Nexkunsa Ne6. TEPMUNYECKAA OBPABOTKA

L. Tlon mepmuueckou 06pabomkori TOHUMAIOT TEXHOJIOTUUYECKUE TIPOIIECCHI, MPU
KOTOPBIX MYTEM TEIJIOBOTO BO3ACHCTBUS U3MEHSIIOT CTPYKTYPY U CBOMCTBA METANIOB U
CILIaBOB.

Tepmuueckass 00paboTka 3aKiO4yaeTcss B HarpeBe JO  ONpeAesIEHHON
TEMIIEPATyphl, PETrIAMECHTUPOBAHHOM  BBIJIEPKKE TIpU JTOM  TemmepaTrype U
MOCJEAYIONIEM OXJaXaeHUr. E€ OCHOBHBIMU MapaMeTpaMH SBIISIIOTCS TeMIleparypa
Harpesa, JUIMTEIbHOCTh BBIICP)KKH, CKOPOCTH HArpeBa U OXJIAXKCHUS.

Il. Knaccudukaius BHUJIOB TepMUYeCcKor o00pabotku. Bum Tepmuyeckoit
o0paboTku ompenensercss TUMOM (a30BBIX W CTPYKTYPHBIX TPEBpAIlCHUH,
MPOUCXOSAIIMX TPU TEIJIOBOM BO3JEeUCTBUU. B Hacrosimiee BpeMs Haubosee
pacrpocTpaHEHHON sIBIseTCA Kiaccu(UKaIvs BUJIOB TEPMUYECKOW 00pabOTKH, cxema
KOTOpO# MpuBeacHa Ha puc. 1.

1. Tlox omowcucom TOHUMAIOT TEPMHYECKYIO OOpPabOTKYy, 00eCTIeYMBAIOIIYIO
JTOCTH)KCHUE PaBHOBECHOI'O COCTOSIHUS WU Onu3Kkoro k Hemy. Ilpu omowcuce nepgoco
pooa ISl OTOW IEeNIM HE UCIOJIL3YIOTCSA (ha30BbIe MPEBPAIICHUS, XOTS OHH MOTYT
IPOTEKaTh BO BpeMsl €ro OCYIIEeCTBICHUS. B 0CHOBE 3TO# 00pabOTKH JIeKaT MPOIIECCHI,
CaMOIIPOM3BOJILHO  NPOTEKAIIIME BO BpeMsS  BBUICPKKH TMPH  TMOBBIIIEHHBIX
TEeMIIepaTypax 1 MPUBOSIINE K CHIDKCHHIO CBOOOHON YHEPTUU CUCTEMBI.

[Ipu omowcuee eémopoco pooa i NOCTHKEHHUS PABHOBECHOTO COCTOSHUS WU
OJIM3KOTO0 K HEMY HMCHOJIB3YIOTCs nuddy3rnoHHbIe (a30BbIe MPEBpalIEHUs. DTO MOTYT
ObITh TOMUMOpP(MHBIE ¥ HBTEKTOWJHBIC TIPEBpAIllCHUS, a TaKKe MpPeBpalleHUs,
CBSI3aHHBIE C U3MEHEHHEM PACTBOPUMOCTH KOMIIOHEHTOB B TBEpAOM cocTosiHuu. [Ipu
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Puc. 1. Knaccudukauus BUAOB TepMUUYECKON 00pabOTKH
HarpeB NpPOBOAUTCS BbIIe TemuepaTyp (azoBoro mnpespameHud. OxaxaeHue
OCYIIECTBIISIETCS C HEOOJBIION CKOPOCTBIO, YTOOBI MpEeBpPALLEHNE
BBICOKOTEMIIEPATYPHOU (pa3bl B CTPYKTYpbI, YCTOWUYUBBIE NMPU HU3KOW TeMIeparype,
IIPOLIO B IIOJIHOU Mepe.

2. 3axkarka — 93TO TepMUueckas o0paboTKa, MNpU KOTOPOM MOIydaroT
HEpaBHOBECHBIE CTPYKTYphl. Takol 00paOOTKe NOJABEpPralTCi CIUIaBbl, HUMEIOLINE
(dazoBble mpeBpanieHUss B TBEPIOM cocTosiHuU. [Ipu 3akanke, Kak U HPU OTKUTE
BTOPOI0 pOJia, HArpeB MPOBOAAT BBILIE TeMIEpaTypbl (Pa3oBOro MpeBpalleHHUS.
OxnakieHue OCYUIECTBISIOT C BBICOKOW CKOpPOCTBIO, YTOOBI MOAABUTH (ha30BbIC
npeBpalleHus, CBsA3aHHble ¢ auddy3uei. Pasnuyator aBa BUAa 3akaiku: 0e3
NOJMMOP(HOTO MPEBPAILEHUS U C TOJIUMOP(PHBIM MPEBPALICHUEM.

3axanka 6e3 nonumopg@Hoco npespawjeHuss WIA UCMUHHAS 3AKAIKA — 3TO
00paboTKa, MpU KOTOPOH OBICTPHIM OXJIAKJIECHUEM (PUKCUPYIOT COCTOSTHUE CILIaBa,
XapaKTepHOE JJid BBICOKUX Temreparyp. OHa mpuMeHUMa K CIIaBaM, OTJIMYAIOIIUMCS
3HAYUTEIBHOM TEMIIEpaTypHON 3aBUCHMOCTBIO PAaCTBOPHUMOCTH KOMIIOHEHTOB B
TBEPAOM cocTossHUM. [Ipu Tako# 3akanke BO3ZHUKAET MEPECHIIICHHBINA TBEPABIA PACTBOP.

[Ipu 3akanke c¢ nonumop@uvimM npesépawjeHuem B PeE3ynbTaTe OBICTPOTO
OXJIAXKJIGHHUS BBICOKOTEMIIEpaTypHOW (a3l BO3HUKAET HOBasg MeTacTaOWIbHAs
CTPYKTYpa, OTJIMYHAsl OT TOM, KOTOpas HAOJIIOJAeTCs B PaBHOBECHOM COCTOSTHUU. DTy
TEPMHUUYECKYI0 00pabOTKy Ha3bIBAlOT TakXK€ 3aKajJKod Ha MPOMEXKYTOUHYIO
METacTaOMIIbHYIO CTPYKTYPY.

3. Yke npu KOMHATHON TeMIlepaType B 3aKAJIEHHOM CIUIABE MOTYT MPOTEKATh
IPOIIECChI, MPUOMIKAIONINE €ro K pPaBHOBECHOMY cocTosiHuio. Harpes, yBenmuuBas
1 Hy3MOHHYI0 TOABMKHOCTD aTOMOB, PUBOIUT K MHTEHCU(DHUKAIIUN STUX MPOIIECCOB.
Tepmudeckass o0OpaboTka, TMpuU KOTOPOH 3akajn€HHBIA CIJIaB  TOJBEPraeTcs
JIOTIOJTHUTENIBHOMY HarpeBy C IIeJIbI0 Iepexoja B Oosiee CTaOMIBHOE COCTOSHUE,
Ha3bIBACTCSl cmaperuem Ui omnyckom. OOBIUHO TEPMUH «CTapEHHUE)» MPUMEHSETCA K
CIUIaBaM, y KOTOPBIX 3aKajika HE COMPOBOXKAAECTCS MOTUMOP(HBIM MpEeBpaIICHUEM U
IPUBOJIUT K 00pPa30BaHUIO MEPECHIIIEHHOT0 TBEPIOTO PACTBOPA, & TEPMUH «OTITYCK» —
K CIUlaBaM, IOpH 3aKaJKe KOTOPBIX BO3HUKAET IPOMEXYTOUHAs MeTacTaOuiIbHas
CTPYKTYpa.

4. Xumuko-mepmuueckas oopabomka (XTO) coueTaeT TEIIOBOE BO3ICHCTBUE C
M3MEHEHHUEM XHMHUYECKOIO COCTaBa MOBEPXHOCTHBIX CIOEB u3Aenuil. OObIMHO MpHU
XTO npouCXOIHUT HACHIIIEHUE HAPYXKHOW 30HBI METAJlJIa OJHHM WU HECKOJbKUMH
AJNIEMEHTAMM, B pPE3yJbTaT€ YEro IPOUCXOJUT HU3MEHEHHE CTPYKTYpbl M CBOMCTB
MOBEPXHOCTHBIX cNo€B wm3aenuil. Takas o00paboTka BO3MOXKHA TMPH  YCIOBUHU
PacTBOPUMOCTH 3JIEMEHTA B OCHOBHOM METAJLJIE.

5. Tepmomexanuueckas oopabomka (TMQO) — 3TO COBOKYIHOCTH OTMEpaIui
IUIACTUYECKOW  AegopMalii U TEPMHUYECKOM O0OpaOOTKH, BBINOJHAEMBIX B
ONpeNeNEHHON IOCIEeI0BAaTENbHOCTH. M3BECTHO, YTO Je(PEKThl KPUCTAIIIMYECKOTO
CTPOEHUSl OKAa3bIBAIOT 3HAYMTEJIBHOE BIMSIHHE Ha (POPMUPOBAHHME CTPYKTYpPbl IpHU
(azoBbIx mpeBpamieHusx. Iloatomy, co3maBas mNpu IUIACTHYECKOM JAepopManuu
MOBBIIIEHHYIO TUIOTHOCTh JAE(PEKTOB U ONPENEIEHHOE HX paclpeiesieHHe, MOXXHO B



CYIIIECTBEHHON Mepe BO3/IEHCTBOBATh HA CTPYKTYpOOOpa30BaHHWE TPHU TEPMHUYECKOU
00paboTKe U 1IeJICHANPABICHHO U3MEHSITh CBOMCTRA.

B nanpuelieM HauOosblliee BHUMaHUE OYJIET YACICHO TePMUYECKONH 00paboTKe
CTaJICH, SBIIAIONIMXCS HanOoJiee pacpoCTPaHEHHBIM KOHCTPYKIIMOHHBIM MaTEPHUAJIOM.

TEPMUYECKASA OBPABOTKA CTAJIHA

[Ipexae yem paccMOTpeTh OCHOBHBIE BHUJbI TEPMHUECKOW OOpabOTKH cTajeH,
OCTAaHOBUMCSI Ha OCOOCHHOCTSIX MPEBPAIEHU, TPOTEKAIOIINX B CTANSAX MPU HArpeBe U
OXJIAJKICHUU.

6.1. MIPOLUECCHI, IPOUCXOJAILIUE ITPU HATPEBE CTAJIN

[. OGpa3zoBanue aycTeHHWTa Opu HarpeBe. lIpm MHOTHX BUAAX TEPMHUYECKOM
00paboTku cTanu ¢ (peppuTo-KapOUIHON CTPYKTYpOH HArpeBaloT [0 TeMIepaTyp
CYIIECTBOBAaHUS ayCTEeHHUTA. Takas ornepanusi Ha3bIBaCTCS ayCMeHumu3ayuen.

[IpeBpamerne  ¢GeppuTO-KapOUAHOH  CTPYKTYpHl B QyCTEHUT  MOXKHO
paccMaTpuBaTh, UCIIONB3YSl TEOPUIO KPUCTAIIM3AINHY, COTIACHO KOTOPOi oOpa3oBaHue
HOBOM (a3l TPOUCXOAWT B pe3yjbTaTe BO3HUKHOBCHHS 3apoABIIICH H WX
HOCJIEYIOLIETO POCTa.

