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BBEJIEHHE

MarepranoBeeHre HU3ydaeT 3aBUCHMOCTH MEXIY XUMHYECKUM COCTaBOM,
cTpoeHueM (CTPYKTypoil) U CBOiCTBaMU MaTepUalloB U 3aKOHOMEPHOCTHU HX U3-
MEHEHHS IO/l BIIMSHUEM TEIUIOBBIX, MEXaHUYECKUX U JAPYTUX BHEIIHUX BO3/EH-
cTBUi. [ CTyI€HTOB MalIMHOCTPOUTENBHBIX CIIeNalIbHOCTE! 3T0 oiHa U3 Oa-
30BBIX JUCLUIUIAH, MaTepuall KOTOPOH MHMPOKO HCHOIB3YETCs B CHEIMalbHBIX
Kypcax, KypcOBOM M IUILUIOMHOM IIPOEKTUPOBAHHH, a TakKe B IIPAKTHYECKOH
MpodeCCHOHANBHOMN IeATeIEHOCTH.

Kypc MaTepratoBeIeH s COCTOUT U3 ABYX YacTeil:

— MeTaJUIOBeIeHIe U TepMUIecKas o0paboTKa METaIOB U CIIJIABOB;
— HeMeTaJUIMYeCcKe MaTepHasl.

B manHOM mOCOOHU pacCMOTpeHa METOJUKa IPOBeAeHUs LMKIa abopaTop-
HBIX paboT IT0 MepBoif YacTu Kypca. B 3aBUCMMOCTH OT CHIELMAILHOCTH U KOJH-
YyecTBa 4acoB Kadepa B Hayajle ceMecTpa INaHupyeT IepedeHb 1abopaToOpHBIX
paboT U1 KaXXJoro IOTOKAa M COCTaBiIfeT pacnucaHue. [Ipy 3TOM HECKOJBKO
3aHSATHIA BBLOENSIOTCS VIS IPOBEJCHUS CEMHHApCKUX 3aHsATHH No Hanbonee
TPYIHBIM ISl YCBOGHUS WIIM BBIHOCHMBIM HAa CaMOCTOSTENBHYIO IPOpaGoTKy
TeMaM.

Ji1s ycrelnsoro BBIIOIHEHUS 1ab0opaTopHO# paboTHI CTYIEHT HOJDKEH [pHid-
TH Ha 3aHATHS IOATOTOBIIEHHEIM, T.€. IIPOPabOTaTh COOTBETCTBYIOMIUN pasien
kypca. [lepen Hauanom nabopaTopHEIX paboT mpernojaBaTelb NPOBOAUT cobe-
CeI0BAHHUE T10 TEOPETHYECKHM BONPOCAM, CBA3AHHBIM C TeMOH paboThl, Onuca-
HHeM paboTHl, MIOPAIKOM €€ BBHIIIOJIHEHHS M 3HaHHEM TEeXHHKU 0e30IIaCHOCTH.
INo xaxzo# paboTe OH JOIDKEH HAIMCATh OTYET U 3alllUTHUTH ero. J{iist caMOKOoH-
TpoJIsl B KOHIlE KaXI0# 1abopaTopHOi paboThl IIPHBEIeHB! BOIIPOCHL, & B HEKO-
TOPBIX CIIydasx, KpOMe HUX, U 3aJ[aHUs II0 COBEPIICHCTBOBAHHUIO IPAKTUUESCKUX
HaBBIKOB.



1. MAKPOCTPYKTYPHBII METO/ UCCJIEJOBAHUS
METAJIJIOB 1 CIIVIABOB

Jlns m3ydeHuWs CTPOEHHS METAJUIOB H CIUIABOB NPUMEHSIOTCSA pa3iuyHbBIe
MeToAbl uccenoBanus. Hamboyee mMpoCTHIM M JOCTYIIHBIM SBJISETCS MaKpo-
CTPYKTYpHBI MeTon. MakpoaHalu3 ITHPOKO HCIONB3YeTCs Ha 3aBOjax IpH
[IpHeMKe—Cllaue MPOMYKIMH, SKCIEPTU3HBIX paboTax MpH aBapusaX U paspylie-
Husx. HeoGXoquMOCTh IIPOBEAEHUS KOHTPOIIS MaKpOCTPYKTYPBI, @ Takke HOp-
MBI II0 JOMYCTHMBIM Je(eKTaM OIPeJeNSIOTCS CTaHNapTaMH Ha KOHKPETHBIN
BHJ] IPOIYKIHH.

MaxpocTpyKTypo# Ha3hIBaIOT CTPOSHUE MeTajlla WX CIIIaBa, BUIUMOE He-
BOOPY)KEHHBIM [JIA30M HIIU [P HEOOJBIINX YBeNudeHUsX (1o 40 pa3) ¢ moMo-
IIBIO JIyIBL. B 3TOM ciiydae MOXXHO HaGIOJaTh OZHOBPEMEHHO OOJBIIYIO IIO-
BEPXHOCTh 3aIOTOBKH ([[eTalli) ¥ IOJYy49HUTh NpeAcTaBlIeHue o6 obieM cTpoe-
HUH MeTaJljia, O HAJIMYKe B HEM TeX MJIM HHBIX IOPOKOB.

Maxpockonueckril aHalu3 MOXXeT OBITh KaK OKOHYATeNbHBIM (B CIydae
SIBHBIX JIe(peKTOB), TaK U IpeBapUTEIIbHBIM BAIOM HCCIIeIOBaHUS.

