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HeMmeTa/linyecKkre BK/IKOYEHUA U MX POJib B pa3pylieHU U
u3aeJIun

1. Hean padoTsl
1.1. 3yunTh BUJBI HEMETAIINYECKUX BKIIOUEHUH B CTAJIH.
1.2. JIaTb KOIMUYECTBEHHYIO OLIEHKY 3arpsi3HEHHOCTH 00pa3lioB CTAJIH.

2. KpaTkue TeopeTnyeckue cBeIeHUsI
B cramm, KpoMme OCHOBHBIX KOMIIOHEHTOB. JK€Jle€3a, YIJIepoJa U JIETHPYIOIIUX
3JIEMEHTOB BCJIEJICTBUE TEXHOJIOIMUECKUX OCOOEHHOCTEH METaly pruueckoro CIo-

co0a pOou3BOJICTBA, MPUCYTCTBYIOT i JPYTHE AJIEMEHTHI - HEMETAJUTMYECKUE TIPU-

MecHu: KpeMHH, cepa, pocdop, kuciaopos, a3or, Bogopoa u apyrue. OHM MMONaAa0T B CTajlb
BMECTE C IIUXTOM, MOTYT SIBIATHCS IMPOAYKTaAaMH pPEAKLUM, MPOUCXOIALIMX B IPOLECCE
BBITJIABKHM CTaJM MPU PACKUCIIEHUU, WJIM MOTYT OBITh YaCTHIIAMU LUIaKa U (PyTEpOBKH IeuH,
YBJIEKAaEMbIMU METAJIJIOM BO BPEMsI IJIABKU U PA3JIUBKHU.

Hekotopble u3 HUX @pH KpPUCTAIM3ALUUM CTAIM OOpPa3ylOT CaMOCTOSITENIbHbIE
coequHenus: ((aspl), OTIMYAIOIIMECS 1O CTPOSGHUIO M CBOWCTBAM OT OCHOBHBIX
MeTauIndeckux (a3 cruiaBa. OTH (a3bl Ha3bIBAOT HeMEMALIUdyecKuMu exuodenusmu. B
3aBHCHUMOCTH OT CBOETO COCTaBa HEMETAJUINYECKHUE BKIIIOUEHHUS 00pa3yIOTCs KaK B Hayase, TaK
U B KOHIE Ipolecca KPUCTAUIM3ALMM JKAAKOro Merawia. Kak npaBwilo, BKIIOYCHHS
KOHLEHTPUPYIOTCA MEXAY IIEPBUUHBIMU JEHAPUTAMU ayCTEHUTA.

Hemerannnueckue BKIIOUEHUS, COIEPIKAILUE CEPY, HA3BIBAIOTCS CyIb(PUAAMU, KPEMHUIN
— CHJIMKaTaMu, KHCIOpOoJl — okcuaamu, dpocdop — pochugamu, a30T — HUTPUIAMHE, YTIEPO U
a30T — KapOOHUTpUIAMH.

Hemerannuueckue BKIIOYEHUS KIACCUPUIUMPYIOTCS MO coctaBy. OjHako, Takas
KJaccuUKalus JOCTaTOUYHO YCJIOBHA, T.K. BKJIIOUEHHUS SBIISIOTCS KOMIUIEKCHBIMU M COCTOSIT
U3 HECKOJbKHUX BHJIOB XHUMHUYECKUX COCIWHEHUM, OCHOBHBIMH W3 KOTOPBIX SIBIISIFOTCS
CIeTyIOIINE.

2.1. Buowl nememannuueckux 6Kil0O4eHul

2.1.1. Cynsdumabt

Cepa B cranu NpUCYTCTBYET B BHUJAE CyIbPuAOB FeS, MnS WIM Haile
BCEro B BHUJE JBOMHOTO cyibduaa kejae3a U Mapranma (FeMn)S ¢ pa3inuHbIM
COOTHOLIEHHEM Fe © Mn, [Ipy BBICOKMX  COIEpKAaHHUAX MaprasHua B
cTajau
(Mn : S>10:1) cynbhuasl BELICISIOTCS W3 paciiaBa 10 Havaia KpUCTAJUTU3AINN
TBEPJIOT'0 PacTBOpPa M MO3TOMY PACIOJIAralOTCsl B JUTOM CTaM OECHOPSIOYHO.
[Ipn HemocTaTOYHOM KOJWUYECTBE MapraHila B CTaIM CYJbPHUIbI 00pa3yrT C
3aKUCBIO Kejie3a (FeO) JIErKOIUIaBKYIO OBTEKTHKY (FeMn)S —(FeMn)O, koTtopas
kpuctammsyercs mpu ~ 950 °C  m mostomy pacmonaraercs, Kak IpaBuUIlo,
MEXy IEPBUYHBIMU KpHUCTAJNIAMH ayCTEHUTA, T.€. M0 rpaHuliaM 3epeH (puc.l,a).
Eciy Takoli MeTall HarpeBaTh IIOJ ropsdylo mpokartky (no ~ 1200 °C), sra
DBTEKTHKA IUJIABUTCSA, YTO BBI3BIBAET pa3pylIeHHE MeTayla BO BpeMs
nepopmaruu  (kpacronromxocmes  memaina). Cynabduabl  (FeMn)S  XOpoIio
MOJIUPYIOTCS, MJIACTUYHBI, JIETKO Ne(hOPMHUPYIOTCS MPU TOpsYeil MEXaHUYECKOH



00paboTKe M TeM Jerde, yeM OoJiplle B HUX cojep:kaHue Mapranua. I[lpu
BBITSITUBAHWU B HANPAaBICHUH IPOKATKH OHU O0O0pa3yloT BEpeTEHOOOPa3HYIO
bopMy M YACTUYHO

! &

Puc. 1. Hemerannuueckre BKJIOUEHUS B JINTOM CTaIM; HETPABIJICHbIE HUTU(DBHI.
x200: g — IOrpaHUYHOE PACIIOIOKCHHE JICTKOILIABKOM CYIIb(GHIHON IBTEKTHKH
(FeMn)S — (FeMn)O B ctay 45;

0 - okcuaBI MapoBUIHOMN hopmbl B oOpasie ctamu ¢ 0,2 % C

MOTYT BbIKpamuBathcsi. Oxpacka cynbpumoB FeS, MnS - CBETJIO- >KENTasl.
Oxpacka aBoiHOTO cynb(duma (FeMn)S 3aBUCHUT OT COJICpP>KaHUS B HEM jKelie3a U
Maprania. [Ipeobiananrie B HEM 3Kejie3a OKpAIIMBAET €r0 B CBETJIO-XKENTHIN
I[BET, C YBEJIIMUCHHUEM COJIEpPKaHUsI MapraHila OKpacka MEHSETCs OT roryboBaTo-
CEpOTOo JI0 TEMHO-CEPOTO 1IBETA.

B nmerupoBaHHOM cTajaum MOTYT BCTpedyaThes CyIb(UAbBI TUTAHA, XpoMa U
JIPYTUX DJIEMEHTOB. DTH Cyiabduabl O0ojee Xpymnku, He NePOpMHUPYIOTCS, JIETKO
BBIKPAIIMBAIOTCS U OKPAIICHBI B 0JI€THO-PO30BBIN LIBET C IPKUM OJIECKOM.

CepHuUCTBIE COEOUHEHHUS B BHUAEC KPYNHBIX BKIIOYEHUNH CHUXKAIOT
CIIOCOOHOCThH CTaJM K ITyOOKOM BBITSIKKE.

Cynbsdunst mo 'OCT 1778-70 ob6o3nauaroTcsi OykBoit C 1 OIIEHUBAIOTCS
1o MATHOATBFHOM TIIKAaIe.

CynbdumHbie BKIIIOUESHUS CHIDKAIOT MEXaHIMYECKHE CBOMCTRA.

Cepa siBIIsIETCSI BPEIHOM MPUMECHIO U €€ COJIEPKAHNE JTOJHKHO OBITH CBEZICHO

K MHHHMYMY: COJIEp)KaHHWE Cepbl B CTaIM orpaHuunBactcs mpeaenamu - 0,025-
0,035%.

2.1.2. Oxcupl.
Oxcuapl 00pa3yroTcs MPU PACKUCIICHUN CTaJM €Ile B )KUIKOM MeTajie, U
UMEIOT TT0O3TOMY, KaK MpaBwiIo, MapoBuaHyto Gopmy (puc.1,0).




B HemocTaTouHO pacKUCICHHOW CTalnu (CHJIBHO OKHUCICHHOM METaJlIe W3-
32 Majoro COJIEpP)KaHUs JPYTUX DIIEMEHTOB, CBS3BIBAIOIINX KHCIOPO.)
BCTpEUAeTCs TOJBKO 3aKuCh kene3a FeO (Bioctut). I[log Muxpockomnom
BKJIFOUCHHS 3aKHUCH JKelie3a MMCEIOT BHJ OKPYTJBIX TI00yJIel ceporo IBera c
0JIeTHO-KOPUIHEBBIM OTTEHKOM I10 KPasM.

OOGBIYHO B XOPOIIIO PACKHUCICHHOW CTalM BCTPEUAOTCS OKCHIIBI KPEMHUS
Si0z, wMaprannma MnO, amomunaus AlO3, ¥ HX COCAMHEHHS — CHIIMKATHI
(coemMHEHHUs ¢ APYTUMHU OKCHAaMHK) WK ImuHeau (coeaunenus ¢ Al.O3).

Oxcuapl KpeMHUS SiO, O] MUKPOCKOIIOM MMEIOT BHJI IIIAPUKOB YEPHOTO
1[BeTa ¢ OJIECTSAIIEH TOUYKOU B IIEHTPE U OTCBETOM B opeosie. OHM HE TUTACTHYHEI,
IJI0XO0 TIOJUPYIOTCS, JIETKO BbIKpammBaroTcs. OKcuabl alroMuUHHS — Al,O,

HamOoJiee YacTO BCTPEYAIOTCS B CTajd, TaK KaK aJIIOMUHUNA IIMPOKO
NPUMEHSIETCS B KayecTBE packuciautTens Mmeramia. OKCUA allOMUHUS BeCchMa
Tyromnasok (temneparypa 1masienums 2050 ©C), oOnamaer  BBICOKOM
TBEPIOCThIO, TUIOXO TMOJUpPYETCs, He AehOpMHPYETCs, NMPHU MPOKATKE JIETKO
BBIKPAIIIUBAETCA.

Oxcunpt crpoueynbie (OC) — BKIIOYEHHUS MEJIKUX YacTUIl, OOBIYHO
KOpyHJa M IIMUHEIH, PAacloJIOKEHHbIE TPYIIaMu B BUAE CTpouek. B mikane
['OCTa 1778-70 mpuBeneHb ABE PA3HOBHIHOCTH CTPOUYCK: M3 00JIEe MEITKUX
KPUCTAIIJIOB U 00Jiee KPYMHBIX, HO B MEHBIIIEM KOJTUYECTBE.

Oxcuabl Toueynbie (OT) — KpuCTaIbl MPOCTHIX WM CJIOXKHBIX OKCHJIOB
(KOpyHJI, IITTUHENb U JIpP.), PACCPEIOTOUCHHBIC 110 BCEH MIOCKOCTH U da.

2.1.3. Cuukarsl
Cwimkatbl — HanboJIee YacTO BCTPEUAIOIINECS B CTAIM HEMETANIMUECKUe
BKItoueHuss. OHHM HMEIOT CIIOKHBIH COCTaB M B OOJBIIMHCTBE CJIydacB
MpeACTaBIIs-

I0T COOOM pacTBOPHI WM MEXAHHYECKHE CMECH KPEMHHCTBIX COCIMHEHUM C
OKCHJIAMU JIPYTUX 3JIEMEHTOB IIEPEMEHHOIO COCTaBA.