PaccmoTpum oOpa3oBaHMe ayCTEHHWTa B CTald 3BTEKTOMIHOTO COCTaBa CO
CTPYKTYpO#l IactuHuatoro mnepiuta. Ilpu e€ HarpeBe Bbille TOYKU A Ha TpaHUIE
paszziena GpeppuUT-ILIEeMEHTUT BO3HUKAIOT 3apOJbIK aycTeHnTa. OHM HAYMHAIOT PACTH B
CTOpOHY Kak (heppuTa, TaK U LIEMEHTUTA. B mporecce npeBpaiieHust BHavaue ucye3aeT
¢eppur, a 3aTem nemeHTuT. [locne pacTBOpeHUs] IEMEHTUTHBIX YacTUI[ KOHIEHTPAIHS
yIiIepoia B pa3iMyHBIX yYacTKaX ayCTEeHHTa HEOJWHAKOBa. B Tex mecTax, rie paHblue
pacrionarasucst GeppuT, OHa MOHMKEHA, a B YYaCTKaX, B KOTOPbIX HAXOAMJICS IIEMEHTHT,
NOBBIIICHa. B fanpHedIneM MpH yBETWYEHUH BPEMEHU BBIACPKKH MPOUCXOIUT
BBIPAaBHUBAHKE KOHIICHTPAIIMH YIIIEPO/ia 0 00bEMY ayCTEHUTA (2OMO2eHUZAYUSL).

Kunetuky oOpa3oBaHus ayCTeHHTa B H30TEPMHUYECKUX YCIOBHSIX YIOOHO
NOpeICTaBUTh B BUAE OOOOIMIEHHON JaMarpaMMbl, Ha KOTOPOM B KOOpJIWHATaX
«TeMIepaTypa — BpeMs» HAHOCSTCS KPUBbIE, XapaKTEpU3YIOLIMe Hauaio oOpa3oBaHUs
ayCTeHUTa, MOMEHT MCUYE3HOBEHHUS (eppuTa, KOHEL PpacTBOpEHHUS KapOUAOB U
OKOHYaHUE TOMOTCHU3AINH aycTeHUTa (puc. 2).
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S 4 Puc. 2. Cxemaruueckas iuarpamma
2 3 U30TEPMHUYECKOr0 00pa30BaHus ayCTeHUTA
q% 5 B OBTEKTOUJIHOU CTAJIU:

= A 1 1 — nayvasio oOpa3oBaHus ayCTECHUTA,

--------------- 2 — Hcue3HOBeHHE (PeppuTa;
3 — KOHEIl pacCTBOPEHUS KapOUJIOB;
0 Bpewmsi 4 — OKOHYaHUE TOMOTECHU3AIIUH AYCTCHHUTA

Ha npeBpamenue ¢eppura B ayCTEHUT JIETUPYIOUIUE DJIEMEHTHI BIUSIOT
CpaBHUTENBbHO cnabo. B To e Bpems kapOumo00pa3yroliue 3JIEMEHThl OKa3bIBaOT
CYILIECTBEHHOE BO3/IEICTBUE HA TIOBeIeHNE KapOuaHo# a3kl npu Harpese. Haxomsce B
IIEMEHTHUTE, OHU 3aTPYIHSIOT €ro pacTBopeHue. CrernuaibHble KapOuabpl pacTBOPSIIOTCS
npu Ooyiee BBICOKMX TeMmIlepaTypax HarpeBa, uYeM IIEMEHTUT. YeMm BbIIIe
KapOumoo0pasyromnias CrocoOHOCTh DJIEMEHTa, TEM TpYJIHEE pPacTBOPSETCS KapOu.
Haubonee TtpynHopactBopumbiMu KapOumamu ssistorcs VC, NbC u TiC. B
JIETUPOBAHHBIX CTAJIAX TOMOI€HHM3allMs ayCTeHHTa HUAET Tropas3io JOoJbIlIe, YeM B
yraepoaucTeiX. Mamas ckopocTh TudPy3un JIETUPYIOMMX 3JIEMEHTOB TpeOyeT
JUTUTETTFHBIX BBIZEPKEK JIJISl BEIPABHUBAHUS MX KOHIIEHTPAIMU IO 00bEMY ayCTEHHTA.

II. PocT ayctenutHoro 3epHa. [Ipu HarpeBe Bblllle KpUTHUECKUX TOUEK Ay U Acs K
KOHITYy O.—>Y-TIpeBpallieHus GOPMUPYETCSI MEJIKOE ayCTEHUTHOE 3EPHO.

Tax kak rpaHunbl 3EpeH 00Jamal0T TOBBIIMICHHOW DJHEPrUeH, TO IIOCie
3aBEpICHUS O —>Y-TIPEBpAIllCHUs]  yYBEJIMYCHUE JUTUTEIIBHOCTA  BBIAEPKKU — WIIU
MOBBIIIICHUE TEMIIEpaTyphl HAarpeBa COIMPOBOXKIACTCS CaMOIPOU3BOJIBHBIM POCTOM
3€peH, 4TO MPHUBOJIUT K YMEHBUICHUIO MPOTSHKEHHOCTU WX rpaHull. CpeaHuil pazmep
ayCTEHUTHOTO 3€pHa TeM Oolbllle, YeM BBIINIE TEeMIepaTypa H30TEPMUUECKON
BBIICPXKKH (pHC. 3).

Bce cranu 1o CKJIOHHOCTH K POCTY ayCTEHUTHOTO 3€pHAa MOXHO pa3feiuTh Ha
JIBE TPYMIIBL: HACIEOCMEEHHO KPYNHO3EPHUCblE U HACIeOCMBEHHO MeaKo3epHucmole. B
HACJIEJICTBEHHO KPYMHO3EPHHUCTHIX CTaJsAX 3€PHO HAYMHAET OBICTPO PACTH YXKE TPH
HEOOJBIITNX TIeperpeBax Boile Ag. B HacIeICTBEHHO MEIKO3EPHHUCTHIX CTAISIX MEIKOE
3€pHO COXpaHseTCs A0 TEMIIEPATyp, 3HAUUTEIbHO MPEBBIIAIOIINX KPUTUUECKUE TOUKH,
OJIHAKO IpH O0JIee BHICOKOM HArpeBe B HUX TAKXKE€ HauMHAETCsl OypHBIM pOCT 3epHA.
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ole— L Puc. 3. BausHue TemMeparypbl Harpesa
0 1 2 3 4 ¥ NpOMOIKUTEIBLHOCTH BBIIEPKKU HA Pa3sMep
Bpems, y aycTeHUTHOTro 3epHa ctanu ¢ 0,8%C

CKJIIOHHOCTh ayCTCHUTHOTO 3€pHa K POCTY B CYIIECTBEHHOW Mepe 3aBHUCHUT OT
croco0a BBIIJIABKM W PACKHCIICHHS CTalld, COCTaBa HCIIOIB3YEeMOW IIUXTBL. IJTH
(akTOpbl OKa3bIBAIOT BIMSAHHME Ha COJIEPXKAHUE MPHUMECEH, MPUPOAY U KOJIMYECTBO
HEMETAUTMYECKUX BKIIOYEHHUH, UTPAIOIIUX POJb 0aphepoB IMPH POCTE ayCTEHUTHOTO
3epHa. Hampumep, cranu, pacKuCIIEHHbIE ATIOMUHUEM, OTHOCSTCS K HACJIEICTBEHHO
MEJIKO3EpPHUCTBIM, TaK KaK B HUX 00pa3yroTcs aqucnepcHbie yacTuisl AIN, Topmossiine
pocT 3epHa aycTeHuTa. PacTBopeHHe 3THX 4YacTull BIEYET 3a COOOM OBICTPBIA POCT
3epHa. [Ipu 5TOM MOKET BOBHUKHYThH pa3HO3EPHUCTOCTb.

HepaBHoMepHBI POCT ayCTEHHTHOTO 3€pHAa MOKHO OOBSICHHUTH CIEIYIOUUM
oOpazom. Haxopmsmimecs B crTajau AUCHEPCHBIE YacTHUIBI KapOWIOB, HUTPUIOB U
HEMETAUTMYECKUX  BKJIIOYCHUN  3aepXKUBAIOT TPU  HArpeBe  IEpElBIKECHHE
OOJIBIIICYTIJIOBBIX TPAHUI] U TOPMO3AT pocT 3epHa. Ho Takoit OGapwepHbii 3¢ deKT
COXpaHsieTCsl A0 ompeneneHHbIX Temmeparyp. OH ucde3aeT, Korja 4acTHIbl HAYMHAIOT
pPacTBOPATHCS WM MPOUCXOIUT WX 3aMeTHoe ykpymHeHue. O0a 3Tu mporecca MOryT
UATH HEPaBHOMEPHO MO 00BEMY aycTeHuTa. Torma B OAHMX YYacTKax pPOCT 3€pHa
MIPOUCXOJIUT OBICTPEE, UEM B JIPYTUX, U PA3BUBACTCS PA3HO3EPHUCTOCTb.

[loutn Bce neTUpYIOMIME 3JIEMEHThI TOPMO3SIT POCT AyCTEHUTHOTO 3€pHA.
Hckmrouenne COCTaBIsIET MapraHell, KOTOPBIA CIIOCOOCTBYET pocTy 3epHa. Hambomee
CHJILHO TOPMO3ST POCT 3epHA KapOoumoodpasyromue dneMentsl Cr, Mo, W, V, Nb u Ti,
ec OHU 00pa3yloT crienuaabHble KapOuapl. Uem ycroitunBee crielaibHbIE KapOUIbI
py HarpeBe, TeM 10 O0Jiee BBICOKUX TEMIIEPATyp COXPAHAETCS MEIKOe 3EpHO.
Oco0eHHO 3()(PEeKTUBHO YMEHBIIAET CKJIOHHOCTh K POCTY ayCTEHHMTHOIO 3€pHa
nerupoBanne V, Nb wu Ti, xorma B crtaau GOPMUPYIOTCS JUCIICPCHBIC
TPYIHOPACTBOPUMBIC KapOUIHI.

[11. Pa3aMep aycTEeHUTHOTO 3€pHA SIBIIETCS BaXKHOU XapakTepuctukou ctanu. [Ipu
OXJIAKJICHUU TIOCJEe ayCTCHUTH3AllMd TPOAYKTH TMpeBpamieHus (HOpMHUPYIOTCS B
mpeaenax KaXJaoro ayCTeHHTHOTO 3epHa. [loaTomy pasMep 3epHa B CYIIECTBEHHOMN



Mepe BIUSET Ha UX TUCIEPCHOCTH U, CIEAOBAaTEIHHO, HA CBOMCTBA cTaiu. Uem KpymHee
ayCTEHUTHOE 3€pHO, TeM TpyOee NPOAYKTHl NPEBpAIICHHUS MPH OXJIAKICHHH, YTO
CHIDKAET TUIACTUYHOCTh U yJIAPHYIO BA3KOCTh M MOBBIIIAET MOPOT XJIaJHOJIOMKOCTH. B
CBSI3M C OTUM TpPU TPOBEACHUU TEPMUUYECKOW OOpabOTKH, 3a OYEeHb MAaJbIM
HCKJTIOYCHHEM, CTPEMSATCS MOTyYUTh MEJIKO3EPHUCTYIO CTPYKTYPY.

HarpeB no Ttemmeparyp, CyIIECTBEHHO TPEBBIMIAIONUX KPUTUYECKHUE TOYKH,
COIIPOBOXIAIOMINICS 00pa30BaHUEM KPYIMHOTO 3€pHA ayCTEHHTA, MPUHATO HAa3bIBATH
nepeepesom. Ctalln B COCTOSIHUU TEPETPeBa UMEIOT IPyObIil KPYMHOKPUCTAIINYECKUI
uznoM. IleperpeB BO MHOTMX CIydasX MOXKHO HCIPABUTh JOMOJTHHUTEIHHOU
TEPMHUUYECKONH 00pabOTKOM.