Maxpoananuz noseonsem evia6UmMby:

— XapakTep pa3pylIeHns u3nenus (o u3aomy);

— CTPOCHHE METAIIIMYECKOT0 CIIUTKA (HaIMUKe B HeM Pa3IMYHbIX 30H KpH-
CTaJUTA3ALINN);

— HapyIlIeHHe CIUIOIHOCTH MeTaa (YCalOYHyI0 PHIXJIOCTh, I'a30BbIe ITy3bI-
PH, PaKOBHUHBI, TPEIIWHEI, IOPOKH CBAPKH U T.1.);

— XUMHYECKYIO0 HEOHOPOAHOCTH CIUIaBa (JIMKBAIUIO);

— HalpaBJIeHye BOJOKHA B Ne(GOpMUPOBaHHOM MeTaJlIe;

— HEOJHOPOAHOCTb, CO3JJAHHYIO TEPMUUYECKOMN WM XUMHUKO-TEPMHUIECKON
00paboTKOH.

Maxpocmpyxmypa modicem b6vime Ucciedo8ana:

— Ha IIOBEPXHOCTH 3aIOTOBKHU HIIH JIETaJIH;

— Ha H3JI0Me;

— Ha Makpouude.

1.1. Hexs padoThl

TTo3HakOMHUTECS C METOONKOH IIPOBECACHUS 1 BOZMOXHOCTAMU MaKpPOCTPYK-
TYPHOT'O METOAa UCCICTOBAHUS MCTAJIJIOB U CIIIIaBOB.

1.2. MaTepuan uccjieoBaHusi

Komnexnus u3nomoB, Makpouutudos, Gpororpaduu.
1.3. Ilopsiaox BuInoaHenus: paGoThl

1. I/IBY‘-II/ITB Pa3IM4IHBIC BUJBI U3]IOMOB, YCTAHOBUTH NPHUINHBI UX BO3HUKHO-
BE€HUsI, 3apHCOBATh Hauboee XapaKTEePHBIC U3JIOMBI,



2. M3yunTth Ha Makponumuax CTpoeHHe CIUTKA, BOJOKHHCTOE CTPOSHHE ro-
psueneOpMHAPOBAHHOTO METALIA U T.1.;

3. IIpuroToBUTH MakpounTA( U BELIBUTH PACIIpEeieIeHHE CEPBI 110 METOAY
Baymana. JlaTh 3aKiIfo9eHHe 0 XapaKTepe paclpeielIeH!s CEPEL.

1.4. Conep:xaHue oT4yeTa

OryeT NOJDKEH BKIIIOYATH:

1) nens paboTsI;

2) CyIIHOCTh MaKpoaHalli3a ¥ OCHOBHEIE €r0 METObI;

3) KpaTKOe OIMCaHNe U CXeMaTUUeCKHe PUCYHKH U3JIOMOB U MaKpOLLIH(OB;

4) MeTOIMKY IPUTOTOBIEHISI MaKpOILIH(OB;

5) MeTOMUKY OTIpe/eNIeH s pacipenelieHHs cepbl B cTand 1o baymany c 3a-
KITIOYEHHEM O XapaKTepe paclpeieneHus Cepsl.

1.5. MeToan4eckne ykazanus

PaGora cOCTOMT M3 OBYX YacTei: M3ydeHHs H3JIOMOB M Makpouuiugos. Bo
BTOPO} YacCTH CTYJIEHTHI FTOTOBAT MakpOLULTU( U IeaioT CepHBIA OTIEYaToK I10
metony baymana.

1.5.1. M3y4enune n3jioM0B

M3moMoM Ha3BIBAIOT MTOBEPXHOCTH MOJIHOCTHIO Pa3pyIIeHHOro o0pasna wim
JIETaJM TPH Pa3IMYHbIX CIIOCO0ax HArpy>XeHUs: PACTSDKEHUH, CIKATHH, HU3Truoe,
KpydeHHH. V3710MBI OOBIMHO KITACCH(DUIMPYIOT IO ABYM IIPH3HAKAM:

— TO XapakTepy Harpy)XeHWs, BEI3BABIIEMY NAaHHBIA W3JIOM (CTATHUECKUIA,
JHUHAMHAYECKHH, yCTAJIOCTHEIH);

— 10 0COOEHHOCTSIM CTPOEHUS H3JIOMA.

ITo 0coOeHHOCTSAM CTPOSHHUS M3IIOMa MOXKHO, B YaCTHOCTHU YCTaHOBHTH Ka-
KUM OBLIO pa3pyIIeHHe — BS3KHUM, XPYINKHUM, WU YCTalOCTHBIM. Ha m3imomax
MOJKHO YBHIETh ¥ HEKOTOpEIe JeeKThl MeTaiuta (Hampumep, GpIIOKeHbI).

Baskomy paspywenuro NpenliecTBYeT 3Ha-
4yyTenbHas Iactudeckas nedopmanus. [Ipu
TAaKOM pa3pylICHHH BO3HUKAET BONOKHUCHIbIL
u3loM C MaToBOi moBepxHOCTh (puc.l.l). B
3TOM cllydae CTpyKTypa MeTaiia (dhopma, pas-
Mep 3epHa) He OOHapy)KMBaercs, Tak Kak H3-
oMy IpeAIecTByeT IUTacTHdecKas aedopma-
1usl, KOTOpast MCKaXaeT NeHCTBUTENBHOE 3ep-
Ho. CranbpHBIE H3ZENHS, UMEIOIIHE BOJOKHH-
CTO€ CTpPOEHHE M3JI0Ma, KakK IpaBmiio, obiaga-
FOT BEICOKHM 3HAYEHUEM yIapHOM BSI3KOCTH.