Hawnbonee wacTto BCTpedarOTCs B CTaJd CHJIMKAT Keme3a — (asuuT
(2Fe0-Si0,) u cuamkat Mmapranina (2MnO-SiO,), B COCTaB KOTOPBIX BXOMST B
HEKOTOPBIX CITydasiX KaJIbIIUHA, A TFOMUHHAMA (2 TFOMOCUIIMKATHI) U .

[Ipu paccMOoTpeHUM CHJIMKATOB JKeJie3a U MapraHila B OTPAKEHHOM CBETE
(cBeTOM 1mOJE) TOJ MHMKPOCKOIOM HAOJI0gacTCs XapaKTepHas OKpacka,
MO3BOJISIIONIASA OTJIMYUTh MX OT JIPYTHX BUAOB HEMETALIMUYECKUX BKIIOUCHUMU.
I'no-

OyJIsipHBIE CUJIMKAThl B HEJE(OPMUPOBAHHOMN CTaIN BBIMJISLIAT TEMHO-CEPBIMU C
OJiecTsAEN TOYKOM B HEHTPE U OJIECTSAIIMM OTCBETOM B OPEOJIE.

[Ipn naOnrogeHNM B TEMHOM IMOJIE CHUJIMKATHI MPO3pauHbl H3-3a2 CBOCH
amop(dHOH (CTEKI000pa3HOI1) CTPYKTYPbl U UMEIOT TEMHO-KEITHIN LIBET.

I[Ipy  paccMOTpeHMM  CHJIMKAaTOB  JKe€je€3a W MapraHiua B
Hee(OPMUPOBAHHOM CTalld B MOJSPU30BAHHOM CBETE MOJI MHUKPOCKOIIOM OHU




BBITJISIASIT CBETJIBIMU CTEKJIOBUIHBIMU, M30TPOIHBIMH M HUMEIOT XapaKTepHBIN
ONTHUYECKUN  «KPEeCT» C KOHIEHTPUYECKHMMH KoyiblamMH. CHIHMKaThl B
ropsiYeKaTaHol CcTajau Takxke NposBIAIOT 3pdexT «kpectan. CHIHMKaThl C
BBICOKMM COJIEpKaHUEM OKCHUJIOB KeJie3a U MapraHiia UMEIOT TEMHO-CEpPbI I[BET
C KOPUYHEBBIM OTTEHKOM M HE UMEIOT ONITUYECKOI0 «KPECTay.

Cunukatsl xene3a U mapraHua FeO-SiO,, MnO-SiO, IJIACTUYHBI, JIETKO

neOpPMHUPYIOTCS U BBITATUBAIOTCS MPU TMPOKATKE, XOPOIIO TMOJUPYIOTCS, HE
BBIKPAIIMBAOTCHL.

Cunmukarsl  KanplUusgs W QIIOMOCWIMKAThl — HEIUIACTUYHBI,  HE
ne(OpMHUPYIOTCS, IJIOXO MOJUPYIOTCS, JIETKO BbIKpammuBaroTca. OKpalleHbl B
TEMHO-CEpBIN LBET.

[Tarubammpras mkama [[OCTa 1778-70 knaccupunupyer:

1. Cunukatel xpynkue (CX), - pacnoyioeHHbIE BIOJb HalpaBlICHUS
nedopMaIuy, CIUIONIHBIE WJIM MPEPHIBUCTHIE CTPOUYKH KPUCTAILTUIECKUX
BKJIIFOUCHHH (CHJIMKAThI, QIIOMUHATBHI, INIMUHEIXM W OKCHJBI), YaCTHYHO
CIIEMEHTUPOBAHHbBIC MJIaCTUHYATHIMU CTEKJIOBUAHBIMU CUJIMKATaMH,
BBITSIHYTHIMU BJIOJIb HAMpPaBlIeHUs feopmaiuu.

NmeroTcss Tpu pasHOBUAHOCTH 3TaioHOB CX ¢ pa3iaMYHON CTENEHBIO
BBITSKKU U pa3MepaMu KPUCTAJLIIOB.

2. Cunukarel miactuudble (CII) — BBITSHYThIE BAOJb HaIpaBICHUS
nedopMaIiy MmIacTUYHO 1e(HOPMUPOBAHHBIC CUITHKATHI.

B mkane I'OCTa wumerorcs ne pasHoBugHoctu CII, paznuuaromimecs
CTCTICHBIO BBITSIKKH.

3. Cunukatrel Henepopmupyromuecs (CH) — Hemepopmupyrommecs
CIMHUYHBIE WA TPYIIOBBIE OKPYTJbie (TIOOYISpHBIC) WM HEMPaBUILHON
(GOpMBI BKITIOUEHHS CHITMKATOB, CUJIMKATHBIX CTEKOJI, allOMUHATOB, OTICIIbHBIC
KpYIHBIC KPUCTAUTBI KOPYHJIA, IIIIMTHHEIN U JP.

2.1.4, Hlnunenu
NmeroT crnokHbI COCTaB W NPENCTaBISIOT COOOM pacTBOPHl WM
MexaHuueckue cmecu coenuHenus AlOs ¢ okcuaaMu Apyrux 3JI€MEHTOB
IepeMeHHoro  cocrasa. lllnuHenn  UMEKOT  BBICOKYKO  TEMIIEpATypy
KPUCTAJUIM3allMd W BBIICIAKOTCS B JKHUJKOM CTadd B BHJE OIPAaHECHHBIX
KPHUCTAJUI0B. B 3aBUCHUMOCTH OT COCTaBa MINUHEIN MEHSIOT CBOK) OKPACKY.

2.1.5. Hutpuasl
A30T OKa3bIBa€T BPEIHOC BIMSHHUE HAa CBOWCTBA CTAJM. YBEIMYUBACT

CKJIOHHOCTH CTaJld K CTapeHUIO, PE3KO MOBBIIIAET BPEMEHHOE CONPOTUBIICHUE
paspheIBy MpPHU PACTSHKEHUU M MPEJeNl TEeKYy4ecTH, YMEHbBIIAET IUIACTUYHOCTh U
yXyJIIIAeT BBITSHKHBIC CBOMCTBA IITAMIIOBBIX CTAJICH.

A30T 00pa3yeT HeMETAJUIMICCKIE BKIIFOUCHHSI: HUTPHUIIBI - COCAMHEHUS C
xene3oM (FesN u np.), amromunarem (AIN), puUMecHBIMU METaJTAMH.

B nerumpoBaHHO# cTamu MoryT BcTpedathcsi HuUTpuibl TtutaHa (TIN),
aroowust (NbN) u npyrux snemeHToB.



B cTanmu oOpa3yroTcs Takke CIIOKHBIE COSUHEHUS METAIIJIOB C a30TOM |
YTIEPOIOM OJTHOBPEMEHHO- KapOOHUTPH/IBI.
I'OCT 1778-70 xnaccudumupyert:

Hutpunsr crpoueunsie (HC), koTophie MMEIOT JIB€ Pa3HOBHIHOCTH CTPOYEK:

1) enmHUYHAS CTPOYKA C BBICOKOH INIOTHOCTHIO BKITIOUCHHIA,
2) HECKOJBKO KOPOTKHX CTPOUYEK KEITO-PO30BBIX KPHCTAIJIOB HHUTPHIOB H
KapOOHHUTPUOB TUTAHA.
[Io naTMOATIPHON IIKajle OLICHUBAKOTCS OJEIHO-PO30BBIE BKIFOYCHUS

HUTPUIOB U KApOOHUTPUIOB HUOOHS.
Hutpuner toueunsie (HT) — mpousBonbHO pacnpesneneHHble MO HUIMQY BKIIOUEHUS
HUTPUJOB WM KapOOHUTPUIOB TUTAHA, a TAKXKE HUTPUIOB U KapOOHUTPHIOB HHOOUS.

Hurtpuner antomunust (HA) — Menkue KpucTauibl HUTPUJIOB allFOMUHUS.

[llkanma wuMeeT JBE PaA3HOBUAHOCTH: CTPOYKH M  MPOU3BOJIBHO
PacCIojIoKEeHHBIC MO NUTU(Y KPUCTAILIBI HUTPUIA ATFOMUHHUS.

ABOT SBJIIETCS BPETHOM MPUMECHIO, €70 COJIEPKAHUE B CTAJIM JIOJDKHO OBITh
CBEICHO K MHHUMyMYy. B KayecTBEHHBIX CTAJIAX [JIs XOJIOAHOM IITaMIIOBKHU
coziepkanue azota cHrkaroT 10 0,008%, uro obecrneunBaeTcs BHITUIABKOM CTalu
B BaKyyMHBIX M€4ax.

2.1.6. Docdop u bochumst

®dochop MPaKTUYECKH HEPACTBOPUM B IIEMEHTUTE M CJIabl0 pPacTBOPUM B
aycreanre (~1,2 macc.%) m  ¢eppure (~3,6 macc.%) cram. [lostomy mpu
KpUCTAJUTH-
3anuu ctamu pocop KOHIEHTpPUpPYETCSs B KUAKOM paciyiaBe. B TBepaom
cocrosinun (Gochop yBeIMUMBAET CBOIO cerperamuio. M ecnu ero copepkaHue B
MecTax CKOIUIeHMs jocturaeT ~ 3,6 % , 371ech BO3MOXKHO BblaeneHue (pochumion

FesP.

®dochop MOBHIIAET TPOYHOCTH W BBI3BIBACT OXPYMUUBAHHE, CHIKACT
IUIACTUYHOCTb M CIOCOOHOCTH CTAJIM K TUIACTUYECKOU JedhopMaliiu (BBITSKKE).

[Tostomy docdop sBrsieTcs BpeIHON MPUMECHIO. U €r0 COIEPKaHue B CTaJIH
JIOJKHO OBITH CBEJICHO K MUHUMYMY. B ManoyriepoaucToil kauecTBEHHOM CTallv
JUISL XOJIOJTHOM INTaMIOBKU cojepkanue (ocdopa orpaHAUMBaeTCs MpeeIamMu
0,02—0,03%, a B snekrporexuudeckoi cramm - 0,01—0,02%.

Buapl HeMeTanmIMyecKux BKIIOYEHWUM, UX XapaKTEPUCTHUKA W CBOWMCTBA
MpUBEJICHBI B TaOmuax 1 u 2.

2.2.Memoobl oyenKu Hememanaudeckux 6KJa0UeHuil 6 cCmaJiu
C  noMompI0 CBETOBOTO MHUKPOCKOIA PAa3IMYUMbl HEMETAJNINYECKUE
BKJIIOUEHHUSI pa3MmepoM Oojee 1-2 MxM. Tunm HeMeTaNIMYEeCKUX BKIIOUCHUI
OTPENICIIAIOT OOBIYHO 0 UX PACIOJNIOKEHHIO, (popMe, OKpacke, MPO3pavyHOCTH B
CBETJIOM M TEMHOM IIOJSIX W ONTHYECKOM AaHU30TPONUU MPH OCBELICHHUU
MOJIAPU30BaHHBIM cBeTOM. HaOmiomaroT HeMeTauiMuecKue BKJIIOYEHHUS Ha
TIIATEIBHO TTOATOTOBIIEHHBIX HETPABIECHBIX MUKpOIIHA(]aX.



CoBpeMEHHBIE  METOIbI  JIOKAJIbHOIO aHanu3a C IIPUMEHEHUEM
JIEKTPOHHOTO 30HJa MO3BOJISIOT OBICTPO ONPEIECIUTh COCTAaB OTIEIbHBIX
BKJIFOYEHUW pa3MepoMm 10 | MKMm.

