue HUX OKOJIO TpPaHHUIIbl pazjiena
(puc. 5.1,a, 0).

Bennunna ynpyrux HampspkeHU TeMm Oouibllie, 4eM OoJibllie pa3MepHoe
HECOOTBETCTBUE CTPYKTYPbl MATPULBl W BBIACICHUSA, BBIIIE MOIYJIb YHOPYTOCTH
MaTpHILbl U OOJIbIIE IJIOMIAAb KOTEPEHTHON I'PaHUIIbI.

JInst mpoABMKEHUS NUCIOKAIMKA 4Yepe3 ynpyroaepopMHUPOBAHHYIO MaTpPHILy
TpeOyeTcsl HalpsbKeHHE, NPEBBIIIAIONIEE CpPEHEee HaNpsKEHUE TMOJs YIOPYTUuxX
neopmaruii  BOKpyr BblaeneHHN. (COOTBETCTBYIOIIEE YIPOYHEHHUE SIBISCTCS
pPE3yJbTATOM JAJbHOICUCTBYIOLIETO BIUSHUS BBIACICHUN HA JUCIOKAIIAH.

YrpouHnenue nOpu  NEpEepe3aHUM  YaCTUI[ —  pe3yJdbTaT  OJMXKHEro
B3aWMOJICMCTBUSL JTMCIIOKAMM W BBIJCICHUN, KOT/Aa JHUCIOKAlMU MPOXOIAT 4Yepe3
BBIJICJICHUS U OHU Je(DOPMUPYIOTCSI BMECTE C MaTpUIIEH.

PemeTka BeiAeNEHNS HE UACHTHUYHA PELUIETKE MATPHUILIbL, AK€ €CJIU PeUb HJIET
O TMOJHOCTBIO KOT€PEHTHOM BbiAeneHuH. [[loaTOMY aucinokanusi, BXOAA1as CO CBOUM
BEKTOpOM broprepca B BBIJAEICHHE, HAPYLIAET YKJIAAKY aTOMOB BJOJIb IIOCKOCTH
CKOJbkeHUd. Yem OoJibllle OTIWYAETCA CTPOCHUE BBIJEICHUS B IUIOCKOCTH
Mepepe3annsi OT CTPOCHUS MATPUIBI B 3TOM KE IIOCKOCTH, TEM CUJIBHEE HAPYILICHUE
VKJIAJKH aTOMOB BHYTPH BBIJICJICHUSI U TE€M BbIlIE TPeOyeTcs HampsKEHUE IS
Nepepe3anusi BbIACICHUN JUCTOKALUSIMU.

B cnyuyae xorepentHoro BbwijeneHust (30HbI ['Tl) moBepxHOCTHast sHeprusi Ha
IUIOCKOCTH €TI0 «Cpe3a» COCTABJIAET BEJIWYMHY MOPAJKA 10 M,[[)K/Mz, a 1pu
MEpEPE3aHUU  HEKOIEPEHTHOI'0 BBIJICIIEHUS — MOPAJKA 10° M,[[)K/M2 (kak Ha
BBICOKOYTJIOBOM Tpanuile). Moaysib CABUra BBIACICHUS OOBIYHO OOJIbIlIe, YeM Yy
MaTpuipl. YeM KecTue BBIICIICHUE, TEM TPYJIHEE NUCIOKAMU €0 IEpepe3aTh.

Emie onHa mpuurHa TOPMOXKEHUS IUCIOKAlUMA — 0Opa30BaHHME BBICTYNOB Ha
MEPEPE3aHHOM BBIICIICHUM W COOTBETCTBEHHO YBEJIMYEHUE €r0 IOBEPXHOCTH, C
KOTOPOU CBsI3aH U30BITOK YHEPTHU.

VYrpouHeHnue npu Oru0aHUM YaCTHUIl JUCIOKAMSMU BO3HUKAET TOTJa, KOraa
JUCJIOKAllMU HE Tepepe3aroT BbiAeneHus. B 3ToM ciaydae HEOOXOIMMO MOBBICUTH
HaIpPsKEHUE, YTOOBI BBITHYTh JUCIOKAIIMIO MEK1y BBIACICHUSIMH.
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Bri6op pexunMma crapeHus
Buvioop memnepamypul u npooonsxcumenvnocmu cmapenus. CTapeHue
MOAPA3IENSAIOT HA €CTECTBEHHOE, TPOUCXO/IAIIEE TPU KOMHATHOM TeMIepaType, u
HCKYCCTBEHHOE, TpeOyroIlee HarpeBa J0 ONpeeICHHON TeMIIepaTyphl.

B OonbmuHCTBE cCTapelomux CIUIABOB BBUICKMBAHHME TPU KOMHATHOM
TeMreparype TMocje 3aKajlKd HE JaeT TaKOoro M3MEHEHUsI CBOMCTB, KOTOPOE MOXKHO
ObUI0 OBl MPAKTUYECKU MCIOJb30BaTh. MeEXaHMUECKHE CBOMCTBA 3aKallEHHBIX
MEJIHbIX, HUKEJEBbIX W MHOTHUX JPYyTHMX CIUIaBOB BOOOILE HE H3MEHSIIOTCS MpHU
KOMHATHOU TeMIlepaType, TaK KaKk OHa CIMIIKOM HHU3Ka ISl JOCTATOYHOTO Pa3BUTHUS B
HUX IU(PY3HOHHBIX MpoIeccoB. B amtoMUHMEBBIX CIUIaBax (JIOpallOMUHAX H JIp.)
oOpazoBanue 30H [Tl mnpu ecTeCTBEHHOM CTapeHUHU TPUBOJUT K CHUIBHOMY
YIOPOUHEHHIO, YTO HIUPOKO UCIOJIB3YIOT B MPOMBIIIICHHOCTH.

[TapainenbHO ¢ MOHATUSIMU ecmecmeenHoe W UCKYCCMBEHHOe Capenue
HCTIOJNIB3YIOT TOHSTHUS 30HHOE U (hazoe0e cmapeHue.

30HHOE CTapeHHE ATIOMUHHUEBBIX CIUIABOB MOKET OBITh €CTECTBEHHBIM U
MCKYCCTBEHHBIM U 3aKaHUYMBAETCS HA CTaauu oOpazoBaHus 30H ['T1.

da3zoBoe cTapeHuWe aJTIOMHHHUEBBIX CIUIABOB, KaK MpaBWwio, ObIBaeT
HCKYCCTBEHHBIM. VICKITIOU€HHE COCTABIISIOT MHOTOJIETHUE BBIIEPAKKH MTPU KOMHATHOMN
TeMIieparype CIjlaBoB Ha 0a3e cucremsl Al-Zn—-Mg.

[IpakTryecku Ba>KHO, YTO CIUIAB MTOCJIE€ 30HHOTO U ()a30BOr0 CTapeHUs
XapaKTepU3yeTcs pa3HbIM KOMIUIEKCOM CBOMCTB.

JIist 30HHOTO CTapeHus aJIOMHHHUEBBIX CIUIABOB XapaKTEpPHBI OOJIbIIOE
oTHocUTeNbHOE yanuHeHue (0>10-15%), 3HaunTenpHas pa3HUlla MEXAY BPEMEHHBIM
COTIPOTHUBJICHUEM U TPEJIEIIOM TeKy4decTH (g ,/0,= 0,7-0,8), BBICOKOE COMPOTHURICHUE
yaapy ¥ CTOMKOCTb MPOTHUB KOPPO3UH I0J HAMPSHKEHUEM. 30HHOE CTapeHue ObIBaeT
TOJIBKO YIIPOYHSIOIINM.

®da3zoBoe CTapeHUE MOXKET OBbITh YHOPOUYHSAIOIIUM U  Pa3synpOUYHSIONINM
(mepecrapuBanue). [ns  ympounstomero  (a3oBoro - crapeHuss — XapaKTEepPHBI
MIOHMKEHHOE OTHOCUTENIbHOE YJJWHEHHE, Majlasg pa3HUIlA MEXIy BpPEMEHHBIM
COTIPOTUBJICHUEM M TIPEACIIOM TeKy4yecTu (G¢,/c; = 0,8-0,95), nmoHmwkeHHas yaapHas
BSI3KOCTh M TIOHM>KEHHAs! CTOMKOCTh MPOTUB KOPPO3UHU IO HATIPSIKEHUEM.

Ilepecmapusanue — 3TO cTapeHue mnpu OOJee BBICOKOW TeMmIepaType WIH
OonblIel BBIAEPKKE C IENbI0 TOJYYUTh COYETAHUE MOBBIIMIEHHBIX MPOYHOCTH,
IUIACTUYHOCTH, KOPPO3UOHHON CTOMKOCTH, 3JIEKTPOIPOBOJHOCTH U JPYTUX CBOMCTB.

CKOpOCTh OXJIQKICHUS TIOCIIE CTApPECHUS HE BIIMSCT Ha CBOMCTBA CIJIaBa.
OOBIUHO C TEMIIEPATYPhl CTAPCHUS U3JICTUS OXJIAKIAIOT Ha BO3IyXE.

5.2. Ormyck
OTnyck — 3T0 TepMHueckass 0OpabOTKa 3aKaJIeHHOTO Ha MapTEHCUT CIUIaBa

(wnu Metainia), IpU KOTOPOH TJIaBHBIMU TIpolleccaMu SIBISIIOTCS pacnan U (Ujn)
BO3BpAaT U PEKPUCTAJUIN3ALINS MAPTEHCUTA.
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Crpykrypa 3akajeHHOM cTanu MeractabwibHa. [Ipu HarpeBe mocie 3akaiku
BCJICJICTBHE YBEJIMYUBAIOWICHCS MOJBUKHOCTH AaTOMOB CO3JAIOTCS YCJIOBUSA A
MPOIIECCOB, U3MEHSIOIIUX CTPYKTYpPY CTajlu B HAMpPaBJICHUU K O0Jee PAaBHOBECHOMY
COCTOSTHHIO.

XapakTep  ATHX  MPOIECCOB  ONpEHeNsieTcss  TpeMsi  BaXKHEUIIUMU
OCOOCHHOCTSIMU CTPOCHHUSI 3aKAJICHHOW CTaJM: CWIBHONH TEPECHIIIEHHOCTHIO
TBEPJIOTO PacTBOpa — MApPTEHCHUTA, MOBBIINICHHOW IUJIOTHOCTHIO B HEM Je(EKTOB
KPUCTAJUIMYECKON PpEIIETKH — AUCIOKALMKA, MAJIOYIJIOBBIX W BBICOKOYTJIOBBIX
rpaHull, JBOMHUKOBBIX MTPOCIOEK U MPUCYTCTBUEM BO MHOTHX CTANIAX 3HAUUTEIbHBIX
KOJINYECTB OCTATOYHOI'O ayCTCHUTA.

Pacnag mapteHcuTa C BbIACICHHMEM KapOWIOB — TJIABHBIM TMpoliecC Mpu
OTIYCKE CTajieil. 3aKOHOMEPHOCTH paclaja MapTEHCHTa BO MHOIOM CXOJHBI C
3aKOHOMEPHOCTSIMU pPAaclaia MEPECHIIEHHOTO pacTBOpa IpPU CTAPEHUU CILIABOB,
MOABEPrarolnuXCcs 3aKalike 0€3 MOIMMOP(PHOIO MPEBPAILICHHUS.

Pacnag mapreHcuTa B 3aBUCHMOCTH OT T€MIIEPATYyPbl U MPOJOJLKUTEILHOCTH
OTIYCKA MPOXOAWUT Yepe3 CTaAuM NPEABBIACICHHS, BBIICICHUS MPOMEKYTOUYHBIX
MeTacTaOWIIbHBIX KapOUI0B, BBIJICTICHUS [IEMEHTUTA U KOATYJISIUU.

CTpyKTypHBIE HM3MEHEHHS MPU OTIIYCKE MOTYT OCJIOXHATBHCSA PaCHagoM
OCTaTOYHOT'O AYCTEHHUTA.

[ToBbIlIEHHAA TIIOTHOCTH AMCJIOKAIMKA BO BPEMSI MApPTEHCUTHOU MEPECTPONKH
pelIeTKH  JeNaeT CYOCTPYKTypy MapTeHCUTa IOXO0Xel Ha CcyOCTpyKTypy
HAKJICIIAHHOTO MeTaia. B pe3ynprate mpu OTIYyCKE CO3A€TCA CTUMYJI K Pa3BUTHIO
MOJIMTOHU3AIUH U PEKPUCTATUTU3ALUU.

K mpoueccam oTiycka OTHOCSIT COBOKYIHOCTb JIFOOBIX CTPYKTYPHBIX
W3MEHEHUW IIpU HArpeBe IOCJIE 3aKAIKA HAa MApPTEHCUT, a HE TOJIbKO pacraj
MEPEChIIEHHOTO pacTtBopa. HarpeB mocie 3akajikd YHCTBIX MOJIUMOPQPHBIX
METAJUIOB, B KOTOPBIX MPOLIJIO MAPTEHCUTHOE MPEBPAIIEHNE, U CIUIABOB, B KOTOPBIX
MApTEHCUT HE SIBISIETCA NEPECHIIICHHBIM PACTBOPOM, TOXKE CIEAYET OTHOCUTH K
OTIYCKY.

Bo Bcex Takmx Mmarepuanax Hpu MapTEHCUTHOM IPEBPAIEHUH BO3HHKAET
MOBBIIICHHASA IUIOTHOCTh AUCIOKALMWA, B PE3YJIbTATE YETO OKA3bIBAETCS BO3MOKHBIM
MPOBOJUTHh OTIYCK, NMPHU KOTOPOM CTPYKTYPHBIE H3MEHEHHUSI COCTOSIT TOJBKO W3
MOJUTOHU3AUOHHBIX Y PEKPHUCTAJUIM3AUMOHHBIX IPOLECCOB. OJTHUM  OTIYCK
MPUHIUITAAIBHO OTJIIMYAETCA OT CTAapEHHUs, KOTOPOE NMPUMEHUMO JIMIIb K CILIaBaM,
COoAEpKaIIMM NEPECHIEHHBIA TBEPABINA PACTBOP.

CTpyKTYypHBIE H3MEHEHUS NPU OTIyCKe CTAJIeH

Omnyck yenepooucmuvix cmajeii. XapakTep CTPYKTYPHBIX HU3MEHCHUU IpHU
OTIYCKE YIJIEPOAUCTBIX CTajed 3aBUCUT OT TEMIEPATypbl U MPOJOJKUTEIBHOCTH
OTIIyCKA U COAEPKaHUs YIiIepoaa B CTaIH.

C T[OBBIIEHWEM  COAEp)KAHUA  yIJIEpoJAa B AyCTEHUTE  BO3PACTAaET
MEPECHIIEHHOCTh 0-PacTBOPA, CHUKAETCS TeMmmeparypa My , IPOUCXOIUT MEPEXO.
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OT MAaKETHOTO MApPTEHCHUTA K IUIACTUHYATOMY UM YBEIMYHMBACTCS KOJHUYECTBO
OCTaTOYHOTO ayCTeHUTA. Bce 3TO CKa3bIBaeTCA Ha MPOLECCAX OTITYCKa.

Cerperamuss  yriepoja B KpPUCTAUIaX MApPTEHCHUTA  SIBISIETCS  TEPBBIM
CTPYKTYPHBIM M3MEHECHUEM IPU OTIIYCKE YIJIEPOAMCTHIX cTaiei. Bo3MOHBI 1Ba
pa3HBIX MO MPUPOJAE MpoIecca Cerperanuu yriepojaa: oOpa3oBaHUE MPUMECHBIX
atMoc(ep Ha fedeKTax peleTKu MApTeHCUTa U BO3SHUKHOBEHHUE KIIACTEPOB.

JleexThl KpHUCTANIMYECKOW pPEHIETKH — DYHEPreTUYecku Oosiee BBITOJHBIC
MecCTa JUIsi aTOMOB YTJIEpOJa, Y€M HOPMAaJbHbIEC MO3ULHMHU ITUX aTOMOB B PEIIETKE
MapTEHCUTAa. ATOMBI yriepoJa YIPYro NPUTATHBAKOTCA K JUCIOKAUHUSIM H
JUCJIOKAIMOHHBIM CTeHKaM. Takue cerperaiuu yriepojia ycrneBaoT 00pa30BbIBAThCA
Ha CTPYKTYPHBIX HECOBEPIIEHCTBAX B MApPTCHCUTE YK€ B IMEPHOJ 3aKaJOYHOTO
oxjaxaeHus (eciu Touka My BbICOKas) U MPU KOMHATHOM TeMIlepaType cpasy mociie
3aKAJIKU.

Jpyroii mpoiecc cerperayy He CBSI3aH C MPUTSKEHUEM aTOMOB Yrjiepoja K
CTPYKTYpHBIM HecoBepuieHcTBaM. lIpu Ttemmeparypax otmycka npo ~100°C B
MapTEHCHUTE BBICOKOYTJEPOJIUCTBIX CTajed >IEKTpOHOTpaPuUYecKr OOHAPYKEHBI
KJIacTepbl — IIJIOCKHE CKOIUIeHusT aTtoMoB yriepoaa. C oOpa3oBaHHMEM TaKUX
CKOIUICHUW CBSI3aHO 3HAYUTEIIBHOE CMENIEHHE aTOMOB JKejie3a, T. €. YNpPYyroe
HUCKaXXECHUE pemeTku MapTeHcuTa. C MNOBBIIIEHHMEM TEMIEPATypbl OTIIYCKa 3TH
KJIacTepbl YKpymnHstoTcs. OO0pa3zoBaHUe KJIACTEPOB yriiepoaa MOKHO TPAaKTOBATh Kak
30HHYI0 CTQAuI0  pacnajga pacTBOpa, AHAIOTUYHYK)  KOHIIEHTPALMOHHOMY
PACCIIOCHUIO P CTAPEHUH TBEPJBIX PACTBOPOB 3aMELICHUS.