Xpynkum Ha3BIBaIOT paszpylIeHUE, KOTOPOe
npoTekaeT 6e3 BHAMMOH MakpoIluacTHdeckoil nedopmamuu. XpymKoe paspy-

Puc.1.1. BOJIOKHHCTBIHA H3I0M
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IIeHUe NPOUCXOMUT IIPH MaNbIX Harpyskax, Tak KaKk He 3aTpauuBacTCs SHeprus
Ha IpefBapUTeNbHY0 AedopMaryio. XpynKud U310M MOXET UMETh Kpucmai-
nuueckoe cmpoenue. IIpu KpuCTaNIIUeckoM (3€pHHCTOM) HM3JIOME MOXKHO Ha-
OmroaTh Tak Ha3bIBaeéMOE 36pHO U3IIOMa, KOTOPOe JaeT NPeJICTaBICHNE O BHYT-
peHHEM CTpOeHHH MeTajlla — opMe U BeIUUHHe 3epHa. PasMepsl 3epeH, BUIM-
MBbI€ B H3JI0OM€, MOTYT K0JIeOaThCS B OYECHb IIHPOKHUX IpejellaX: OT HECKOIbKHX
CaHTUMETPOB JIO THICSYHBIX Joyell MwuiaMeTpa. YeM KpyHee 3epHO, TeM, Kak
TIPaBUIIO, HIDKE MEXaHWIEeCKUe CBOMCTBA U, B YaCTHOCTH, yapHas BA3KOCTb.

Kpucrammraecknii U3710M GBIBaeT IBYX THIIOB: MEXKPHCTAUTHUSCKUl (wim
HHTEPKPUCTAIINIECKUIT) H TPaHCKPUCTAIIMIECKHHA.

Mesxkpucramnaaeckui uznoM (puc. 1.2, a, B) IpoXoIuT 110 IpaHUIAM 3epeH
Metanna. Taxoil BHj M310Ma BO3MOXEH, KOTJa IIPH OIpPEJeNICHHBIX YCIOBHIX
OXJIXKIEHHS TIOCIIe JIMThS WM TepMHUIecKol o6paboTKM 1O TpaHUIAM 3epeH
BBIJICTAIOTCS Xpynkue (a3el min Koraa HepudepuifHe 30HBI 3epeH oborala-
FOTCSI DIIEMEHTaMH, TOBHIIIAOIIIMY XPYIKOCTh. IIpy TpaHCKPUCTAIUINTHOM M3-
nome (puc. 1.2, 6, r) paspylieHre IPOUCXOIUT IO 3epHY, IPOYHOCTE 3€PHA OKa-
3BIBACTCS MEHBIIE IIPOYHOCTH I'PaHUILL.

B) r)
Puc.1.2. CxeMbI IPOXOXKICHHUS TPELIUHBI IIPU MEX3ePEHHOM (a)
TpPaHC3ePEHHOM pa3pyeHuu (0). Mex3epeHHsIi u3noM (B) 1
TpaHC3ePEeHHEIH U3I0M (T)



OpuH ¥ TOT )Xe MaTepHall B OXHOM ¥ TOM JKe CTPYKTYPHOM COCTOSIHUM MO-
eT B 3aBHCHMOCTH OT YCJIOBUIl HarpyXeHus (TeMIepaTypbl, CKOPOCTH IPUIIO-
JKEHHS Harpy3KH, XapaKTepa HanpsDKeHHOTO COCTOSHUS) OOHApYXHUTH BS3KOE
WK XPYyIKOe paspylIeHue U, CIe0BaTeNbHO, BOJIOKHUCTHIA MIIH KPUCTAIIHYIe-
CKUM U3JIOM.

Yemanocmnoe paspyuienue xapaKkTepHO JUil JeTaneil MalllMH U MEXaHH3MOB
(HampuMep, KOJIEHYATHIX BaJIOB, PENBCOB M T.X.), paOOTAIONUIMX IIPH IIOBTOPHO-
MepeMeHHbIX WIH LUKIMYeCKUX HAlpSHKeHUSIX. DTO paspylleHHe OCOOEHHO
OIIacHO, TaK KaK MOXXET MPOUCXOIWTH 0] AeHCTBHEM HaIpsKeHUH, He MPeBbl-
NIA0IIKX MpejeNia TeKydecT MeTayuia. HadaapHas MUKpOTpeIIuHa OOBIYHO 3a-
pOXIaeTcsl Ha IIOBEPXHOCTH M3IEHs B MECTaX KOHLIEHTpalMy HalpshDKeHU (y
HaJpe3oB, Ha IIepexojiax OT OJHOI0 CeYeHHs K APYroMy H T.II., HEPEIKO y Me-
TAJUTyPTHYeCKUX U Ipyrux HedekTax). IIpu MoBTOPHOM W HEOJHOKPATHOM IIpH-
JIOXKEHNH W CHATHM Harpy3KH TPellrHa JIMTEeIFHOEe BpeMs pa3BUBASTCs BrITyOhb
m3nenus. IlonepedHoe cedeHue IeTalny Bce Oonblne ocnadiiieTcs W, HaKOHeLl,
OKa3bIBAeTCsl HEIOCTATOYHBIM ATl BOCHPHUATHS AeHCTBYIOIIMX Harpy3ok. Torma
HacTyllaeT IepHoJ OKOHYATENIFHOTO paspylleHHs, KOTOPBIH IpOTeKaeT NOCTa-
TOYHO OBICTPO W, KaK IpaBHJIO, XpyIKo. IlosToMy uznom npu ycmanocmuom
pazpyuienuy COCTOUT U3 IBYX 30H (pHUcC. 1.3): 30HBI MEJUIEHHOI'O Pa3BUTHS Tpe-
IIUHEI ¢ IMaAKOH (IPUTepTOit) HOBEPXHOCTHIO C YEPEAYIOIIUMHUCS KOHICHTPH-
JeCKHMH JMHUSIMU BOKPYT Odara paspyIlieHHsI ¥ 30HbI J0JI0OMa — XPYIIKOTO KpH-
CTaJUTMYECKOTO M3JIOMAa.