KOHI/III€CTBCHHYIO HEMCTAJNIMYCCKHUX BKJIFOUCHUM

Metajiorpadu -

OLICHKY

YCCKHUM MCTOAOM MOKHO ITPOBCCTH:

1) moacueroM conaepkaHUS BKIIOYEHHH B MeTalie B OOBEMHBIX WM
MAacCOBBIX TPOIEHTaX IyTeM H3MEPEHUs CyMMapHOW IUIOMIAIU  WJIU
MPOTSHXKEHHOCTH BKIIIOUEHHM Ha 1UTM(e OOBIYHBIM METOJOM KOJUYECTBEHHOTO
MeTaJIorpauuecKoro aHains3a;

2) DKCIpPECCHBIM METOAOM NYyTEM CpaBHEHHUS CTPYKTYpbl HUIH(a C
STaJOHAMU  CTAHJAPTHOW  IIKaJbl I'OCTa 1778-70  «Cramns.
Merannorpadgudeckuii METOJl OMpPENEICHUs] HEMETATUTMYECKUX BKIIOUCHUI.

KoHTposb cTanmu Ha 3arps3HEHHOCTh HEMETAINIMYECKUMHU BKIIFOUEHHSIMHU
npoBosT o merogaukam ['OCTa 1778-70. CtanmapToM mperyCMOTPEHBI Y€ThIpe
metona: Merox LIl — cpaBHeHME € ATalOHHBIMU IMIKAJIaMH (AJI1 UCIIBITAHUS

ne(OopMUPOBAHHOTO METaslIa);

Taoauua 1. Buabl HeMeTa/LIMUYeCKUX BKIKYEHHH,
X XaPAKTEPUCTHKHN U CBOMCTBA

Jute- ®da3sa, ee Ber Mexanu- Pacnosnioxxenue B MeTajuie Crenenb
MEHT | HAMMEHO- yecKkne BPEIHOCTH
BaHUeE CBONCTBA
B JINTOM B 1epopmupo-
BaHHOM
Cynbsdhuapt CaetJo- B mexnen- |Bponb KpacHo-
FeS, MnS HKEJIThIE JPUTHBIX HampaBJICHUs JIOMKOCTb
[Tnactiy- | MPOCITOMKAX |POKATKH
S HEIE o Konnent-
(FeMn)S TemHo- rpaHuIaM | BepeTeH006- paTopbl
cepble 3€peH pasHbIE HaIpsKEHUN
®ochumsr  |Pochop
FesP pacTBopsieTcs
B MECTax B (heppure 10
JIUKBALIN 3,6%. Pe3ko CnyyaiiHo Crpouka BJ0JIb
P docopa TIPH 5TOM pacmoso- HAaIpaBJICHUS XnanHo-
CHIXKAeTcs | Xpymkue |»KeHHEIE MPOKATKH JIOMKOCTh
€ro IJIacTuy- rJ100yJn
HOCTh
Hutpusr Kenro- Kpucramms XpyHKOCTb,
TiN - 41203 PO30BbIE MIPaBUJIb- OnQUHOYHEIE KOHIICHTpa-
Xpynkue | HOH GOpMBI | TPYIIIEI TOPBI
N Kap6onut- Cgetno- L[ENI0YEK HalnpspKeHUH
pUaBI KEIThIC




CunmkaTsl TemHo- Xpynkue Ciyuaii- Crpouka Konnenrpa-
CaO - SiO2 | cepsie HBIE BJIOJIb TOPBI
Al20 - -SiOz2 ro0ynu HaIpaBJICHUS HaIpsHKEHUH
MIPOKATKH
Si
Cunukatsl TemHo- [Tnactuy- Crnyyaii- Beitarusaror- | KoHuentpa-
FeO - SiO: CephIC C HBIE HBIC s BIIOJIb TOPBI
CHIINKATEL KOpHYHe- r100yu HaIpaBJICHUS HanpsHKeHU !
MnO - SIOZ BbIM IIPOKATKH
OTTEHKOM
IIpoctsie TemHo- Xpynkue | HlaposBun- Crpouka Konuentpa-
CIJIO’KHBIE cepsle HOU (OopMBI | BIOJIB TOPBI
OKCH/IBI Oecnopsi- HampaBleHUsl | HAIIPsHKEHUH,
0 FeO -Al203 JIOYHO MPOKATKH XpynKoCcTh
MnO - pacnoJo-
A1203 KCHHBIE

Meronq K - mnoxacuer KoiauyecTBa BKJIIOYEHUN (IUIsl HMCCIIEIOBAHUS
nehOpMUPOBAHHOTO U JINTOTO METAJIA);
Meton II -

Merton JI - nTuHelHbIN MOACYET BKIFOYEHUN (IS OTJIUBOK).

MOJCYET KOJMWYECTBA W COJAEpPKaHUS BKIIOYEHUU B
00BEMHBIX MPOTEHTAaX (IJI TUTOTO U 1e(POPMUPOBAHHOTO METAILIA);

Tabauma 2. XapakTepuCTUKH M CBOMCTBA HEMETALJIMYECKUX BKJIIOYEHU I

Ne | Bkiouenune | Xumn- Mopdoorus |Pacnosnosxke- |Ilommpy- | Tsepmocts, | [L1acTuy-
I yeckas HUE e€MOCTb HV Hoctb
dop-
MyJa
1 |Oxcun Al1203  [Menkue 3epHa |['pymmamu, |ILnoxas, Ouenb He
AJTIOMHUHUS HEMPaBUIBHON |CKOILIe- BBIKpa- BBICOKAsI nedopmu-
(bopMBI, pexke-  |HHAMH, MINBAFOTCS, pYyIOTCS
KpYIIHBIE, nociae ne- |oOpasyroT
MHOTA - dbopmarmu - |"XBOCTHI"
[IECTHYTOJIbHBIE |CTPOUYKAMHU
2 |Cuwmmkarel |nFeO- |[moOynspnas  (Xaortuueckoe |Xopomast |CpaBHH- Xopomast
Fe wau Mn | mMnO- TEJIBHO
pSiOz BBICOKAs,
3aBUCHT OT
cocTraBa
3 |KBapuesoe |Si02 I'modymsipras | Xaortmueckoe |[Tnoxas, -700 HV |He
CTEKJI0 BBIKpa- nedopmu-
[IUBAIOTCS pyroTcs
4 |Cyaspuabr |FeS, I'no6ymm BuyTpu n Xopomas Jlerko
MnS SBTEKTUKU 110 TPaHU- nedopmu-
1aM 3epeH pyroTcs




5 |Hurpua tm- [TiN Kpucramibt I'pymmamu,  [[Inoxas, Boicokas  |He
TaHa HpaBUIbHON nocre je- BBIKpPA- nedopmu-
(bopmsI: dopmarn — |UIMBAKOTCS pyroTCs
KBaJIPaThl, LETIOYKH
psIMO-
YTOJILHUKU
6 |Hurpun AIN [ectuyronpuu |'pynnamu  |[1noxas 856 HV [He
AJTIOMUHHUSA KH, IpsAMO- nepopmu-
YTOJIbHUKH, pyroTcs
TPEYTOJIbHUKU
7 |Cyasdun TiS Merkue, I'pynmamu, |Ilnoxas He
THTAHA OpSAMOYIOJib-  |1ocie nepopmu-
HOU hopmbl nedopmaru - pyroTcs
- CTpOYKaMH
IMpononkenue TadaUIbI 2
Ne | Orpaxaromas Onruyeckue cBOMCTBA XuMuieckne
n/1| CrocOGHOCTH | B CBETJIOM MOJI€e | B TeMHOM nosie | B mossipuso- cBOiicTBa
BAaHHOM
cBeTe
1 |(Huskas Ot TemHoO- [po3paunsre, ITpo3payHsl, CrangapTHble
Ceporo 110 OJ1eIHO-KENATOro  |€1abo aHU- PEaKTHBBI HE
YEPHOTO ¢ 1BeTa 30TPOIIHBI, JEHCTBYIOT
(uoIETOBBIM 0Cc00EHHO
OTJIIMBOM MEJIKHe
2 |Huskas Temno-cepeiii ¢ |IIpo3paunsle, CTeKII0BU/IHBI,
KOJIBLIEBBIM STHTapPHO-)KEJITOTO |U30TPOITHBI,
OTCBETOM U 1BeTa addekr
OnecTsmei ""TEMHOTO -
TOYKOM B Kpecta"
cepenuHe
3 |Huskas YepHnslii ¢ Spxo ceerarcs, | Dddekr BeiTpaBiuBarorcs
OnmecTsIed ToY- |OYeHb PO3payHsl |"yepHoro kpe- |20% p-pom HF B
KOl B LICHTPE cra" criupte 1 5%
KOJIbLEBHIMI pactBopoM CuS04
OTCBETaMHU
4 |Cpennss Ot cepo- Henpo3zpaunsl N3otponHbI 3% p-p H2SO4
roxry6oro (FeS) (BBIIEIISFOTCS ITy3BIPBKH
710 CBETJIO- H2S),
JKEJITOTO B 3aBU- i 10% pacteop HCI,
CUMOCTH OT i 20% pacteop HF,
coaepxanus Mn nnu 10% pacTtBop
XPOMOBOM KHCIIOTHI




5 |Bricokas Ot cBetno- Henposzpaunsr, |M30TpornHsI, CrannapTHble peaKkTHUBBI
KENTOro J0 OKalMJIEHbI HEMpo3payHbl  |HE JAEHCTBYIOT
pO30BOro CBETALIEHUCS

JIMHHUEN
6 [Hwuskas TemHO-cepbli [Ipo3paunsl, CunbHO CranapTHbIE PEaKTUBBI
1BeT OJIeIHO- aHU30TPOINHBl  |HE AEHCTBYIOT
JKENTHIN
7 |Bpicokas bineano-pososeiii (Henpospaunsl,  CuiabHO 5% BOJHBIN PacTBOP
OKaHMJICHBI anmzorponusl — |CuSO4
CBETS LIeics 4 TOJ0XKEHUS
JMHUEH HorameHus,
[Bet-
OnenHo-
PO30BBIN

2.3. Memoouka onpeoenenusn 3azpa3HeHHOCMU CIAlu
HeMemaniuyecKuMu 6K104eHUAMU

Hwxe ommcan metoj omnpejeneHus 3arpsa3HEHHOCTH J1e(OPMUPOBAHHOTO
MeTalljla HEMETAJUTMYECKUMU BKIIFOYEHUSMH IYTEM CPAaBHEHHUS C ATaJOHHBIMHU
mkaigamu (meron IlI) mo TOCTy 1778-70, oObBIMHO HMCHONB3YEMBIN s
KOHTPOJISI KQYeCTBA YTJEPOJMCTBHIX M JIETUPOBAHHBIX CTajell OTBETCTBEHHOTO
Ha3HAYECHUS.

Kontpons mo merogy Il mpennasHaueH AJjisi OIEHKH 3arpsi3HEHHOCTH
CICAYIOINIMMU BHJIAMH HEMETAJUIMYECKUX BKJIIOUEHMM: okcujgamu ( € TO-
YEUHBIM M CTPOUYCYHBIM  PACIOJIOKEHUEM), CUIUKAaTaMU (XPYNKUMH, TIac-
TAUYHBIMU U HEIeHOPMUPYIOIIUMHUCS), CYIbPUIaMU, HUTPUIAMU ATIOMUHUS U
JIPYTUMHU HUTPHUJIAMU U KapOOHUTpHUIaMu (CO CTPOYEHYHBIM U  TOYCUHBIM
PaCTOIOKEHUEM).

CrannmapT omnpezenser MOpsiIoK oTOoOpa o0paslioB M3 MeTajljla pa3Horo
ceueHuss U npoduia. B HeM ykazaHO pacroyioeHue MOBEPXHOCTH HUIH(OB
OTHOCHUTEJIBHO TJIABHBIX OCEH M3JIeNMA U CyMMapHas IUIOIIa b MOBEPXHOCTH, HA
KOTOpOM TMPOU3BOJUTCS aHaMM3 HeMeTtaummueckux BkimoueHuit. B T'OCTe
OTMEYEHO, YTO CIOCOO BBIpE3KH OOpaslia He JOJKEH BHOCUTh M3MEHEHUU B
CTPYKTYpY MeTaJlja.