Boinenenue mpoMexxyTOYHBIX KapOUJIOB U3 MAapTEHCHUTA — CIEAyIolas Mocie
cerperauyy yrjiaepoaa CTaaus CTPYKTYPHBIX W3MEHEHUWW npu oTnycke. Haunnas
npuMmepHo ¢ Temmeparypsl  100°C  skcnepuMeHTanbHO  OOHapyXKUBaeTCs
Metactabuibhblil g-kapous (Fe,C), omnuyaromuiics oT eMEHTUTA TUIIOM PEUIETKU
(rexcaronanbHasi y e-kapOuia, poMOuyeckasi y IeMEHTHUTA).

[TpomexyTouHblil KapOuJ 00pa3yeTcss MPSMO U3 KIACTEPOB yriepoja MyTeMm
HEOOJIBIIOW TMEepPEeCTPOMKM HMX PELETKH C  OJHOBPEMEHHBIM  YBEIUYEHUEM
COOTHONIEHUsI KOHLEHTpauui yriepoaa W xene3a. OH MOXKET TaKkKe BbIICIATHCS
HEMOCPEACTBEHHO W3 (-pACTBOpPA HE3aBHCHMMO OT KJACTEpPOB yriiepona. B cramax,
coaepxkantux menee 0,2% C, e-kapOu He oOpas3yeTcs.

[To oTHOMIEHUIO K MaTpUlle €-KapOU OPUEHTUPOBAH TaK, YTO 00ECTIEYMBAETCS
KOTE€PEHTHOCTh Ha rpaHuue pasnaena (a3. [lpum HU3KHX TeMmmepartypax &-Kapoua
BbIJIENsIeTCA B BHUjae ouyeHb auctiepcHbix (10-100 am) mmactuH wnu crepxuen. C
MOBBIIIEHUEM TEMIEPATypbl WM YBEIMYEHUEM MPOJOJIKUTEIBHOCTH OTIIyCKa
YaCTHUIIbI €-KapOUaa YKPYIHSIIOTCS.

[IpeanourutenbHOoe 0Opa3oBaHUE MPOMEKYTOUHOTO KapOuja BMECTO Ooliee
ctabuinbHOro nemeHTuta Fe;C M0oXHO OOBSICHUTH TEM, YTO Ha TPAHUIIE MAPTEHCHUTA C
€-KapOHUJIOM CONPSDKEHHE PEIIETOK JIy4lle U, CJEeI0BAaTelbHO, IMOBEPXHOCTHAS
SHEPIUsl HUXKE, YEM HA FPAHULIE MATPULIBI C IEMEHTUTOM.

CornacHO HEKOTOPBIM  3JEKTPOHHO-MUKPOCKONMYECKUM  HCCIIEAOBAHUSAM
nepBoi (a3oil, BBIIETSAIONICHCS W3 MApTEHCUTA, SIBISETCS HE T€KCAaroHAJIbHBIA &-
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kapoOun, a m-kapoun (Fe,C) ¢ pomOuueckoill pemeTkod, KoTopas TakkKe XOpOIIOo
COMPSITACTCs C PEIIETKON MapTeHCUTa. DTOT KapOuJ oOHApyX EH MpHU TeMIlepaTrypax
ornycka 100-200°C. B BBICOKOYTIEPOAUCTBIX CTAIAX Mociae otiycka npu 250-300°C
npeobafaloT  BblIeneHUuss pomoOudeckoro y-kapouna (FesC,), cmenstomue
BBIJICTICHUS 1-KapOua.

B cransax ¢ BbICOKOW TOYKOM My, T.€. BO MHOTHUX KOHCTPYKLIHOHHBIX CTaJsX,
YaCTUYHBIM pacriaJl MapTEHCUTA C BBIICICHUEM MPOMEKYTOUYHOr0 KapOuia ycreBaeTt
OpOMUTH BO BpeMsl 3aKAIOYHOTO OXJAXJIEHUS B MAPTEHCUTHOM HHTEpPBAJE.
CrnenoBatenbHO, B MEPUOJT] 3aKATKHU TAKUX CTaJEH MPOUCXOIUT CAMOOTITYCK.

O6pazoBanue 1nementura Fe;C co cTpykTypol, OAMHAKOBOW WM OMU3KON K
CTPYKTYp€ LIEMEHTUTA OTOMOKEHHOM CTalu, MPOMCXOIUT MPHU TEMIlepaTypax BbIIIE
250°C, npuuem nHambonee akTuBHO B uHTepBajie 300-400°C. Llementur (Fe;C) —
Oonee crabunbHasa (aza, obnagaromas MeHble o0beMHOUM sHeprueit ['nb6ca, yem
MPOMEXKYTOUHBIN KapOuJ. Y CTaHOBIICHBI JBa MEXaHU3Ma 3aPOKICHUS [IEMEHTUTA.

Bo-rniepBbIX, IIEMEHTUT BBIJIETSAETCS MOPSIMO M3 MEPECHIIIEHHOTO 0-pPacTBOpA,
npudeM poct vactull Fe;C compoBOXIAeTCs pacTBOPEHUEM BBIACICHHUN paHee
00pa30BaBIIEroCs MEHEE CTAOMILHOTO KapOuaa.

Bo-BTOpBIX, IEMEHTUT 00pa3yeTcs MepecTPOMKON PelIeTKH MPOMEKYTOUHOTO
kapOuna B peuietky Fe;C (B mpeaenax o0beMa yacTuil MPOMEKyTOYHOTO Kapouzia).

Koarynsiius u cpeponnnszanus IEMEHTUTA — 3aBEpILIatoNiasi CTaaus MpoLeCcCoB
KapOumooOpa3oBaHust mpu OTIycKe. [Ipu CpaBHUTENBHO HUBKHUX TEMIIEpaTypax
LEMEHTHUT PacTeT B BUJIC IUCIIEPCHBIX IJIACTHH, OJIYyKOTEPEHTHBIX MaTpulie. Pazmep
LIEMEHTUTHBIX IUIAaCTUH pa3iaudeH. KoHleHTpamus yriepoja B 0-pacTBOpPE OKOJIO
OTHOCHUTEJIbHO MEJKHX YacTHUIl BBIIIE, YEM OKOJIO Oojiee KPYyHHBIX. DTa Pa3HOCTb
KOHIIEHTpaluil odbecreunBaetr nuddys3uto yriepoja B o-pacTBOpe OT Oojiee METKUX
EMEHTUTHBIX YaCTHIl K 00JIee KPYITHBIM.

B pesynbrare BhlpaBHUBawouied AudPy3ud  0-pacTBOpP  CTAHOBHUTCS
HEHACBHIIIEHHBIM OKOJIO MEJKUX YacTHUIl U MEePECHIIIEHHBIM OKOJO KpPYIHbIX. bosee
MEJIKME IEMEHTUTHBIE YaCTHUIbl PACTBOPSIIOTCS, a 0oJjiee KPYMHbIE MOAPACTAIOT.
[leMeHTHUT BbIIEISETCA U3 O-pacTBOpPA Ha KPYIHBIX YaCTUIAX BAAIHU OT UX BEPIIUH U
pebep, 1 hopma KpymHOUM YacTUIlbl MPUOTUKAETCS K chepruiecKon.

Takum 00pa3oMm, MEPEHOCOM BEIIECTBA Yepe3 PacTBOP OCYLIECTBISIOTCS
KoaryJsiusi U cepounuzanusi nuemeHtuta npu ornycke cranu. Humwxe 350°C st
MPOIIECChl Pa3BUTHl O4YeHb cyia0o. [lo-HacTosiieMy WHTEHCUBHASI KOAryJsiusi |
cheponnuzanus HaunHatoTcsa ¢ 350-400°C. Beime 600°C Bce yacTUIlbl IIEMEHTHTA
chepruyeckre U UAET TOJIBKO UX KOAryJsusl.

Pacnag ocTaToOyHOro aycTeHWTa UIPAeT CYIIECTBEHHYIO POJb B IPOIECCaX
OTIyCKa BBICOKOYTJEPOAUCTBIX CTaleil, rJIe OH HAaXOAUTCA B 3HAYUTEIHHOM
KonuyecTBe. Pacrmajg aycTeHHTa aKTHBHO IIPOTEKAeT B HHTEpBajie TEMIIEpaTyp
npumepHo 200-300°C. OcraToyHbId AayCTEHHT IPHU OTIIYCKE MPEBpallacTCs B
HIDKHUN OCHHMUT.
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He menee BakHBI M3MEHEHUSI COCTOSIHUSI MATpUYHOM (Da3bl, BKIIOUYAIOIINE
YMEHBIIIEHUE KOHIIEHTPALMK YTJIEPOJia B 0.-pACTBOPE U U3MEHEHHUS CYOCTPYKTYPhI U
MUKPOCTPYKTYPHI 0-Pa3bl.

YMeHbllIeHHEe KOHLEHTpAIlMU YIJepojia B 0-pacTBOPE UIAET BO BCEM
TeMIEPATypHOM MHTEpBaje BbIACICHUS U3 Hero kapoumHou daszel. Ilo nzmenenuto
Tu(dpaKIMOHHON KapTUHBI Ha PEHTTEHOrpaMMe paciaji MapTeHCHUTA MOJPa3esioT
Ha JIBE€ CTaJIUMU.

[lepBast cramus pacnajza MapTEHCUTa — TaK Ha3bIBa€MbIU «JIBYX(Da3HbIN»
pacnian (Hmwke 150°C). I[logBuKHOCTH aTOMOB YIiiepoja MpU TeMIepaTypax HIKE
150°C eme caumkoM Mana. OTa IIOJBM)KHOCTH BIIOJIHE JOCTaTOYHA, YTOOBI
o0ecnieunTh 00Opa3oBaHUE KapOWAHBIX IJIACTUH 3a CYET Yyriepoaa u3 Oukauiiero
MapTEHCUTHOTO OKpyxeHus. Ho oHa HemoctarouHa, 4yToObl O0OECHEUYUTH POCT
BBIJICIUBIIUXCA YacTUIl KapOujaa 3a cdeT auddy3uu yriaepoga M3 yYaCTKOB
MapTEHCUTA, €Ill€ HE OXBAYEHHBIX paclajoM M HMEIOIIHNX HCXOJHYI0 BBICOKYIO
KOHIICHTPAIIUIO yIIiepoa.

B pesynbrare Takoro pacmnajga MapTEHCUT CTaHOBUTCSI HEOJHOPOJHBIM C
pa3IMYHBIM COJIEp’)KaHUEM YTriepo/ia B pa3HbIX ydacTkax. B Tex yuactkax, rie
BBIJICTWICS KapOuJ, KOHIUEHTpalus yriepoaa U, CJIeAOBaTEIbHO, CTEIEHb
TETParoHaJIbHOCTH MEHbBIIIE, YEM B YUaCTKaX, HE 3aTPOHYTHIX pacaOM.

JIBa TBEpIBIX pAacTBOpa C Pa3sHOM KOHILEHTPALHUEH YIJIEpoAa COCYLIECTBYIOT
JUINTENIbHOE BpeMsl H3-3a HU3KOM CcKopocTH 1uddy3ur, W MNOITOMY pacnaj
Ha3bIBaeTCs <«JAByX(a3zHbiM». «JIByxdazublil» pacnaj MapTEeHCUTa pPa3BUBAETCS HE
BCJIEJICTBHE POCTa KApOUJHBIX YACTHUIl U3 OKPYKAIOIIMX UX YYACTKOB OOETHEHHOIO
YTJIEPOJIOM PACTBOPA, a B pe3yJIbTaTe BBIJICICHUS HOBBIX YaCTHUI] KapOua B ydacTKax
MApTEHCUTA C UCXOHOW KOHIIEHTPALKEN yIiiepoa.

Tak kak BbIJEIMBIIMECS MPU HU3KUX TEMIIEpaTypax KapOWJHbIE YaCTHUIIbI
Ype3BbIYAaHHO MEJIKH, TO OHU HaXOASATCA B METAaCTaOMIBHOM KOJIJIOMJIHOM
PABHOBECUU C OKPYXKAIOIIUM UX PACTBOPOM, COJIEpPKAIIMM M30BITOK yriepona. s
JnanbHenero oOeHeHHsI YTIIEPOJOM YYacTKOB pacTBOpa, OKPYIKAIOIIMX KapOoum,
HEO0O0XO0JMMO YKpYIHEHUE KapOUIHBIX YACTHIL.

Bropas cragus pacnaga MmapTeHcUTa — 0O€IHEHUE YTIEPOIOM Oi-pacTBOpA MPHU
onHOBpeMeHHOM pocte Kapouaneix yactuil (150-300°C). Ckopocts auddy3uu
yriepoaa npu temmneparypax Beime 150°C pocrarouHa, 4ToObl 00€CEUUTH POCT
KapOUJIHBIX YaCTHI] IPU NEPEHOCE aTOMOB 4epe3 a-pactBop. Iloatomy Beimie 150°C
OJTHOBPEMEHHO C «JIByX()a3HbIM» pacrajgoM MPOUCXOIUT OOBIUHBIA TU((Yy3HOHHBIN
poct kapouaneix yactuil. [lpm 400°C wunm npu HECKOIBKO Ooyiee BBICOKOM
TEMIIEpAaType O-pacTBOP MOJHOCTBIO OCBOOOXKIAETCA OT H30BITKA Yyriiepoda, M
nepexo]] MapTeHcHuTa B (PeppuUT 3aKaHUUBACTCH.

Bo3Bpar u pexpucramimzanus B o-(da3e MpOUCXOJAT B IIUPOKOM HHTEpBAJIC
TeMIEpaTyp OTIycKa. Pa3BuTue 3THUX TMPOLECCOB CAEPKUBAETCS YacTUIAMU
KapOWIHBIX BBIJICICHUM, 3aKPEIUISIONINX OTACIbHBIE TUCTOKAINH, TUCIOKAIIMOHHBIE
CTEHKM U BBICOKOYIJIOBbIE TpPaHMIbl. 3aKpemieHHue ciadee BbIPaKEHO B
HU3KOYTJIEPOIUCTHIX CTaJAX.
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HuxHIor0 TeMnepaTypHyr TpaHHIy BO3BpaTa IPU OTIYCKE TPYJHO yKa3aTh.
N3meHeHust TUCIOKAIMOHHOW CTPYKTYpbl 0-(a3bl, OTYETIMBO pa3WuUMble MpU
3JIEKTPOHHO-MUKPOCKOIMMYECKOM aHAIN3€, HAUMHAKOTCA ¢ Temrepartyp okoiuo 400°C.
[IpoTs>KE€HHOCTh MaJOYTJIOBBIX I'PAHUIL], CYIIECTBOBABIIMX B PECYHOM MApPTEHCHUTE,
npu Temnepatypax otiycka Boire 400°C B goym cexyHIbl pe3ko naaaer. OqHuM u3
MEXaHHU3MOB 3TOT0 MOXET OBITh «PacChIlaHUE» TUCIOKAIMOHHBIX CTEHOK, KaK MpH
OTXKHUT€ XOJIOAHOAE(POPMUPOBAHHOTO METAILIA.

B nepBble MOMEHTBI OTITyCKa KapOWIHBIC BBIJICICHUS €I1l€ MaJIOYUCICHHBI U
MOATOMY HE ABISIIOTCS A()PEKTUBHBIMU CTONOpPAMU [JIi MaJOYIJIOBBIX TpaHUI] U
OTZIENIbHBIX JTUCIOKAIMK. 3aTeM BbIEJICHUE OOJBIIOr0 4Yuciia KapOWUJHBIX YaCTHIL
CTaOMIM3UPYET  CTPYKTypy  MaTpuulbl.  BeiTsHyTOCTH  peex  a-(a3pl B
HU3KOYTJIEPOAUCTBIX CTAJSAX COXPAHIETCS 10 BBICOKUX TEMIEPATyp OTIYCKa.

[Tocne 1ocTaTOYHO AJIUTENHHOTO OTIYCKa MPU BHICOKUX TeMIepaTypax (BbIIIe
~600°C), xorma B pe3yibTare KOaryisiiiud IIEMEHTUTHBIX YaCTHUI] 3aKpEIUICHHE
IpaHul] oci1abeBaeT, MPOUCXOAUT PEKPUCTAIIU3ZAIMOHHBI POCT 3€pEeH MUTrpalue
WCXOAHBIX BBICOKOYIVIOBBIX TIpaHUll. MUKpPOCTpYKTypa TpH 3ITOM  TEpSET
XapaKTepHble MOP(POJIOTHYECKUE TPU3HAKU PEEYHOTO MAPTEHCHUTA.

B BBICOKOYIIEPOAMCTBIX CTalsX H3-32 CWIBHOIO TOPMOYKEHUS MUIPALUH
IpaHUI] YAaCTUIIAMU I[IEMEHTUTA PEKPUCTAILIU3AIUOHHBIN POCT 3epeH o-(a3bl UAeT
euie TpyAHEEe, U «UTOJIbYAThIN» XapaKTep CTPYKTYPbl COXPAHSETCS IO TEMIIEparyp
otmycka okono 650°C.