Yar 3apoKACHUS TPELHbI
3ona ycrainocTu

3o0Ha gonoMa

2)

Puc.1.3. Cxema 3apox/IeHUs U Pa3BUTHS TPEIIMHEI IIPH IEPEMEHHOM H3THOe
Kpyrioro obpasna (a). YcranocTHsii usioM Baina (6)

Vsnom mosBonsieT 0OHApYXUTh pasnudHble NedeKTH MeTamld (IyCTOTHI,
TPELIHHbI, [a30Bble IMy3BIPH H T.1.) U AedeKTsl TepMoobGpaGorku. Hampumep,



€CIii TeMIepaTypa IpH TepMooOpaboTKe ObLIa CIMIIKOM BBICOKA, TO BO3HUKAET
IeperpeB HIIH IIePexor.

Ilepezpes TPUBOAWT K YKPYIMHEHUIO 3epHa. DTOT Je(eKT MOXeT OBITh YCT-
PaHUM IIyTeM IIOBTOPHOTO HarpeBa J0 TeMIIepaTypHl, JieXalllel HIDKe TeMIlepa-
TYpBI, IPH KOTOPOI Ipou3oIIeN meperpes. B pesynprare 3epHO noiydaercs 6o-
Jiee MEJIKUM U MeXaHH4YEeCKHe CBOHCTBA IIOBBIIIAIOTCS.

Iepescoz HabnrofaeTcs mpy Gonee BBHICOKHMX TeMIlepaTypax Harpesa (Ouus-
KHMX K TeMIlepaType CONumyc), dyeM IeperpeB. CompoBOXKAaeTCs CHIBHBIM yK-
PYIHEHHEM 3€pHA, OKHMCIIEHHEM IPaHuIl 3epeH WM WX OILIaBIEHHEM, UTO MPHU-
BOJWUT K XPYIKOMY MEXKPUCTAIUTUTHOMY H3JIOMY. DTOT HeeKT CUunUTaeTcs He-
HCIIPaBUMBIM, M W3[IeNIUe HIeT B Opak.

Ilpumepamu edeKTHBIX HM3JIOMOB IIEperpeToil CTall SBIAIOTCS TaK Hasbl-
BaeMble HAQTATHHUCTHIN (TPAaHCKPUCTAIUTUTHBIN HU3NOM ¢ U30HpaTenbHEIM Ore-
CKOM) ¥ KaMHEBHUJIHBIH (MEXKPHUCTAJUIMTHBINA H3JI0OM SIPKO BBIPaXXEHHOTO Ipy6o-
TO XapakTepa) H3JIOMBL.

ITokas3aTeNbHBIME SBISIIOTCS H3JIOMBI JIETHPOBAaHHBIX CTallel, ‘B KOTOPBIX
MOKHO OOHapY>KUTh crienuduIecKue MOPOKH — MUPEPHBIH U3JIOM U (DIIOKEHBL.

Iugeprviv (CIIOUCTHIM) Ha3BIBAeTCS W3JIOM CTallH, XapaKTepH3yIOIIHHCS
GoJiee WM MEHee CIOUCTEIM cTpoeHreM. OH mojo0eH pa3pylIeHuIo rpyboBo-

JIOKHHCTOTO JIepeBa B MPOMOIBHOM HAIPABIECHUH ¢ OOPBIBAMHI T'PYIII BOJIOKOH
(puc.1.4).

Puc. 1.4. HudepHstit n3noM

Hlugepnuiii M310M HaOIIOAAETCSI TONBKO y CTaNH, IIOABEPTHYTOH ropsueit
nedopmanuu. ITpuanna oGpasoBaHus mupepHOro W3JIoMa — IOBLIMICHHOE 3a-
IpsA3HEHHe CTall HeMeTaJUIMYeCKUMHU BKIIOUCHHSMY, IIOPUCTOCT, HAJIM4Ue He-
OJHOPOJHBIX 10 XMMHYECKOMY COCTaBy M CBOMCTBaM y4acTKOB. B pesyibTare
OJIHOCTOPOHHEH BBITSDKKH IIpHU Topsdedl o0paboTke IaBleHWEM (HampuMep,
MpOKaTKe) pasHOPOIHEBIE COCTaBILIIONINE YIIMHSIIOTCS W CO3IAI0T PacClOeHHe
cranu. [Ipu pasBuTHu IM(EPHOCTH CHIDKAIOTCA TakWe CBOMCTBa Kak OTHOCH-



TEJIFHOE Cy)XeHHe M yAapHas BI3KOCTb, ONpeJelIeHHbIe Ha IIONEPEeYHBIX 00pas-
nax. Cranb, UMeroIas SIPKO BEIPaKCHHBIHN IMH(EPHbIH H3JI0M CUATACTCs] HEKOH-
JUAITMOHHOIA.