Hanpumep, HemeTauiM4eckue BKIKOYEHUS B Je(OPMHUPOBAHHBIX
3aroToBKax (KaTaHbIX WJIM KOBaHBIX IMPYTKax) OMNPENENsoT Ha o00paslax,
BBIPE3aHHBIX BJOJIb BOJOKOH MatTepuaina. lllnudsr Bwipe3atoTcs X0JIOTHBIM
cnocoboM IIOmanbl0 He Oonee 6 cM?. BKIIOUEHMS pAacCMAaTpUBAIOT B
MUKPOCKONIE TpU yBenudeHuu Mukpockona x100 + 10 mnga kaxaoro Buaa
BKJIFOYEHUW OTAEJNBHO Ha Ipe/BapH-

TEJIHHO 3aKaJEHHBIX HETPABJICHBIX NUTHA(]AX.



OneHka 3arps3HEHHOCTH CTaJM TOCJE JJIEKTPOIIAKOBOTO U BaKyyMHO-
JIyTOBOTO TEPEIUIABOB BEIETCSA TMPU MPOCMOTpEe NUIM(OB C TOMOIIBIO
MUKpOcCKona npu yseandenuu x170-210.

Bun BriroueHu#, nojjiexammx OIeHKe W JOMYCTUMBbIA Oajll, oroBapu-
BaeTCS B TEXHUYECKOMN JTJOKYMEHTAIIMH Ha MOCTABKY METAJIJIONPOAYKITUH.

KoHTponp mpoBOASAT IyTEM MNPOCMOTpPa U CPAaBHEHUS C STATOHHBIMU
IIKaJlaMM BCEH IUIOIIAAM TOBEPXHOCTH TIIATEIbHO OTHOJHMPOBAHHBIX U
HETPABJICHHBIX NITU(OB JUIs KAKIOTO BUA BKIIOYEHUN OTIIEIBHO.

OueHKy 3arpsi3HEHHOCTH HEMETAUIMYECKUMH BKIIIOUEHUSIMH Yallle BCEro
MOJIy4arOT ~ T0  MAaKCHUMAaJbHOM  3arpsA3HEHHOCTH  Kaxjaoro  nuiuda
(MakcuManbHbIi 0amr). OTeHKy 3arps3HEHHOCTH IUIABKU BBIBOJAT U3 OIEHOK
3arpsi3HEHHOCTU OTAENbHbIX HuIMdoB. B pasneix Bapuantax wmeroxa [l
UCIIOJIB3YIOT Pa3Hble MPUEMbl OLIEHKU 3arps3HEHHOCTH IuiaBok. Hampumep, B
BapuanTte 111 1 3arpsasHen-

HOCTh IIJIABKH OIIEHHUBAETCA CPEIHUM apUPMETHUECKUM M3 MaKCHUMAJIbHBIX
OIICHOK KaXkJI0r0 o0pasiia Jis KaXA0ro BU/1a BKIIOUCHUM.

Takum 00pa3oM, HEMETaUIMYECKUE BKJIIOYEHHUS 3arps3HSAIOT  CTallb.
OO6sajias  HU3KHM _YPOBHEM MEXAHUYECKUX CBOWCTB, OHH CYIIECTBEHHO
HOHIKAIOT TEXHOJOTUYECKHUE U IKCIUTYaTAIlMOHHBIC CBOWCTBA CTAIA. DTH (ha3bl
ABJISIIOTCSL BPEAHBIMU W HEXeJaTeldbHbIMU. KOJIWYECTBO WX B CTalud CTPOro
KOHTPOJMPYETCS: OHO HE JOJIKHO MpeBbIaTh 3-5% 1o o0beMy.

3. MarepuaJbl, npudoOpbI, 000pyI0BaAHHE

st maGoparopHoit paboOThl HEOOXOIWMa KOJUICKIMS HETPaBJICHBIX
3aKajeHHbIX TUM(OB ¢ Hanboree pacnpoOCTPAHEHHBIMU XapaKTEPHBIMU
HEMETAJUIMYECKUMH BKIIFOUCHUSIMH.

N3yuenne KOMIEKIIMM CTYACHTHI MPOBOMAT HA METAIOTpaduuecKoM
mukpockorne MHUM-7 ¢ Habopom ONTHKH.

4. IlopsiiOK BHINOJIHEHUS PA0OTHI

4.1. O3HaKOMUTBCS C TEOPETUUECKUMU CBEACHUSMH.

4.2. Tlony4uTh KOJUJICKIIMIO HETPABJICHBIX NUIU(OB CTAIM C HAIUYUEM
HEMETAJUTMYECKUX BKITFOUCHUH: CYIb()HI0B, OKCHUIOB, CHIINKATOB, HUTPHUIOB.

4.3. BHuUMaTenhbHO WCCIEIOBATh I0J] MHUKPOCKOIIOM Bce NUIA(BI TMpHU
yBenuuenuu X100 mo BceMy ceueHnro o0pasIioB.

4.4. B xaxaom numde cpaBHUTh HAUXYAIINAN 110 BKIOYEHUSIM YIaCTOK CO
crangapTHoit mkamoi ['OCTa 1778-70. [laTh olieHKY 3arps3HEHHOCTH MeTajia
KaxJ10ro nuuda.

4.5. TlpocmoTpeTh HUTUGBl U 3apUCOBATh HEMETAIUIMYECKHUE BKIIIOUYCHUS,
JaTh omucaHue uxX (OpPMbI, XapaKTEPHBIX OCOOCHHOCTEW pacIlpeiesieHUus B
MJI0CKOCTH nutHda, IMBETA, MPUPOJIBI, CBOMCTB M IPYTUX MPHU3HAKOB.



5. Yka3zanus no o(popmMJIeHHIO OTYETA

5.1. Lens paboThL.

5.2. Kparkoe wu3JNOXKEHHE TEOpUM  IIpoliecca o0Opa3zoBaHUs
HEMETANTMYECKUX BKIIOUCHUH, WX Kilaccu(uKalus, UX BIUSHHEC HA CBOMCTBA
CTaJIU, CIIOCOOBI  KOJIH-

YECTBCHHOM OIIEHKM HEMETaJNIMYECKUX BKIIIOUCHHIA.

5.3.  PucyHku  HCCIEIOBaHHBIX CTaJlell C  HEMETAIMYECKUMH
BKJTIOUEHHUSIMU: CyIb(HUIaMH, OKCUIAMHU, CUJIMKaTaMU, HUTPHUIAMH.

5.4.0nucanue XapakTepHBIX MPU3HAKOB M  CBOMCTB  M3YyYEHHBIX
HEMETAJNIMYSCKUX BKIIIOUCHHH.

5.5. BeIBOABI O BIMSHUM HEMETAJIMYSCKHUX BKJIIOUCHMNM Ha CBOMCTBA
CTaju ¥ 00 UX JOMYCTUMOM KOJIMYECTBE B METaJJIaX U CILJIaBaXx.

6. KoHTpo/bHbIE BONPOCHI

1. T'me pacnonaraioTcsi HEMETAJUIMYECKUE BKIIOUEHHUSA: Ha OCsIX
JNEHAPUTOB, B MEKOCHBIX MPOCTPAHCTBAX WJIM PABHOMEPHO IO TETy MEPBUUYHBIX
3epeH?

2. OT 4ero 3aBUCUT pACMOJOKEHUE HEMETALINYECKUX BKJIIOYECHUN B
o0BeMe ciuTka’?

3. [loueMy HeMmeTayUIMYECKHUE BKJIIOUEHHUSI HUCCIENYIOT HAa HETPABIICHBIX
MuKpornutndax?

4. Kakne HeMeTaUTMIeCKUE BKIFOUCHUS OOBIYHO BCTPEUAIOTCS B CTAIN?

5. Kak pacnonaratorcs cyiab(uIbl U OKCHIBI B MUKPOCTPYKTYpE JIUTOU
cTanu?

6. Kakue u3 HeMEeTalNIMYeCKUX BKIOYEHUH IJIACTUYHEE: CYJIb(PUAbl HIIN
OKCHUBI?

7. Kakue pasHOBUAHOCTU CYJIb(PHUAOB BCTPEUAIOTCA B CTaJIM M KaKOBBI MX
NPU3HAKK: 1[BET, MEXaHWYECKHUE CBOMCTBA, PACIIOIOKEHHUE B METaIe (JIUTOM U
nehOpMHUPOBAHHOM ), CTETIEHb BPETHOCTH?

8. Kakue pa3sHOBHJAHOCTH CHJIMKATOB MOTYT OBITb B CTaJId, KaKOBBI HX
MPU3HAKU: [[BET, MEXaHUYECKHE CBOWCTBA, PACIIOJIOKEHHE B MeTauie (JIMTOM U
nehOpMUPOBAHHOM), CTETICHb BPETHOCTH?

9. Kako#t OTIWYUTENbHBIA TMPU3HAK CUIIMKATOB HAOMIOJACTCS TPH MX
PacCMOTPEHHUH B MOJISIPU30BAHHOM CBETE MHUKpOCKOMa?

10. Kakme oxkcuapl 00pa3yrOTCSs B CTalld W KakoBa TMpUPOJa UX
oOpasoBaHus?

11. KakoBbl XxapakTepHble MpPU3HAKA OKCUIOB: LIBET, MEXaHUYECKUE
CBOICTBA, pacIoOJIOKEHUE B MeTaie (JIMTOM U J1e(OPMUPOBAHHOM), CTENEHb
BPEIHOCTH?

12 Kakvie HUTpUAbl 00pa3yloTCs B CTald W KakoBa MpPUpPOAA  HUX
oOpazoBaHus?



13. Kak ¢ocdop Brusier Ha cBOHCTBA cTaNU?

14. Kakue mnpumecu pacTBOPUMBI B CTald M Kakhe 0Opa3yroT
CaMOCTOSITENbHbIE (Pa3bl?

15. Kakue 351eMeHThI JIMKBUPYIOT B CTAIbHOM CIUTKE CUJIbHEE APYTHUX?

16. Kak pacnonaratorcs cyib@uabl mMapraHiia B ropsiueneopMupOBaHHON
cTanu?

7. Pexomenayemblii 0ndanorpaguyecKuii ClIuCOK

1. TOCT 1778-70 «Cranb. Metannorpaduyeckuii METOJ OTNPECICHHUS
HEMETAJNIMYECKUX BKIIOUCHUIN.

2. T'emnep 1O. A., Paxmranr A. I'. Marepuanosenenue (JIabopaTopHbie
paboTel 1 3a1aun). -M.: Mertamtyprus, 1983. - 237 c.

3 I'ymses A. I1. Yucras crans. -M.: Mertamnyprus, 1975. - 286 c.

4. Jlusmun b. I'. Mertamnorpadus. -M.: Meramryprus, 1990. -240 c.

5. Ilpaktuueckas metamiorpadus/ P.1. Manununa u ap. - M.: Uatepmer
Nuxnaupusr, 2002.-240 c.: uin.

6. bapanosa JI. B., Jlemuna O. JI. Metajuorpadguyeckoe TpaBJICHHUE Me-
TaJuI0B U cIuiaBoB: CripaBo4YHUK. - M.: Metayutyprusi, 1986. - 256 c.

JedeKTHbIe CTPYKTYPHbI B CTAIN



1. Heab padoThI
W3yuyenne Hanboiee dYacTO BCTPEYAIOIIMXCS B MPAKTUKE JAe(eKToB
MUKPOCTPYKTYp, MPUYMH HX 0Opa3oBaHUS, BO3MOXKHOCTEW MpEAOTBpAICHUS U
UCTIPaBIICHUSI.