Takum oOpa3oM, MpU OTIYCKE 3aKaJICHHOW YIIIEPOAUCTON CTalu MPOTEKAIOT
pa3HOOOpa3HbIe MPOIECCHI, KOTOPbIE MO BPEMEHU U TEMIIEPATYPHOMY HHTEpBaly
CBOETO Pa3BUTHS HAKJIAJbIBAKOTCS OJIMH HA JIPYTOM.

TeMmnepaTypHble TPaHULBI CTPYKTYPHBIX U3MEHEHHN Pa3HOTO THIIA YCJIOBHBI.
OHM CHMXAKOTCA NPHU YBEIWYECHHH NPOJOJIKUTEIBHOCTA OTIYCKA W CMEIIAITCS
BBEPX WJIM BHU3 C U3BMEHECHUEM COJICPKAHUS YIJIEPOJIa B CTaJIN.

TpaguuMOHHO TPUHATO BBIACIATH TPU TEMIIEPATYPHBIX HMHTEpBala W
COOTBETCTBYIOIIUE UM TPH IIPEBPALLIECHUS» MPU OTIYCKE YIIAEPOAUCTBIX CTAIIC. ITO
NoApa3eieHue, OCHOBAHUEM JIJIi KOTOPOTO CIYKUT aHalu3 00bEMHBIX U3MEHEHUM
MIpU OTIYCKE, BECbMa YCIOBHO, HO KaK MEepBOE MPUOTUKEHUE €r0 MOKHO MPUHSITh.

«IIepBoe mpeBpalieHrue» npu OTIHYCKE OTHOCIT K uHTepBairy temneparyp 100-
200°C. IIpu sTux TemmepaTypax 3aKaJeHHbIN oOpa3zell ykopauuBaeTcs. Tak Kak u3
BCEX CTPYKTYPHBIX COCTABISIONIMX CTajld HAWOOJBIINA YACIbHBIA O00BEM Yy
MAapTEHCHUTA, TO «IIEPBOE MPEBPAILLIECHUE) CBA3BIBAIOT C €r0 PACIagoM.

«BTopoe npeBpaleHne» npu OTIIYCKE OTHOCAT K MHTepBainy temneparyp 200-
300°C. Tlpu BbLAEPKKE B 3TOM HHTEpBaje JJIMHA 3aKAJICHHBIX 00pa3loB CpeAHe- U
BBICOKOYTJIEPOAUCTHIX CTAJIEW YBEIMYUBAETCS TEM OOJIbIIE, YEM BBILIE COAECPKAHUE
yriepojaa B cTanu. Tak Kak yAeJbHbIM 00beM ayCTEHUTAa HAUMEHBIINN U KOJIHMYECTBO
OCTaTOYHOT'O ayCTEHHTA PACTET C YBEIMYECHUEM COJCPMKAHHS YIiIepoaa B CTAIH, TO
«BTOPOE MPEBPAILCHUE» CBA3BIBAIOT C €ro pacnagoMm. [lpu 3ToM B TemmnepaTypHOM
VMHTEPBAJIE «BTOPOTO MPEBPAILLCHUSD IMTPOAOJKAETCA pacnal MApTEHCUTA.

118



«TpeTpe mpeBpalieHne» Mpu OTIIYCKE OTHOCAT K MHTEpBany temmeparyp 300-
400°C. B aTom TeMIiepaTypHOM HMHTEpBaJie JJIMHA 00pa3I0B COKpAIAETCsI, UCUE3AI0T
MPOMEXKYTOUHBIE KapOu/bl, U 3akaHuuBaetcs BoiaeneHue Fe;C u3 maprencura.

CtpykTypy, MOJYYaIOIIYIOCsS MOCJE OTIHYCKa CTalu MpU TeMIlepaTrypax HUXKe
300°C, Ha3bIBalOT omnyuieHHbIM Mmapmencumom. Ilog MHUKPOCKONOM OH
OTJINYAETCSI OT MApPTEHCUTA 3aKalKd OOJbIIed TPaBUMOCTHIO H3-3a BBIJICICHUM
KapOuI0B.

[locne ornycka mnpu 300-450°C oOHapyXuBaeTcs OCOOCHHO CHIIBHO
TPaBAIIASICS UTOJIbYATAsI CTPYKTYPa, KOTOPYIO HAa3bIBAIOT MPOOCHIUMOM OMNYCKA.

B wuntepBane temmneparyp 450-650°C mnosyuaercs copoum omnycka. Ero
IByx(a3HOE€ CTPOCHHE OTYETIMBO BBIABISIETCS TMPU OONBIIMX YBEIUUYCHUSIX
CBETOBOI0 MHUKpockomna. Bpicokue TemmepaTypbl OTHYyCKa HNPHUBOAST K TMOTEpPE
UT0JIbYATOr0 BUAa COPOUTA, KOTOPBIM MPHUOOPETAET IBHO TOUECYHOE CTPOCHUE.

N3meHeHne MeXaHHYECKHX CBOMCTB IPH OTIyCKe CTajied M BbIOOP
pe:KuMa OTIyCKa

Yenepooucmoie cmanu. 3axaneHnas yriuepoaucTas CTallb XapaKTepHU3YyeTCsl HE
TOJIKO BBICOKOW TBEPAOCTHIO, HO U OYEHb OOJIBIIONW CKIOHHOCTBIO K XPYNKOMY
paspymenuto. Kpome Toro, mpu 3akajke BO3HUKAIOT 3HAYUTEIIBHBIE OCTATOYHBIC
HanpsbkeHus. [loaTomMy 3akanky yriepoAHCThIX CTajled OObBIYHO HE MPUMEHSIIOT Kak
OKOHYATEJIbHYIO OIEpaluio, XOTS OHA M MOXET COOOUIUTh CTaJIH BBICOKYIO
npouHocth (o, = 1300-2000 MIla). [Ins yBenuueHHs BA3KOCTU U YMEHBIICHUS
3aKaJOYHBIX HAIMPSHKEHUM MOCIe 3aKaJIKU TPUMEHSIIOT OTIYCK.

Pacnag maprencuTa, kazanoch Obl, TOJKEH MPUBOAUTH K JAUCHEPCUOHHOMY
TBEpJICHUIO, U B OOIIEM clly4ae 3aBUCUMOCTb IMPOYHOCTHBIX CBOMCTB CTald OT
TEeMIEpaTyphl OTIYCKA JOJDKHA ObITh KAYECTBEHHO Takas )K€, KaK U MpU CTapeHUU
LBETHBIX CILJIABOB.

Onnako Ha puc. 47 BUAHO, 4TO 1O TemmepaTrypsl oTiycka okoio 100°C
TBEPJIOCTh 3aKAJICHHOW CTaJM WIM NMPaKTUUYECKHW HE MEHsieTcs, wiu ciadbo (Ha 1-2
eaqunuibl HRC) Bo3pactaer. C nanbHEHIIMM MOBBIIIEHUEM TeMIEpaTypbl OTIYCKa
TBEPAOCTH IIJIABHO CHUYKAETCHL.

[louemy pacnaj MapTeHCUTa C BBIACICHUEM MEJIKHUX YacTHll KapOWJIOB MHpH
HU3KOTEMIIEPATYPHOM  OTIIyCKE 3aKaJI€HHOM CTald HE BBI3BIBAET CHUJIBHOIO
OUCIIEPCUOHHOTO  TBEPACHUS  AHAJIOTUYHO  JUCIEPCUOHHOMY  TBEPACHUIO
ATIOMUHHUEBBIX U IPYTUX CTAPEIOMINX CILIaBOB?

OOBsicHSETCS 3TO TE€M, YTO HM3-3a BBICOKOW MOJABUKHOCTH aTOMOB YTriepoja
OHM YCIEBAaIOT OOpa30OBBIBaTh CErperaTtbl Ha JUCIOKAIUAX YK€ B TMEPUOJ
3aKAJIOYHOTO OXJIAXKJICHUS, NMPUYEM JHCIEPCHOHHOE TBEPACHUE MOXKET TOWTH N0
CTauu MaKCUMaJIbHOTO YIpouHeHHs. [loCKONbKYy yriepoj, pacTBOpPEHHBIM B -
’eje3e, BHOCUT OOJIbIION BKJIAJ B YIIPOUHEHUE MapTEHCUTA, TO OOETHEHUE PacTBOpa
YTJIEPOIOM IIPU BBIJEICHUU MPOMEKYTOUHBIX KapOUI0B (HampuMmep, e-Kapouaa) yxe
MIPU HU3KUX TEMIIEpaTypax OTIIyCKa BbI3BIBAET pa3ylNpPOUYHEHHE.
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C poctoMm TeMmmeparypbl OTIyCKa pa3ylnpoOYHEHUE YCUIIMBACTCS W3-3a
CIEIYIONX MPUYHH:

1) ymMeHbIlIeHUs] KOHLIEHTPAILIUU YTIepo/ia B 0-pacTBOPE;

2) HapyuleHusi KOT€PEHTHOCTU Ha TpaHulle KapOWa — MaTpulia U CHSITHUS
YIOPYTUX MUKPOHAIPSKCHUH

3) Koarynsiuuu KapOUIOB M YBEIMYECHUS MEKUYACTUUHOTO PACCTOSHHUS;

4) pa3BUTHUS BO3BpATa U PEKPUCTAILIUZALIUH.

B pa3sHeix TemmepaTypHbIX HHTEpBajax mpeoOiagaeT JAeHCTBUE Pa3HBIX
(hakTOpOB Pa3ynmpOUYHEHHS] B COOTBETCTBUM C MHTEHCHUBHOCTBHIO PA3BUTHUSI TE€X WIIH
VHBIX CTPYKTYPHBIX U3MECHEHUN.
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Puc. 5.3. 3aBUCHMOCTB TBEPAOCTH YTIIEPOJUCTHIX CTAIEN Pa3HOTO COCTaBa
ot TeMriepaTypsl otiiycka (I'.B.KyparomoB)

B BBICOKOYIJIEpOUCTBIX CTalsAX, COJEPKAIUUX 3HAYUTEIBHOE KOJIMYECTBO
OCTaTOYHOI'O ayCTEHHTa, paclaj €ro ¢ BbIJEICHUEM KapOuaa 3aepKUBaeT IMaJIeHUe
TBEPAOCTH, a B uHTepBasie Temreparyp 200-250°C maxxe HECKOJIBKO YBEJIMYHUBAET €€
(puc. 5.3).

Tak Kak YHNpOUHSIOIIMM OTIYCK 3aKaJ€HHOM YIIIEPOAMCTOM CTalIM HE UMEET
MPAaKTUYECKOTO 3HAYEeHHUs, TO 4YacTO C OTIYCKOM JIIOOBIX CTajliel CBS3BIBAIOT
npeAcTaBieHue 00 00s13aTeIbHOM CMSITYEHUH, XOTS 3TO IPEACTaBICHUE OITUOOYHO.

[IpouHocTHBIE ~ XapaKTEPUCTUKH  YTIAEPOAUCTOM  cTanu  (BpeMEHHOE
CONPOTUBJICHUE, MpENeNl TEKYYeCTH U TBEPJOCTh) HEMPEPHIBHO YMEHBIIAIOTCS C
poctoM Temneparypsl otmycka Bbeime 300°C, a moka3zaTenu IUIACTUYHOCTH
(OTHOCUTENBHOE Y/UIMHEHUE U CYKEHUE) HETPEPHIBHO MOBBIIIAOTCS (puUc. 5.4).
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YapHas BA3KOCTh HAYMHAET MHTEHCUBHO BO3pAacTaTh NPU OTIYCKE BBIIIE
300°C. MakcuMallbHOM yHapHOW BA3KOCTBIO O00JaJaeT CTalb C COPOUTHOMU
CTpyKTypoH, oriymeHHas mpu 600°C. HekoTopoe CHUKEHUE yIapHOU BSI3KOCTH IIPU
temneparypax otnycka Bbimie 600°C MOXHO OOBSICHUTH TEM, UYTO YaCTHUIIbI
IIEMEHTUTa MO TpaHullaM (PEeppUTHBIX 3€PEH, PACTYIIUE BCIEIACTBUE PACTBOPEHUS
YacCTHUIl BHYTPH 0-(a3bl, CTAHOBSATCS CIUIIKOM TPYOBIMH.
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Puc. 5.4. BnusiHue TemnepaTypbl OTIIyCKa HA MEXaHHUYECKHE CBOMCTBA
cranu 45

ITo TemnepaType HarpeBa pa3nanyaroT HU3KWAM, CPEAHUNA U BBICOKUI OTITYCK.

Huskuit omnyck Ha otnymeHHb wmapteHcuT (120-250°C)  mmpoko
MPUMEHSIOT TOCJIE€ 3aKaIKU HHCTPYMEHTOB, LIEMEHTOBAHHBIX W IIMAHUPOBAHHBIX
W3JEIIUN U MOCJIE TOBEPXHOCTHOM 3aKaJIKH.

[{eqb HU3KOTO OTIYCKA — YMEHBIIEHUE OCTATOYHBIX 3aKAJOYHBIX HANIPSIKCHUN;
TeMIEepaTypy HHU3ZKOrO0 OTIyCKa BbIOMpAIOT TakoW, 4YTOOBl TBEPAOCTh U
M3HOCOCTOMKOCTh HE CHU3WINCH WM C1a00 CHU3UIUCH. Bhiepkka mpu Temrepatype
HU3KOTO OTIyCKa OOBIYHO HE MpeBbliaeT 1-3 4; ¢ JanbHEHIIUM yBEITUYEHUEM

BBIACPIKKH OCTATOYHBIC HAIIPAKCHUSA OUCHDb ciabo YMCHBIIAKOTCA.
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Cpeonuit omnyck Ha Tpooctutr (350-450°C) — cpaBHUTENBHO peaKas
onepamusi. Ee wucnone3yroT Torma, Korjaa HEOOXOJUMO COYETaHUE BBICOKOM
MPOYHOCTH, YIPYTOCTU U BMECTE C TEM JOCTATOUYHOM BsI3KOoCTH. CpeHEMY OTIYCKY
MOABEPTatOT MPY>KUHBI U PECCOPBI.

Buvicokuni omnyck wna copoutr (450-650°C) mmMpoko NPUMEHSIOT B
MAIlIMHOCTPOCHUN K W3JEIUSM W3 KOHCTPYKIIMOHHOM CTalu, KOTOpPbIC JOJAKHBI
XapaKTEepU30BaThCd HE TOJBKO JOCTATOYHOW MPOYHOCTHIO, HO M XOPOIIEH
CONPOTUBIISIEMOCTRIO yAApPHBIM Harpy3kam. BbIIEpKKy TpU BBICOKOM OTITYCKE
(OOBIYHO HECKOJIBKO YacOB) MOJOMPAIOT OMBITHBIM MYTEM JJIsl OTYYESHUS 3aJaHHOTO
KOMIIJIEKCA CBOMCTB.

JIBoliHas omepaiusi MOJy4eHHs] cOpOUTa — 3aKajdka C BBICOKUM OTIIYCKOM —
Ha3bIBACTCS yayuuieHuem. Ty ONEPalUI0 MPUMEHSIOT K CPEeAHEYTIEepPOJIUCTHIM
ctaisiM, conepxkamum ot 0,35 1o 0,6% C. Takue cTany Ha3bIBAIOT yIy4IIa€MbIMHA B
OTJINYKE OT HUZKOYTIECPOJAUCTHIX IEMEHTYEMBIX.

CKOpOCTh OXJIAKJICHHS C TEMIIEPATypbl OTIYCKA HE BIUSET HAa MEXaHUUYECKHUE
CBOMCTBa YTJIEPOAMCTBIX CTaJIei, U €ClId HE OMACHbl TEPMUUECKUE HANPSIKEHUS, TO
MOHO MPOBOJIUTh YCKOPEHHOE OXJIAXKICHUE.

NuHorma 3akalky W OTOYCK COBMEIIAIOT B OJHOM OMNEpalnud, KOTOPYIO
Ha3bIBAIOT 3AKAIKOU ¢ camoomnyckom. V3aenne KpaTKOBPEMEHHO MOTPYX aloT B
BOJy WJIM OOPBI3TUBAIOT BOAOU. [loBEpXHOCTHBIN CIOM 3aKaIuBaeTCsl HA MAPTEHCUT U
3aTeM OTITyCKAeTCsl 3a CUeT TeMJia BHYTPEHHUX CJIOEB M3Jenus. Takum crocooom
MPOBOJST COPOUTU3ALIMIO TOBEPXHOCTHOTO CJIOS TOJIOBKH pPETbCa.

B HU3KOYTrIepoOAUCTBIX CTaISIX, y KOTOPBIX TOYKAa KOHIIA MapTEHCUTHOIO
npeBpamenus My Haxoautcesa Beime 300°C, cTpyKTypHbIE U3MEHEHUS, XapaKTEPHbIE
JUIsL OTIyCKa, YCIEBAIOT MPOTEKaTh BO BpeMs 3aKaJOYHOTO OXJIaXKJACHUS B
MapTEHCUTHOM MHTEpBaie M, —M; u HIke TeMneparypbl M.

Jlecuposannvie cmanu. Jlerupyromue >3JIEMEHTHI, 3aTPyAHSIONIUE pacnaj
MapTEHCHUTA U KOAryJsiuio KapOWJIOB, CMEILAIOT TEMIIEPAaTypHYIO TpaHUIly Hadaia
MHTEHCUBHOTO pa3ynpouHeHus npu otirycke ¢ 200-300 no 450-550°C.