@roxeramu Ha3BIBAIOT BHYTPEHHHE TPEIIUHBI CTAM. B M3/10Me OHM BHUAHEI
B BUZIE CEPEOPHUCTHIX IATEH OKPYTIION MY SIUIMNTHIECKOH (GOPMBI C OTUETIIHBO
BBIp@XCHHBIM KpHCTaJUIMYecKuM cTpoeHueM (puc. 1.5, a). DioKeHH B IoIre-
PEYHOM CEeYCHHH, HAIpHMep Ha TPaBICHHBIX IIOMEPEYHBIX IIITH(ax, BELBISIOT-
s KaK TOHKYe TpermHsl (puc.1.5, 6).

6)

Puc.1.5. ®nokens! B uznome (a) u Ha Makpouuvmdpe (6)

DnokeHsl, KaK [IPaBHIIO, IOPa)KaloT BHYTPEHHHUE 30HBI CTATBHBIX MTOKOBOK.
Ob6pazoBaHue (QIOKEHOB IPOUCKXOAUT B ONPeLeTeHHOM HHTEpBAlle TEMIEPATYD
TIPUMEPHO 230°C u mmxe IIPH OTHOCUTENHHO OBICTPOM OXJ@XJEHHWU CTaIH II0-
clle ropsdelt mnacTudeckod medopmarmu. O6pa3zoBaHuio (GIOKEHOB CHOCOOCT-
ByeT PaCTBOPEHHBIN B CTalld BOAOPOJ ¥ HalMuue HanpspkeHuH. C MOHIKeHrEM
TEMIIEpaTypBl PACTBOPHMOCTE BOLOPOJA B CTaH IOHMXKaeTcs. Eciu oxmaxe-
HHE HPOMCXOAMIIO CIHUIIKOM OBICTPO M IONIEpEeYHOE CeHeHWe H3/eNHUsl BEIMKO,
TO BpeMeHH JJIs yAaleHHs BOJOPOia U3 CTANH ITyTeM nuddy3un HeZoCTaTOqHO.
3T0T haKTOp B COBOKYIIHOCTH C HAJIOXXCHHEM HAIPSDKEHMI BBI3BIBAET MOSBIIE-
HHE TPEIUH B MECTaxX CKOIUICHUs BOJOPOJA.



1.5.2. Mizyuenne maxkpouriugos

MaxkponuinoM Ha3pIBalOT OTHUIM(OBAHHYIO M IIPOTPABIEHHYIO IIOBEpX-
HOCTh MeTaia. JIas1 IpUroToBiieHus Makpoluirga BeIpe3aeTcs obpasel U3 HH-
TePeCyIOIero y4acTKa U3/eiHs, OJHy IOBEPXHOCTh KOTOPOTO 3aTeM IIIA(YIOT
¥ IIO/IBEPraroT TPaBIEHMIO CIleIUalbHBIMU peakTuBaMH. [lociie TpaBieHus Ha
ITOBEPXHOCTH MaKpoILIH(a BELIBIIETCS MaKpOCTPYKTypa.

Ha makxponumide MOXHO BBIIBUTH cmpoeHue numou cmany. B mpolecce
KPHCTAIM3aIiK OOBITHO 00pasyroTcsl APSBOBUAHBIE KPHCTAILIBL, TTOIyIHBIIHE
HasBaHue IeHApUTOB. Ilocite 06pa3oBaHus 3apobIlIell POCT 3epHa MPOUCKXOIUT
HepaBHOMEpHO. MakcuMalnbpHas CKOPOCTh pOCTa KPHCTAJIOB HAOIIOAAETCs 10
TaKUM IUIOCKOCTSM H HaIpaBJIEHHUSM, KOTOPBIE HMEIOT HauOOJIBIIYIO ITIOTHOCTh
YIIaKOBKH aTOMOB. B pesyinpTare BRIpacTaroT JUIMHHBIE BETBH, TaK Ha3bIBaeMble
ocH nepBoro nopsiaka (puc. 1.6, a). OXHOBpeMEHHO C YAJINHEHHEeM Ocel IiepBo-
ro NopsjKa Ha Ux pebpax 3apoXJaloTcsl ¥ pacTyT NepIEeHINKYIIPHO K HUM OCH
BTOPOTO IOPSAAKA, OT KOTOPBIX OTBETBISAIOTCS OCH TPEThEro IMOpPSIKa U T.[.
JlennpuTel pacTyT O CONPUKOCHOBEHHS APYT C APYTOM, MOCTEIIEHHO 3al0NHsIA
BCE MPOMEXYTKH, 3aHATHIE XUAKUM MeTauioM. Kpucramnmszanus uaer Takum
00pa3oM, ITO BHYTPeHHHE 00BEMBI ICHPUTOB, KPUCTALIU3YIOLINECS B IEPBYIO
ouepesib, HauboJee 00oralleHs! TyTOINTaBKUME 3JIeMEHTaMU CIUIaBa, a mepude-
pHifHEIE 30HBI, KPUCTAJIU3YIOMKECS B IIOCIETHIO O4epe/lb, — JIETKOILIAaBKUMH.
XHAMHYECKyI0 HEOTHOPOAHOCTH BHYTPH OTAEIBHOIO JEHAPUTA HA3BIBAIOT JICH/I-
putHOM mukBarued. OHa TPUBOIUT K YXYAIICHWIO MEXaHWYECKHUX CBOMCTB.
JeHnpuTHOE CTPOSHYE KPUCTAIIIOB SBISIETCS TUITMYHBIM JUIS IUTOrO MeTaia.