2. KpaTkue TeopeTnuyeckue cBegeHus o gedexrax
MHKPOCTPYKTYPbI CILIABOB
K negexTHbIM OTHOCAT CTPYKTYphl, (POPMHUPOBAHUE KOTOPBIX MPUBOAMUT K
CHIKEHUIO KOMIUIEKCa CBOWCTB. Jle()eKTHBIMM CUMTAIOTCd Kak HEKOTOpbIe
PaBHOBECHBIE CTPYKTYPBI, TaK U CTPYKTYpbl, COOPMUPOBAHHBIE TIPU TEPMUUECKOM
WM MEXaHUYECKOM BO3JIEUCTBUHU.

2.1. Pagnosecnuvie dehekmmvle cmpyKmypol

2.1.1. [lorpaHWYHBIC BBIACICHUS IICMEHTUTA

[lorpanuyHbie BBIJCICHHUS IIEMEHTUTAa HAOMIOJaeTCs B  HU3KO- U
BBICOKOYTJIEPOAMCTBIX CcIlsIaBax cucteMbl Fe-FesC.

[Ipn MemJieHHOM OXJIaXKJEHUM CIUIaBOB IIEMEHTHUT BBIACISIETCS U3 TBEPIBIX
pacTBOpoB — ¢eppUTa WM ayCTEHUTA MO NMPUYUHE YMEHBIICHUS PACTBOPUMOCTU
yTiepojia B HUX B COOTBETCTBUHU C METACTaOWUIIBLHON auarpaMMmoi coctostHusi Fe-
FesC. LleMeHTUT TpeTUUHBIN BbIAENsIETCS U3 (PeppuTa, U OOBIYHO paCIoNaraeTcs
B BHJI¢ ()parMEHTOB TOHKHX IUJICHOK MO TpaHHWIAM M BKIIOYEHHWH Ha CTHIKAaX
(beppUTHBIX 3€pe€H B TEXHUYECKOM XKEJe3e W MaIOYTIEePOJUCTHIX CTaJIsX.
BTOpu4HBIN LIEMEHTUT BBIAEISAETCS U3 AyCTEHHUTA, U PACIOJIAraeTcsl BIOJb BCEU
MOBEPXHOCTH TPAHUI] €r0 3€peH, o0pa3zysd “IIEeMEHTUTHYIO CETKy , (a B oO0beme
criaBa — 000JI0YKH) B BBICOKOYTJIEPOAUCTBIX 3a9BTEKTOUAHBIX CTaJISX.

KonnuecTBo U30BITOUHOTO IIEMEHTHUTA YBEJIMUUBAETCSA B CTPYKTYPE CILJIaBOB
MIpU YBEJIUYCHUU COACPKAHUST B HUX yTJIEpOJa.

HecMmoTpss Ha He3HAYMTETbHOE KOJMYECTBO TPETUYHOTO  IIEMEHTHTAa B

ctpykrype (oxonmo 0,3-0,5%), onH mnpumaer cruiaBam OOJIBIIYI0 — XPYIKOCTb,
CyILECT-
BEHHO yXyAmas ux JehopMHPYeMOCTh. BblneneHne BTOPUYHOTO ILIEMEHTHUTA B
BUJIE CETKH NPUAAET HWHCTPYMEHTAJIBbHBIM CTalsIM  TOBBIIIEHHYI TBEPAOCTD,
XPYINKOCTh W HHM3KYH YAapHYI BSI3KOCTh, yXyJIIas HX 3KCIUTyaTallMOHHBIE
CBOMCTBA.

Beinenenue TBepAOro W XpPYNKOTO IIEMEHTUTA IO TpaHULAM 3€peH —
3HAYUTEIBHBIA Ie(DEKT CTPYKTYPHI.

Bo wu30exaHue BbIACICHUS I[EMEHTUTA  TPETUYHOTO [0 TpaHULIaM
GeppuUTHBIX 3€pE€H HHU3KOYIJIEPOJUCThIE CIUIaBbl HEOOXOJMMO  OXJaXJAaTh
YCKOpPEHHO (Ha BO31yXe).

Jns ycTpaHeHUsT TOTPAHUYHOTO BBIJICJIICHUS IIEMEHTUTA BTOPUYHOTO B
3a9BTEKTOUIHBIX CTaJsX, YIyUlIeHUs 00padaThIBAEMOCTH U IMOBBIIMICHHS BSI3KHUX
CBOICTB CILJITaBOB HEOOXOJUMO IIEMEHTUT IIE€PEBECTH B 3€pHA TIIIOOYJSPHOM
dbopMbl, pa3poO3HEHHO M PABHOMEPHO PACMOJOKEHHbIE B CTPYKType cTanu. [lis
3TOTO MPOBO-




JST CHEHHAIBHYI0 TEPMUYECKYI0 OOpaOOTKYy — HOPMAaJH3alMOHHBIA OTXKHUT C
HarpeBoM Beimie Temmepatyp: Az (muHHS GS) - TEXHHYECKOE KeNne30 H
JOIBTCKTOUIHBIC CTad WM Acm (muHMs SE) - 3a3BTEKTOMIHBIC CTalM |
OXJIAKICHUEM Ha BO3YXE.

2.1.2. JlenapuTtHas CTPYKTypa

DTO - CTPYKTYypa OTOXKKEHHOIO IOCJE JINThSl CIUIABA, YACTUYHO MMEIOIIAs
TEM HE MEHEE€  JICHIPUTHOE CTPOEHUE, KOIJa B MEXKOCHBIX IMPOCTPAHCTBAX
JEHJIPUTOB  pACIOJOKEHbl  PAaBHOOCHBIE  3€pHAa  JPYrold  CTPYKTYpHOU
cocTaBisitonieil. Takoe cTpoeHrue CBUAETEIBCTBYET O HEAOCTATOYHOM  OTXKHUIE
JIUTOTO CIUIaBa C CHJIbHO BBIPAXKEHHOM M HEYCTPAHEHHOM OTKHUIOM OCTATOYHOU
JCHAPUTHOM JIMKBAIIUH.

Takast cTpyKTypa MOXKET O0Opa30BBIBATHCS IMOCIE T'OMOTEHU3UPYIOUIETO
OTXKMITa B MeETAIaX M CIUIaBaX C CHUJIBHOM «HACJEIACTBEHHOCTBIO» JUTOMN
CTPYKTYpbI, KOTOpas 00yCIIOBIMBAETCSl MPUCYTCTBYIOIIMMHU B  METajlie
HEPACTBOPHUMBIMU MTPUMECSIMU U HEPABHOMEPHBIM paclpe/ieieHHeM KOMIOHEHTOB
CIUlaBa MO CEYEHHUIO CIHUTKA (OTJIMBKH) U  OTPAXaeT MEPBUYHYIO CTPYKTYpPY
CILUIaBa.

Hampumep, B cTanu nocie HeJOCTATOYHOTO OT)KUTA W BTOPUYHBIX (Ha30BBIX
MpPEBpPALICHUA MpH OXJIAXKJACHUU MEXKOCHBIE IPOCTPAHCTBA NPEBpALAIOTCS B
dbepput, B KOTOPOM paCTBOPEH JHMKBUPOBABIIUN (ocdop, Hapsay ¢ KOTOPHIM
3IeCh K€ COCPEIOTOYEHbl HEMETAUINYECKUE BKIIOYEHUS, a OCH JICHIPUTA,
oOOTaimeHHbIE YTIJIEPOAOM, TMPEBpAIIalOTCsS B TMEPJHT;. [akuMm o0pa3om,
NEPIUTHBIE YYaCTKU OOpa3ylT Kak Obl CETKy WM METJIH, BHYTPU KOTOPBIX
HAXOJIATCS LEJIbIe TPYIIBI ePPUTHBIX 3epeH (puc.l).

Puc.l. HeycTtpaneHHas neHApuTHas JIMKBalLUs B OTJauBKe ctanu 35, X100

I[eHIlpI/ITHa}I JIMKBallyA, HCYCTpAaHCHHAA OTKHUT'OM, ITOHMXXacCT
IIACTUYHOCTDb CTAJIX M CIUIABOB, YTO YyXyAIOAaCT HUX I[G(bOpMI/IpyeMOCTI), a TaKiXKcC



MOHIDKAET TEMIIePaTypy CONHAYC CIUIaBa, W TOTJA MPU OBICTPOM HArpeBe IO
3aKajJKy Wik 0OpaOOTKYy JaBICHUEM U3JIENIUE€ MOXKET YAaCTUYHO OIJIABUTHCSA B
MeCTax ¢ HEpaBHOBECHO 00Opa30BaBIIEHUCS JIETKOIIABKOW ABTEKTUKOM.

CrpyKTypa ceTyaTroro nepjauTa B CTalu W JACHIAPUTHAS CTPYKTYypa CILIABOB
cuntaercs  gedextHod. OHa  ucnpaBUMa  MOBTOPHBIM JUTATEbHBIM
TOMOTE€HU3UPYIOLIUM OTKUTOM.

2.2. /lechekmnwre cmpykmypul, chopmuposannsie
NpU MEXAHUYECKOM 8030eliCmeuu
2.2.1. [lonocyaTas CTpyKTypa

910 - cTpyKTypa ropsiaenehOpMUPOBAHHON CTalI, B KOTOPOH CTPYKTYpPHBIE
COCTaBIIAIONINE - (EPPUT U MEPIHUT PACoaraloTCs HE paBHOMEPHO MO 00beMy, a
paznenbHO Oosiee WM MEHee IIUPOKUMH  YEPEOYIOIUMHUCS  y4acTKaMHu
(moocamm).

lopsuyro mnactuueckyto aedopMaluio YriaepoJUcThiX CTalel MpOBOJAT B
ayCTEHUTHOM COCTOSTHMH, Ipekpamas aepopmaruio npu 850...900 °C.

[Tonocuaras cTpykTypa oOpasyeTcsi B HHU3KO - U CPEIHEYTJIEPOIUCTHIX
rops-ueeOpPMUPOBAHHBIX  JOIBTEKTOUIHBIX KOHCTPYKIIMOHHBIX CTISIX IO
CJIEAYIOIIMM OCHOBHBIM ITPUYUHAM

1. HepaBHOMEpHOE 3arpsi3HEHUE CTaJl HEMETAJUTMYECKUMU BKIIOUYCHUSMH,
cepoil U (GocPopoM M CHIBHO BbIpaKEHHAs TEpPBUYHAS JCHAPUTHAS JIMKBAIIMS
VMCXOJHOW JIMTOM CTajid, KOTOpash HE YCTPAHSAETCS HU HAarpeBOM, HHU Tropsyeu
miactTudecko aedopmanmeit. M3-3a 3Toro ropsiaeneOpMUPOBAHHBIA METAIIT
«HacJlenyeT» OCOOCHHOCTH MAakpO- UM MHUKPOCTPYKTYPhl JIUTOIO METAJla,
CBSI3aHHBIE C HEOJHOPOJHOCTBIO €ro XHMHYECKOro cocraBa. llpu ropsuei
00paboTKe JaBJICHMEM 3€pHA ayCTCHHUTAa BBITSATUBAIOTCA BJOJb HAMPABJICHUS
TeueHus Metaia. Hemeraminueckue BKIIOUEHHUsSI, PACIIONOKEHHBIE HA TPaHUIlAX
ATUX 3€PEH, BHITATUBAIOTCS B TOM K€ HAIMPaBJICHUH, COXPAHSISi CBOIO CIUIOIIHOCTb,
€CIM OHU TUIACTUYHBI (Hampumep, CyJIb(pUIbI MapraHiia, OKCU CyIb(UIbI) -
puc.2,a, 1n00 00pa3yroT LEMOYKH, €CJIU BKIOUCHUS HeaehopMupyemsl - puc.2,0.
[IpurpanudyHbie ¢ ayCTEHUTOM 30HBI, OOOTallleHHbIE PACTBOPEHHBIM (ochopom,
TaK)K€ OPUEHTHUPYIOTCS B HANpPaBJICHUU TeyeHUs Metaiia. HecMoTpst Ha TO, 4TO
nehOopMUpPOBAHHBIE 3€pHA ayCTeHHTa BO BpeMsi Topsyel aedopmamuu
UCIIBITBIBAIOT PEKPUCTAIUIM3ALMIO, B METAJUIE COXPAHAETCS MPEUMYLIECTBEHHAs
OpHEHTAINs HEMETAJUTMYECKUX BKIFOUCHUN U YIaCTKOB, 00OTameHHbIX (ochopom
(u3-3a ero HU3KOW IU(DPY3NOHHONW MOABMIKHOCTH) W OOCTHEHHBIX YTIIECPOIIOM.
@epput, 3apokAasiCh HA  BBITAHYTHIX BKJIIOYEHHUSIX W B MPUTPAHUYHBIX C
ayCTEHUTOM 30HAaX, 00pa3yeT CKOIUJICHHS CBOMX BBITSIHYTBHIX 3€peH (IOJOC) —
puc.3.