[loBblllIeHWE KPACHOCTOMKOCTH 3aKAJICHHOW CTald, T.€. CHOCOOHOCTH €€
CONPOTHUBIISITHCS CMSATYEHUIO TIPU HArpeBe, — OJIHA U3 OCHOBHBIX IIEJI€H JIErupOBaHUS
B IIPOU3BOJICTBE HHCTPYMEHTA.

JInsi  KOHCTPYKIIMOHHBIX JIETUPOBAHHBIX CTaJiel BecbMa BaXHO, 4YTO
CHielUalIbHble KapOWAbl BBIACISIIOTCS MPU BBICOKOM OTIIYCKE B Oojiee TUCTEpCHOM
dbopme, ueM UEMEHTUT. OTO oOecneuyrBaeT NOBBINICHHYIO BA3KOCTh, TaK Kak
MUKPOITYCTOTHl  (O4aru paspylieHUs) 3apOoXITAI0TCS OKOJO MEJIKUX YaCTHI]
CIEUUATIBHOTO KapOuaa TpyJaHee, YeM OKOJI0 00Jiee KPYIHBIX YaCTHI] IIEMEHTHUTA.

B cransx ¢ mobGaBkamu TWTaHa, MOJHMOJACHA, BaHAIWS WU BoJibpama MpH
MOBBIIIEHUU TEMIIEPATypbl OTHYCKA MOCJIE€ OOBIYHOIO Pa3yNpOYHEHHUSI, BHI3BAHHOTO
pacrajgoM MapTEHCUTa M KOAryJslHMeill 4acTHI] LIEMEHTUTAa, TBEPAOCTh BO3PACTaET
(puc. 5.5). D10 sABnenue, oOHapyxkuBaemMoe mocie otnycka npu S500-600°C,
Ha3bIBAIOT 6MOPUYHBIM M EEPOCHUEM.
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Puc. 5.5. BropuuHoe TBEpEHUE TIPU OTIIYCKE CTAIU
¢ 0,32% Cu 1,36% V (K»)

[IpyunHBl BTOPUYHOrO TBEPACHUS — OOpa3oBaHUE KIACTEPOB U3 aTOMOB
JETUPYIOIIETO dJIeMEHTa U yriepoaa (MM YacTO COOTBETCTBYET MAaKCHUMyM
TBEpJICHUSI) U 3aMEHA PACTBOPSIONIMXCS CPABHUTEIBHO T'PYOBIX YACTHUIl [IEMEHTHUTA
3HAYUTENIbHO 00Jiee AMCIIEPCHBIMU BhIJCICHUSAMH crienranpHoro kapouaa (TiC, VC,
Mo,C umu W,C). Koarynsiius 3TUX YacTUIl MPUBOJUT K CHUXKEHUIO TBEPIOCTH.
Yactuuel kapouga MeqC cpa3y oOpa3yroTcsi B CpaBHUTENBHO Trpy0oil opme U He
MPUBOAT K YIIPOUHEHUIO.

JlobaBKka Xxpoma, 3aJepKUBAIOIIETO0 CMATYCHHE MPH OTITYCKE, 00yCIOBIMBACT
Majioe BTOPUYHOE TBEPJICHUE UM COBCEM HE BBI3BIBAET €r0. JTO CBS3aHO C TEM, YTO
BbIIeeHus kapouaa Cr;C; ObicTpo koarynupyroT npu 550°C B MpOTHUBOIONIO0KHOCTD
TakuM kapOuaam, kak Mo,C u ocobenHo W,C (koadduument auddys3uu B o-
pacTBope y BoJib(hpamMa MEHbIIIE, YEM Y MOJIUOACHA).

Bo BpeMst BTOpUYHOTO TBEpJICHUS MapaJieIbHO C pPOCTOM Mpejiesia TeKy4eCTH
YBEIIMYUBACTCS BS3KOCTb U3-32 PACTBOPEHMSI CPABHUTENIBHO TPYOBIX YaCTHIL
LEMEHTHTA.
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OTnyckHasi XpynKoCTh

Heoopamumas omnycknaa xpynkocms. Ha rpadukax 3aBUCUMOCTH yIapHOU
Bsi3koctu mipu 20°C OT Temmeparypbl OTHYyCKa MOKHO BCTPETHUTH JIBa IpOBala,

COOTBETCTBYIOIIUX Pa3BUTHUIO OTIYCKHOM XPYMKOCTU ABYX THUIOB (KpuBas 1 Ha puc.
5.6).
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Puc. 5.6. 3aBucumocts yaapHoit Bszkoctu npu 20°C oT TemriepaTypsl OTIIyCKa
cranu 37XH3A (JI.B.Cmupnos, B.JI.CagoBckuii): 1 — mociae 0ObIMHOM 3aKaaKH
Y 4aCOBOT'0 OTIYCKAa C MOCIEAYIOMMNM OXJIaXICHHEM B BoAe; 2 — mociae BTMO

B rtemmeparypuom wuHTepBasie  npumepHo  250-400°C  pa3BuBaetcs
HeoOpaTuMasi OTITYCKHAsI XPYIKOCTb.

YmapHas BSI3KOCTh 3aKAJICHHOM CTAJIM TOCJIE OTIIyCKA B 3TOM HHTEpBAJIE
MEHbIIE, YeM nocie ornycka Huxe 250°C.

Ecnu oxpymuennyto crtanb, otnymieHHyr npu 250-400°C, oTnycTuTh mnpu
0oJiee BBICOKMX TemIepaTypax Uisi IepeBOJa B BSI3KOE COCTOSIHUE, TO MOBTOPHBIM
otiiyck B uHTepBasie 250-400°C He BO3BpamaeT CTallb B XPYIKOE COCTOSHHE.
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IloaTOMy OTHYCKHYIO XPYIIKOCTh, pasBuBaromyrocs B uHTepBane 250-400°C, u
Ha3bIBAIOT HEOOPATUMOIA.

HeoOpatumas oTmyckHass XpyHNKOCTb B OOJbIIEH WIM MEHbIIEH CTENEHU
CBOMCTBEHHA BCEM CTaJISIM — M JIETUPOBAHHBIM, U YTIEPOIUCTBIM.

Haubonee oT4eT/IMBO OHA MPOSABISIETCS Y HU3KOYTIEPOJUCTHIX JIETUPOBAHHBIX
CTajel, KOTOpble IMOCJe 3aKaJlku M HuU3koro otmycka (Hmxke 250°C) wumeror
CPAaBHUTEJIBHO OOJBIIYIO YIAPHYIO BA3KOCTb.

VY BBICOKOYTJIEPOAUCTBIX CTajJel MOCHE 3aKaJIKU U HU3KOTO OTIIyCKa yAapHas
BSI3KOCTh CTOJIb Maja, 4To oxpymuuBaHue mnocie ornycka npu 250-400°C Henb3s
OOHApYX UTh OOBIYHBIMU YJIAPHBIMU UCTIBITAaHUSIMU. CTENEHb pa3BUTHSI HEOOPATUMOM
OTIIYCKHOM XpYIKOCTH HE 3aBHCHUT OT CKOPOCTH OXJIAXKICHHS C TEMIIEPATyp OTIIyCKa.

[TockonbKy HEOOPATHUMYIO OTIYCKHYIO XPYIKOCTh HE HAay4YWJIHCh YCTPAHSTH,
CPEIHUI OTIYCK, KaK MMPaBUIIO0, HCTIONB3YIOT PEAKO.

Oopamumana omnycknasa xpynkocms. BTopoli mpoBall Ha KPUBOUM YyJapHOMU
BSI3KOCTH TMPUXOJUTCS HAa HWHTEpPBaAJ Temmeparyp otnycka npumepHo 450-600°C
(puc. 5.6, kpuBasg 1). Jlng HUKHEW W BEpXHEH TpaHUIl 3TOTO HWHTEpPBAJA YacTO
YKa3bIBaIOT Takke 3HaueHus 375 u 575°C cOOTBETCTBEHHO.

Ha puc. 5.6 nBa mpoBana yaapHOM BSI3KOCTH SPKO BBIPAXKEHBI, TAK Kak
paszesieHbl Y3KUM HHTEpBAJIOM Temiiepatyp oTtnycka (BOnu3u 450°C), B KOTOpom
OTIYCKHasl XPYNKOCTh HE MNPOSABISETCA. Y MHOTMX CTalied 3TOT rop0 Ha KpUBOU
yAapHOU BS3KOCTU MOXKET COBCEM OTCYTCTBOBaTh, U TOrJa OOHApYXUBAETCS OJHA
mupokass o0JacTh TeMmIepaTyp OTIyCKa, MOoclie KOTOPOro yJapHas BSI3KOCTb
MMOHMKEHA.

OXxpynuuBaHUE NpPU BBICOKOM OTIIYCKE MOXET BO3HHMKATh B PE3YyJIbTATE
HarpeBa 10 450-600°C (He3aBUCUMO OT CKOPOCTH IOCJSAYIOMIETO OXJIaXICHUs) U B
pe3ysbTaTe oTiycka mpu temneparypax Boime 600°C ¢ mociaeayronmuym MeaJIeHHbIM
oxJyraxkaeHrueM B uHTepBaie 600-450°C.

bricTpoe oxnaxaenue ¢ temreparyp otirycka Baie 600°C, Hanmpumep, B BOAE,
MPEIOTBPAIIAET PA3BUTHUE OTIIYCKHOW XPYNKOCTH. DBBICTpOe OXJIaKIEHUE IMOocie
ormycka npu 450-600°C He mpeaoTBpalllaeT OTIYCKHOM XpynkocTH. Takum oOpaszom,
MOoNaJaHue B OMACHBIA MHTEPBAJ TEMIEPATyp «CHU3Y» (IIpU HArpeBe U BBIICPIKKE)
WM «CBepxy» (IIpU MEUICHHOM OXJaXJCHUU) MPUBOJAUT K KAYECTBEHHO
OJIMHAKOBOMY PE3YJIbTATY.

Baxueiimas 0coOEHHOCTh OXpYIMUMUBAHUS NPU BBICOKOM OTIIYCKE COCTOHUT B
ero ooparumoctu. Ecnu cTans, oXpymueHHyo B pe3ynbTaTe oTimycka Beie 600°C ¢
MOCTISYIOIINM MEJIJICHHBIM OXJIaKaeHueM uin otiycka mpu 450-600°C (c mro6oit
CKOPOCTBIO OXJIQXJEHUsA), BHOBb Harpeth A0 Temieparyp Bbinie 600°C u ObicTpo
OXJIaJINTh, TO yJIapHas BA3KOCTh BOCCTAHABIMUBAETCS. ECiM mocie 3Toro crajib BHOBb
MOMAaeT B ONACHBIA MHTEpBaJl TEMIEpPaTyp OTIIyCKa, TO OHAa IOBTOPHO
oxpynunBaercs. HoBeiii HarpeB Bbiie 600°C ¢ OBICTPBIM OXJIAXKJEHUEM YCTpaHsSET
XpPYNKOCTb U T.J.
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[ToaToMy paccmaTpuBaeMoe SBJIEHHE Ha3bIBAIOT OOpPAaTUMOM OTIYCKHOM
XpYHKOCThI0. Tak Kak BBICOKMH OTIYCK IIMPOKO MPUMEHSIIOT K pa3HOOOpa3HbIM
KOHCTPYKIIMOHHBIM CTajlsiM, TO OOpPaTUMYIO OTIYCKHYIO XPYNKOCTh OCOOEHHO
NOAPOOHO M3y4alld Ha NPOTsHKEHUM MHorux gecarwietuil. Korma roBopar 00
OTIYCKHOM XPYHKOCTHU JISTUPOBAHHOM CTald, TO OOBIYHO UMEIOT B BULY OOpaTUMYIO
OTITYCKHYIO XPYIIKOCTb.

Ponv necupyrowux 3znemenmog. B pa3BUTUH OTHYCKHOM XPYNKOCTH HE
MEHBIIYIO POJIb, YEM MPUMECH, UTPAIOT JIETUPYIOIIUE FIIEMEHTHI.

CnnaBel Fe—C, coaepxaiue T€ K€ KOJUYECTBA BPEIHBIX MPUMECEH, YTO U
JETUPOBaHHBIE CTalM, HE CKIOHHBI K OOpaTUMOW OTIYCKHOW Xpymkoctu. B
KEJTIE30yTIEPOAUCTHIX CINIaBaX CErperauusi BPEIHBIX NPUMECEN CTOJb Maya, YTO HE
BBI3BIBAET OTILYCKHOW XPYIKOCTH.

B npucyrctBum nerupytomux 35nemeHToB (N1, Cr u Mn) cerperanus BpeIHbIX
MpUMeEcCed pe3Ko yBenuuyeHa. llpm 3TOM camMu JIETHpPYIOIIME SJIEMEHTHI, HE
oOpa3yroniyue paBHOBECHBIX CErperaiuil B CTalaX BHICOKOW YHUCTOTHI, B TPUCYTCTBUU
BPEIHBIX MPUMECEH CErperupyroT K TpaHuuaMm 3epeH. (ClenoBaTenbHO, MOYKHO
TOBOPUTh O B3aMMOJAECHCTBUHU JIETUPYIOUIETO 3JIEMEHTA M MPUMECU B (-pPACTBOPE,
CIOCOOCTBYIOILIEM UX COBMECTHOM Cerperamuu.

IIpenmnonaraercsi, 4Tro €CIM aTOMbl NMPUMECH M JIETUPYIOIIETO 3JJIEMEHTA
B3aMHO MPUTIATUBAIOTCS CHIIBHEE, Y€M aTOMbl 3TOM XK€ NMPHUMECH M JKele3a, TO
cerperaiusi MpUMECH U JIETUPYIOILIEro 3Je€MeHTa OyneT B3auMHO ycuiieHa. IMeHHO
tak BeayT ceds P u Ni, P u Cr, Sb u Ni, Sb u Mn, a Takxe apyrue mapbl IpuMech —
JIETUPYIOLIHNHI JIEMEHT.

BTopoii nerupyrommii 3IeMEHT MOXKET AOIOJIHUTEIBHO YCUIIUTh CETPEraluio
npuMecu. Hampumep, HUKeNIb U XpPOM BMECTE BbBI3BIBAIOT OOJBIIYIO CETperamuio
CYpbMBbI, Y€M 3TO CIJIeAyeT W3 MPOCTOr0 CIOXKEHUs 3(PPEKTOB UX pa3/eIbHOIro
BIIASIHUSL.

[loBblllIeHWE KOHILIEHTPAIIMU BPEAHBIX MPUMECEH B MPUTPAHUYHBIX CIOSX
TBEPJIOTO PacTBOPA MOJI IEUCTBUEM JIETUPYIOIIUX JOOABOK OCIA0IsSET MEXK3EPEHHYIO
CBSI3b U SIBISIETCSI OJHOW M3 MPUYUH BBICOKOW CKJIOHHOCTH K OTITYCKHOW XPYIIKOCTH
JErUpOBaHHBIX cTaniel, coaepxammux Ni, Cr u Mn.

Ponv cpanuy aycmenummnoix 3epen. IIpeanoyTUTENBHOE pa3pyLIEHUE CTaH,
HaxoJsIIeNcss B COCTOSIHUM OTHYCKHOW XPYMNKOCTH, IO TpaHULlaM MCXOJHBIX
ayCTEHUTHBIX 3€PEH CBSI3aHO C Cerperaiuel BpeIHbIX MPUMECel Ha 3TUX T'pPaHUIlaX.

[locne BBICOKOTO OTIyCKa B CTaJld HET ayCTEHUTHBIX 3€pEH Kak TakoBbIX. [lo
HUCXOJIHBIM TpaHUIlAM ayCTEHUTHBIX 3€pEeH B OTMYIIEHHOW CTAld CTBIKYIOTCS
KpUCTAIIBI  0-(pa3bl M3 COCEIHMX 3€pPEH, M HaXOJATCS BbIACICHUS KapOuza.
Pa3pyiieHrne npoucxoauT Mo rpaHuLiaM o/ U o/KapOuI.

CunbHast  cerperauusi BpEeAHBIX MNpUMECE  MPOUCXOAWT JIMIIb  Ha
BBICOKOYTJIOBBIX T'paHHUIaX. B OTMYIIEHHOU CTanu BCe TPaHUIIbl 0/0L BJOJIb HCXOTHBIX
IPAHUI] ayCTEHUTHBIX 3€PEH BBICOKOYTJIOBHIE B OTJIMWYUE OT BHYTPEHHHUX TPaHUII
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MEXKJy PEEeYHbIMU KpHUCTalaMu o-(pa3bl, 00pa30BaBIIUMUCS MPU MAPTEHCUTHOM
MIPEBPAILCHUMU.

[IpeanoutuTenbHOE BBIIENIEHUE MPU OTHYCKE OOJiee KPYIMHBIX KPHUCTAIOB
KapOuJla MO MCXOJHBIM AayCTEHUTHBIM TpaHUIlaM U COOTBETCTBEHHO YCHUJICHHAs
cerperaunusi Ha rpaHule o/KapOuj TakxKe MOTYT ObITh TPUUMHON JIOKAIU3aIluu 3/1eCh
pa3pyLIcHUS.

UeM kpynHee HMCXOJHBIE 3€pHA ayCTEHHWTAa, TEM XYK€ yIapHas BSI3KOCTb B
COCTOSIHMM OTHYCKHOM XPYIIKOCTH, TaK KaK IMPU KPYIMHOM 3€pHE Pa3BHBAIOIIASACS
MEXXKPUCTAIUTUTHAS TPEIIMHA PEXKE MEHSET CBOE HAIIPABIICHUE.