Ock 1-20 noy

Ocu 2-20 nopsic

Ocu 3-20 riopsidka

a)
Puc.1.6. Cxema cTpoeHus neHapuTa (&), ¥ BUI JSHOPUTHON
CTPYKTYpHI Ha muude (6)

Kpucramis!l (3epHa) MeTamla MOTYT HMETh PaBHOOCHYIO (TNIOOYIISIPHYIO) |
cTonb9aTyio (BEITAHYTY0) popmy. B obmieM ciyuae B CIUTKE CILIABOB MOXHO
HabmoxaTk TPH 30HBI KpUcTammmsanun (puc.1.7). Kpucrammmsanus XuIKoro
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MeTajla HAuMHAETCS Y CTEHOK H3JIOKHHUIBI. Tak KaKk CTeHKH W3JIOXKHMIIEI
XOJIOMHBIE, TO XHUIKHANA METalll B MPUIETaloeM K IIOBEPXHOCTH TOHKOM CJIO€
OKa3bIBaeTCs CHIHLHO TEPEeOXNaXACHHBIM. OTO TPUBOAMT K OOpa3soBaHHIO
OTPOMHOTO 9HCIIa IIEHTPOB KPUCTALTM3AIAH U K (OPMUPOBAHHUIO y3KOM 30HbI 1
MEJIKMX PaBHOOCHBIX KpHCTaLioB. ITo Mepe yJaleHHs OT CTEHOK HM3JIOXKHHITHI
CTENEeHb TMEePEOXTAXKISHUS JKUAKOTO MeTajlla CTAaHOBHTCS MEHBINE, YTO
BBI3BIBAE€T YMEHBIIIEHHEe 4YHClIa LEHTPOB Kpucraywmmsanuu. OOpasyromuecs
KPHCTAJUTBI PAacTyT B HAIIPaBJICHUH, IPOTUBOIION0XKHOM OTBOAY TEIUIA, T.€. POCT
KPUCTAJUIOB MMeeT HallpaBleHHBIM Xapakrep. B pesynbraTe BO3HUKaeT 30Ha 2
KPYIHBIX CTOJOYAThIX KpPUCTAIOB. B LEHTpanbHOH dYacTH H3JIOXKHHLEL
TeMIeparypa  OKHIKOro  Meralula  MeHsercs  MemieHHo.  CreneHs
HEepeoXITXKICHUST JKUAKOTO MeTajlla Majla, BCIEJCTBHE JTOT0 BO3HHMKAaeT
HeGOJBIIOe KOJMMYEeCTBO I[EHTPOB KpucTamm3anuu. HampapieHHOCTs OoTBoIa
TeIUia TepsAeTcsl U 0Opa3oBaBINMecs KPUCTAIBI PacTyT BO BCEX HalpaBICHUIX
MIPUMEPHO C OIMHAKOBOW CKOPOCTHIO. B IleHTpe cimTka GopMupyercs 30Ha 3,
COCTOSIAs U3 KPYIIHBIX PABHOOCHBIX KPUCTAIJIOB.

Puc. 1.7. Cxema CTpoeHHS METAJUNIMIECKOTO CIIUTKA:
1 — 30Ha MEJKUX PAaBHOOCHBIX KPHCTAJUIOB; 2 — 30HA CTOX0YATHIX KPUCTAIIOB;
3 — 30Ha KpYNHBIX PaBHOOCHBIX KPHCTAILIOB; 4 — ycaJo4yHas paKOBHHA

Heo6x0muM0 OTMETHTH, UTO IPOTKEHHOCTD, & TAKIKEe HAJMYNE YKA3aHHbIX
30H 3aBHCHT OT MHOTHX (aKTopoB. M3MeHsIs TeMIeparypy >KHAKOTO MeTaluia,
tdopMy, MaTepHan H3IOXKHUIEBI, €e TONIHUHY M T.JI., MOXHO B IIHPOKOM
JiMania3oHe PerylIupoBarh GopMy U pa3Mep 3epHa.

Ilpu kpucTammusanyu OONBHIMHCTBA METAIOB O0BEM YMEHBIIASTCs, Tak
Kak 00BbeM TBEpHOro MeTaia OOBIMHO MEHBINE, YeM JKHAKOro. DTO SBIECHUE
HasblBaeTcsl ycaakodl. B Tol wacTH cnuTKa, KOTOpas 3aTBepieBaeT B
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MOCTIeTHIOI Odepenb, obpasyeTcd IONOCTh — ycagouHas pakoBHHa. OueHb
9acTO 3TO BepXHss YacTh ciuutka. OHa MOJISKUT OTpe3Ke U IepelliaBKe.

B copsuedepopmuposanrom memanne Ha Makpouuindax IIyTeM TpaBICHUST
MOJKHO BBUIBUTH HANpAgieHue 6010KOH. BOJIOKHUCTOE CTpOeHNe BOSHUKACT M3-
3a TOro, 9YTO IIpU TrOpsueil TIpokaTKe, KOBKe, INTaMIIOBKE M T.OL.,
HPHCYTCTBYIONIME B METAUIe HEMETAUIMIECKHE BKIIOUEHWS BBITATHUBAIOTCS
BIOJHh HampaBieHus gedopmarmu. HeoOxoguMocTs B OIpeAeseHud
pacIToNIOXeHHsT BOJOKOH BBI3BaHA TEM, YTO MPOYHOCTh M IUIACTUYHOCTH, Kak
TIPaBUJIO, BBIIE BIOJH BOJIOKOH, 4eM IIoliepeK. BrIsBleHWe BOJIOKHHUCTOrO
CTPOEHHMS TO3BOJNSET CHelaTh BHIBOX O IIPABHIBHOCTH  IIPOBEIEHHUS
meopmarnmd.  BonoxHa ~— HOIDKHEI  paclolaraTtbCi — COOTBETCTBEHHO
KoHGurypauuu u3genus (puc. 1.8).