[leperpeB ciieqyeT OTIMYATh OT nepexcoed, K KOTOPOMY MPUBOIST BBIACPKKH
Npy OYCHb BBICOKHUX TEMIIEpaTypax B OKHCIUTENbHOUW aTMmocdepe. Ilepexor cBszaH ¢
MHTCHCHUBHBIM OKHCJICHHEM W 00pa3oBaHHWEM OKCHIHBIX COCJIMHEHWH Ha TpaHHUIax
ayCTEHUTHOTO 3epHa. Kpome Toro, mpu BBICOKHX TEMIEpaTypax MOKET MPOUCXOIUTH
OIJIaBJICHWE OOOTAIEHHBIX MPUMECSIMHU TPAHUI] ayCTEHUTHBIX 3EPEH. DTH TPOIECCHI
KaTacTpopuvecku  OciabisiioT  Mex3épeHHoe — cueruieHue. Ilpu  HarpyxeHuu
pa3pylIeHne IPOTEKAET XPYIKO TI0 TpaHUIaM 3EPEH; Pe3KO CHIDKACTCS IIACTHYHOCTD,
yaapHas BS3KOCTh W TPOYHOCTHBIE  XapakTepuCTHKU. llepexor — sBisercs
HEHCIIPAaBUMBIM OPaKOM.

6.2. MIPEBPAIEHUA AYCTEHUTA IIPU OXJIAYKIAEHNUU CTAJIA

I. TlpeBpamieHue aycTeHHTa MPU OXJIAXKIECHUU HUKE A; B 3aBUCUMOCTH OT
TEMIIEPATYphl TMEPEOXJAXKACHHUS OCYIIECTBISETCS MO PA3TMYHBIM MEXaHU3MaM.
Hekoropoe Bpemsi Huke A; ayCTEHUT MOXKET OCTABAThCS HEMPEBPAIIEHHBIM U TOTA €T0
HA3bIBAIOT NePeoXANCOEHHBIM AYCMEHUMOM.

[Ipu oTHOCHUTENHHO HEOONBIINX MEPEOXTAKACHUAX HUKE A; MPOUCXOAUT
oughgysuonnoe npespaujeHue TEPEOXIAKIEHHOTO ayCTEHUTa B (eppHUTO-KapOUIHYIO
cTpyktypy. OHO TakXe Ha3bIBaCTCS NepaumusiM npespaujeruem (HE3aBUCUMO OT
XapakTepa 00pasyromencs CTpyKTyphl).

B crydae 6onpmmx nepeoxnaxacHuit Huke Aj, koraa nudy3noHHbIE TPOIECCHI
OKa3bIBAIOTCSI  3aTOPMOKCHHBIMH, HayWHAs C  OMNPEACIEHHOW  TEeMIEpaTyphl,
o00o3HauaeMoil Kkak Touka M, mpoucxoaut Oe3nuddy3uoHHOE CIBUTOBOE
MPEBpAICHNE MEPEOXTAKAEHHOTO AYCTEHUTAa B MAPTEHCUT. B yriIepoaucThIX CTajsx
MOJT MapmeHcumoM TIOHUMAIOT TIEPECHIIIEHHBIN TBEPIBIN pacTBOP BHEAPEHHS YTiiepoaa
B OL-)KeJie3e.

B TemmeparypHoil oOnact, Jiexalled ~HUXKE HHTEpBaja  MEPIUTHOTO
MpEeBpAIICHUs, HO BbIIE M, TPOTEKACT HPOMENCYMOUHOe WIHA OeUHUmHOe
npespawenue. OHO HOCUT 4YepThl Kak Auddy3rmoHHOTO, Tak U Oe3auddHy3nOHHOTO
CIABHUIOBOTO ITPEBPALICHUMN.

II. Jna omnucaHus KWHETUKU TNPEBPALICHUSA IEPEOXIAXKIEHHOTO ayCTCHUTA
UCIIOJIB3YIOT  OUacpammvl U30MEPMUUECKO20 npespaujenusi, KOTOpble CTPOAT Ha
OCHOBAaHMHM  DKCIICPUMEHTAJIbHBIX  JAaHHBIX. TOHKHE  OO0pas3lbl  MOJABEPTaroT
ayCTEHHUTH3AINH, 3aTEM OBICTPO MEPEOXIIAKIAIOT HIDKE KPUTHUECKUX TOYCK JI0 TOW HIIH
WHOW TeMIepaTypsl M BBIICPKUBAIOT TPH ITOW TEMIIEpaType MO 3aBEPIICHUS



MpeBpalleHrs ayCTeHWTa WM JI0 €ro MIPUOCTAaHOBKU. B Xxome u3oTepMHYecKO it
BBIJICP)KKHA TEPUOJUYECKHA WM HEMPEPHIBHO KAKUM-JIMOO CHOCOOOM PETUCTPUPYIOT
CTENEHb MpeBpalleHusi aycreHuta. s 3Toro Hambosiee MIMPOKO MCHOJIB3YIOTCS
MUKpPOCTPYKTYPHBIA M MarHuTHbBI MeToabl. B mepBoMm ciydae o0pasnsl mociie
Pa3IMYHBIX BBIJEPKEK MPHU BBIOPAHHBIX TeMIlepaTypax OBICTPO OXJIAXKIAIOT B BOJE, a
3aTeM IIOABEPraroT MCCIEIOBAHUIO B ONTHUYECKOM MHMKPOCKONE. MarHuTHBI METOZ,
IPU  KOTOPOM OOBIYHO KOHTPOJMPYIOT HAMarHMYEHHOCTh HACHIIMICHUS 00pasIloB,
MO3BOJIIET  OIICHMBATh  W3MEHEHHWE  KOJMYECTBA  MPOAYKTOB  MpEeBpalllCHUs
HETMOCPEJCTBEHHO BO BPEMs BBIJICPXKKH MPU BbIOpaHHOU TemmepaType. OH OCHOBaH Ha
TOM, YTO ayCTEHHUT B CTAISIX MapaMarHuTeH, a GeppuT — GpeppOMarHuTeH.

[TonyueHHble DKCIEPUMEHTANIbHBIE JAaHHBIC MCIHOJB3YIOT JUIsI TMOCTPOCHUS
KMHETUYECKUX KPUBBIX pacliajia MepeoxXIaxAEHHOro aycteHuTa. [lamee mepexodsT K
HEMOCPEACTBEHHOMY  IOCTPOCHHUIO JHarpaMM  H30TEPMHUYECKOTO  MPEBPAIICHHUS.
PaccmoTpum, Kak OHO OCYIIECTBISIETCS, Ha TMpUMEpe IBTEKTOWJIHOM CTaju.
Kunetnyeckue kpuBbie pacnaaa NepeoxaaxAEHHOTO ayCTCHUTA 3TOW CTaIM IPUBEICHbI
Ha puc. 4. Ilpu OTHOCHUTENIBHO HEOOJBIINX MMEPECOXTAKACHUAX HUKE TOUKH Ap
npoucxoaut nuddysuonHoe mpespaimieHue. OHO HAYMHAETCS IIOCJIE€ HEKOTOPOTO
unkybayuonroeo nepuoda. CKOpOCTh pacrajia cHauajga ObICTPO BO3PACTAET, a 3aTeM
MOCTENIEHHO YMEHBIIIAETCS W 4Yepe3 OMNpeNesIEHHOEe BpeMs MPEBPAICHUE IMOTHOCTHIO
3aKaHYMBAETCH.

C TNOHMIWXKEHHWEM TeMIepaTypbl HM30TEPMUUYECKOW BBIIECPKKM HHKYOAIIMOHHBIN
NEPUOJI YMEHBIIAETCS, & CKOPOCTh MPEBpPAIICHUS PACTET. Y HBTEKTOMIHOW CTaJIH
MUHUMAJIBHBIM ~ WHKYOAIIMOHHBIM Tiepuos  HaOmomaetcss okojo 550°C. Ilpum
JanbHEHWIIeM TMOHMKEHUM TeMIepaTypbl HaONIOJaeTcss WHas 3aKOHOMEPHOCTb:
WHKYOAIIMOHHBIN TIEPHO/] YBEIMUMUBAETCS, @ CKOPOCTh MPEBPAIICHUS TaJaeT.

IIpu  Temmeparypax  500...450°C wu Hmwke HauumHACT IpeobaIaTh
MIPOMEKYTOUYHBIA TUN TpeBpanieHusa. [Ipu ganpHEWIeM MnepeoxyIakKICHUN, HAUnHas C
ompeneNéHHON TeMmIepaTypsl, o0O3HadyaemMoil kak Touka M, (okono 220°C nus
ABTEKTOUJIHOM CTAJIN), IOIY4aeT Pa3BUTUE MAPTEHCUTHOE MPEBPAILICHUE.

[lo KMHETUYECKUM KPUBBIM ONPEAEISIOT MOMEHTHI Hadana (Hi, Hy, H3) U KOHIIA
(k1, K2, K3) IpeBpameHuit npu kaxaou Temreparype (T1, T2, T3) U HaHOCAT Ha rpaduK B
KOOpJIMHATaX «Temmeparypa — Jorapudm BpemeHn». COeTMHUB OJHOMMEHHBIE TOYKHU
IUIABHBIMA KPUBBIMH, MOJYy4YalOT AMArpaMMmy H30T€PMHUYECKOTO mpeBpamieHus. Ha
nuarpamme (puc. 4) kpuBas 1 xapakTepu3yeT Haudano, a KpuBasg 2 — KOHEIl pacraja
MepeoxJaXIEHHOrO0 aycTeHuTa. Ha nuarpaMmy B BHUAE TOPU30HTAJIBHBIX MPSMbBIX
HAaHOCAT TaK)X€ KPUTUUYECKHE TOUKHM CTAIM U TOYKH Hayajlla U KOHIIAa MapTEHCUTHOTO
npeBpaienus My u M.
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Puc. 4. Kunetnueckre KpuBble U AMarpaMMa U30T€pMHUYECKOTO
IPEBPAIIEHUS NTEPEOXIIAKIEHHOTO ayCTEHUTA SBTEKTOMAHON CTAIIN

1. Juddy3uonHoe (IEpJIUTHOR) IIpeBpalleHue. [IpeBparmenue
MEePEOXITAKIEHHOTO ayCTeHNUTa B (peppuTo-Kapouaayto cTpykTypy (PKC) peanuzyercs
MpPU OTHOCHUTEIIBHO BBICOKMX TeMIiepatrypax, korna auddy3uoHHas MOABUKHOCTD
aTOMOB JKejle3a U yriepoja JocTaTouyHO Benuka. OHO  pa3BUBaeTcs Kak
KPUCTAJUTM3AIMOHHBIA TIporiecC — MyTEM 00pa3oBaHHWs W pPOCTa 3apOABIIICH.
3apoxxnenue (a3 mpouCXOaUT MPEUMYIIECTBEHHO Ha TPAHUIIAX aYCTEHUTHBIX 3EPEH.