Mepwvr 00pbobL ¢ 0Opamumoin omnyckHou xpynkocmwvto. OCHOBHBIE MEPBI
OO0pBOBI C OTIYCKHOM XPYMKOCTHIO CTANIU CIAEAYIOIIUE:

1) ymeHblIlIeHUE COIepKAaHUSI BPEAHBIX TPUMECEI;

2) YCKOpPEHHOE OXJIaXJECHHE C TEeMIEepaTypbl BBICOKOIO OTMYCKa (BBIIIE
600°C);

3) BBenenue Hebompux 100aBok monudaenHa (0,2-0,3%);

4) UCTIOJIb30BAHUE BHICOKOTEMIIEPATYPHOU TEPMOMEXAHUUYECKON 00paOOTKH.

[Ipu pa3paboTke BBHICOKOMPOYHBIX CTalel ¢ OOJBIIUM MPENEIOM TEKYy4eCTH
nenecooOpa3Ho BO  M30€KaHUE YCHIICHHS OTIYCKHOM XPYNKOCTH CHUXKATh
JOMYCTUMBIN MpENeNl COAEpk aHHUs BpeAHbIX npumeceil. K coxanenuto, B mpouecce
BBITIJIABKU CTalld HE YAAETCA JOCTUYh OYUCTKH OT OCHOBHOW BPEIHOW MPUMECU —
dbocdopa. [TosToMy OGombllIoe 3HAUYCHUE 37I€Ch UMEET HCIOJIb30BaHUE 00Jiee YMCTOM
ACXOJHOM IINUXTHI.

bricTpoe oxnmaxaenue ¢ temneparyp oriycka Beime 600°C — caMmblil JelIeBbIi
U OpocToil cmocod OOphOBl € XJIAAHOJIOMKOCTHIO. (OJHAaKo, BO-NEPBBIX, OH HE
MO3BOJIAET YCTPAHUTh OTIYCKHYIO XPYIKOCTh B IIEHTPE MACCUBHBIX M3JEIHH, U, BO-
BTOPBIX, NPU OXJIAKJIEHUH B BOJIC U3JCIUN C PE3KUMH NEPEXOJaMU U OTBEPCTUSMHU
MOTYT 00pa3oBaThbCs TPEIIMHBI (OCOOEHHO B CTaJIAX C MOBBIIICHHBIM COACPKAaHUEM

yIJIeposa).
6. TEPMOMEXAHUYECKAS OBPABOTKA

Oo01mas xapakrepucTuKa

[Inactuueckass pedopmanus U3MEHSAET  XapaKTep paclpeiesieHus U
YBEJIMYMBACT IJIOTHOCTh HECOBEPIICHCTB  KPUCTAIUIMYECKOTO  CTPOEHUA  —
JUCJIOKAllU, BaKaHCH, 1e()eKTOB yIAaKOBKH, MaJlO- U BHICOKOYIJIOBBIX IpaHull. Tak
KaK Je(PEeKThl KPUCTAUIMYECKOM pEIIETKH CHIIBHO BIHUAKT Ha (HOpMUpPOBaHHE
CTPYKTYpPBHI CILJIABOB MpH (ha30BbIX MPEBPALICHUSIX, TO IUIACTUUECKYIO TePOopMaIuio
nepes; pa3oBbIMU MPEBPAIICHUSIMU WIH B MIEPUO]] UX PA3BUTHUSA MOKHO MCIOJIb30BATh
JUTSL CO3JJaHUSI ONITUMAIBHOM CTPYKTYPBI TEPMUYECKH 00pabOTaHHOTO CIIABa.

Tepmomexanudeckass o6pabotrka (TMO) — 310 Tepmuueckas o00pabOTKa,
BKJIIOYAIOIIASl TUIACTUYECKYIO Jedopmainnio, KoTopas Ojarogapst MOBBIIIEHHON
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IJIOTHOCTH Je(EeKTOB BiIMseT Ha (OpMUpOBAHHE CTPYKTYpbl NpH  (HA30BBIX
MpEBPAIEHUSX, TPOUCXOIAIIUX BO BPEMS TEPMUUYECKOTO BO3ICHCTBUS.

CnenoBarenbHo, kK TMO Henb3si OTHOCUTH JI000€ COYETaHUE Omepanui
nedbopMupoBaHUs, HarpeBa M OXJaxJIeHus. Hampumep, eciaum ImuiacTUdeckas
nedopManusi MPOBOJAUTCS TOCIE BCEX ONepanuili TepMooOpabOTKU, TO Mbl UMEEM
neno He ¢ TMO, a ¢ oObryHOM TepMOOOPaOOTKONM U mMocheayroue 00padoTKOM
naBieHueMm. Takasi muiacTudeckas nedopmariusi, HampuMmep, XOJIOJHAsl MPOKaTKa
MOCJI€ CTapEHUsI, MOXKET CO3JaTh HAKJIEI, TOBBICUTh MPOYHOCTHBIE CBOICTBA, HO OHA
He BiusieT Ha GOPMUPOBAHUE CTPYKTYPHI MPHU (Pa30BBIX MPEBPAIICHUAX, TAK KaK 3TH
MpeBpalIeHus MPOIUIH 10 AehOopMaliH.

Ecnu nmactuueckas aedopmaiys Obliia IpoBeeHa 10 TePMOOOPaOOTKH, HO HE
oKazaja ONpEeACIISIIONIEro BIUSHUS HAa (POPMUPOBAHUE OKOHYATEIHHOU CTPYKTYPHI
crulaBa mpu  (Aa30BbIX MPEBpallCHUs X, TO TaKO€ COYETaHUE IJIACTUYECKOM
neopmaniuu ¥ MOCHEAYIOIIEH TEpMOOOPaObOTKH Takke Helb3si oTHOocuTh kK TMO.
Hampumep, xonoaHas mpokaTka C MOCHEAYIOIMIMM HAarpeBOM MOJI 3aKalKy, MHpH
KOTOPOM TPOXOJUT PEKPUCTAIIA3AIMS, HE SIBJISIIOTCS COCTaBHbIMU 4acTsiMu TMO,
TaK KaK PEKPHUCTAUIM30BAHHASI CTPYKTypa XapaKTEpPU3YyeTCs] HU3KOW IUIOTHOCTHIO
HECOBEPILIECHCTB KPUCTAIIMYECKOTO CTPOCHHUS.

[Ipouiecchl mnactTuueckon aedpopmanuu U TepMuueckoit oopadorku mpu TMO
MOTYT OBITh COBMEIIEHBI B OJHON TEXHOJOTMYECKOW omepaluud, HO MOTYT
MIPOBOJIUTHCS M B Pa3HOE BpEMs, HAIIPUMeEp, C Pa3pbIBOM B HECKOJIBKO CYTOK. BaxHo
TUb, 4YTOObl mpu 3TOM (a30Bble MpEBpalleHUs MPOXOJIUIU B  YCIOBHUAX
MOBBIIIEHHON  MIOTHOCTU  A€(EKTOB  PEIIETKH, CO3JAaHHBIX  IUIACTHYECKOMU
nedopmarnueii.

B Hacrosiiee BpeMsi B TPOMBIIIJIEHHOCTH UCIOIB3YIOT PA3HOOOPAa3HbIE CXEMBI
TMO, BkioUaroume ropsiuyr0 U (WiM) XOJOAHYIO IUIACTHYECKYIO AedopMaluio,
KOTOpasi OKa3bIBaET OMNpEestollee BIUsIHUE HA (OPMUPOBAHUE CTPYKTYpHI CILIaBa
IIpU CTAPEHUU, MIPU NEPIUTHBIX, OEHHUTHBIX U MAPTEHCUTHBIX IIPEBPALICHUSX.

6.1. HuzkoremneparypHasi TepmoMexanudeckass oopadorka (HTMO)

[Ipu HTMO nepeoxnaxaeHHbI ayCcTEHUT aedopMHUpyeTcsi B 00JACTH €ro
MOBBIIIEHHON YCTOWYMBOCTH, HO 00s3aTENbHO HUXKE TEMIlepaTypbl Hayaia
pEKpUCTAIIM3AallMKM U 3aTeM MpeBpaiiaercss B MapteHcut (puc. 6.1). Ilocnme storo
MPOBOJSIT HU3KUI OTNYCK (Ha puC. 6.1 He moka3aH).

[Ipouiecc cHIIBHOTO YHPOYHEHHsI B pe3yibTaTe IUIACTHYECKON nedopmMarm
MEePEOXJIAKIEHHOIO ayCTEHHWTa C TOCIEAYIOIe 3akKallkoil ¢ TeMIlepaTypsl
nedhopMupoBaHUs Ha3bIBaeTCA aychopmunzom. OH NO3BOJISET MOBBICUTH BPEMEHHOE
CONIPOTUBIICHUE KOHCTPYKIMOHHBIX JIErupoBaHHbIX ctaier g0 2800-3300 MIla mpu
0= 5-7%. IlokazaTenu MIACTUYHOCTH U YIApPHOU BSI3KOCTH MOJIYYaJIMCh HE HIXKE, a B
HEKOTOPBIX ClIy4yasix [Ja)e BbIllIe, YeM Iocjie OOBIYHON TepMOOOpabOTKH,
oOecneunBaromieii o, = 1800-2200 MI]a.
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[Ipnunna ynpounenus cranm npu HTMO — HacnegoBaHne MapTE€HCHUTOM
JUCIOKAIIMOHHON CTPYKTYPHI 1€(POPMHUPOBAHHOTO ayCTEHUTA.

BIMO

I

[emnepamypa

=X

\ Bpers

Puc. 6.1. Cxema BeicokotemnepatypHaoid (BTMO) u nuszkoremneparypuoit (HTMO)
TepPMOMEXaHUUYECKOW 00pabOTKU JErUPOBAHHOM CTaH,
3aKIMBA€MOUN HA MAPTEHCHUT

XononHo nedopMairieil Hellb3si CUJIBHO YIPOUYHUTH CTallb ¢ MapTEHCUTHOM
CTPYKTYpOH, TaKk Kak MapTEHCHUT, COJEpKaIIUil yriepoja, XpYyHmoK U HE MOJIaeTCs
OONBIIUM O0XaTUAM. AYCTEHUT K€ MPU TeMIlepaTypax HIKE TEeMIlepaTyphbl Hadalia
PEKpUCTAIITU3AIUU MOXXHO J1e(hOpMUPOBATH C OOJIBIIUMH 00XKATUSMHU, MPU KOTOPHIX
CUJIBHO BO3pacTaeT 0011asi IIOTHOCTh AUCIOKAIUM.

[Ipyu MapTeHCUTHOM MpEBpalleHUU COCEeAM JI00ro aroMa B ayCTEHHUTE
OCTalOTCA COCEISIMU 3TOro ke aroma B mapteHcute. [losTomy aucnokanuu mnpu
Y—0-IPEeBpalICHUU 10 MAPTEHCUTHOMY MEXaHHU3MY HE HCYE3AI0T, a «IIEePEAAr0TCs»

OT UCXOJHOW a3l K HOBOM, T. €. MApPTEHCUT HacleayeT CYOCTPYKTYypy
nedhopMupoBaHHOro aycreHuta. (OueHb BBICOKAs IUIOTHOCTb JHUCIOKAlUid B
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MapTEHCUTE, 3aKPEIJICHHbIX aTOMaMHu YriepoJa U KapOWIHBIMU BBIJEICHUIMH,
00yCJIOBIMBAET MOJTYyUYCHUE PEKOPAHBIX 3HaUeHUM npounoctu nocie HTMO.

N3MenpbueHHOCTRI0O KPUCTAIJIOB MapTEHCHUTa OOBICHSETCS MpHEeMIIEMBbIi
YPOBEHb TOKA3aTEJIE IUIAaCTUYHOCTH CTajld, HAXOJAILIECHCA B BBICOKONPOYHOM
COCTOSIHUH.

HTMO npumMeHuMa TOJBKO K JICTHPOBAHHBIM CTalisIM, OOJaIaroIuM
3HAYUTEIBHON YCTOMYMBOCTBIO EPEOXIIAKIECHHOTO ayCTEHUTA.

Bueapenne HTMO B npou3BOACTBO CWJIBHO 3aTPYJHEHO HEOOXOIUMOCTHIO
UCIIOJIb30BaHUs MOITHOTO 00OpYAOBaHUS A1 00pabOTKU AaBIEHUEM, TaK Kak JUIs
MOJIYYEHHUS BBICOKOW MPOYHOCTHU CTallb JOJKHA MOJIBEPraThbcsi OONBIINM 00XKATUAM
(me wmenee 50%) npu TakuX TeMIeparypax, MOpPU KOTOPBIX COMNPOTUBICHUE
neOopMUPOBAHHIO OUYEHB BBICOKOE.

Hpyroit cymectBeHHbI HegocTaTok HTMO — HEBBICOKass CONMPOTUBIAEMOCTh
XPYNKOMY Pa3pyLICHUIO CUJIBHO YIIPOYHEHHOM CTau.

6.2. BoicokoTemneparypHasi TepMoMexaHuuyeckasi oopadorka (BTMO)

[Ipu BTMO aycrenutr nepopMupyrT B OOJacCTH €ro TEPMOJAMHAMUYECKOM
CTAaOMJIBHOCTHU M 3aT€M MPOBOJAT 3aKalKy Ha MapTeHcut (puc. 6.1). [locne 3akanku
CIENyET HU3KUHU OTIYCK.

OcHoBHas 11e1b 00BIYHON TEPMOOOPAOOTKH C 1ePOpMAIMOHHOTO (ITPOKATHOTO,
KOBOYHOI'0) HarpeBa — UCKIIIOUHUTH CIEHHUATBHBIN HAarpeB Moj 3aKkaiky U Onarojaaps
ATOMY MOJYYUTH IKOHOMUUYECKUI 3D (DEKT.

I'maBHag nenp BTMO — mDoBbllIeHHE MEXaHUYSCKHUX CBOWCTB CTalIH.
YBennuusas nmpoyHocTh npu BTMO, MOKXKHO COXpaHUTh HEM3MEHHBIMU MOKa3aTEIN
MJIACTUYHOCTH, HAIIPUMEP, OTHOCUTEIILHOE CYXKEHHUE.

[To cpaBHEHMIO ¢ OOBIYHOM 3aKAJIKON U OTIYCKOM MPU OJWHAKOBON MPOUYHOCTHU
BTMO no3BoJisieT Noay4uTh 00Jiee BHICOKUE TTOKA3aTEeIU IIaCTUYHOCTH.

IIpp  BTMO = MamMHOCTPOUTENBHBIX  YIJIEPOAUCTBIX,  HU3KO- U
CPEIHEJIETUPOBAHHBIX CTAJIEN JOCTUTaeTCsl CIEAYIOIMIUM YpOBEHb MEXaHUYECKUX
cBOMCTB: 6; = 2200-2600 MIla; 64, = 1900-2200 MIIa; 6 = 7-8 %; y = 25-40 %.

ITocnie BTMO mnpo4YHOCTHBIE CBOMCTBAa HHXE, a IOKA3aTENIM IJIACTUYHOCTH
BhIlIE, ueM 1ociae HTMO.

[ToBbicuTh BpemeHnHoe conpotusieHue 10 2200 Mlla ne cioxno u 6e3 BTMO,
YBEIIMYUB COJIEpKaHUE YIJIEpOJa B CTAJIM U MPOBOJSI OOBIUHYIO 3aKAJIKy C HU3KUM
ornyckomM. Ho mocne 00bdHONH  TEepMOOOpaOOTKM Takas CTalb  Oyner
XapaKTEepU30BaTbCAd OYEHb BBICOKOW CKJIOHHOCTBIO K XPYIKOMY pa3pylICHUIO,
OOJIBIION YYBCTBUTEIBHOCTHIO K OCTPBIM HaJlpe€3aM Ha MOBEPXHOCTU H3JEIIUMN.
VYcranocTHele TpeUIMHBI B TakOM cTaiv OyAyT OBICTPO paclpOCTPaHSATHCS H3-3a
JIOKaIu3allii HANpsKEHUH y BEPUIMHBI TPEUIMHBI W MPUBOJUTH K BHE3AITHOMY
XPYIKOMY pa3pylIEHUIO TPU HAIPSKEHUSIX MEHBIIE TIpeiesia TeKy4eCTH.
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Cranp ¢ BBICOKMMH 3HAQUYEHUSIMU BPEMEHHOIO CONPOTHUBIICHUS W IMpeJelia
TEKy4eCTH, HO HH3KOM CONPOTUBISIEMOCTBIO PACIPOCTPAHEHUIO  TPELIWHBI
HEBO3MOKHO MCITOJIb30BaTh B BBICOKOHATPYKEHHBIX KOHCTPYKIHSX.

BaxHeliliee mnNpenMymIeCTBO BBICOKOTEMIEPATYPHON TEPMOMEXaHHUYECKOU

00paboOTKU — 3TO €€ CIOCOOHOCTh OJHOBPEMEHHO TOBBIIIATh W MOKa3aTelu
MPOYHOCTH H  COMPOTHBISIEMOCTh  PACIPOCTPAHEHUIO  TPEHIUHBI  (BSI3KOCTH
pa3pylieHus).