Puc. 1.8. MakpocTpoeHue HenpaBUIBHO (@) U IIpaBAIBHO (6)
H3TOTOBJIICHHOI'O KPIOKa

Ha wMakpomumdax IyTeM CHOEMANBHOTO TPaBICHHS HU3YYalOT W
pacnpedenenue 8 Memanne pasiuynslx snemermos. C IOMOIIBI0 MaKpOaHaJH3a,
B OTJIMYHE OT XMMUYECKOI'o, HeJIb3s OIPEeeNUTh KOIHIECTBEHHOE COIepIKaHue
mprMecell, HO MOXHO YCTaHOBHUTb HEOJHOPOIHOCTH paclpelelicHus WX B
Metamie. Illupokoe HpHMeHeHHWE B IpakTHKe MeTauIorpadHuIecKux
naboparopuil momyuuna cepHas npoda no baymaHy AJsi BEISBIEHUS JTHKBAITHH
(xuMugecKoit HeoTHOPOAHOCTH) cephl. Cepa OTHOCHUTCS K BPEIHBIM IIPUMECSM U
ee KOJIMYeCTBO B CTalu orpaHu4uBaeTca. Ee BpenHoe BIUSHHE YCYTryOisieTcs
TEM, YTO OHA CKJIOHHA K JIUKBAIHH.

Urobbl OIEHHUTH pacupezeNeHHe cepsl 1O baymany, HeoOXoauMo
IIPUTOTOBHUTE Makpouutud. Jlid S5TOro IOBEpXHOCTh oOpasia UUIHQYIOT
nudoBansHoi 6ymaroit, IpOMBIBAIOT U CyIIaT.

3arem OepyT nUCT GpoMcepeOpsiHOft GoToOyMary, CMaunuBalOT €€ B TEUSHUE
2-3 wMuHYT B 5%-HOM BOJHOM DAacTBOpe CEpHOH KHUCIOTHI, CJerkKa
IPOCYIINBAIOT MEXTy IBYMS JTHCTaMH QIUIBTPOBAIBHOM OyMmaru Ajs yaaleHus
W3IMIIHEI0 PAacTBOpa M HAKIAABIBAlOT 3MYJBCHOHHOHM CTOpOHOM Ha
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nuT(OBaHHYIO IOBEPXHOCTHh Makpolnda. @orobymary cierka i OCTOPOXKHO,
He JIOIlycKasl CMEINEHHs, IPUTTIaXKABAIOT PYKOH MM PE3WHOBBEIM BaJIHKOM TSI
yAaleHus] OCTaBIINXCA MEeXAY OyMarod u MakpouuiudoM IIy3bIpbKOB BO3IYyXa,
TaKk Kak 3TH Iy3BIPBKH OCTAaBIIOT Ha Oymare Oexnble ISITHA U MacKHPYIOT
pe3yibTaThl aHanu3a. Bpems Belaepxku 3—5 mumHyT. Ilocie storo Oymary
CHUMAIOT C Makpouunda, NpOMBIBalOT Bomod u ¢uxcupyor B 10%-HoM
BOJHOM pacTBOpe rumocynbduTa HaTpus B TedeHume 5—-10 MHHYT, 3aTem
TIPOMEBIBAIOT BOJIOH M CyIIarT.

JlelicTBre peakTHBa OCHOBAaHO Ha ciemyiomeM. CepHHUCTBIE BKIFOYEHUS
(MnS, FeS), uMerolnuecs B IOBEPXHOCTHBIX ydacTKaxX MeTallla, PearupyloT ¢
cepHOI KHCIIOTOH, ocTaBIIeficst Ha GpoToOyMmare:

MIlS( FCS)"’HZ SO4 = Ml’lSO4 (FCSO4) + stT

O6pa3syromuiicss CepoBOIOPON B3aUMOINEHCTBYET ¢ OGPOMECTHIM CcepeGpoM
¢dborosmMynbCHA:

H,S +2AgBr =2 HBr+Ag,S |

CepHauctoe cepebpo nMeeT KopraHeBEIH I1BeT. [TomyyenHsle Ha (hoToGYMare
TEMHbBIE YyYacTKM KOPHYHEBOTO I[BeTa YKa3bIBAaloT (oOpMy M Xapakrep
pactpeneneHus cyiabduuos. Eciu dorobymara mMeeT OXHOPOIHYIO OKPACKY,
TO, CIeIOBaTelIbHO Cepa paclpeelleHa paBHOMEPHO.

CepHelit OTIEYaTOK IPUKIAIBIBACTCS K OTYETY.