B sBTeKkTOMIHOW CTanu MpU MEPEeOXJAXKJICHUH HMKE TOUKU A; MpeBpalieHue
MOJIHOCTBIO TPOUCXOAUT MO HBTEKTOMJAHON peakiuu ¢ 0O0pa3oBaHUEM MEPIUTHOU
CTPYKTypbl (3BTekTOMIa). [lepauT pacT€T U3 OTHENbHBIX LEHTPOB B BHUJIE KOJOHULL.
3apoapllieM TEPIUTHOW KOJIOHMW MOXET OBITh Kak (eppuT, Tak W IIEMCHTHT.
JlonmycThM, Ha TpaHUIE AYCTEHUTHOTO 3€pHA MOSIBUICSA 3apOJbIll LIEMEHTUTa (puc. 9,
a). Ha ero poct OyneT UCMOJb30BaH YIJIEpO U3 MPUJIETAIONIUX K 3apOJbIIly 00bEMOB
aycTeHuTa. B 3TnX oOmacTsax oOjerdaercs 3apoxjacHue Qeppura, MOITOMY OKOJO
3apojplllia [EMEHTUTa MOsABATCS JBa (eppuUTHBIX 3apojbima (puc. 5, 6). Tak kak
KOHIIGHTpalusi yriaepojaa B (deppuTe Maia, TO MPU POCTE €ro 3apojbllieil aTOMbI




yraepojga OyAyT OTTECHSATbCA B aycTeHUT. lloBbIlIEHHAss KOHIEHTpalMs yriepoja B
o0béMax ayCcTeHHTa, IPWIECTAIIIUX K (EeppUTHBIM ydacTKaM, o0jerdaer oOpa3oBaHue
HOBBIX 3apojibllieil mementura (puc. 5, 6). BBumy TOro, 4to y4acTku OJHOMN (a3bl
OrpaHUYEHbl ¢ OOKOB ydyacTKaMu ApYroi (asel, oHU MpuoOpeTaroT popMy IutacTuH. B
pe3ynibTare MpeBpalieHus (OpMUPYETCs KOJIOHUS IUIaCTMHYAToro nepiaurta. EE
OOKOBOM pPOCT IPOUCXOJUT 3a CYET MHOTOKPATHOI'O IMONEPEMEHHOr0 00pa3zoBaHUs
IJIacTUH (peppuTa U UEMEHTUTA, a PPOHTANBHBIA — B PE3yJIbTaTe UX KOONEPATUBHOTO
ynnuHeHus. GeppUuTHbIe TUIACTUHBI UMEIOT TOJNIIMHY B HECKOJBKO pa3 0O4ibllyto, yeM
LEMEHTUTHbIE. B OZHOM ayCTEeHUTHOM 3epHEe 00pa3yeTcs HECKOJbKO NEPIUTHBIX
KOJIOHUH, KOTOpbIE PACTyT 10 CTOJIKHOBEHHS.

Yem Hmxke Temmeparypa, TO €CTh OOJbllIe CTENeHb MePeoXJIaKICHUs
OTHOCUTEIBHO TOYKM Aj, TeM OOJbIlIe BO3HHUKAET 3apOJIbIIIEBBIX LEHTPOB U BHIIIE
CKOPOCTh pOCTa MEPIUTHBIX KOJIOHUH. DTO NPHUBOJUT K YBEJIMUYEHUIO OOBEMHOU
CKOPOCTH MpeBpalleHus. Y T03BTEKTOMJAHOW CTanu HauOoJiblias 0O0bEMHAs CKOPOCTh
npeBpaieHuss  HabOmogaercss npu 550°C. Ha nuarpamme  M30TEpPMHYECKOTO
NPEBpAIEHUs] TEPEOXTKAEHHOIO ayCTEHHUTAa JTOW TeMIlepaType COOTBETCTBYET
MUHUMAJIbHBIM WHKYOAlMOHHBIA niepuof (cMm. puc. 4). [lpu nanbpHeieM MOHUKEHUU
TEMIIEpPaTypbl, BBHUAY yMEHbIICHUS AUPPY3UOHHOM TMOABUKHOCTH aTOMOB U
CBS3aHHOTO C HHUM 3aTpyJIHEHHMs BO3HUKHOBEHHMS W POCTa 3apojbllied, oObEMHas
CKOPOCTh 00pa30BaHUs MEPIUTA CHIXKAETCS.

AycmeHum

LlemeHmum
a) 0) 6) 2)
Puc. 5. Cxema 3apoxieHusl U pocTa NEPIUTHON KOJIOHUU

BaxxHOl XapakTepUCTUKOW MEPIUTHOU CTPYKTYPHI ABISACTCS MEHCHAACMUHYATNOE
paccmosnue Sy — CpefHsis CyMMa TONIIUH (PEPPUTHBIX U IIEMEHTUTHBIX 1iacTuH. [Ipu
MOHIKEHUH TeMIlepaTypbl AU(GGYy3MOHHOTO TPEBPAIEHUS BETUYMHA Sy YMEHBIIAETCH.
Ha npakthke npu OLIEHKE CTENEHH IUCIEPCHOCTU MEPIUTHON CTPYKTYphl 4acTo
UCIIOIB3YIOT TEPMUHBI «COPOUT» U «TpoocTUT». Ilpu 3TOM Mo nepaumom MOHUMAIOT
JUIIb ABTEKTOU], ((OPMUPYIOUIUICA TPU pacnaje NepeoxyakIEHHOI0 ayCTeHUTa CTalu
npu temneparypax 700...650°C, mmeromuit Sp mopsiaka 0,5...1,0 MxM, U mo3TOMY
XOpOIIO pa3pellaeMblii NMpPU CPEeAHUX YBEIUYEHUSAX CBETOBOTO MHKpockomna. Ecnu
muddysnonHoe npeBpamienue nmporekaet npu 650...600°C, To BenmuumHa Sy cOCTaBISIET
0,2...0,4 MKM ¥ TUIACTUHYATOE CTPOCHHE OHBTEKTOMJAa B CBETOBOM MHKPOCKOTIC
BBISIBJISIETCSl TOJIBKO MPU OUYEHb OOJBIIMX YBEIWUYEHHUSX. TakoW 3BTEKTOM MOMYYUII
Ha3BaHUE copbum. DBTEKTOUA, (HOPMUPYIOIIUNCS TPU OOJIBIINX MEPEOXITAKICHUAX, C



Sp okomo 0,1 MKM M pa3pemiaemblii TOJBKO IMPU HCCIEAOBAHUAX B BJIEKTPOHHOM
MUKpOCKONE, ObLI Ha3zBaH mpoocmumom. Yem pucnepcHee NEpiauTHas CTPYKTypa
(MeHblIe Sp), TEM BbINIE TBEPAOCTH, NpPEAENl TEKYy4eCTHU U MPOYHOCTH; JIYUIIYIO
IJIACTUYHOCTh UMEET COPOMUT.

B [10PBTEKTOMIHBIX M 3a’BTEKTOMJHBIX CTajsiX OOpPa30BaHUIO HBTEKTOMIA
MPEALIECTBYET BbIJEICHUE M30BITOUHBIX (a3 — @epputa M LEMEHTHUTA. ITO
OoTOOpaXkaeTcss Ha JuarpaMMax H30TEPMUYECKOTO pachaja MepeoXIakIEHHOTO
ayCTEHHWTa B BUJE JIONOJIHUTEIbHBIX JIMHUH, COOTBETCTBYIOIIMX Hadaly 0Opa30BaHUs
U30BITOYHOTO (peppHTa WU IIeMeHTHTa (puc. 6).

Jlerupyromue 3J1eMEeHTbl, HaXOJAChb B ayCTEHUTE, 3amMeIsaioT Auddy3rnoHHOE
npeBpaienue. MckiaroueHue — coctaBisieT  KOOAlbT, KOTOpPBIM — JIEWCTBYeT B
IPOTUBOMNOJIOKHOM Hampasienuu. Haunbonee cuiibHOe 3amemsieHue audPy3MOHHOTO

npeBpainicHus HaOmwogaercs npu  coBMecTHOM JerupoBanun Cr+Mn;  Cr+ Ni;
Cr+ Ni(Mn) + Mo.

T

lg T gt
Q) 0)

Puc. 6. JIlnarpaMmbl H30TEPMHUYECKOTO pacIiajia MepeoxXIaKIEHHOTO ayCTCHUTA
JI09BTEKTOUJIHOM (a) M 3a9BTEKTOUTHOM (0) CTaNH:
1 — naygano Beiienenus pepputa, 2 — HadajIo 00pa30BaHUS IBTEKTOUA,
3 — KOHeII MpeBpaIieHusi, 4 — Hayajao BbIJCICHUS IIEMEHTUTA

IV. MaprencutHoe npeBpamenue. lIpeBpamenne aycreHuTta B MAapTEHCUT
MPOUCXOJUT TMpU OONBIIMX MEPEOXNAKACHUAX HUKE Toukn A;. [lpu HH3KUX
Temrneparypax aud(y3MOHHBIE TPOIECCHl  OKa3bIBAIOTCS 3aTOPMOKEHHBIMU |
XUMHUYECKHUI COCTaB MAPTEHCUTA OCTAETCSl TAKUM XK€, KaK Yy UCXOJHOTO aycTeHuTa. [lpu
KOMHATHOUM TeMIlepaType pacTBOPUMOCTb Yriepojaa B Ol-)KeJe3€e 4Ype3BblYallHO Maja.
[TooToMy wMapTeHCHT TpEACTaBIsET COO0OM TEpPEeCHINeHHBIH TBEPABIA PACTBOP
BHeJIpeHus yriepoja B o-Fe.

MapTeHCHUT UMEET TETPAroHAIbHYIO PEMIETKY. DTO 00YCIOBIEHO TEM, YTO aTOMBI
yriiepojia 3aHUMAaloT B PEIIETKE MAapTEHCHUTA BIIOJHE OMNpeleNéHHble MmonoxeHus. Ha
puc. / TMOKa3aHa BO3MOXKHasi MO3ULMS aroMa YIJepoJa B 3JIEMEHTApHOM siueiike




mapreHcuTa. OTHOIICHHE C/a@ XapaKTepH3yeT CTENeHb TETPAarOHaJbHOCTH PEIIETKH,

KOTOpas TeM 0OJIbLIE, YEM BBILIE KOHIIEHTPALIHS YIJIEpOJia B MAPTEHCUTE.

MapTeHcuT uMeeT BUJ IUIACTHH, BHYTPH KOTOPBIX HAONIIOAAEeTCsl BBICOKAs
IUIOTHOCTh JUCIOKALMI. DTH IJIACTHUHBI PACTyT C OTPOMHOM CKOPOCTBIO, OJIM3KOM K
CKOPOCTH 3ByKa B MeTauie (mopsiaka 1 kwm/c). Eciam kpucTtamibl MapTeHCUTa
CTAJIKUBAIOTCS C TpaHHUIAMU AayCTEHUTHOTO 3€pHa WA JAPYTUMH MapTEHCUTHBIMU
KpUCTalNIaMHU, TO HMX pOCT mpekpamaercd. [lanpHeilliee pa3BUTHE MapTEHCHUTHOIO
MPEBPAILECHUS MPOUCXOIUT 32 CUET MOSABIEHUS HOBBIX KPUCTAJIOB, @ paHEe BO3HUKILIHE
Kpuctamuibel He pactyT (puc. 8). [Ipm oOpa3oBaHuM MapTeHCHTa Ha MOJIMPOBAHHOMN
NOBEPXHOCTH TOSIBISIETCS peNbed, YTO SIBISETCS OJHMM U3 BHEIIHUX MPU3HAKOB
JAHHOTO MPEBpaLICHUS.

oy

X

’- Puc. 7. DnemenTapHas siueiika
KPUCTAIUTMYECKON PEIIETKN MapTEHCUTA.
KpecTukom ykazaHo BO3MOXKHOE MOJIOKEHHE aToMa
= >l yriepozaa

Puc. 8. Cxema o6pa3oBaHusi MAPTECHCUTHBIX TJIACTUH
pPa3HOM JJIMHBI B OJTHOM ayCTEHUTHOM 3€PHE

MapTteHCcuTHOE TpEeBpalIEeHUE HAYMHACTCS HWXKE ONPENCIEHHOW TeMIEpaTyphl,
o003HauaeMoOil Kak To4yka My, TOJOKEHHEe KOTOPOW HE 3aBUCUT OT CKOPOCTH
OXJIAXKJICHUS B IIMPOKOM auana3oHe e€ m3MeHeHus. [IpeBpaimienue pacmpocTpaHseTcs
Ha 3HA4YMTENIbHBIM MHTEpBan TeMmnepatyp. Hapsagy ¢ Temneparypoil Havana
MPEBPAILECHUA CIEAYET yKa3aTh U TEMIIEPATYPY KOHLIA IpeBpaleHuss — Touky M. [lpu
MEPEOXITAKIACHUH JO TEMIEPATYPHI, JIEKAIIEH HECKOJIBKO HUXKE TOUKHA My MPAKTUYECKU
cpa3y oOpazyercs onpeAesi€HHas MOPLUS MapTEHCUTA U Ipoliecc npekpamiaercs. Ecnu
TeMIEpaTypy IMOHHU3HUTh, TO MApPTEHCUTHOE NPEBPAILCHUE TOJYYUT JajbHENIIee



pa3zButre. Takum 00pa3oM, CHMKEHHE TEMIIEpaTypbl B MAapTEHCUTHOM HWHTEpBaje
COMPOBOXK/JIA€TCA MOCTOSIHHBIM YBEIMYEHHEM KoiuuecTBa mapreHcuta (puc. 9). Ilpu
JNOCTWXKEHUU M, TmpeBpalieHue He HAET JO KOHLA M B CTPYKTYpPE COXpaHSETCs
HEOOJIBIIOE KOJIMYECTBO HENPEBPAILEHHOIO aycTeHUTa. Takoil ayCTEHUT Ha3bIBacTCs

ocmamounwvim aycmenumom (Aqer Ha puc. 9).