Hamny4mmii KOMIUIEKC MEXaHMYECKHX CBOMCTB cramn mnociae BTMO
JOCTUTAETCsl, KOTJa MapTeHCUT O0O0pa3yeTcs M3 ayCTEHHTa C XOpPOLIO pPa3BUTOU
MOJMTOHU30BAaHHON CTPYKTYpOHM. B TakoM aycTeHUTE NOJIy4YarTCAd 3HAYUTEIBHO
MeEJIbY€ MAKEThl U KPUCTAUIbl MAapTEHCUTA. Pa3Mep MHOTMX MEJKHX KPHUCTAILIOB
MapTEHCHUTA HE BBIXOJUT 3a MPEJIeIbl pa3MepOB Cy03epeH ayCTEHHUTA.

MapTeHcUTHbIE KPUCTAUIbl  HACJIEAYIOT JUCIOKALMOHHBIE CYOTIpaHMIIbI
ropsueeOpMUPOBAHHOTO ayCTEHUTa. JTU U JAPYru€ OCOOCHHOCTH CTPYKTYPHI
cTanei, Hu3KooTnymeHHbIX nocie BTMO, o0yclioBIMBalOT MOTYyYEHUE YKa3aHHOIO
BBIIIIE KOMILUIEKCA MEXaHUYECKUX CBOWCTB.

Pexxum BTMO BbIOMpatoT Tak, 4ToObl K Ha4ally MAPTEHCUTHOTO MIPEBPAICHUS
QyCTEHUT HMEJN PAa3BUTYI0 ITOJIUMTOHU30BAHHYK CTPYKTypy. CreneHp ropsden
nedopmariun pu BTMO He no/mkKHa OBITH CIUIIKOM OOJIBIIION, HHAYE pa3BUBACTCS
PEKpUCTAIIM3als, CHAXKAOIIAS YIIPOYHEHUE.

[locne oxonwaHusi neOpMHUPOBAHUS YTIAEPOAUCTHIX U HHU3KOJETUPOBAHHBIX
cTajell HeoOXoJMMa HEMENJICHHAs 3aKallka, 4ToObl MPEAOTBPATUTH CTATHYECKYIO
PEKPUCTAJUIM3ALAI0 W COXPAaHHUTh TMOJUTOHU30BAHHYIO CTPYKTYpPYy K Hadalry
MApTEHCUTHOTO MTPEBPAILICHUS.

OO6HapykeHo sBieHue HacnenoBanus yrnpouHeHuss or BTMO npu noBTopHOM
TepMudeckor o0paboTke. Ymnpounenue ot BTMO coxpaHseTcs, eciu CTallb
MEepe3aKaInuTh C KPATKOBPEMEHHOM BBIAEPKKOW IPU TEMIIEPATYpE HarpeBa IOJ
3aKaIKy Wik ecin yrnpouHeHHyro BTMO cranbs BHauane nmoABEPTrHYTh BBICOKOMY
OTIYCKY, a 3aT€M IIE€PE3aKaIUTh.

Crtpykrypa, co3gaHHas HOpu ropsiuel aedpopmanuud aycTEHWUTa, OJUH pa3
HaclieoBanach nNpu y—o-npespamieHnn Bo BpeMss BTMO, B omnpeneneHHon mepe
COXpaHsJach NHPU BBICOKOM OTIIYCKE M €IIE JBa)XJbl HAacCleIoBalach BO BpeMs
Mepe3akalku Mpu 0o—Y- H y—o-npeBpamieHusx. KopoTkas Belaepkka IIpu
MMOBTOPHOW 3aKajJKe NPENOTBPAIACT pPa3BUTHE PEKPUCTAUIM3ALUNA AYCTCHUTA,
KOTOpasi YHHMUYTOXWIa Obl MOJUTOHU30BAHHYIO CTPYKTYPY H YIOPOYHEHHUE OT
npenmectpyromeit BTMO.

BTMO, HecMOTpss Ha MEHEE CHUJIIBHOE YIPOYHEHHE, HUMEET HEOCIIOPHUMBIE
npeumyiiectsa nepen HTMO. K HUM OTHOCSTCS OIHOBPEMEHHOE IOBBILICHUE
MPOYHOCTH U  BSI3KOCTU  pa3pylIeHUs, BBICOKAs  TEXHOJOTMYHOCTH  (AJid
neopmupoBaHus HE TpeOyeTCs CIENHATU3UPOBAHHOTO MOIIHOTO 00O0pYIOBaHUS),
MIPUMEHUMOCTD HE TOJIBKO K JISTUPOBAHHBIM CTAJISIM C ITOBBIIICHHON YCTOWYHBOCTHIO
MEPEOXIAKICHHOTO AyCTEHHTa, HO M K YIJIEPOAUCTBIM M HU3KOJETMPOBAHHBIM
CTaJIsIM.
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7. XUMHUKO-TEPMHNYECKAS OBPABOTKA

3aK0OHOMEPHOCTH U3MEHEHHSI COCTABA U CTPYKTYPbI PU XUMHUKO-
TepMUYECKOIl 00padoTke

XuMuKO-TepMUuueckas 00paboTka — 3TO TepMUUeckasi 00padoTKa, coueTaronas
TEIUIOBOE BO3JEHUCTBUE C XMMHUYECKHM, B PE3YJIbTAaTE€ UET0 M3MEHSAIOTCA COCTaB U
CTPYKTYypa B OBEPXHOCTHBIX CJIOSX, & UHOTJA U [0 BCEMY 00beMy U3JEIusI.

JI7st “3BMEHeHHsI XUMUYECKOr0 COCTaBa U3JieNINe HAarpeBaloT B aKTUBHOM cpejie.
Bo Bpewmst Boiiepxkku uznenue 1up@y3uoHHO 000raiaeTcs: SIEMEHTaMU U3 BHEIIHEH
cpeabl. Kpome TOro, XuMHKO-TEPMHUYECKYIO O0OpabOTKY MOXKHO HMCIOJIb30BaTh MJISI
muhPy3noOHHOTO YHaldeHuss U3 H3JEIus NpUMeceld, a B OTHAENbHBIX CIydasx u
OCHOBHBIX KOMIIOHEHTOB.

[lopaBnsitoniee  OOJIBIIMHCTBO —~ MPOMBIIIJIEHHBIX — MPOIECCOB  XUMHKO-
TepMUUYeCcKo 00paboTKu BKIOuYaeT AU (dy3rMoHHOE OO0OTallleHHE MOBEPXHOCTHBIX
CJIO€B M3JENN HEMETaUIlaMH WJIM METAJJIAMU W3 BHEIIHEW aKTUBHOM CpE.Ibl, I
YEro UCMOIb3YIOT Ta30BbIE, KUJKUE U TBEPAbIC CPEIbIL.

MoOXHO BBIIEIUTH TPU OJHOBPEMEHHO HAYIIUX IMpolecca, 00ecreUnBarOIINX
oOorarnieHue U3Aenus IEeMEHTaMH U3 BHEIIHEH Cpeibl.

[lepBblii mporiecc — 0Opa3oBaHUE XUMHUYECKOTO 3JIEMEHTa B aKTUBUPOBAHHOM
aTOMapHOM COCTOSIHUM B pe3yJibTaTe Pa3HOOOPa3HbIX XUMUUYECKUX PEaKIIMii, a TaKxKe
B pe3ylibTaTe HcHapeHus. B OTHeNbHBIX cllydasix, Halmpumep, NpH MOCTYIJICHUH
aTOMOB MeTaJjula HEMOCPEACTBEHHO U3 pacIliaBa, 3Ta CTaJusl OTCYTCTBYET.

Btopoit mpomecc — amcopOidsi aTOMOB  IOBEPXHOCTBIO  H3JICIIHSL.
AJICOPOLIMOHHBIN MPOIIECC MOXKET BKIIFOYATh MPOCTYIO (U3UUYECKYIO aJCOpOLIUI0, TPU
KOTOPOH MOHO- WJIM TOJMATOMHBIM aJcOpOLIMOHHBIN CIIOH Ha BCEl MOBEPXHOCTH
W3JIeNIUsl WM B €€ AaKTHBHBIX ydacTKax oOpasyercs Omnaromaps JeHCTBUIO
BaHJICPBAAICOBBIX CHJI TNMPUTSHKEHUSA. OIHOBPEMEHHO BO3MOXKHA W XHMHUYECKas
agcopOIus (xeMocopOIIvs) C BOBHUKHOBEHUEM CHIIBHBIX XUMHUYECKUX CBSI3EH MEKITY
a7copOMpPyeMbIMU aTOMaMHU M aTOMaMU METANIMYECKOW MOBEPXHOCTH. AJICOpOLIUS —
BCErJla SK30TEPMUYECKHI Mpoliecc, IPUBOASIINN K YMEHbIIEHUI0 SHepruu [ udoca.

Tpetuil mporecc MNpu XUMHUKO-TEPMHUYECKOW oOpaboTke — auddy3us
a7cOpOMPOBAHHBIX ATOMOB OT OBEPXHOCTH B TIIyOb U3AEUs. AJICOPOLIMS TPOTEKAET
OueHb OBICTPO, a AUbPy3ust unetr MeieHHo. Tak Kak riyOruHa 30HbI U3MEHEHHOTO
coctaBa (nudPy3voHHON 30HBI) U paclpe/ieieHHe KOHIEHTpPAllMM BHYTPU Hee
3aBUCAT TJaBHBIM 00pa3oM OT pa3BuTus AupQdy3uu, TO NpU aHAIU3E XHUMHKO-
TepMUUYECKON 00pabOTKM OCHOBHOE BHHMAaHUE YIEISETCS 3aKOHOMEPHOCTSIM
mudpy3uu.

C yBenmuueHuUeM BpEMEHU BbIJIEPKKH TUP(Gy3MOHHAS 30HA pacIIUpsAeTCs, a
coaepkanne auddyHaupyroiero ueMenTa B Heil Bo3pacrtaer (puc. 7.1). Ilnomans
Mo KPUBOW paclpefeseHUus] KOHIICHTpAI[MUM SJEMEHTa IO CEUYEHUIO U3JeNus
XapakTepusyeT oOllee KOJIMYECTBO 3JieMeHTa B AU(MPy3MOHHON 30HE MPHU JTAHHOM
BPEMEHHU BBIICPKKHU.
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Koryesmpayus [, 7/

s
—PaccmosHue om nobepxHocmy X

Puc. 7.1. Pacnipenienenue KOHIIEHTpAMKU B oAHO(a3HOM 30He AU PY3nOHHOTO
oOorarnieHus B pa3Hble MOMEHTHI BpEMEHHU MPU MOCTOSTHHONU KOHIIEHTpaIlUU
Ha noBepxHocTu Cy

Ecnu B xauectBe mokasaTensi riyOMHBI MPOHUKHOBEHUS TU((yHIUPYIOUIETO
AJIEMEHTa BBIOPATh PACCTOSHUE X OT IMOBEPXHOCTU JO TOUKU C JIOOOM 3aTaHHOM
KOHIEHTpAILUEHN, TO

x=KvVD- 1 ,

rae K — kouncranra; D — koadduruent nuddysun; T — Bpemsi.

Takum o0Opazom, riyouna  nuddy3rnoHHOM 30Hbl  M3MEHAETCA
MPOMOPIUOHATLHO KOPHIO KBAJIPATHOMY M3 BPEMEHHU BBIICPKKHU IMPU MOCTOSHHOU
temneparype. UtoObl yBenuuuTh riyOouny aud@y3uoHHONU 30HBI, HAIPUMEpP, BTPOE,
BpEMsI BBIICPKKU CJIEAYET YBEJIUYUTD B IEBATH Pa3.

B peanpHbIX mpoleccax XUMHUKO-TEPMHUYECKOW 0OpabOTKH MapaboiryecKuii
3aKoH pocta AUG(PY3nOHHON 30HBI MOXKET HApyIIaThCA U3-32 HEMOCTOSHCTBA
KOHIICHTPAIIMM Ha TMOBEPXHOCTU H3JENus (Hampumep, Npu OOJbIIONW aKTUBHOCTH
OKpYy»Karoliel cpepl KoHueHTpanus C, MOXET BO3pacTaTh).

3aBUCUMOCTh TI1yOUHBI OJHO(Ma3HON AU(PY3nOHHON 30HBI OT TEMIIEPATYPHI,
KaK TIOKa3bIBAIOT ONBITHI, SIBJISIETCS OKCIOHEHIHMAIbHOM WM  OJM3KOM K
AKCMOHEHI[MATBHON. DTO MOKHO OOBSICHUTH T€M, 4TO K03 puiuent auddysuu cam
AKCIOHEHIMAIBHO PACTET C MOBBIIICHUEM TEMIEPATYPHI.

Paccmotpennbie BBIIIIE MPOCTHIE 3aKOHOMEPHOCTH 0o0pa3zoBaHUs
1 Py3uOHHOM 30HBI OTHOCSITCS! K IByXKOMIIOHEHTHOMY TBEPAOMY PacTBOpY.
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3aKOHOMEPHOCTH dbopmMupoBaHus nuhPy3noHHOM 30HBI B
MHOTOKOMITOHEHTHOM DPAacTBOPE 3HAYUTENBHO CJIOKHEE, TaK KakK WM3MCHCHHE
KOHIIGHTpAI[MN OJHOTO JJIEMEHTAa BIMSAET HAa TEPMOJMHAMHYECKYIO AaKTUBHOCTH
JPYTHUX JIEMEHTOB M HA UX PacIpeeIcCHHE.

Hampumep, npu cwmnupoBanuu — au(Py3nOHHOM HACHIIIEHUU CTalu
KpEMHHEM — aKTHBHOCTH YTJIEpOJa BOJW3HM TIOBEPXHOCTH H3ICIHS, TJAE KPEMHHUS
OoJiblIIe, MOBBIIIEHA U YTIEPO/1 KaKk Obl OTTECHSETCS OT MOBEPXHOCTH (puc. 7.2,a).
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Puc. 7.2. Pacnipenenenue yriepoaa (1o pe3yiabTaTaM paJuoMeTPUUYECKOro aHaIu3a)
nocie auddysnonHoro HackineHus cranu ¢ 0,14% C kpemuueM (a) u xpoMoM (0)
pu 950°C (I'.B.1lep6enunckuii, B.1.111aitnypoB)

[Ipn muddy3noHHOM XPOMHUPOBAHWM KapTHHA TPSIMO TIPOTHUBOIIOIOXKHAS.
XpoM MOHUKAET aKTUBHOCTh YTJEPOJia B AyCTEHUTE U B MPUIIOBEPXHOCTHBIX CIIOSX,
rjie XpoMa OoJibIlle, KOHIIEHTpAIs yriepoja MOBbIIIEHA, a MpUIeralriuil 0osee
rIyOOKuid ciioit obeHeH yraepoaoM (puc. 7.2,0).

Takoe nepepacnpenenenue yrieponaa (Bocxoasmas nuddysus) B o0oux
CIIy4asiX UJEeT B CTOPOHY YMEHbIIICHUS IPAJUCHTA €r0 AaKTUBHOCTH.

B oOmiem, mnpu HachllllEeHUU CTAId KapOWA000pa3ylolUMHU 3JIEMEHTaMH,
CHUKAIOIIMMHU aKTUBHOCTb YIJIEPOJla, MOXKHO OXHUAATh OOOTallleHHs YTIepOJIoM
MPUMIOBEPXHOCTHOTO CJIOS U OOEIHEHUSI UM CJIEAYIOIIETO CJIOs, & PU HACBIICHUN
HEKapOU1000pa3yIOMMMHA  3JIEMEHTAMU, TMOBBIMIAIONIUMUA aKTUBHOCTh YIIIEpoJa,
cleyeT 0KUAaTh OTTECHEHUS €r0 OT MOBEPXHOCTH.
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Pa3HOBHMAHOCTH XUMHKO-TEPMHUYECKOl 00pad0TKH

B npoMBITIIEHHOCTH IPUMEHSIIOT MHOKECTBO CITIOCOOOB XMMUKO-TEPMUYECKOM
00paboTku, paznuyaromuxcs AMGOYHIUPYOMKUMEI 3JIEMEHTAMU, TUIIOM U COCTaBOM
BHEIIIHEN cpe/lbl, XUMU3MOM IPOIECCOB B HEMl, TEXHUKON HUCIOJHEHUS U APYTUMHU
MpU3HAKAMHU.

B 3aBUCMMOCTHM OT arperaTHOro COCTOSIHUSI BHEIIHEH Cpelbl, B KOTOPYIO
MOMEIIAI0T 00padaThIBaEMOE U3/CNINE, PA3TUYAI0T XUMUKO-TEPMHUYECKYIO 00pabOTKY
B TBEPAOM, KUJIKOU U Ta30BOM Cpeaax.

Atombl TUDPYHAUPYIOMIETO SJIEMEHTAa MOCTYMAlT U3 TBEPJOIrO BEHIECTBA B
MeCTax MpsIMOTO KOHTaKTa €ro ¢ TOBEPXHOCTHIO U3JIENUsA. OIDTOT HIpoliecc
ManodhHeKTUBEH U MPUMEHSAIOT ero peako. OOBIYHO TBEPAYIO CPEly MCIOJBb3YIOT
JUISL CO3JIaHMS aKTHBHOM Tra30BOM MUIM MapOBOM (Da3bl, M3 KOTOPOH aTOMBI TOCTYIIAOT
B uznenue. Hampumep, mpu 1ieMeHTaMW B TBEPAOM KapOropuszarope (IpeBeCHOM
yrie) aroMmbl yriaepoja, AupyHaupyrolde B CTalb, OOpa3ylTCs H3 OKCUJA
yraepoaa (2CO—C+CQO,), a npeBecHbI yroib HEOOXOAUM JIUIIb JIJIsi 00pa30BaHUS
ra3oBoi ¢asbl.