2. pexuM TepMuyecko o00paboTku. Ilpu MenIeHHOM OXJIaXIECHUU OT
TEMIIEPATypPbl AYCTCHUTH3ALMU  BBITSIHYThIE OCH JCHAPUTOB, OOOTaIllCHHbIC
yIJIEpOAOM, TMPEBPAIIAOTCS B IEPIUTHBIE  MOJOCHl, a B MEXKOCHBIX
MPOCTPAHCTBAX IO 30HAM JIMKBAIIMU 00pa3yroTCsi (peppUTHBIE 3€pHA, BBITSHYTHIE
110 HAMPAaBIICHHUIO JIeopMaluu.




Puc 2. Hemetannuueckue BKiro4eHus B AeopMUpPOBaHHOM cTasnu. HerpaBieHsie
nuidsl, X100: a — BRITIHYThIC TNIACTUYHBIC BKIIIOYEHUS; O — IEMTOYKH
HeZIehOPMHUPYEMBIX BKITFOUCHU I

Puc.3. [lonocuarass MUKpOCTpYyKTypa cTanu 35
MOCJIE TOpsTYEn I[egopMaHI/H/I, %100

3. HapylIeHUE pexuMa Texmpoliecca ropsdyero nedopmMupoBaHus, Koraa

TEMIepaTypa OKOHYaHUS  00pabOTKH JIaBICHUEM  JIGKUT B HWHTEpBAse
temneparyp Ap(muaus GS) - An (muus PSK), 1. e. B aByxdazHoit obnactu @
+ A,

[MonocuaTocThb 00yCIIOBITUBAET HEXKETATENbHYI0  3HAYUTEIBHYIO
aHU30TPO-

MO MCXAaHUYCCKUX ¢ JPYIrux CBOMCTB: Xyamue IMpOYHOCTb, INIACTUYHOCTL U
BsA3-



KOCTh B IONEPEYHOM M BHICOTHOM HAIPABJIICHUU [0 CPABHEHUIO C OCHOBHBIM
HampasieHueM aegopManuu. B HEKOTOPBIX CiIydasx 3Ty aHU3OTPOIHIO YIAeTCs
UCIIOJIb30BaTh, KOHCTPYUPYS H3JEIHE TaK, 4YTOOBbl MPHU DKCIUTyaTaluu ObLIO
3aJICICTBOBAHO MMEHHO HAIpPaBJIECHUE C HAUBBICIIMMU CBOMCTBaMHU.

Co0ro/ieHre TeMIepaTypHOTO pekuma 1e(opMHUpPOBAHUS U TIOBBIIIECHUE
CKOPOCTH OXJIAXKJEHUSI Toclie nedopmanuu NpemsiTCTBYeT 00pa30BaHUIO TMOJIOC
depputa u nepiura.

HcnpaButh Takyro CTpyKTypy MOKHO AU Y3MOHHBIM OTKUTOM.

OnHako, MOJOCYATOCTh, BBI3BAHHAS HEMETAJUIMYECKUMHU BKIIOUCHUSIMH,
OT)KUTOM HE HCIIPABIISIETCSL.

Ocnabuth CKJIOHHOCTH K OOpa30BaHUIO TOJOCYATON CTPYKTYPHI MOXKHO
nyTéM YMEHbIIIEHUS coepkanus pochopa u cepbl B CTAIH.

2.2.2. CtpodeyHas CTPYKTypa (KapOwaHasl TUKBAITHS)

D10 - CTpyKTypa AepOpMHUPOBAHHON CTalik, COCTOAIIAs W3 MEpiauTa U
kapOouaoB. IlpuuemM kapOuIbl pacrnojaratoTcsi HE PAaBHOMEPHO IO O00bEeMY
MaTpHIIbI, a YePEAYIOIIUMHUCS CTpOYKaMH. Takoe CKOTUICHUE KapOu0B Ha3bIBAIOT
KapOWTHOM JIMKBAIHEH.

Crpoueynasi  CcTpykTypa oOpa3yercss B  ropsiuenedopMUpPOBAHHBIX
3a3BTEKTOMAHBIX YTJIEPOJUCTBIX CTAISIX W OCOOCHHO B JIETUPOBAHHBIX CTaJISIX
JeneOypuTHOrO Kiacca (Hampumep, B OBICTPOPEXKYIIUX), COACPM AIIMX MHOTO
BTOPUYHBIX U IBTEKTHYECKUX KapOUI0B.

[TprunnOM dbopMupoBaHUs CTPOYEYHOMN CTPYKTYpPBI  SIBJISETCSA
HACJIEJICTBEHHOCTh JIMTOM CTPYKTYpbl (IE€HIApUIHAs JIMKBalUs), B  pe3yJbTare
KOTOPOHM  MOJMKET MOSIBUTHCS KapOuaHas 9BTekTHKA. Jlake mipm

BBICOKOTEMIIEPATYPHBIX HarpeBax IMOJ Tropsiuyt0o oOpabOTKy [aBIIEHHEM B
CTPYKTYpPE COXpPaHSIOTCA TpyOble CKOIUIEHHS HEPACTBOPUMBIX B AyCTEHHUTE H
HeAeOPMHUPYEMBIX  3BTEKTHYECKUX  KapOWIOB, KOTOpble B  IpoLecce
IJIACTUYECKOM JeopMaliui pacroiaraloTcsi B MSATKOM IJJACTUYHOM ayCTEHHUTE B
BUJIE CTPOYEK.

CrpoyeyHoCTh 00yCIIOBIIMBAET HEXKEJIATEIbHY O 3HAYUTENBHYIO
aHU30TPOIHUIO
MEXaHUYECKUX U JPYrHuX CBOMCTB cranmu. KapOujmHas nUKBalus CHUXKAET
CTOMKOCTh MHCTPYMEHTA W YBEIMYMBACT €r0 XPYNKOCTh B u3menusax ¢ takou
CTPYKTYPOW BBIKPAIIMBAIOTCA JIE3BUS MHCTPYMEHTOB U TPYILHECS MOBEPXHOCTH
JIeTaJIeH.

YMEHBIINTE  CTPOYEYHOCTH MOKHO JUTUTEIBHBIMUA  TIOBTOPHBIMU
BBICOKOTEM-
neparypHbIMU  AUPEGY3UOHHBIMU  OT)KUraMu. OJIHAKO, MOJHOCTBIO HUCHPABUTh
TaKyl CTPYKTYpPY HE yIaeTcs.

3. MarepuaJbl, npudoOpbI, 000pPy10BAHME
Jlist BeIMOSTHEHUsT T1abopaTopHOil pabOThl HEOOXOMMa KOJUIEKIUS HUTU(GOB
CIUIABOB U CTalli C HamOoJee pacHpoOCTPAaHEHHBIMHU XapaKTEPHBIMU J€PEKTHBIMU
MUKPOCTPYKTYpaMH: B JIMTOM M MEPETPETOM COCTOSIHUSIX, MOCIIE MEepexora u



00€e3yIJIepoKMBaHUsA, C MOTPAaHUYHBIM BBIIIEJIEHUEM LIEMEHTHUTA, C JEHIPHUIHOM,
II0JIOCYATOM M CTPOUYEYHOM CTPYKTypaMu ATiaC MHUKPOCTPYKTYP METaJUIMYECKHUX
maTepuaios [1].

N3yuenue KOJUIEKLIUH nuindos CTYJCHTBI IIPOBOJISIT Ha
MeTtaiiorpaduueckux Mukpockornax MMUM-7 ¢ HaGopoM ONTHUKHU JJis MOJyYSHUS
PAa3IUYHBIX YBEINYCHUMN.

4. ITopsiiOK BHINOJHEHUS PA0OTHI

4.1. Tlony4uTh KOJIJIEKIMIO JIaOOpaTOpHBIX TUIHMGOB ¢  JedeKTHBIMU
MUKPO-

CTPYKTYypaMH: THEPETPEBOM, IMEPEKOrOM, 00€3yriIepOKUBAHUEM, C LIEMEHTUTHOMU
CETKOM, AEHAPUTHOU CTPYKTYPOH, IOJIOCUATON U CTPOUEUHOM CTPYKTYPOU.

4.2. Bce mukponnmudbl BHAUMATEILHO HW3YYUTh IO MHKPOCKOIIOM IIPH
Pa3IUYHBIX YBEIUMYCHUSAX. YCTAHOBUTH OTJIUYUTENbHbIC MPU3HAKU JAeHEKTHBIX
CTPYKTYp U MPUYMHBI UX BOSHUKHOBEHHUSI.

4.3. OnpenenuTb MUKPOCTPYKTYPY KaXJI0To oOpaslia, 3apucoBaTh €€ U
KpaTKO OIHCaTh, YKa3aB XapaKTEpHbIE OCOOCHHOCTH PACHOJOXKEHUS U (PopMy
CTPYKTYPHBIX COCTaBJISIOMINX. Pe3ynbTaThl NpeacTaBuTh B opMe TabIUIIBI.

Tabaua Pe3ynbraTsl H3ydeHUs 00pa3ioB ¢ AeeKTaMu MUKPOCTPYKTYPBI

Texuuueckoe YcaoBus
No 3anucorka | CTHVKTVDHBIE daznr HA3BaHVE U HAOFOTIEHNS
0O6- Mwukno- COCTARITIFOIIIHE | R CTIITARE XumMnueckmin VREITMYEeHne.
pasua| CTpyKTyphl COCTaB CILIa Ba areprypa,
TDaBUTEIb

5. Coaep:kaHue oT4yeTa

5.1. lens paboThL.

5.2. KpaTKOC H3JIOKCHUC TCOPCTHUICCKUX CBC)ICHI/Iﬁ, OIIMCAHUC XAPAKTCPHBIX
IMPU3HAKOB U CBOMCTB Pa3JIN9IHbIX )Ie(I)CKTHBIX CTPYKTYD. VYka3anue MMpUYIHUH HX
06p330BaHI/I$I N BO3MOXHOCTHU UX IMPCOAOTBPALICHUSA U UCTIPABJICHUA.

5.3. Pucynku Bcex Ne(EKTHBIX CTPYKTYp C YKa3aHHEM CTPYKTYpPHBIX
COCTAaBJIAKOIIINX U OITUCAHUEM 06T>GKTOB HUCcCiIca0BaHusl.

5.4. BeiBoaibI 110 paboTe 0 MpuYrMHaxX OOHAPYKEHHS] U BO3MOYXHOM BIIUSTHUH
0COOEHHOCTEH NIe(DEKTOB CTPYKTYPHI HA MEXaHUYECKUE CBOMCTBA CTAJIH.

6. KoHTpOJIbHBIE BONIPOCHI

1.Pe3ynbratoM  Kakoro Impoiiecca  SIBASETCS ~ 00pa3oBaHHE — UTOJIbYATOM
«BUIMAHILITETTOBOW» CTPYKTYPHI B CTAJIH?