PaccMoTprM MexaHH3M MapTEHCUTHOTO npeBpanieHus. [IpeBpaienue aycteHuTa
B MAapTEHCUT HE€ COMNPOBOXKAAECTCS IepepaclpeiesieHueM yriepoaa. Tak Kak
KOHLEHTpAIMsl 3TOr0 AJIEMEHTa B MAapTEHCUTE Takas e, KaKk U B ayCTEHUTE, TO
MapTeHCUTHOE TMpeBpalleHue sBisieTcss 0e3audPy3uoHHbM. OHO OCYILIECTBIAETCS
CABUTOBBIM  YIOPSIOYEHHBIM  MEXaHU3MOM. PocT  KpUCTa/lIOB  MapTEHCUTA
COMPOBOXKJIA€TCA  yHOPSAJOYECHHBIM KOOMEPAaTUBHBIM MEPEMEIICHHEM aTOMOB Ha
pacCTOSIHMS, HE TMPEBBIIIAIONINE MEXAaTOMHBIX. Tak Kak CMEUIEHUS aTOMOB IIO
OTHOIICHUIO K COCEIsIM TPOUCXOJAT B CTPOTO OMPEACNIIEHHBIX HANpaBIEHUSAX, TO B
UTOrE BO3HMKAET MAaKpOIUIACTUYECKUH CIABUT M HA TMOJIMPOBAHHOW IOBEPXHOCTHU
nosiBisieTcs: penbed. B mporecce makpocaBura gopmupyercs IjiacTUHA MapTEHCHTA.
[Ipu nepectpolike peméTku 0OMEH aTOMOB MECTaMU HE MPOUCXOUT; COCETHHE aTOMBI
B MCXOAHOW (haze ocraroTcs coceAsiMu B HOBOW (hase. B sTom cimywyae Ha rpanule
pasznena (a3 KpucTalidueckass pemeéTka ayCTEHUTa HENPEPHIBHO MEPEeXOIUT B
KPUCTANTMYECKYIO PEHIETKY MapTeHcuTa. Takas B3aMMOCBSA3b PEHIETOK Ha3bIBAETCSA
kozepenmuou. BaxHasi 0COOEHHOCTh KOTEPEHTHOW T'paHUIIbl 3aKII0YAeTCsd B TOM, YTO
OHa MOKET IepeMeIaThCs «CKOJIBKEHUEM» C OUEHb OO0JIBIION CKOPOCTHIO.

TA
M,
’\ < AOCT
7|
0 50 100 Puc. 9. KpuBasi MapTEHCUTHOTO
Konuuectso mapteHcuta, % npeBpareHus (cxema)

[Ipn pocte Kpuctajuyla MapTeHCUTa Ha €ro TIPAHULE HAKAIUIMBACTCS YIpyras
nedopmanms. Korma HanpspkeHHs] ITOCTHUTHYT Tpefena TEeKydeCTH, TPOM3OUAET UX
pemakcarus myTéM TUTaCTHYECKOoW aedopMaInni, ¥ KOTEPEHTHOCTh Ha TPAHMIIE pa3fena
ayCTEHHUT-MapTEHCUT HapymuTcs. Ha rpaHuie mosBisieTcss HEYNOPsAI0YEHHOE
pPacroJIOKEHHE aTOMOB, U €€ «CKOJB3SIIEE» IBUKEHHUE CTAHOBUTCA HEBO3MOKHBIM;
POCT MAPTEHCUTHOTO KPHUCTaJIa MpeKpaniaeTcs.

[Tonoxxenune Touku M, 3aBUCUT OT XMMHUYECKOTO cocTaBa aycTeHUTa. OCOOEHHO
CUJIBHOE BJIMSIHME HA TEMIIEPATypy MapTEHCUTHOTO MPEBPALICHUS OKa3bIBAECT YIIIEPOA.



C yBenMYeHHEM €ro CoJEp KaHMsI CHUKAETCS HE TOJIBKO TOYKa My, HO U BECh UHTEPBAJ
MapreHcuTHoro mnpespaimienus (puc. 10). V HHU3KOyrJIepoaucThiX cTajeid UHTepBal
MapTEeHCUTHOTO MNPEBPAIEHUs HAaXOIUTCS BBIIIE KOMHATHOM TeMmmepaTypbl. B »Tux
CTAJIAX IOCJIE€ OKOHYaHUS MAapPTEHCUTHOIO MPEBPALEHUS KOJUYECTBO OCTATOYHOTO
ayCTEHHWTa HE MPEBBIIIAET HECKOJbKHUX MpOLEHTOB. IIpu copepkaHuu B ayCTEHUTE
6onee 0,5% yrnepoaa Touka M CTaHOBUTCSA HU)KE KOMHATHOM Temneparypsl. [loatomy
NPy OXJIAXKJACHUU BBICOKOYTJIEPOJIUCTBIX CTale [0 KOMHATHOW TeMIepaTyphl
MapTeHCUTHOE NPEBpallleHHEe HE 3aKaH4YMBAaeTCs, W B CTPYKType HaOIroAaeTcs
MOBBIIIEHHOE KOJMYECTBO OCTATOYHOIO ayCTeHHUTA. UTOOBI yBENMUUTH KOJIMYECTBO
MapTeHCUTa W COOTBETCTBEHHO CHHM3UTh KOJMYECTBO OCTATOYHOI'O ayCTEHUTA,
BBICOKOYTJIEPOJIMCTBIE CTald MHOTAA OXJaXJaloT B 00JacTb OTPULIATEIbHBIX
temneparyp. Takas onepanus Ha3bIBaeTCs 00PabOmMKOU X0L000M.

BoABIIMHCTBO  JIETHPYIOMIMX 3JEMEHTOB CHHXKAIOT TEMIlepaTypy Hauaja
MapTEeHCUTHOI'O TMPEBPAIllEHUS W MOTYT YBEJIUYMBATh KOJIMYECTBO OCTATOYHOIO
ayCTEHHTA.
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-200 ' ' ' ' TeMIepaTypsl Hadana M, 1 KoHIa M,

0 0,5 1,0 1,5 . 2,0 MapTEHCUTHOTO TPEBPAIIEHHS OT
CopnepxaHvie yrnepoaa, % COZIEpIKAaHUs YTIIEpoia B CTAIH
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Puc. 11. Teépnocth MapTeHCUTA B 3aBUCUMOCTH OT COJEPKaHUS B HEM YyIiiepoja:
® — JUISl YIJIEPOAUCTBIX CTAJICH; O — JIJISI JIESTUPOBAHHBIX

MapTeHCUT HMEET BBICOKYIO TBEPAOCTb. YPOBEHb TBEPAOCTH BO3PACTAET C
yBEJIMUEHUEM CcoOJepKaHus yriepoga B wmapreHcure (puc. 11). B To ke Bpems
MapTEHCUT XapaKTEepU3yeTCsl BBICOKOM CKIIOHHOCTBIO K XPYIIKOMY Pa3pyLICHHUIO.

OCHOBHYIO POJib B YIPOUHEHHH MapTEHCHUTA UTPAET YrJepold. ATOMBI yriiepoaa
UCKQXXAKT KPUCTAUIMYECKYIO PEHIETKY, YTO 3aTPYIHSAET ABUKEHUE TUCIOKALMN TpHU
Harpy>KeHuH. Maiiasi IOJIBI’KHOCTh JUCTIOKAIMH O0YCIOBIMBAET BBHICOKYIO XPYIKOCTh
MapTeHCcUTa. B oTianMumMe OT MapTEHCUTa, OCTATOYHBIA AYCTCHUT SIBISIETCA MSTKOM W
IJTACTUYHOW CTPYKTYPHOM COCTABJISFOIIECH.

MapTeHCHUT B CTaJISIX 10 CPABHEHHUIO C ayCTEHUTOM HMMEET OOJIBIINKA yIEIbHBIN
00béM. C yBeIMYECHHEM COJIEp)KaHMs YyTriepoja B ayCTEHHTE €ro YACIbHBIH 00BbEM
Bo3pacTaeT. Pasnuuune B yaenpHBIX 00bEMaX MapTCHCUTA U ayCTEHUTA SIBISICTCS] OJTHOM
U3 NPUYUH BBICOKMX BHYTPEHHUX HANPSKEHUM, BO3ZHUKAIOIIMX MPU MapPTEHCUTHOM
MIPEBPALLECHUMU.

V. [TllpomexyroyHoe (OedHUTHOE) mpeBpamieHue. OHO MNpPOTEKAaeT B
TEMIIEPATYpHOM  HMHTEpBalie  MeXAy  IuPPy3HOHHBIM W MapTCHCUTHBIM
MpeBpalieHusAMU. B pe3ynbraTe 3TOr0 MNPEBpAlIEHUS BO3HHMKAET CTPYKTYpa,
Ha3bIBaeMasi OellHumoMm, KOTOpash COCTOMT W3 KPUCTAUIOB OCWHHUTHOW o-(ha3sl U
KapOUIOB.

[TpomesxyTouHoe mpeBpalieHne coudetaeT B cebe depThl auddy3noHHOTO U
MapTeHCUTHOTO TpeBpamieHnii. OHo, kKak U qudPpy3noHHOE TTPEeBpaIllCHUE, PA3BUBACTCS
Mocje OMNpeAeIEHHOTO HWHKYOalMOHHOTO mnepuona,. C MOHMKEHHEM TeMIepaTypbl
MHKYOAIIMOHHBIM TEpUOJ] CHayajda yMEHBILIAETCs, a CKOPOCTh MPEBPAIICHUS PACTET;
3aTeM HaOII0JaeTCs MPOTUBOIOIOXKHAS 3aKOHOMEPHOCTh. TakuMm o0pa3oM, KMHETHKA




MPOMEKYTOUYHOTO MPEBpalIEeHUsl, NOJOOHO KHHETUKE IU(PY3MOHHOTO, OMHUCHIBAECTCS
C-00pa3Hoil KpUBOM.

B 10 xe Bpemsi, m0I0OHO MapTEHCUTHOMY, MPOMEXYTOYHOE MpPEBpALICHUE HE
uaET 1o koHua. IloaTtomy B CTpyKType Mmocjae OKOHYaHUsSl MPEBPAIlCHHs PUCYTCTBYET
MOBBIIIEHHOE KOJUYECTBO OCTAaTOYHOTO aycTeHuTa. belHuTHas o-daza, kak u
MapTeHCHUT, MPEJCTaBIseT CcOOOM MEepechIleHHbI TBEPABIA pPAcTBOp BHEAPEHHUS
yriaepoga B a-xene3e. BHyTpu kpucTaiioB OeWHUTHOM o-(a3bl HabmrogaeTcs
MOBBILIEHHAS MJIOTHOCTD JUCIOKALIH.