Hpyroit mpumep — nudPy3MOHHOE XPOMUPOBAHUE B «TBEPION» cpeie, Koraa
W3JIeNINe€ YMaKOBaHO C MOPOIIKOM Xpoma uiu (eppoxpoma. Ilpu HarpeBe xpom
UCIApSETCs M €ro aTOMbI TOCTYNAIOT B U3/IEIUE TJIaBHBIM 00pa3oM U3 napoBoi (assl,
a HE B MeCTax MPSMOro KOHTAaKTa MOPOIIKA C MOBEPXHOCTHIO U3JICIHS.

[Ipn xuMuKO-TEpMUYECKOW O00pabOTKE B KUIAKOW Cpele aTOMbl 3JIEMEHTA,
mudPyHIUpYIOIIETo B U3jeine, o0pa3yroTcsl B pe3ysibTaTe XUMUUYECKUX PEaKiuil B
pacraBieHHoW conu  (Hanpumep, B NaCN npu UMaHUPOBAHUM CTajlu) WU
MOCTYNAIT HEMOCPEACTBEHHO U3 PACIUIABICHHOIO MeTalia (HarpuMep, U3 paciuiaBa
amtoMUHUS TpU AUG(PY3MOHHOM aTIOMUHUPOBAHUU CTAJIN).

[Ipn xuMuKO-TepMUUECKOM 00paboTKe B ra3zoBou cpeae AubPyHAUPYIOIINMA
leMEeHT o0pa3yerca B pesyibrare peakiuil gucconuanuu (CHs—C+2H,),
nuctponopunonupoBanus  (2CO—C+CO,), odbmena (CrCl,+Fe—Cr+FeCl)) wu
BocctanoBneHus (VCl,+H,—V+2HCI).

l'azoBast cpema u akTuBHasg raszoBas (asza, oOpa3zyromiasics HpU HarpeBe
U3JIeIUid B TBEPAOW Cpele, B MPOMBIIIJIEHHBIX MPOIECcCax CIyXaT CaMbIMU
pPacIpOCTPAHEHHBIMU MOCTABLUIMKAMU aTOMOB 3JIEMEHTOB, KOTOPhIMU O0OTalaroTcs
MOBEPXHOCTHBIE CJIOU U3/CIIHS.

JIJ1st XUMUKO-TepMUYECKoi 00paboTKK Hanbosee yno0Ha YuCTO ra30oBasl cpeja:
€€ COCTaB JIETKO peryjlupoBaTh, OHa OBICTPO MPOTpPEBaeTCs N0 3aJaHHOU
TEMIIEPATYyphl, TMO3BOJISIET MOJHOCTbIO MEXaHU3UPOBaTh U aABTOMATU3HPOBATH
MPOILIECC XMUMHUKO-TEPMUUYECKON 0O0pabOTKM U cpa3y MpPOBOAUTH 3akalky (0e3
MMOBTOPHOI'O Harpena).

[IpuBenenHble MPUMEPHI MOKA3bIBAIOT, YTO KIACCU(PUKALIMS METOJA0B XUMUKO-
TEPMUUYECKON 00paOOTKH MO arperaTHOMY COCTOSIHUIO CPEJibl, B KOTOPYIO TOMEIIEHO
u3Jelue, He Bcerjga corjacyercsi ¢ (U3MKO-XMMUYECKOW CYIIHOCTBIO Mpolecca
00paboTKH.
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Ucxonst w3  (U3UMKO-XMMHUUYECKON  XapaKTEepUCTHUKU  aKTUBHOU  (aswl,
noctapisionie  qudPyHAUpPYOMIEH  AJEMEHT,  NPUMEHSETCA  Clieqyrolas
KJ1Iaccu(UKaIUsa METOJIOB XUMUKO-TEPMUYECKON 00pabOTKU:

- HACHIIIIEHUE U3 TBEPI0H (a3bl,

- HACBIIIEHUE U3 MapoBOH (a3kl,

- HACBIIIEHUE U3 Ta30BOM (a3bl,

- HACBIIICHHUE U3 KUJIKOU (a3bl.

CormacHo 9Toi  KiaccupUKalMM  [IEMEHTAIMI0 CTald B TBEPAOM
KapOwopH3aTope cieayeT OTHOCUTh K METOJy HACBIIMIEHUS W3 Ta30BOM (as3bl, a
muhPy3noHHOE XPOMHUPOBAHHE B MOPOIIKE XpOMa — K METOJY HACBIIICHUS U3
napoBoil ¢asbl.

[lo xapakTepy M3MEHEHHS] XMMHUYECKOIO COCTaBa 00pabaThIBAEMOTO U3/IEIHUS
BCE PA3HOBUJIHOCTU XMMHUKO-TEPMUUYECKOM 0OpaOOTKM MOXXHO pa3JeiauTh Ha TpU
TPYIIIIBIL:

- 1u(y3MOHHOE HACHIILIEHUE HEMETAJIIIaMU,

- 1u(Hy3MOHHOE HACHIILICHHE METAIIAMH,

- 1u(y3MOHHOE yaleHUE AIEMEHTOB.

OTU rpynnbl BKIOYAIOT Pa3HOOOpa3HbIE MPOMBIILICHHBIE MPOIECCHl XUMMHUKO-
TEPMUUYECKO 00pabOTKH.

Kaxnaplii mporiecc XMMUKO-TEPMUUYECKO 00pabOTKH MOKET OCYIIECTBISATHCS
pa3HbIMM METOJaMHU (HACBIIIEHUEM W3 Ta30BOM, MapoOBOM, XUJIKOW WM TBEPIOH
da3pl) U B caMOM pa3HOOOpPa3HOM TEXHUYECKOM HCIOJHEHUH (HAmpumep, C
MOJIyYEHUEM AaKTUBHON ra3oBod ¢a3pl B paboyeM MPOCTpPAHCTBE IE€YM WU B
OT/ICILHOM T€HEPATOoPE).

TunuyHble pPa3HOBUAHOCTH XUMHUKO-TEPMHUYECKONH O0OpabOTKM OTHOCSTCS
TJIaBHBIM 00pa3oM K CTajisiM, TaK KaK XMMHKO-TEPMHYECKYI0 00paOOTKy YyTr'yYHOB U
LBETHBIX METAJIJIOB U CIUIABOB B IPOMBILIIJIEHHOCTH MIPUMEHSIIOT HECPAaBHEHHO PEKE.

7.1. Judpdy3uonHoe HACBIILIEHHE HEMETAJLJIAaMU

[ToBepXHOCTHOE HACBIIIEHUE CTaly YTIEPOJAOM M a30TOM HJIU COBMECTHO
ATUMU DBJEMEHTaMu — Hauboyiee IIMPOKO HCHOJIb3yeMbIe MPOLECChl XUMHKO-
TEPMUUYECKON 00pabOTKHU.

VYrnepon U a3oT pacTBOPAIOTCA B Kelie3€ MO CIOCOOYy BHEAPEHUS U MOITOMY
MOryT OblcTpo AUGPYHIUPOBATH HA 3HAYUTEIBHYIO TIIYOMHY. AKTUBHBIE CPEIbI,
coJiep Kalllie 3TH AJIEMEHTHI, JEUIeBhl, a (a3bl, 00pa3yloluecs ¢ y4acTUEM yriepo/ia
M a30Ta B MPOIIECCE HACHIIMICHUS WM MPH TOCIeayIomeil TepMooOpadboTKe, pe3Ko
U3MEHSAIOT MEXaHWYEeCKUE U (PU3UKO-XUMHUUYECKUE CBOMCTBA CTaJH.

IHemenmayun (nayeneposrcusanue). lleMeHTaUM MOABEPrarOT W3JCIUS W3
cTajel ¢ HU3KUM cojiepkaHuem yriepoza (00eraHo 10 0,25%).

IIpu 1iemeHTaIMy B TBEPAOM KapOHOpHU3aTOpPe M3ACIHS YKIAIbIBAIOT B SAIIUKH,
KyJla 3acChIlIalOT OPEBECHBIA yroiib, cmemanHbil ¢ 20-25% BaCO;. Ilpu nHarpese
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YIJIEPOJ APEBECHOTO YTIIS, COCAUHSACH C KHUCIOPOAOM BO3/yXa, HaXOASAIIETOCS B
LEMEHTAIlMOHHOM SIIMKE MEXIy 4YacTUIlaMu KapOropuzaTopa, oOpasyeT OKCHUJ
yraepoga: 2C (yrons) + O,—2CO.

B koHTakTe C Keme3oM OKCUI yriepoAa JaeT aTOMapHbIA YIJIEPO.:
2CO—CO,+C (aTomapublif). ITOT aKTUBHBINA YIJIEPO| MOMJIOMAETCS ayCTEHUTOM U
TG GyHAUPYET B TITyOb U3AEIIHS.

Jlo6aBka BaCO; cuiibHO UHTEHCU(DUIIMPYET MPOLECC LIEMEHTAIlUU, TOCTaBIISIS
JIOTIOJIHUTENIbHOE KOJUYECTBO OKCHJIa yriepoJa W COOTBETCTBEHHO AKTHUBHOTO
yraepoaa: BaCO; + C (yroas) — BaO + 2CO u 2CO—CO, + C (art.).

Jlns  ra3oBod lleMEHTallMM B KauecTBe KapOwopuszaTropa HCHOJIb3YIOT
npupoJHbI ra3 (coctouT B ocHOBHOM u3 CHy), xoHTponupyembie atmocdepsl,
MoJIydyaeMble B CIEHHAIBHBIX TEHEpPATOpax, a TakKXkKe KUIKUE YTIECBOJIOPOJIbI
(kepocuH, O€H301 ¥ [p.), KaUISIMU T[OJaBaeéMble B Te€pMETUYHOE pabouee
MPOCTPAHCTBO IME€YM, A€ OHM OOpa3ylT aKTHUBHYIO Ta3oByl0 ¢a3zy. OCHOBHOM
MOCTABIIUK yTJIepo/ia B ra3000pa3Hbix kapOropuzaropax metan: CHy — 2H, + C.

B uckyccTBEHHO TMOJY4EHHOM  KOHTpoJaupyemoll atMochepe Takum
MOCTABIIUKOM SIBIISIETCSI OKCHUJT yTIIepoa.

B 3aBuCUMOCTH OT cOCTaBa ra30BO CMECH U COCTaBa CTalid arMocdepa B euu
MOXKET OBITh HaAyTJIEPOXKHUBAIOIIEH, 00€3yriepokuBawIieil u HeWTpanbHOU. B
MOCJIEHEM CiIy4ae KOHLIEHTpAIMs YIJepojJia B CTajlu SIBJISETCS PaBHOBECHOW IS
JAHHOTO COCTaBa ra30BOM CMECH M TaKyl0 KOHIIEHTPAlLUIO HAa3bIBAIOT YTIEPOJHBIM
MOTEHIMANIOM AaHHON atmocdepnl. Ecnu KOHLEHTpauus yriepoja B CTald HIXKE
TOM, KOTOpasi COOTBETCTBYET PAaBHOBECHUIO C aTMOC(hepoi, To OyJIeT MpPOUCXOAUTHh
HayTJIepOXKUBaHUE.

['a3oBasi neMeHTalusi — OCHOBHOM MpOLieCC MPU MacCOBOM IPOMU3BOJICTBE, a
LIEMEHTAIlMI0 B TBEPJAOM KapOopu3aTope MCHOJB3YIOT B MEIKOCEPUMHOM
MIPOU3BOJICTBE.

['myOuHa 1neMeHTanuy B 3aBUCHUMOCTH OT Ha3HAUCHMS] MU3ENHUS M COCTaBa
cTajay 00bIYHO HaxoauTcs B mpeaenax 0,5-2,0 M.

[HemenTamuto npooasaT npu 910-930°C, a unorna myis yckopenus npu 1000-
1050°C. C noBbIIIEHUEM TEMIIEPATYPbl YMEHBIIACTCS BPEMS TOCTHXKEHUS 3aIaHHOMU
IIyOMHBI IIeMEHTAIuu. Tak, MpU Ta30BOM IIEMEHTAIlUM HAYTJIEPOKEHHBIM CIIOMH
tonmuHou 1,0-1,3 mm nonyvatrot npu 920°C 3a 15 4, a npu 1000°C — 3a 8 4u. YToObI
peAOTBPATUTH CUJIBHBIN neperpen (poct ayCTEHUTHOTO 3epHa),
BBICOKOTEMIIEPATYPHON IIEMEHTAIIMKU MOJIBEPTratOT HACJIEACTBEHHO MEIKO3EPHUCTHIC
CTaJH.

KoHuenTpaius yriiepoaa B MOBEPXHOCTHOM CJIO€ M3EIUSI OOBIYHO COCTABIISIET
0,8-1,0% m He mgocTuraer mpeaena pacTBOPUMOCTH MPHU TEMIIEPATYPE LEMEHTALUU.
CnenoBarenbHo, cetka Fe;C mpu TemmepaType IEMEHTallMd HE oOpasyeTcs, U
MOBEPXHOCTHBIN CIIOHN, KaK U CepALEBUHA, HAXOJUTCS B @yCTEHUTHOM COCTOSTHUU.

[lTociie MemneHHOro OXJIAKACHUS LEMEHTOBAHHBIM CJIOH C IEPEMEHHOMN
KOHIICHTpALIMEN Yriaepoja COCTOUT U3 ¢deppuTa M LIEMEHTUTA U XapaKTepHU3yeTcs
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raMMOM  CTPYKTYp, THIHWYHBIX JJI1  3a3BTEKTOMJHOW, OSBTEKTOMIHOM U
JTO3BTEKTOUIHOW CTaJIH.

[lemeHTanusa ABASETCS MNPOMEKYTOYHOW OINEpalMEd, LEllb KOTOpOM —
o0OoramieHue MOBEPXHOCTHOTO Cjos  yriaepoaoM. TpeOyemoe  ymnpoyHEHUE
MMOBEPXHOCTHOTO CJIOA U3JIENIHS JOCTUTACTCS 3aKAIKOW IMOCIE [EMEHTAUN. 3aKaJKa
JOJDKHA HE TOJBKO YIPOYHHUTH MOBEPXHOCTHBIM CIIOM, HO U HCIPABUTh CTPYKTYPY
MeperpeBa, BOZHUKAIONIYIO U3-32 MHOTOYaCOBOW BBIIEP/KKU CTAIM MPHU TEMIIEpAType
LIEMEHTALIN Y.

[locne neMeHTanMu B TBEPAOM KapOHOPHU3aTOpPE OTBETCTBEHHBIC W3/EIHS
MOJBEPraroT ABOMHOW 3aKaJKe, TaK KaK COJAEp)KaHUE YIiepoJa B CEpIALECBUHE U Ha
MOBEPXHOCTH M3JICNIHS Pa3HOE, a ONTUMalIbHAsA TEMIIEpaTypa HarpeBa MoJ 3aKajlKy
3aBHCHUT OT COJIEpKaHUA yriepoaa B CTalu.

[TepByto 3akanky mnpoBoasaT ¢ HarpeBoM 10 850-900°C (Bbime TOYKH Aj
CEepALIEBUHBI M3JENMs), YTOOBl MPOU3O0ILIA TOJHAS MEePEKPUCTATUIM3ALMS  C
M3MEIIbYCHUEM AyCTEHUTHOrO 3€pHa B JOABTEKTOWJIHOW cranu. B yrimepoaucroi
CTaJIM U3-3a MaJIOW TIYOMHBI TPOKATUBAEMOCTH CEPJILIEBUHA U3/ENHs TOCIIE MEePBOM
3aKaJKU COCTOUT U3 eppuTa U NepinTa.

BMmecto mepBOMl 3akaliKu K YIJIEPOJMCTOM CTald MOXHO NPUMEHSTH
HOpMaJlh3aluio. B mpokanuBaromiencss HaCKBO3b JISTHPOBAHHOW CTalM CEpALECBUHA
M3AENUsl COCTOMT M3 HU3KOYIJIEPOAMCTOrO MApPTEHCUTA. Takasg CTpPYyKTypa
o0ecrneurBaeT MOBBIIIEHHYIO MPOYHOCTh U JOCTATOUHYIO BSI3KOCTh CEPLICBUHBI.

ITocne mepBOM 3aKaJIKM LIEMEHTOBAHHBIM CJIOM OKAa3bIBA€TCSl MEPETPETHIM M
COAEpKAalIMM TIOBBIIICHHOE KOJIMYECTBO OCTATOYHOro aycreHura. [lostomy
MPUMEHSIOT BTOPYH 3akanky c¢ Ttemmeparypsl 700-780°C, onTuManbHOW I
3a3BTEKTOMIHBIX cTaliel. [lociae BTOpoW 3akajku MOBEPXHOCTHBIA CIOH COCTOUT U3
MEJIKOUT0JIbYATOT0 BBICOKOYTIEPOAUCTOTO MAPTEHCUTA U TIOOYISPHBIX BKIIOUYECHUM
BTOPUYHOTO KapOua.

IIpy ra3oBoW LEMEHTAIMM 4Yalle BCEr0 IMPUMEHSIOT OJHY 3aKalKy C
LEMEHTALIMOHHOTO HarpeBa mnociie noacTtyxuBanus uznenus g0 840-860°C. Ilocrme
3aKaJKu I1IEMEHTOBAaHHbIC W3JAeNud Bcerga HarpeBator jg0 160-180°C g
YMEHBIICHHUS 3aKAJIOYHBIX HAINPSHKEHUMN.