2. Kakum o00pa3oM MOXHO HUCHPaBUTH CTPYKTYpY € IIOIpaHHYHBIMHU
BBIICJICHUSAMY LIEMEHTHUTA?

3. JIns kakux CIIaBOB XapaKTEpHa MoJiocyaTas CTpykrypa?

4. Yem oOycnoBieHO 00pa3oBaHHE 00€3yTIEPOKEHHOTO CJIOS Ha MOBEPXHOCTHU
neranen?

5. KakuM 00pa3oM MOKHO UCHIPABUTh CTPOUYEUHYIO CTPYKTYpPY CTau?

6. [ToueMy mosiocyaToCTh cUUTaETCA Ne(PEKTHOU CTPYKTYPOit?



7. Kakyto npupoay UMEIOT KapOubl B CTAIAX CO CTPOUYCYHOU CTPYKTYpOit?

8. UTo sABIISIETCA NPUUMHOM niepexora?

9. Kakumu cBOMCTBaMU XapaKTEPU3YeTCsl CTallb CO CTPYKTYpoil mepexkora?

10. Kakum o00pa3oM MOXXHO HMCHOPAaBUTh  CTPYKTYpY CTalM C JEHAPUIIHBIM
cTpoeHuem?

11. 3a cuer 4Yero ymy4maroTCs CBOMCTBA CTAJIM CO CTPYKTYpPOM IOTPaHUYHOIO
LIEMEHTHUTA [I0CJIE HOPMAJIU3ALUU?

7. PexoMeHyeMbIH CIIUCOK JIUTEPATYPLI

1. ATnac MHKpOCTPYKTYp METaJUIMYeCKMX MartepuasioB. B tpéx wacrsax. Yacte 1.
Oco0eHHOCTH KPUCTAUTU3AIMN U CTPYKTYpOOOpa30BaHKsl METAIOB U CIIABOB. YUeOHOE
nocobue. B.S. Korenera, I'.B. Mapkoga.- Tyna; Tynl'Y, 2008. - 100 ¢, 97 un.

2. Marepuanosenenne /b.H. Ap3zamacos u ap.-M.:Mammunoctpoenue, 1986.-384
C.

3. Texnomorus Tepmuueckoit 06padotku ctanu. Ilep. ¢ Hem.- M.: MeTamtyprus,
1981.- 608 c.

4. Teopus Tepmuaeckoir 00padotku metamio /Hosukos U.U. - M.: Metamryprus,
1986.-480 c.

5. Ilpaktuueckas wmeramiorpadus/ P.M. Manununa u np. - M.: HnaTtepmer
Nuxnaupusr, 2002.-240 c.: uin.

6. MukpocTpykrypa Metammmdeckux croiaBoB: Jla6. IIpaktukym/ P.M. ManunuHa,
B.YO. Beenenckuii u ap.; [loxg pen. P.1. Manuaunoit u  B.FO. Benenckoro. -
M.: MUCuC, 2007.- 198 c.



Je@deKTbl CTPYKTYPbI TEPMUYECKOT0 NIPOMCXOKICHUSA

1. Hean padoTsl
N3yyenue Haunbosnee dYacTo BCTPEUANOIIMXCA B MPAKTHKE JAePEKTOB
MUKPOCTPYKTYp, NPUYMH HX 0Opa3oBaHUs, BO3MOYKHOCTEW NpEAOTBpAIlECHUS U
UCIIPaBJICHUSI.

2. KpaTkue TeopeTnueckue cBegeHus o gedexrax
TepMuuyeckoii U XMUMHKO-TEPMUYECKOH 00padoOTKH

K negexTHbIM OTHOCAT CTPYKTYpHl, (POPMHUPOBAHHE KOTOPBIX MPUBOAMUT K
CHIDKCHUIO KOMIUIEKCAa CBOMCTB. JIe()eKTHBIMM CUMTAIOTCS KaK HEKOTOpbIE
PaBHOBECHBIE CTPYKTYPBI, TaK U CTPYKTYpPbI, CHOOPMUPOBAHHBIE NP TEPMUYECKOM
VI MEXAHUYECKOM BO3JICUCTBUMN.

2.1. CTpykTypa IHMTOM U eperpeToi cTany (BUAMAHIITETTOBA CTPYKTYypa’)

XapakTepHbIM  MPU3HAKOM  BHUIMAHIITETTOBOM  CTPYKTYphl  SIBISETCS
KPYITHO3EPHUCTOCTh I OPUEHTUPOBAHHOE HANPABJIECHHOE PACIOJIOKEHUE TIIIACTUH
dbepputa B NOABTEKTOMIHON WJIM IEMEHTUTHBIX UTJI B 3a’BTEKTOMIHON CTaIH
OTHOCHUTEJIBHO 3€pPEH JAPYIroi CTPYKTYPHOM COCTABIISIONIEH CTalel — NEePIINTA.

Takass CTpyKTypa MOXKET OOpa30BBIBATHCSI B YCKOPEHHO OXJIAXKTAeMbBIX
CTalb-
HBIX 3arOTOBKax I1OCJIC UX HarpeBa JO0 BBICOKHX TeMIeparyp (I0IBTEKTOMTHAS
CTallb - BBIIIC A3z, 3a’BTCKTOHMJHAS CTallb - BBIIIE Acm) W JUTUTCIHHOTO
npeObiBaHUS B OJAHO(A3HOW 00JIACTH ayCTEHHUTA WM B JACTANSIX U U3JEIHUSX,
MPOJOKUTEIBLHO paldoTaloIMX TPU  BBICOKOM TemmepaType (M3JI0OKHUIIAX,
AIIUKAX JUIS [IEMEHTAIlMU, JEeTANISIX MapoBbIX KOTJIOB U T. [.), T.€. B TEperpeTou
CTaJIM; a TAaK)KE€ B KPYMHBIX CTAJIbHBIX OTJIMBKAX U CBAPHBIX COCTUHEHUSX.

B nmeperperhix cramsx CTpyKTypa  3aroTOBOK WM W3JEIUN Tiepen
OXJIAXJICHU-
€M — KPYIHO3CPHUCTBIM  AyCTEHUT. TaKyr Ke CTPYKTYypy HMEIOT IOCIe
OKOHYAaHUsl KpPHUCTAJUIM3allUMd MAacCCUBHBIE CIUTKM W OTJIMBKH. YCKOPEHHOE
oxJaxaeHue (OONBIION TpagueHT TEeMIepaTyphl) CO3/laeT YCJIOBHUS  JUIS
npoTrekanus (pa3oBeIX NpeBpameHnii: A —» @ B mosBrekTougHot 1 A — Il B
3a3BTEKTOUJIHON CTaIM MO NPUHLHUILY Pa3MEPHOTO U CTPYKTYPHOI'O COOTBETCTBHS,
KOorja 3apoAsimi ¢deppuTa WM IIEMEHTHTA BO3HUKAIOT Ha TPAHMIAX 3€PEH
ayCTGHHTa W PAa3BUBAIOTCA IO  OMPEACICHHBIM  KpUCTALIOTpadhUIECKUM
IUIOCKOCTSIM, T.K. B OJTOM Cllydae 3aKOHOMEpHAas OPUEHTHUPOBKAa HOBBIX (a3
CrOCOOHA YMEHBIIUTh JHEPTUI0 HEKOTEPEHTHOM TPAHUIBI MEXIYy HUMH U
UCXOAHOU (a3zoi — aycTeHUTOM. M30bITOUHBIN eppuT B JOIBTEKTOUIHONW CTalU
BBIJICJISIETCS HE TOJIBKO HAa TPAaHMIlaX, HO U BHYTPU KPYMHBIX 3€PEH ayCTCHUTA, T.K.
MECT ISl 3apOXKACHHUS €ro KPUCTANIOB Ha TpaHulax ocobeHHo maino. [Ipu stom
IJJACTUHBI, BO3HUKIINE BHYTPU ayCTEHHUTHBIX 3€PEH, JIEXKAT BJOJb IJIOCKOCTEH
{111} pemeTku aycTeHHUTA.




Crasib ¢ BUAMAHIITETTOBOM CTPYKTYpOM BBHIY €€ KPYIHO3EPHUCTOCTH U
IUTACTUHYATOTO OPUEHTUPOBAHHOTO CTPOEHUS CTPYKTYPHBIX COCTaBJISIOIINX
UMEET HU3KHE MEXaHWYECKHE CBOMCTBA, TJIABHBIM 00pa3oM HM3KYIO YAapHYIO
BSI3KOCTb, YTO TIOBBIIIAET OMACHOCTH XPYIIKOTO Pa3pyIICHHUS.

BuaMaHIITETTOBY CTPYKTYpy MOXHO W HEOOXOJUMO YCTPAHUTH

HOpMaJu3a-
[uel: MOBTOPHBIM ONTUMaIbHBIM HarpeBoM Ha 50...70 °C Boline TemrepaTyp As
(muuust GS) - mosBTeKTOMAHBIC cTamu Wik Acm (ubus SE) -3a3BTeKTOMIHBIC
CTAIM W OXJAXICHUEM Ha BO3AyXe. B 3aBUCHMOCTH OT LeJIeco00pa3HOCTH
3a9BTEKTOM/IHbIC CTaiu MI0JIBEpraroT B3aMeH HOpMaJTU3AIAH
chepouausupyromemMy oTxkury npu 760...790 °C.

'A.P. BugMaHIITeTTeH — aBCTpUiicKMii ydeHbli, omucapiuii B 1808 I. 3Ty CTPyKTypy B
JKEJIE3HBIX METEOPUTAX.

2.2. CTpyKTypa nepekora

[Iepexor — CUIBbHOE MEKKPUCTAIUIUTHOE OKHUCJIEHUE, @ MHOTJA U YACTUYHOE
OIUIaBJICHUE MeTauia U (Wiau) mpuMeceid B BHUJE JIETKOIUIABKUX HBTEKTUK IO
rpaHuIiaM 3epeH. Takas CTPYKTypa MOXET O0Opa3oBBIBATHCS B METAIax U
CIUlaBax, HarpeBaeMbIX 1O OYEHb BBICOKUX TEMIIepaTyp, OJM3KUX K Hadaly
MJIaBJICHUSI, O] pa3judyHbIe BUIbI 00paOOTKU JaBJICHHEM, KOBKY, IPOKATKy, a
TaK)K€ T1I0J] pAa3IUYHbIE BUJBI TEPMHUUECKOW O0O0pabOTKM TMpu Tmepenaaax
TEMIIEPATYP B CAJIKE NI€YM U HETOUHOCTH TETUIOBOTO KOHTPOJIA.

[Ipu 3TOM NPOUCXOAUT 3HAYUTEIBHBIA POCT 3€pPHA, B HEKOTOPBIX CIy4asx -
YaCTMYHOE OIUIABIICHHE MeTala W (WJIh) TpuMeced B BHJE JIETKOIUIABKHUX
OBTEKTHK Ha TpaHUIAaX 3epeH. B J3THX yCIOBUSX TPOUCXOIUT OBICTpOE
MIPOHUKHOBEHUE TIO OIUIABJIICHHBIM ydYacTKaM KOMIIOHEHTOB aTMoc(ephl Ieuw,
NpUBOJsIEee K 00pa30BaHUIO C METAIJIOM U C MPUMECSIMU OKCUIOB U Ta30BbIX
ny3slpeil. Hampumep, cTpykTypa mepexora CTalid - 3TO aHOMAJIbHO KPYITHBIE
CKpyTJICHHOW (opMbl 3epHa ¢eppuTa WIM MEpIuTa U PaACIOIOXKEHHAs MO HUX
rpaHUllaM TEMHO-Cepasl CETKa OKCUIOB »kene3a. CBsA3b MEXIy OTACIbHBIMHU
3epHaMHU oOcJia0eBaeT M HApyIIaeTcs, YTO TPUBOJUT K CUILHOMY CHUYKEHHIO
MIPOYHOCTHU U IIACTUYHOCTH METAJINA.