Paznuuaror eepxnuti n HudcHuu Oetinum. Bepxuuii 6eHUT oOpa3yeTcsi B BepXHel
YacTH TEMIEpPaTypHOr0 HHTEpBaja MPOMEXKYTOUHOro TNpeBpaiieHus. Kpucramisl
BEpXHEro OeMHUTa MPEACTABISIOT COOOWM KPYIMHbIE IJIACTUHBI C HEPOBHOM BOJHHUCTOU
NOBEPXHOCTHIO; HA TPAHULAX KPHUCTAJIOB PACIONAralTCsi OTHOCUTENIHO KPYIHBIE
KapOuanble yacTuibl. Hwkuuih  OeliHUT  dopmupyeTcs B  HIDKHEM  4acTu
TEMIIEPaTypHOTrO HHTEpBaja MPOMEXYTOUYHOro mpeBpaieHus. OH UMEeT CTpOEHHUE,
noooHoe MapteHcuTy. [lo cpaBHEHMIO € BEpXHHM, Y HWXKHEro OeiHUTa Meybue
KpUCTaJIbl OCHMHUTHON O-(ha3bl U 3HAYMTENILHO AMCIepcHee kapOuaHas Qasza, mpruueM
KapOWJIHbIE YaCTUIbl BBIACISIOTCS MPEUMYUIECTBEHHO HE MO TpaHUIlAM, a BHYTpU
KPUCTAILIIOB OL-(ha3bl.

beitnuTHas cTpyKTypa XapakTepusyeTcsi OOJbIIed MPOYHOCTHIO, YeM MPOAYKTHI
IU(PY3MOHHOTO TPEBPALLIEHUS] TEPEOXITaKAEHHOIO aycTeHuTa. BepxHuil OeWHHUT
UMEET HU3KYI0 IJJACTUYHOCTh U YJIApPHYIO BS3KOCTb, YTO CBSI3aHO C BBIJCJICHUEM
OTHOCHUTEIBHO TpyOBIX KapOumoB. HikHuil OEHHUT oTinMyaeTcs OT BEpXHEro Oosee
BBICOKUM YpPOBHEM IIPOYHOCTHBIX XapaKTEPUCTUK B COYETAaHMM C BBICOKOH
IUIACTUYHOCTBIO U YAapHOU BSI3KOCTHIO. OJHOW M3 NPUYUH Takoro 3p¢ekra sBiaseTcs
paBHOMEPHOE pacIpeiesICHUE TUCIEPCHBIX KapOUI0B B CTPYKTYpE HUKHEro OeHuTa.

[IpomexyTouHOE NpeBpalleHUe MPOTEKaeT MpPU TeMIlepaTrypax, HMPHU KOTOPBIX
muddy3noHHas TTOABMKHOCTh aTOMOB YIJIEPOJia JOCTATOYHO BeJIMKa, a TU(GHy3MOHHOE
HepeMelIeHe aTOMOB JKejle3a MPAKTUYECKH MOJHOCThIO mojaBieHo. lloaTomy
IpeBpallleHne ayCTeHHTa B O-pa3y MOMKET OCYUIECTBIATHCA TOJIBKO CIIBUTOBBIM
YIOOPSA0YEHHBIM  MexaHu3MoM. Ho 3apoxkaeHne u  pocT KpUCTAIOB  a-(hasbl
JUMUTHUPYETCS NEpepaclpenesieHueM aTOMOB yriepoja. Takoe mnepepacrpeneneHue
MPUBOJAUT K TOSBICHHIO OOBEMOB, OCIHBIX M Oorathix yriepoaoM. B o0wvéMax c
IIOHW)KEHHBIM ~ COAEP’KaHUEM YIJIepoJa IIOBBIIIAETCS Touka M, U BO3MOXKHO
oOpa3zoBaHue KpuCTAIOB o-(a3el. Ho uToOBI 00pa3oBaBmIMiecss KpHUCTAUIBI POCIH,
JOJDKEH MPOUCXOJIUTHh OTBOJ ATOMOB YIrjepoja OT TpaHUll KpUCTaula B AyCTEHMWT.
[ToaTOMy CKOpOCTH pOCTa KPUCTA/UIOB OCHHUTHOM o-(ha3bl HAMHOTO MEHBIIE, YeM
KpUCTAJUIOB MapTeHcuTa. ObOpasyromasica a-(has3a mepechilieHa yriepoaoM, Mo3ToOMy
emi€ BO BpeMs NPEBPALIECHHS U3 HEE€ HAUMHAIOT BBIIEIATHCS KapOUIbl.

Jlerupyromue 31eMEHTbl HAa KHHETHKY IPOMEXKYTOYHOIO IMpPEBpaLICHUs
JEUCTBYIOT HaMHOTO ciiabee, yeM Ha KHMHETHKY auddysmonHoro. Bce merupyromme
AJIEMEHTHl B TOM WJIM HMHOM Mepe 3aTPYyIHSIOT MPOMEXYTOYHOE IPEBpAIICHHUE, YTO
NpOSABIIAETCS B YBEJIWYEHUUM WHKYOAllMOHHOIO MEpPUOJa, YMEHBIIEHHWHU CKOPOCTH



NpeBpallleHuss M ero MnojaHoThl. bojee 3((PEeKTUBHO TOPMO3ZUT MNPOMEKYTOUHOE
IIPEBPALIEHUE YIIIEPOL.

JlerupoBaHue MOXET CYHIECTBEHHO HM3MEHATH BUJ JUArPaMM H30TEPMUYECKOIO
pacnaza NepeoxJaxAEHHOTO ayCTeHHUTa. B yriepoAaucTbIX HENErHpOBaHHBIX CTaSIX
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muhdy3MoHHOE U MPOMEKYTOUHOE MPEBpaIICHHs HAKIaAbIBAIOTCS IAPYTr Ha Apyra, H
pacnaj MepeoxNaKIEHHOTO ayCTeHUTa onuchiBaeTcs oaHoN C-00pa3Hoil KpUBOU (CM.
puc. 4). Kpome TOro, B 3THX CTalsiX NOpPU TEMIEpaTypax MPOMEKYTOUHOTO
MpeBpalleHus pacnaj MepeoxJIaKIEHHOrO0 aycTeHuTa HAET A0 KoHua. lIpeBpaienue
HAayMHAeT pa3BUBATbCSI IO MPOMEKYTOUHOMY MEXaHH3MYy, a 3aKaHYMBAETCS [0
muddy3noHHOMY.

Jlerupyromue 5>JI€MEHThl CMEMIAIOT [0 TEMIIEPATypHOMl IIKajle WHTEpPBAJIbI
MPOMEKYyTOUHOTO ¥ auddy3rnoHHOTO TpeBpamenuii. [Ipu 3ToM WHTEpBaIBl YKa3aHHBIX
MpEBpALICHUNA MOTYT pa3AeisaThCs, U TOT/Ia Ha AMarpaMMe MOSBISIIOTCS Ba MUHHUMYyMa
YCTOWYUBOCTH MEPEOXITKAEHHOTO aycTeHuTa (puc. 12). ¥V psma nerupoBaHHBIX cTajel
MeXAy wuHTepBadaMu JIu((PY3MOHHOTO W TPOMEKYTOYHOTO TIPEBPAMEHUNA MOKET
HaXOJIUThCSl 30HA BBICOKOW YCTOMUYMBOCTH MEPEOXTAKAEHHOTO ayCTEHUTA.

VI. IlpeBpanieHus aycTeHUTa INPU HENPEPBIBHOM OXJAXACHUH. B mpakTuke
TepMUUYECKON 00pabOTKM CcTajedl mpeBpalleHUs ayCTEHHUTA B OOJBIIMHCTBE CIy4acB
MPOUCXOJAT HE B HM30TEPMHUUYECKUX YCIOBUAX, a NPU HENPEPHIBHOM OXJIaXICHUU.
Bapbupys ckopocTy OXJIaKIEHHS, MOXKHO MOJIy4aTh pa3HOOOpa3HbIe CTPYKTYPHI.




Paccmotpum BIIUSIHUC CKOpPOCTH OXJIAXKJICHUS Ha MpEeBpaICHUE
MEPEOXJIAKAEHHOTO AyCTEHUTA B OBTEKTOUAHOM CTanM. IlycTh 3Ty cTanp OXJaXaaroT
MOCJIE AyCTEHUTU3ALIMU CO CKOPOCTAMU V1<V,<V3<V,;. HaHecém KpuBbIE OXIAXKICHUS HA
auarpaMMy HM30TEPMHYECKOro pacmajna nepeoxiaxaéHHoro aycreHuta (puc. 13). C
ONpPEACIEHHBIM JONYIIEHUEM MOXKHO CUHUTATh, YTO TOYKHM IIEPECEUCHUSI KPUBBIX
oxnaxaeHus ¢ C-o0pa3HbIMU KPUBBIMHU JHArpaMMbl COOTBETCTBYIOT Hadally U KOHILY
MIPEBPAIECHUS.

Puc. 13. CxeMa HaJ0KeHUs KPUBBIX
OXJIKIICHHSI Ha TUarpaMMy U30TepPMUYIECKOTO
o pacmazia nepeoxIakaIEHHOTO ayCTCHNUTA
Vs Vi gt ABTEKTOUIHOU CTaIU

[Ipu ckopocTsSX OXJaXACHUS Vi...V3 TOIYYUT paszBuTtHe auddy3uoHHOE
NpeBpalleHne NepeoxIaKAEHHOro aycTteHuTa. [lpu ckopocTu Vi 3TO TMpeBpalieHue
yCIIEBAET MPOU30MTH MPU HEOONBIION CTENEHH MEPEOXJNAXKICHUS HUXKE TOUYKH A; U
oOpa3zyeTcst TpyOoriacTUHYAThIi nepautT. OxnaxiaeHue ¢ OOIbIIMMHU CKOPOCTIMU Vo U
V3 BCIIEACTBUE YBEIMUYEHHUS CTETICHU MEPEOXIIakIACHHS IPUBOIUT K 00pa3oBaHUIO Ooliee
JUCIIEPCHBIX (heppUTO-KapOUIHBIX CTPYKTYp (copbuta m Tpoocturta). Ilpm ckopoctu
oxJNaxneHus V,; nuddy3uoHHOE TMpeBpalleHue CTAaHOBUTCS HEBO3MOXKHBIM, U BECh
ayCTeHHUT OyJeT MepeoXJaxAaThCcs J0 TeMIepaTyp MAapTEHCUTHOTO MpeBpalieHus. B
TOM ciy4ae OyAeT OCYIIECTBIEHA 3aKAIKa CTald, TpPU KOTOpOH oOpasyeTcs
MapTEHCUTHAs CTPYKTypa C HEOOJbIIUM KOJUYECTBOM OCTATOYHOTO ayCTCHHTA.
MuHuManpHasi CKOPOCTh OXJIAXACHHS, MPU KOTOPOW BECh AYCTECHUT OKa3bIBACTCS
MEPEOXNTAKAEHHBIM 70 TEMIIEPATypPHOTO HMHTEpBajia MapTEHCUTHOTO IPEBpAIICHHUS,
HA3BIBACTCS KpUmMuyeckoti ckopocmoio saxanku (Vip Ha puc. 13).

Kak Bumno w3 pwuc. 13, kputhueckas CKOPOCTh 3aKaldKd 3aBUCHT OT
JUTUTETFHOCTH MUHUMAJIBHOT'O MHKYOAITMOHHOTO MEPUO/Ia paciiaia MePEeoXIakKIeHHOTO
aycTeHWTa. B SBTEKTOMIHON CTanW OHA ONPENESeTCS CKOPOCThIO 00pa3oBaHUSA
nepiurta (IBTEKTOMA). B 3aBHCMMOCTH OT COAEpKaHUS YIiepoja W OCOOCHHOCTEH
JETHUPOBAHUS CTalled MHUHHUMAJIbHAs YCTOWYMBOCTH MEPEOXIAKIEHHOTO ayCTEHHUTA
MOXXET ONpPENeNsAThCA TaKKe CKOpPOCThIO oOpa3oBaHHA W30BITOYHOTO (eppuTa
(uemeHTHTAa) UK OEHHUTA.