[lemeHTaIMIO MPOKO MNPUMEHSIOT B MAIIWHOCTPOCHUM [JISI TOBBIIICHUSA
TBEPAOCTU M M3HOCOCTOMKOCTH M3JIEJIUM C COXPAaHEHUEM BBICOKOW BSI3KOCTH HX
CEpALICBUHBI. Y IEJIbHbIH 00BbEM 3aKAJIEHHOTO HAYIJIEPOKEHHOIO CJIOSI OOJbIIEe, YeM
CEpAUEBUHBI, W TMO3TOMY B HEM BO3HUKAIOT 3HAYUTEIBHBIE CHKAMAIOLINE
HanpspkeHusl.  OCTaToyHbIe HANPSDKEHUST CKATUS B IOBEPXHOCTHOM  CIIOE,
nocturaromiue 400-500 MIla, moBeImarT npeaest BBIHOCIUBOCTH U3AECTHS.

Huszkoe conpepxxkanue yriaepoaa (0,08-0,25%) obecneunBaeT BBICOKYIO
BSI3KOCTH CEPJALICBUHBI.

[lemenTamuu mnoasepraroT kKadectBeHHble ctanu 08, 10, 15 wmw 20 wm
nerupoBanHbie ctanu 12XH3A, 18XI'T u np. OcHOBHOE Ha3HAYEHHE JIETUPOBAHUS
31€Ch — MOBBIIICHHE MPOKAIMBAEMOCTH U COOTBETCTBEHHO MEXAHUYECKUX CBOWCTB
CEpALEBUHBI U3AEIUN U3 IEMEHTYEMOU CTaJIN.
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A3omupoeanue. A30TUPOBAHHME CTAIBHBIX WU3MEIUNA MPOBOAST B aMMHakKe,
KOTOpPBIN TPU HArpeBe AWCCONMUUPYET, IOCTABJSAS AKTUBHBIA aTOMAapHBINA a30T:
2NH;— 2N + 6H.

B cucreme Fe-N mpu temmepaTypax a30THpPOBaHUS MOTYT OOpPa30BBIBATHCA
cinenyromue ($aszel (puc. 7.3): a-pacTBOp a3oTa B keneze (a30TUCTBIA Qeppur); y-
pacTBOp a3zoTa B keie3e (A30TUCTBIA AyCTEHWT), MpPOMExKyTouHas 7Y -¢asa
NEPEMEHHOro coctaBa Ha ocHOBe FesN ¢ T.IL.K. peleTkoii; mpoMexyTouHas e-(hasza ¢
r.I0. peHieTKoM M MUpoKoM obnacteio romorenHoctu (ot 8,1 mo 11,1% N mpu
KOMHATHOU TemmepaType).

ang it
ﬁ

® &
S S

lemnepamiypg €

g 2 4 6 4 O
J== —N% (no macce/

Puc. 7.3. Ilnarpamma coctosiausi cuctembl Fe—N

Ecnmu asorupoBanme Bectu mnpu  Temmepatrype S550°C, koropas HUKE
srekTonaHo (590°C), To BHawaie oOpasyeTrcs o-pacTBOp, 3areM Y'-paza u,
HakoHel, g-¢a3za. C yaaJieHueM OT MOBEPXHOCTH MPU a30TUPOBAHUU KeJie3a TOKHO
HaOII0/1aThCsl CIIEYIONIEE YePEIOBAHKE CIIOEB: €Y' — 0.

[Ipy nmoHmxkeHuu TemmnepaTrypbl oOJacTU O-pacTBOpa U OCOOEHHO &-(a3bl Ha
IuarpaMMme COCTOsSIHHMS cyxatotrcss (puc. 7.3), W TO3TOMY TMpU MEIAJICHHOM
OXJIAKJICHUU C TEMIIepaTyphl a30TUPOBAHUS B 0O- M €-CIOSIX JOJDKHBI TOSIBUTHCS
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BTOpUYHbIE BblAeNeHUs 7Y'. C ynaleHueM OT TMOBEPXHOCTH NPU KOMHATHOMU
TEMIIPATypPE CIOU YEPEAYIOTCS B CIECAYIOIIEM NOPSAKe: e—e+y ', —y' —aty'—a.

Ha rpanunax cinoeB &t+y'y/y' U y'/a+y'y, TpU KOMHATHOM TemmepaType
(COOTBETCTBYIOIIMUE TpaHUIIBI TPU TEMIeEpaType a3oTHUpoBaHus ¢&/y' u vy'/a)
KOHIICHTpAIMsl a30Ta MEHSETCS CKauyKooOpa3HO. ITHU CKA4YKU COOTBETCTBYIOT
oTpe3kaM ab u cd Ha guarpamme coctosaus (puc. 5.10).

['panuna crnoes &/e+y's; COOTBETCTBYET TPaHUIIC MEXKTY (Pa30BBIMHU 00JIACTIMHU
€ u gt+y' Ha nuarpamMme coctostHus (8,1% N npu komHaTHOM Temmepatype). Ckauka
KOHIIEHTPAIIMHU a30Ta Ha TPAHUIIC CI0EB &/€+Y'y; HE TOKHO OBITh.

IIpu Ttemneparype azotupoBanus 600°C ¢ ynajieHHEM OT IOBEPXHOCTH
U3JIeNus IOJKHO HaOMI0IaThCsl Yepe/loBaHuE clioeB £€—Y'—y—a. llpu MenneHHoM
OXJIAXKJICHUM AayCTEHHUT pachajaerca mpu TteMmneparypax Huwxe 590°C, naBas
ABTEKTOUJIHYIO CMECh 01Y', @ B 0- U €-CIIOSIX MOSABISIOTCS BTOPUYHbBIC BBIJCICHUS '
(da3zbl.

[Ipu KOMHaTHOU TemmepaType Mociie MEAJIEHHOTO OXJIaXACHUS JOJKHO OBITh
CIEeAyIolllee  Yepe/loBaHHE CJIOE€B OT TOBEPXHOCTH B TOyOb  WM3JETuUs:
e—e+Y'y—y'—aBTekTON (0+Y")— 0ty ;— 0.

B nerupoBaHHBIX cTansX a30T 00pa3yeT ¢ allOMUHHEM, XPOMOM, MOIUOACHOM
U JPYTUMH 3J€MEHTaMH HUTPHUILI B OYEHb JUCIIEPCHON (opme, BCIECACTBUE UETO
a30TUPOBAHHBIN CJIOW MPUOOpPETAET TBEPIOCTh, HAMHOTO MPEBBIIAIONIYIO TBEPAOCTD
LIEMEHTOBAHHBIX CTaJIEH.

O6pazoBaHre  a30THPOBAHHOTO  CJIOSL  COMPOBOXKIAETCA  YBEIUYEHUEM
YAENbHOTO 00bEMa, M Yy TMOBEPXHOCTH BO3HUKAIOT OCTAaTOYHBIE CHKMMAIOIINE
Hanpsbkenust (1o 800 MIla). OctatouHble HANPSHKEHUS! CHKATHS MOBBIIAIOT MPEAe
BBIHOCJIMBOCTH a30THPOBAHHBIX U3ICIIHI.

Tonkuii cnoit e-pazer (0,01-0,03 MM) XOpoIIO 3alIUINAET CTalb OT KOPPO3UU
BO BJIAKHOU aTMocdepe u apyrux cpenax. A30TUPOBAHUEM MOBBIIIAIOT TBEPIOCTD,
M3HOCOCTOMKOCTh, NPENET BBIHOCIMBOCTH, a TAaKXKE€ KOPPO3HOHHYIO CTOMKOCTH
CTaJIeH.

A3OTUpPOBaHUE C LEIbIO0 MOBBICUTH TBEPAOCTh U U3HOCOCTOMKOCTh MPUMEHSFOT
K aetaisiM u3 ctaiiet tuna 38 X2MIOA. Tlepen a3otupoBaHueM U3AEINE MTOJBEPTatOT
3aKaJKe U BBICOKOMY OTIYCKY JJIsl IIOBBILICHUS IPOYHOCTH U BSI3KOCTHU CEPJILIEBUHBI.
A3zotuposanue nposoait npu 500-520°C.

N3-3a HU3KOM TeMmepaTypsl U, CIEN0BATEIBLHO, HU3KOM MOJBH>KHOCTHA aTOMOB
azoTa npouecc IauTeabHbIi (24-90 u). TonammHa a30TUPOBAHHOTO CJIOSI COCTABIISIET
0,3-0,6 MM. MOXHO COKpaTUTh MPOJAOKUTEIBHOCTh Aa30THUPOBAHUS, MOBBIIIAS
TEMIIEpaTypy, HO MPHU 3TOM CWJIBHO MaJaeT TBEPAOCTh M3-3a KOATYJSIUA HUTPUIIOB
JETUPYIOMINX SJIEMEHTOB.

JlnuTenbHBIA  mpolecc a30TUPOBAHUS [J TOBBILICHUS TBEPAOCTH H
M3HOCOCTOMKOCTH II€JIECO00Pa3HO MPUMEHSTh TOJBKO K M3JIETUSM OTBETCTBEHHOTO
Ha3HAYECHUSI.
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YcKopeHHe a30THUPOBAHUS JOCTUTAIOT, MCIIONB3Ys TICKOIUN pas3psl MEXIy
aHOJOM U JETalbl0 — KarogoM (JIeTalib OOMOapIMpYIOT HOHAMH a30Ta,
00pa30BaBIIUMHUCS B IIJIa3Me pa3psaa).

JIJiss TIOBBITICHHUS] KOPPO3MOHHOW CTOWKOCTH a30THUPYIOT JETald M3 Pa3HBIX
cTajel (ry1aBHBIM 00pa3oM, U3 YIriIepoaucThix). Tak kak Ooiblnasi TBEPIOCTh 3/7€Ch
He TpeOyeTcsi, TO TeMIeparypy Ipoiecca BbiOUpaoT Bbicokod (600-700°C);
MPOAOJIKUTENBHOCTD TAKOTO Tporecca ot 15 mun g0 10 u.

Hekoropoe mpumeHeHHE HAIUIO a30THPOBAHUE JCTANCH W3 BBICOKOTIPOYHBIX
YYT'YHOB U TUTAHOBBIX CIUIABOB.

Huanuposanue u numpouemenmayusn. HaceiieHue MOBEPXHOCTH U3JIETUN
OJIHOBPEMEHHO YTJIEPOJOM M a30TOM B PACIUIABICHHON LIMAHUCTOMN COJIM HA3bIBAIOT
[IMaHUPOBAHUEM, a B Ta30BOM cpenie — HuTpoleMeHTanuen. CooTHOIIEHUE yriiepoaa
1 a3zota B IU(PGYy3MOHHOM 30HE MOMKHO PETyJIUpPOBATh, U3MEHSS COCTAB CPEIbl U
TEeMIIepaTypy mnpoiecca.

[lnanupoBanue crajied mpoBOAIT B BaHHE, cojaepxkamerd NaCN, nmpu 820-
960°C B teuenune 30-90 mun. Ilpu OKuCIEHHM ITMAHUCTOrO HATPHUS OOpPaA3yOTCS
aTOMapHBIM a30T U OKCHUJ YTIEpOa.

[IpeumyriecTBa UAHUPOBAHUS IO CPABHEHUIO C LIEMEHTAIlMEW — 3HAUUTEIBHO
MEHbIIIAs] MPOJOKUTENIBHOCTh Tpoliecca U 0ojiee BBICOKAsT M3HOCOCTOMKOCTH H
KOPPO3HOHHAS CTOMKOCTH (Oyaromapsi a3oTy B MOBEpXHOCTHOM cioe). HemoctaTok
MpoIIecca — UCMOJIb30BAHUE SIAOBUTHIX IIMAHUCTHIX COJIEH.

HutponiemeHTaluio crajieil, Ha3bpIBAEMYyI0 TaKXE€ Ta30BbIM IIMAHUPOBAHUEM,
npoBogatr npu 850-870°C B teuenume 2-10 4 B cpeme, coaepxaiiel amMMHaK H
HAyIJIEPOKUBAIOIINN Ta3.

ITo cpaBHEHUIO ¢ TA30BOM IEMEHTAIIMEN HUTPOLIEMEHTALINS UMEET CIICIYIOIINE
MPEUMYIIECTBA: HUXKE TEMIleparypa mpollecca U, CIeJ0BATEIbHO, MEHBIIE POCT
3€pHa, BBIIIE U3HOCOCTOMKOCTh, MEHbIIIE KOPOOJIEHUE JIeTAJICH.

7.2. Judpdy3uoHHoe HACBIILIEHUE METAJJIAMH

Mertanibl pacTBOPSAIOTCS B JKeJIE€3€ U APYTUX METauiaxX Mo crnoco0y 3aMeleHus
U MIOATOMY MEJJICHHEe, YeM HeMeTaiuibl, udPynaupyror B uzaenue. Kak mpasuro,
mupdy3noHHOE  HACBIIMIEHHWE  METaJlaMH  TPOBOJAAT TNpU  0Oojiee  BBICOKHUX
TeMIeparypax, YeM HaChIIIEHHE HeMeTalylaMH. [HIOUYHBIE TPUMEpPhl —
ATUTHPOBAHUE U XPOMHUPOBAHUE.

Anumupoeanue TMPUMEHSIOT ISl MOBBIIICHUS OKAIMHOCTOMKOCTH CTallel H
peXXe YyryHOB. AJIMTUPYIOT TaKXe JIMTHIC JIOMATKU Ta30TYPOMHHBIX ABUTATENCH W3
KAPOIPOUYHBIX HUKEJIEBBIX CIIJIABOB.

[Ipu HarpeBe aJlUTUPOBAHHOTO W3JEIUS B OKHUCIUTEIBHON Cpele Ha €ero
MOBEPXHOCTH 00Opa3yeTcsi TOHKass W mpouHas IuieHka Al,0Os;, mnpenoxpasstoinas
U3JIeNUs OT JalIbHEHIIEro okucieHus. [ 1yOuHa anuTUpOBaHUS B 3aBUCHUMOCTH OT
MeToa U pexxuma cocrasiisiet 0,2-0,8 M.
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Haubonbiiee pacnpocTpaHeHre MOJYYUIO aJTUTUPOBAHUE CTATbHBIX U3JIENUM
B MOPOIIIKaX ¢ HACHIIIIEHHEM U3 Ta30BoM (a3bl. [lopomkoodpasHas cMeCh COCTOUT M3
(beppoalitoMUHUsI, XJIOPUCTOTO aMMOHHUS U okucH anmomunus. B npucyrcrsun NH4Cl
oOpasyetcst razoo0pasnblii xynopuj antoMuauss Al1Cl;, SBAsStOmMIiCS TOCTaBIIUKOM
AKTUBHBIX aTOMOB AJIFOMUHUSL.

OkuCh amOMUHUSA TPEJOTBPAIIACT CIEKaHUE 4YacTull (PeppoaTrOMUHUS.
AnutupoBanue npoBogAT npu 950-1050°C B Teuenue 3-12 u.

Hubdy3nonnoe xpomupoeanue T1O3BOISET TOBBICUTH KOPPO3UOHHYIO
CTOMKOCTH, OKAIMHOCTOMKOCTDh ¥ HM3HOCOCTOMKOCTh CTAJIBHBIX JIETAaJICH.

HaulOonbiiee npuMeHEeHHE MOIYYUIIO XPOMHUPOBAHHE B MOPOIIKOOOPA3HBIX
cMecsx geppoxpoma (WM XpoMa), XJOPUCTOTO aMMOHHUSI U OKCHJA aJIOMUHUS MpU
1000-1050°C ¢ Beiaepxkkoi 6-12 4. OOpasyromuiics razoo0pasueiii xmopun CrCl,
SIBJISIETCS MOCTABIIMKOM aKTUBHBIX aTOMOB XpOMa.

Hcnonb3yroT Takxke xpomupoBanve B Bakyyme npu 1000-1050°C B TeueHue
HECKOJIbKMX YacOB C HACHIIIEHHEM U3 MNapoBOil ¢a3bl, KOTOpas MOJy4daeTcs MpU
MCIIAPEHUH MOPOIIIKA XpOMa.

JIns  NOBBIIEHHUS  KOPPO3MOHHOW  CTOMKOCTM W OKaJMHOCTOMKOCTH
MOBEPXHOCTHBIM CIIOW JOJDKEH MUMETh CTPYKTYPY IUIACTUYHOTO TBEPAOrO pacTBOpa
XpoMa B a-xene3e. Eciau ofHa U3 1enneit XpoMUpOBaHUS — MOBBIIIEHUE TBEPOCTH, TO
B MIOBEPXHOCTHOM CJIO€ JOJIKHBI 00pa3oBathes kapouabl xpoma (Cry3Ce, Cr,Cs). s
ATOTO BBIOMPAIOT CTajib, coaepxkairyto oonee 0,4% C. TonmumHa XpOMHUPOBAHHOTO
cJ10st OObIYHO He mpeBbimaet 0,2 MM.

[Iporuiecchl XMMUKO-TEpMHUUECKON 00pabOTKH Oyarogapsi HeHCcUEepInaeMoMy
pa3HOOOpa3ui0 XMMUYECKH aKTUBHBIX Cpell U OOraTbiM BO3MOXHOCTSM H3MEHEHUS
CBOMCTB MOBEPXHOCTHBIX CIIOEB M BCETr0 00beMa H3ACIHI HIMPOKO HCHOIB3YIOT B
NpOMBINITIEHHOCTH. OHU  OBICTPO Pa3BUBAIOTCS, 3aBOEBBLIBasi HOBBIE 00JIACTH
MIPUMEHEHUS.
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