['pybo3epHucTasi, 4Ype3BbIUAMHO XpyIKas  CTPYKTypa COBEPIICHHO HE
NPUTroAHA Ui KaKOro-TmO0O MPUMEHEHHs, T.K. MPHU TMOCIEIYIONIeH 3a HarpeBoM
0o0paboTKe JaBJICHUEM, KOBKE, NPOKATKE WA TOJ JCHCTBHEM 3aKAJIOYHBIX
HaIpPsHKEHU B METAIIJIE BOBHUKAIOT MEKKPUCTAJUIUTHBIE TPEUIUHBI.

[lepesxkor — 3TO HEWCHPAaBUMBIM W caMmblii omacHbI Opak. CTpykTypa
MepeKora HEAOMYCTUMA, MWCIPAaBICHUE €€ HEBO3MOXKHO, METaul HAET B
nepemwiaBky.  [loatomy mepexxor Haao NpeaoTBpalllaTh, CTPOro Cleas 3a
COOJIIOICHUEM TEMIIEPATypPHOTO PEXKUMA B MECUH.

2.3. O0e3yriaep0oKEHHBIN CJIOM Ha MOBEPXHOCTU HU3IEIIUS
B mgemum ¢ 00e3yriepokeHHBIM CIIOEM COOTHOIICHHE CTPYKTYPHBIX
COCTaBJISIOIINX, & 3HAYUT U XUMUYECKHIA COCTaB CTaJIM, HA IOBEPXHOCTH U BHYTPH
€ro Pe3KOo OTIIMYAOTCS.. TONIHMHA 00€3yTIEPOKEHHOTO CI0SI MOYKET COCTABIISITH




no 1-1,5 mm. Takast cTpykTypa MOXKET 0Opa3OBBIBATHCS B CTalSAX, CKIOHHBIX K
00€3yIJIepO)KMBAaHUIO, BO BPEMSI AayCTEHUTHU3ALMK IIPU HArpeBe O] pa3jInyHbIe
BUJIbI TEPMUYECKON 00pabOTKH, MMoA 00pabOTKy IaBJIEHHEM, KOBKY B reuyax 0e3
3alUTHOM aTtMocdepbl. VYTiepoJ Takux CcTajaed, OCOOCHHO KPEMHHCTHIX,
mubpyHaupyer U3 BHYTPEHHUX OOBEMOB K TOBEPXHOCTH, TJ€ AaKTUBHO
B3aMMOJICUCTBYET C KHUCJIOpOJOM aTMmocdepsl rneuu, OOeaHEHHBIH YIIepoIoM
ayCTEHUT IOBEPXHOCTHM TMpPU  OXJAXKICHUU  IPEBPAIIACTCS B MSTKHH,
IUTACTUYHBIA  (EppUT, PE3KO CHIDKAIOMIMK TBEPAOCTh M IMPOYHOCTH PabOUMX
MOBEPXHOCTEN M3JENHM, YTO MPUBOIUT K MX OBICTPOMY M3HOCY U BBIXOIY W3
ctposi. B 00e3yriepokeHHbIX MecTaX Ha IOBEPXHOCTH JIETKO 00pa3yroTcs
MOBPEXACHUS B BHUJE 3apOJBIIIEBBIX YCTAJIOCTHBIX TPEIIMH, 00YCIOBIMBAIOIINX
IIPU Pa3BUTUU KOHEYHOE pa3pylICHHUE.

OO0e3yrnepoKuBaHue MPEAOTBPALIAIOT, NPOU3BOJAS ayCTEHUTH3ALUIO B
neyax ¢ 3al[UTHON aTMoc(epoil ¢ TOYHOUM PEeryaupoBKOM cocTaBa 3alUTHOIO Ta3a
WIN B HEUTPAJIbHBIX COJIIHBIX BaHHaX. J(pyrum cnocoOoM sIBISIETCS HAaHECEHUE Ha
MOBEPXHOCTh JETAld CJO0A BEIIeCTBa, MPEAOTBPALIAIOIIEIO B3aUMOICHCTBUE
yriaepoja ¢ KUCIOpOAOM Bo3ayxa. [[ns 3Toro, B 4YacTHOCTH, HCIOJb3YIOT
OMEJIHEHUE.

O06e3yrnepoKEeHHbIN CIIOM Ha MOBEPXHOCTU W3NS MOKHO BOCCTAaHOBUTH
LIEMEHTalueld B TBepAOM KapOropuszartope mpu temmeparype 900-950 °C s
TEYEHUE CYTOK M OoJiee, JOBOJAS KOHIIGHTPAIMIO yTIEpoJa JI0 CpPEIHETO
COJIEP>KAHUS €r0 B CTaNH.

3. MartepuaJbl, npudopbl, 000pya0BaHHE

Jliist BeIMOTHEHUST TabopaTOpHOi pabOThl HEOOXOAMMA KOJUICKITUS NITU(GOB
CIUIaBOB U CTAJIU C HanboJiee paclHpOCTPAHCHHBIMU XapaKTEPHBIMU Je()EKTHBIMU
MUKPOCTPYKTYpaMH: B JIMTOM U TMEPETPETOM COCTOSIHUSIX, MOCIEe Tepexora u
00€e3yTNIepOXKUBaHUSI, C TMOTPAHUYHBIM BBIJICICHUEM IIEMEHTUTA, C JACHAPUIHOM,
MOJIOCYATON U CTPOUCUHOM CTPYKTypaMu ATiac MHUKPOCTPYKTYP METaJUTMYECKUX
marepuaiioB [1].

N3yuenue KOJUICKIIUH g oB CTY/ICHTBI MPOBOJISIT Ha
Metamiorpaduueckux mukpockonax MMM-7 ¢ HaOopoM ONTUKH ISl TTOTYUYEHUS
Pa3JIMYHBIX YBEIUYEHUMN.

4. IlopsiiOK BHINOJIHEHUS PA0OTHI

4.1. Tlomy4nTh KOJUICKIHMIO JTa0OpaTOPHBIX NTUMM(POB C AePEKTHBEIMU
MUKpO-

CTPYKTypamH: IMEpPErpeBOM, NEPEKOroM, 00€3yIJIEpOKMBAHUEM, C LEMEHTUTHON
CETKOM, JEHAPUTHON CTPYKTYpPOU, ITOJIOCYATON U CTPOUYEUHON CTPYKTYPOM.

4.2. Bce mukpouuugbl BHUMATEIBHO H3YYUTh MOJI MHUKPOCKOIIOM IpHU
Pa3IMYHBIX YBEJIUYEHUSX. YCTAHOBUTH OTJIMYUTENbHbIE MPU3HAKU JAEPEKTHBIX
CTPYKTYD Y IPUYUHBI UX BOZHUKHOBECHMUS.

4.3. Omnpenenautb MUKPOCTPYKTYpPY Kaxkaoro oOpasla, 3apucoBaTh €€ U
KpaTKO OINMCATh, yKa3aB XapaKTepHble OCOOEHHOCTHU PaCIOJIOKEHUS U (HopMy
CTPYKTYPHBIX COCTaBJISIOUINX. Pe3ynbTaTel peacTaBuTh B (hopMe TaOIUIIBL.



Ta6mauna Pe3ynbraTel H3ydeHus 00pasoB ¢ AeheKTaMu MHKPOCTPYKTYPBI

Texuuueckoe VYcnoBusa
N9 331’)]/]003](3 CTI’)VKTVI’)HBIC (Da%m HaA’3BAHUE N Ha6J'[ HOTIEHUS:
06- MUKNO- COCTARITAROITTUE R CTIITAREe XI/IMI/IquR’I/H\/’I VREIMTUUEHUE.
pasua| CTPYKTYpbI COCTaB CIUIa Ba areprypa,
TDaBUTEIb

5. Conep:kanue oT4yeTa

5.1. enp paboTHL.

5.2. Kpatkoe u3noKeHue TEOPETUIECKUX CBEACHUM, OITMCAHUE XapaKTEPHBIX
IPU3HAKOB M CBOMCTB Pa3IMYHBIX NE€(PEKTHBIX CTPYKTYp. YKazaHHE NPUYMH HX
o0pa30BaHus U BO3MOKHOCTH MX MPEAOTBPALICHUS U UCIIPABICHHUS.

5.3. Pucynku Bcex Ne(EeKTHBIX CTPYKTYp C YKa3aHHEM

COCTAaBJIAIONINX U OITMCAaHUEM OOBEKTOB UCCIEIOBAHUSI.
5.4. BeiBoabI 110 paboTe 0 npuyrHax oOHAPYKEHUSI U BOZMOXKHOM BIIUSHUU

ocoOeHHOCTeH 1e(hEeKTOB CTPYKTYPbl HA MEXaHUYECKUE CBOIMCTBA CTaJIH.

CTPYKTYPHBIX

6. KonTpo/ibHBIE BONIPOCHI

1.Pe3ynpTaTroM Kakoro nmporecca SBIAETCS  00pa3oBaHHE  UIrOJIbUYATOU
«BUJMAHIITETTOBOW» CTPYKTYPHI B CTAIH?
2. Kakum o00pa3oM MOXKHO HCIPABUTh CTPYKTYpPY C TIOTPaHUYHBIMU

BbIICJICHUSMHU 1IEMEHTHUTA?

3. JIns kakux CIIJIaBOB XapaKTepHa MoJjiocyaTas CTpykrypa?

4. Yem 0OyciOBIEHO 00pa3oBaHUE 00E3YTJIEPOKEHHOTO CJIOS Ha MOBEPXHOCTHU
nerajgen?

5. KakuM 00pa3oM MOKHO UCIIPABUTh CTPOUYEUYHYIO CTPYKTYpPY CTaIH?

6. [Touemy mosioc4aToCcTh cUUTACTCS NEPEKTHON CTPYKTYpOii?

7. Kakyro mpupoay UMEIOT KapOUJIbl B CTAIAX CO CTPOUCUHOU CTPYKTYpPOM?

8. UTo sBIISIETCS MPUYMHOM niepexora?

9. Kaknmu CBOMCTBAMU XapaKTEPU3YETCA CTANIb CO CTPYKTYpOU Iepexkora?

10. Kakum o00pa3oM MOXXHO HMCHOPABUTh  CTPYKTYpY CTalM C JEHAPUIIHBIM
cTpoeHuem?

11. 3a cuer 4Yero yJaydlIarOTCS CBOMCTBA CTald CO CTPYKTYpOW IMOTPAHUYHOTO
LEMEHTHUTA NI0CIe HOpMAaJTU3aIu?

7. PexoMeHayeMbIH CIIMCOK JIUTEPATYPbI

1. Atnac MHKpOCTPYKTYp METaJUIMYECKMX MartepuasioB. B tpéx wacrsax. Yacte 1.
Oco0eHHOCTH KPUCTAUIU3AIMY U CTPYKTYpOOOpa30BaHKsl METAIOB U CILIABOB. Y4YeOHOE
nocobue. B.S. Korenera, I'.B. Mapkoga.- Tymna; Tynl'Y, 2008. - 100 ¢, 97 un.



2. Marepuanoseaenue /b.H. Apzamacos u np.-M.:Mammnoctpoenue, 1986.-384
C.

3. Texunonorust Tepmuueckoil o0Opadbotku cranu. Ilep. ¢ Hem.- M.: Metanyprus,
1981.- 608 c.

4. Teopus Tepmudeckoit 00padotku metamios /HosukoB U.U. - M.: Metamnyprus,
1986.-480 c.

5. Ilpaktuyeckas wmeramiorpadus/ P.M. Mamununa u 1p. - M.: Hnatepmer
Nuxunupunr, 2002.-240 c.: ui.

6. MukpocTpykTypa MeTamueckux crutaBoB: JIao. [Ipaktukym/ P.M. ManuauHa,
B.1O. Beenenckuii u np.; [loa pen. P.M. Manmuannoit u  B.FO. Beenenckoro. -
M.: MHUCuC, 2007. - 198 c.
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