JlmarpaMMbl ~ M30TEPMUYECKOTO  pacraaa MepPeoXJIaKIEHHOTO  ayCTEHHUTA
MO3BOJISIIOT JIUIIH BEChbMa MPHUOIM3UTENHHO OIEHUTH PA3BUTHE TMPEBpAINICHUN TIPHU
HEMPEPBIBHOM  OXJQXJICHHWH. TemIepaTypHble HWHTEpBaIbl AUPPY3UOHHOTO U
MIPOMEKYTOYHOTO MPEBPAIICHUI B Clydae HEMPEPHIBHOTO OXJIAXKICHUS CMEMIAIOTCS K



0oJiee HU3KUM TeMIepaTypam U K OOJIbIIMM BbIIEpKKaM. boiiee TouHOE mpeicTaBlieHne
O pa3BUTHM pacCIaa MEPEOXNaXAEHHOTO ayCTEHNUTA NMPU HENPEPBIBHOM OXJIAXKICHUH
JA0T mepMoKuHemuyeckue ouazpammsl. Takue IuarpaMmbl CTPOAT B KOOpPJMHATaxX
«reMrmepatrypa — JorapupM BpEeMEHHW» Ha OCHOBE aHalU3a CEpUU KPUBBIX

OXJIaXJEHHUs, Ha KOTOPBIX OTMEUYAIOT TEMIIEPATYPhl, COOTBETCTBYIOIINE HAYaTy, KOHILY
WU TIPUOCTAHOBKE BbIJETEHUS U30BITOUHBIX (pa3, oOpazoBaHus (GeppUTO-KapOUTHOM
CTPYKTYyphl, OeliHuTa U MapteHcuTa. COeAMHUB OJTHOUMEHHBIE TOYKH, MOJYyYalOT Ha
JarpaMMe COOTBETCTBYIOIIUE obactu npeBparieHus (puc. 14).
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6.3. IPEBPAIIIEHUS, IPOTEKAIOIIIUE
IIPU OTIIYCKE 3AKAJEHHOM CTAJIA

[. 3akanéunyro cTanb 00S3aTENBHO TOJBEPralOT OTHYCKY, MO KOTOPHIM
MOHMMAIOT HarpeB [0 TeMmmepaTyp, He mpeBblmaronmx Touky A;. CTpykTypa
3aKaJ€HHOM cTanu HepaBHOBeCHA. OCHOBHOM €€ COCTaBISIONICH ABISIETCS MapTEHCUT.
Kpome TOro, B CTpyKType MNPUCYTCTBYET TO WJIM HHOE KOJWYECTBO OCTATOYHOIO
aycrennta. [Ipu HarpeBe, korga Bo3pacTtaeT MudPy3rMOHHAS MOABUKHOCTH aTOMOB, B
3aKaJ€HHOM CTaJlM PAa3BUBAIOTCS MPOLIECCHI, CTPEMSIIUECS NPUOIU3UTh CTPYKTYpPY K
PAaBHOBECHOMY COCTOSIHUIO.

OCHOBHBIM MPOLIECCOM, NPOTEKAIOIIMM TMpPU OTIYCKE, SBIAETCS pacnaj
MapreHcuta. [lpu pacnage npoucxoguT OO€IHEHHE MapTEHCHUTA YIJIEPOAOM H
oOpazoBaHue KapOuJ0B. Bblenstomuecss U3 MapTEeHCUTA KapOuabl AUCHEPCHBI M
MMEIOT B OCHOBHOM IIJIACTUHYATYIO POopMy; peliéTka KapOuJ0B KOT€PEeHTHO CBs3aHa C



pemérkoil MapTeHcuTa. Uem BbllIe Temreparypa, TeM B OoOJiblIEH Mepe MapTeHCUT
oOenHseTCA YrIepoJOM, TEM MEHbILIE TETParoHAIbHOCTh e€ro pemérku. Ilpu
350...400°C koHueHTpamusi yriaepoja B TBEPAOM pPACTBOPE COOTBETCTBYET
PaBHOBECHOH, W TMepexoJ MapTeHcuTa B (eppuT 3akaHuuBaerca. B sTom ke
TEMIIEPATYpHOM HMHTEpBaJIe MPOUCXOJUT HApPYLIEHHWE KOTEPEHTHOCTU U 000COOJIeHHE
peméTok hepputa U KapOUJI0B.

B wunrepBane temneparyp ot 200 go 300°C kpome pacnajga MapTEHCHUTA
MIPOUCXOJIUT pacmaj] OCTaTOYHOro aycteHuTa. [lo Mmexanu3sMmy oH mogo06eH OeHHUTHOMY
npeBpalleHro. B pesynbrare pacnanga BbIIEISAIOTCA KapOUabl, a B TBEPJAOM pacTBOpE
COXPAHSIETCS CTOJBKO YTIIEepo/ia, CKOJIbKO €ro UMEETCsl B OCHOBHOW Macce MapTEHCHUTA.

IIpu wnarpese Bbime 400°C npoucxoaut cdepouauszanuss M KOArysus
Kapouanbix dvactull. Ilox cgepououzayueii NOHMMAIOT TpolecC MpPEeBPAILCHUS
iacTuHel B chepy. Koaeyrsayus (koanecyenyus) — 3TO mporiece pocTta 0oJiee KpyImHBIX
yacTull 3a cu€T pacTtBopeHusi Oosnee menkux. Cdepouausanuss 3aKaHUYUBAETCS MPU
550...600°C, a npu Oosiee BBICOKMX TemIlepaTypax MpOJOJIKAaeTcs Koaryisius. Yem
BBIILIE TEMIIepaTypa OTIIyCKa, TeM OOJIbIIe CPeTHUN pa3Mep KapOUJIHBIX YACTHII.

B mapTeHCHUTHBIX KpUCTa/slax HaOMIOAAeTCsl BBHICOKAs IUIOTHOCTH JMCIOKAIUU.
[Ipy HU3KUX Temmeparypax HarpeBa JUCJIOKAIMOHHAs CTPYKTypa HE MpeTeprieBacT
3HAYUTEIBHBIX U3MEHEHHM, TaK KaK BbIJICIUBIIUECS TUCTIEPCHBbIC KapOUIHbIC YACTHIIBI
NPEMSITCTBYIOT JBIWKEHUIO auciokaruil. [Ipum temmnepartypax Bwime 400°C, korga
KapOWJHbIE YaCTUIIBI 3aMETHO YKPYIHSIOTCS, TMPOIECChl TepepaclpeieieHuss Hu
AHHUTWISALUKA JUCTOKauuid oOjeryatorcs. [DMOTHOCTH AUCHOKAIMIl  CYIIECTBEHHO
yYMEHbBIIIAeTCsI; TMOJYy4aloT pa3BUTHUE TPOLECCHl BO3BpaTa, UTO MPUBOAUT K
dbopmupoBanuio cy03EpeHHON (MOTUTOHAIBHOW) CTPYKTYpbl. BO BpeMsi IIMTENbHBIX
BbIZIEpKEK BhIle 650°C MOXKET MPOUCXOIUTh PeKpPUCTAIH3AUS heppuTa.

II. Crpykrypy, oOpasyromyrocs mpu oTtnycke Hmwke 300°C, Ha3pBaIoT
omnyweHuolM mapmencumom. OH TpelncTaBisieT co0oil o-TBEPABIA pacTBOp C
MEHBIIINM COJACpPKaHUEM YTJIEpOJa U MEHbIIEH TEeTParoHAJIbHOCTHIO PEIIETKH, YeM
MapTeHCHUT 3aKaJIHHOW cTanu. BHyTpu kpucTtamioB o-(a3sl U MO HUX TpaHHUIAM
HAXOJSTCS TUCTIEPCHBIC KApOUIHBIC YACTHIIHI.

[Ipu ormycke B wmuTepBane 350...450°C BO3HHKaeT CTPYKTypa, Ha3bIBacMas
mpoocmumom omnycka. OHa GOpMHpPYETCS B pe3yiabTaTe MPAKTUYECKHA TOTHOTO
pacrmajia MapTeHCUTa, HO COXpaHsIeT ero Mop(oIoruueckue mpu3HaKku.

®deppuro-kapOugHas CTPyKTypa, KoTopasi 00paszyeTcs B pe3yJibTaTe OTIIyCKa MpU
500...650°C, HaszweBaercs copdoumom omnycka. OHa XapaKTepPHU3YyeTCS HaITUIUEM
dbepputa, umeromero cyo3&épeHHoe CTpOCHHUE, U KapOUI0B OKPYTI0i (hOPMBI.

[Tpu otnycke mo 150...200°C BbICOKMI YypOBEHb TBEPIOCTH, XapaKTEPHBINA IS
3aKaEHHON CTaM, COXpaHsIeTCs 0e3 3HAYNTENbHBIX N3MEeHEeHN. OTHOBPEMEHHO TaKOU
OTITYCK MPUBOJUT K HEKOTOPOMY YMEHBIIEHHIO CKIOHHOCTH K XPYIIKOMY pa3pyLIEHUIO.
Hauwnas ¢ 200...250°C, nmoBsIlIeHHe TeMIEPAaTyphl OTIYCKA BBI3BIBACT HEMPEPHIBHOE
CHIDKEHUE TBEPIOCTH. BMecTe ¢ 3TOM XapaKTepUCTUKOW YMEHBIIAKOTCS MPEAEb
TEKYy4eCTH W MPOYHOCTH, a MOKa3aTeNH MIACTUYHOCTH yBenuuuBarotes (puc. 15). [pu



ornycke Bbime 350...400°C HaOmrogaeTcss 3aMETHBIM POCT YAAPHOM BSA3KOCTH H
CHIDKEHHE IOPOra XJIaJHOJIOMKOCTH.

CHMWKEHHE TPOYHOCTHBIX XApPAKTEPUCTUK IPU OTHOCHUTEIBHO HEBBICOKMX
TEMIIEpaTypax OTIYCKa CBSA3aHO B OCHOBHOM C YMEHBIICHUEM KOHIIEHTPALUH YIJIEpOaa
B O-TBEPIOM pACTBOPE, U COOTBETCTBEHHO, C YMEHBIICHHEM MCKAKEHHN €ro
KPUCTAUIMYECKOM pelETKU. [Ipym BBICOKMX TeMmeparypax OTIIyCKa pa3ylNpOYHEHUE
0OyCIJIOBJIEHO Pa3BUTHEM KOAryJsIIUU KapOMIHBIX YaCTUI U YMEHbIIEHUEM IIOTHOCTH
auciokanuii B (eppute. 3akaika B COBOKYMHOCTH C OTIHYCKOM TPU BBICOKHX
TEMIIEpaTypax Mmo3BoJisieT 00eCIeYnTh BHICOKYIO0 KOHCTPYKIIMOHHYIO IPOYHOCTb.
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Puc. 15. BousHue TemnepaTypbl OTIyCcKa Ha MeXaHndeckue cBoiicTpa cranu ¢ 0,4%C

[I. OT™MeTuM, 9TO CTPYKTYypa COPOUTA MOKET OBITH TIOJYUYCHA KaK MPH 3aKaJKe U
OTIIyCKE€ TIpM BBICOKMX TeMmIeparypax, Tak W Tnpu gauddy3MoHHOM pacmanue
MepeoxXNaKAEHHOTO  aycTeHuta. Ecim B copOure, oOpasyromemcss  TpH
HEMOCPEACTBEHHOM pAaclajie MepeoXaXXIEHHOIO0 ayCTEHHUTa, IEMEHTUT HAXOIOUTCS B
BUJIC JUIMHHBIX IUIACTHH, TO B COPOUTE OTMyCKa IIEMEHTHTHBIE YACTHUIIBI WUMEIOT
chepudeckyro (GopMy M OTHOCHTEIHRHO PAaBHOMEPHO pacmlpenelieHsl B (deppure,
uMeroteM cyo3€peHHoe cTpoenne. Takasi CTpykTypa obnamaet 6osee Oar onpusiTHBIM
KOMITJIEKCOM CBOWCTB. [Ipm paBHOUM mim OOJBIIEH MPOYHOCTH COPOUT OTIYCKA MMEET
OONBIIYI0 TUIACTHYHOCTh W yNApHYI BS3KOCTh, a Takke OoJee HHU3KHA TOpOT
XJIaJITHOJIOMKOCTH.

IV. JlerupoBanue ctanu kapOumooOpasyrwomumu dnementamu Cr, Mo, W, V, a
takke Si m CO mpuBOAWT K 3aMEIJICHUIO pachaja MapTEeHCUTa MpPH OTITyCKeE.
Jlerupytomirie 3JI€MEHTHl 3aTPYAHSIOT W pachaj OCTaTOYHOrO aycTeHuTa. MOXHO



CUMTaTh, YTO WX BIMSHHUE TAKOE k€, YTO U HAa pacmaj MepeoxjaxIEHHOIO ayCTEHHUTA
npu nud@y3smoHHOM mpeBpalieHud. B cransx, coaepxamux kapOugooOpasyrouiue
AIIEMEHTBI, MOXET CYIIECTBEHHO 3aTPYIHATHCA KOATYJSIUS KapOMAHBIX YACTHUIl H
NepecTpoiika JUCIOKAIIMOHHON CTPYKTYpPBI O-(pa3bl, a TaKKe €€ peKPUCTAITU3ALIHSL.

B cinyuae otnmycka mpu Huzkux Temmepatypax (mo 200...250°C) nmerupoBaHue
cnabo BIMAET Ha TBEPAOCTb 3aKalE€HHBIX cTajeil. [Ipy MOBBIIEHHBIX TeMIEpaTypax
OTIyCKa JIETUPYIOIIME OJJIEMEHTBI, 3aTPYIHSAS pacmajg MapTeHCHUTa, KOAryJsuio
BBIICNIAIOMIMXCA KapOWJAOB M H3MEHEHUE JMCIOKAUMOHHOW CTPYKTYphl a-(ha3bl,
CIOCOOCTBYIOT 3aMEJICHHUIO pa3ynpouHeHus (puc. 16).

60

Teépooctb HRC
N 3
o o

w
o

20 ———~L—
20 100 200 300 400 500 600 700
Temnepatypa otnycka, °C

Puc. 16. MI3meHeHne TBEPIOCTH MPH OTITYCKE 3aKATEHHBIX CTalIeh
¢ 0,45%C u pa3nmuuHBIM COACP)KAHUEM JICTHPYIOIIHUX AJIEMEHTOB

V. Cranu c MapTEHCUTHON CTPYKTypOM IIpM OTIYCKE B ONPEACIEHHBIX
TEMIIEPATYPHBIX MHTEpPBAJIaX MOTYT IMPETEPHEBATh OXPYMUHUBAHUE, MPOSIBISIONIICECS B
CHUKEHUU YJApHON BSI3KOCTH W TMOBBIIIEHUU MOPOTa XJIAJHOJIOMKOCTH. Tak, OTIyCK
mnpu 250...400°C BBI3bIBAaET MOSABICHUE HEOOPAMUMOL OMNYCKHOU XPYNKOCMU, & TIPU
450...600°C — ob6pamumoii omnycknot xpynkocmu. COOTBETCTBEHHO Ha KPHUBOU
3aBUCUMOCTH YAApHOW BS3KOCTH OT TEMIIEpaTyphl OTIYCKAa MOYXHO HAONIOAaTh JIBa
poBajia, HECMOTPSl HA MOHOTOHHOE CHW)KCHHE MTPOYHOCTH (puc. 17).

HeobOpatumas oTmyckHasi XpymKOCTh CBOWCTBEHHA B TOW WJIM WHOW Mepe BCEM
YIJIEPOAUCTHIM U JIETUPOBAHHBIM CTajsiM. HeoOpaTuMOCTh XpYyNKOCTH 3aKIHOYAETCA B
TOM, 4YTO 3aKaj€HHas CTallb, OTHYILIEHHas BbIIIE TEMIIEPATypPHOTrO HWHTEpBaja €€
nposiieans  (250...400°C), mpu mocneayromeM HarpeBe B OTOT WHTEpPBAT HE
BO3BpAIlla€TCAd B OXPYMYEHHOE COCTOsHUE. Pa3BuTue HEOOpaTUMOW OTMYCKHOM
XPYIKOCTH COMPOBOXKIAETCS MOSIBICHUEM B M3JIOME YYacCTKOB XPYIKOrO pa3pylIeHUs,
MIPOUCXO/IAIIETO Ha TPAHUIIAX UCXOJAHBIX aYCTEHUTHBIX 3€PEH.



Jlerupyromue 3I€MEHTBl HE OKa3blBAIOT 3HAYUTEIBHOTO BIMSHUSA HA CKIOHHOCTH
K HeoOpaTuMOW OTHYCKHOW XpYyNKOCTH. B cCylllecTBEHHONW Mepe OHa 3aBHCUT OT
CTENEHU YKUCTOTHI cTaneil no npumecsiM. OCOOEHHO 3HAUYUTEIBHO YCUIUBAET Pa3BUTHE
OXpYIMYUBAHHU MOBBIIIEHUE COAEPKaHUs B cTaiu (ocdopa.

HeoOpatumas oTmyckHasi XpynkocTh 00YyCIIOBI€Ha OOpa30BaHMEM Ha TpaHMIIAX
36peH LIEMEHTUTHBIX YacTHUIL IJIACTUHYATOW (OpMBbI M OOOTallleHHMEM ATUX TPaHHUIL
MPUMECSIMU, B YaCTHOCTH, (ocPHOpoOM; HMEHHO COBOKYIHOE JAEMCTBHE 3THX JBYX
(akTOpoB W OO0YCIIaBIMBAET XPYNKOE 3E€PHOTPAHUYHOE pa3pylIEHUEe M CHUKEHUE
yAapHOU BI3KOCTH.

HanéxHbIx MeTOAOB yCTpaHEHHs HEOoOpaTUMOUM OTMYCKHOM XpPYHKOCTH HET.
OOBIYHO OTIYCK B MHTEPBAJIE HEOOPATUMON OTHYCKHOM XPYNKOCTH HE MPOU3BOJIST.
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Puc. 17. 3aBucuMoCTb NPOYHOCTH U yJIapHOU BsI3KOCTH 3akanéHHoi ctanu 30XT'CHA
OT TeMIepaTypsl oTnycka. OXaKIeHHe oCie OTIIyCKa Ha BO3/IyXe

OOpatumasi OTIyCKHasi XPYNKOCTh HAONIOJAETCS Yy JETHPOBAaHHBIX cTanei. OHa
MPOSBIIETCS Kak mpu oTmycke B uHTepBaie 450...600°C, Tak u mpu 3aMemasIeHHOM
OXJIAKJICHUU B 3TOM TEMIIEpAaTypHOM MHTEpBaje mocie 6ojiee BRICOKOTO OTmycKa. Eciu
OXJIAKJIGHHWE TIOCJIe OTIYCKa, OCYIIECTBIsieMOTro mpu Temmeparypax Bbime 600°C,
MPOBOJIUTH OBICTPO, TO OXPYMUHUBAHUS HE MPOUCXOAUT. J[aHHAS XPYNKOCTh Ha3bIBAETCS
00paTUMOM, TaK KaK XpYyMKOE COCTOSTHUE MOXKET OBbITh YCTPAHEHO MOBTOPHBIM BBICOKUM
oTIryckoM ¢ HarpeBoM Bbimie 600°C 1 mocIeIyronuM OBICTPBIM OXJIAXKICHHEM U BHOBb
BBI3BAHO JOTIOJHUTENIBHBIM oOTHyckoMm mpu 450...600°C. OmauM w©3 TpPU3HAKOB



0o0paTUMOIl OTIYCKHOW XPYNKOCTH SIBISETCSA TOSBICHHE XPYMKOTO pa3pylICHHS II0
rpaHUIlaM UCXOTHOTO ayCTEHUTHOTO 3epHAa.

K oOpatumoii OTHYCKHOW XpYNKOCTH CKJIOHHBI JIUIIb JIETHPOBAHHBIC CTallU
MPOMBIIIUICHHON YUCTOTHL. ITHTEHCUBHOCTh MX OXPYMUMBAHUS TeM OOJBIIIE, YeM BBIIIS
COJep)KaHWE B HHUX TaKUX MpUMecel, Kak ¢ocdop, CypbMa, OJOBO U MBIIIBIK.
JlerupoBaHHBIC CTalH, BBIIUIABICHHBIE B BaKyyM€ W3 BBICOKOUMCTBIX IIIMXTOBBIX
MaTepualioB, HE CKJIOHHBI K OOpaTUMOW OTHYCKHOM XpYyNnKOCTH. VHTEHCHUBHOCTB
pa3BUTHSL OOPAaTUMON OTIYCKHOM XPYNMKOCTH 3aBUCUT M OT XapakTepa JIETUPOBaHUS
cTamu. XpoM, HHKENIb, MapraHell W KpPEeMHHUH YyBEIWYHMBAIOT CKIOHHOCTh K
oxpymuuBaHui0 OCOOEHHO OHa BBICOKA Y XPOMOHHKEIIEBBIX M XPOMOMAapraHIEBBIX
craneit. OcabJsioniee AecTBUE Ha OXpymUyrBaHue oka3biBaeT MoauoaeH (0,2...0,7%)
¥ B MeHbIed mepe Bosbdpam (0,6...1,2%).

PasBuTtre oxpymumBaHUS CBSI3aHO C TeM, 4YTO aroMmbl ¢ocdopa H Ipyrux
BBINIICYKA3aHHBIX TpuMecerd TUGGYHIUPYIOT U3 (QeppuTa HA TPAHUIBI HCXOIHOTO
ayCTCHUTHOTO 3€pHa M O00pa3yloT Ha HUX CKOIUIeHHA (cecpeeayuu). TonmimHa
3epHOTPAHUYHBIX CETperalii HE TMPEBOCXOMUT HECKOJIBKO aTOMHBIX CIIOEB, a
KOHIICHTpAIHsI TIPUMECEi B Cerperamusx MOKeT MPEeBBIIIaTh UX 00bEMHOE ColepIKaHne
B coTHH pa3. OOpa3oBaHHME TaKUX CeTperanuii NMPUMECE BBI3BIBACT OCIA0JICHNE
MEX3EPEHHOTO CIETJICHHS U CITIOCOOCTBYET XPYIMKOMY 3€PHOTPAHUYHOMY pa3pylICHHIO.

Ha mpaktuke mi1s ocnaGieHus pa3BUTHUS OOpaTUMOM OTIYCKHOM XpYNKOCTH
UCTIOJIb3YIOT CIEYIOIINE METOIBI:

— YMEHBIIEHUE COJEp>KaHUs B CTAJIM OXPYMUYUBAIOIIUX NMPUMECEH U B MEPBYIO
ouepens hochopa;

— nerupoBanue cranu 0,2...0,4% monubaeHa;

— TMPUMEHEHHE TIOC]Ie BBICOKOTO OTIYCKa YCKOPEHHOTO OXJIAXKICHUS B
TEMIIEPaTYpHOM HHTEPBAJIC MHTEHCUBHOTO MPOSIBICHUS XPYIIKOCTH.