1.6. KoHTpOsIbHBIE BOIPOCHI

1. B gem 3akmodaeTcsi MaKpOCTPYKTYPHBIA METOJI UCCISOBAaHMA?

2. Kakue MeToAB! UCIIONB3YIOTCS B MaKpoaHau3e?

3. Yto Takoe MaKpoCTpyKTypa?

4. Kaxue nedeKTsl TO3BOIISST BEIIBUTH MAKPOCTPYKTYPHEIM aHamms?

5. YTo MOXXHO YCT2HOBMTH II0 BHIY H3IIoMa?

6. Kakoe pa3pyIieHre Ha3bIBaeTCS BI3KHM?

7. Kaxoe paspyIieHre Ha3bIBaeTCsl XPYIIKUM?

8. Kaxoe paspylieHue Ha3bIBaeTCsA yCTaJIOCTHEIM?

9. KakuM M3710MOM XapaKTepH3yeTcsi BI3Koe paspyrieHue?

10. KakuM H310MOM XapaKTepu3yeTcs XpyIlkoe pa3pyleHue?

11. KakuM H3710MOM XapaKTepu3yeTcs YCTaIOCTHOe pa3pylieHue?

12. Yo cioco6CTBYET MOSIBICHUIO (PIOKEHOB?

13. Kakoe pacnionoxeHue BOJIOKHA B IETalIN CUUTATH [IPABUIEHEIM?

14. Kak BEIIBATB paclpezielieHHe cephl 0 CEUSHHIO MaKpoIUI(a METOIOM
Baymana?
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2. MUKPOCTPYKTYPHBI METO HCCJIEJTOBAHWS
METAJLJIOB " CILIABOB

MHUKpPOCTPYKTYpPHBIH aHAIN3 3aKI04aeTCsi B HCCIEIOBAHHH CTPYKTYPHI
MeTajla Py GOJIBIINX YBEIMISHUSIX C IIOMOIIBI0 MUKPOCKOIIOB.

Crpoenne MeTauia, HaOmomaeMoe 0]y MHKPOCKOIIOM, Ha3bIBaeTCH
MUKpPOCTpYKTypoii. YacT cIulaBa, MMEIOLIHE I0f] MUKPOCKOIIOM OJUHAKOBOE
CTpOEHHe, Ha3bIBAIOTCS CTPYKTYPHBIMU COCTABIISIOIIHMH.

MuxpocmpyKmypHbLil GHANU3 NO360JIAEH ONPEOeTUmMb.

— BeNMW4YUHY U (HOpMY 3epeH, U3 KOTOPEIX COCTOUT METaJUl WX CIUIAB;

— pacmojio)keHue (a3, COCTABISIOMIMX CIUIAaB; BBIIBHTH W3MEHEHUS
BHYTPEHHOTO CTPO€HHMS CIUIaBa, IPOMCXOAAIMKX TIOZ BIMSHUEM DPa3IMIHBIX
BHUJIOB 00pabOTKY;

— oOHapyXuTh MelpYaiiiiue HOpPOKK MeTawia  (MHKPOTPELIMHEI,
HEMeTAUTMIEeCKIe BKIIIOUYEHUS U T.11.).

MUKpOCTPYKTypy METaJIOB HaOIIONAIOT B CBETOBOM (ONTHYECKOM) WA
3JIEKTPOHHOM MHKPOCKOIIE.

M3yyenrie CTPYKTYpPBI C HOMOIINBIO0 ONTHYECKOTO MHKPOCKOTA COCTOUT M3
CTeNYIOMUX STAIOB:

a) MPHUTOTOBIEHHE MUKPOULTH(OB;

6) usydYeHWEe MHUKPOULTH(GOB B «HETPABIEHHOM COCTOSHHMHY», T.€. IOCIE
TIOJIMPOBAHMSL, IIPOMBIBKY M IIPOCYIIBaHU;

B) TpaBlieHHe IUINU(OB IS BEISIBIEHUS CTPYKTYPHI;

I) HCCIeIOBaHUE MUKPOCTPYKTYPBI C IOMOIIBE0 MUKPOCKOTIA.

2.1. Hean paGoThl

O3HaKOMHUTHCA C IPHUHIUIIOM PabOTH METALTOrpaduIecKoro MUKpPOCKOIIA,
TEXHUKOW  IIPUTOTOBICHUS MHKponUmdpoB U  Hanbonee  TUIMIHBIME
CTPYKTypaMy METaJUIOB ¥ CILJIABOB.

2.2. MaTepunan HccJiei0OBaHUSA

Konnexius 06pa3u013 TEXHHMYECKH YUCTHIX METAJIOB, XEJIE30yTNEPOIUCTBIX
U NBCTHBIX CILJIABOB.

2.3. IlopsxoK BBINOJHEHHS] PaGOThI

1. O3HaKOMHUTBCA C  TPUHIMIOM  pabOTHl  MeTauIorpadHUecKux
MHKPOCKOIIOB ¥ OCBOUTH IIPOCTEHIITE IPHEMB! pabOTEL.

2. O3HaKOMHUTBCA C TEXHONOIMEeHl  HM3TOTOBIEHHMS W  TpaBJeHHS
MUKPOILTAOB.

3. TlpocMOTpeTs ION MHKPOCKOIIOM ¥ 3apHCOBATh MHUKPOCTPYKTYPY
00pasuos.
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2.4. CogepxaHue oT4eTa

OT4eT JOIDKEH BKIIFOYATH:

1) mens paboTsI;

2) ommcaH¥e MPUTOTOBIECHUSA U TPABICHIS MUKPOILIH(OB;

3) YHpPOIIEHHYIO ONTHUYECKYIO CXeMy MUKPOCKOIIA ¢ KPaTKUM OIHCaHUEM;

4) cxeMaTHYeCKWe PHCYHKH IIPOCMOTPEHHBIX MHUKPOCTPYKTYKTYp C
HeOOXOTUMBIMH MOSICHEHHIMH.

2.5. Meroanueckue yKazaHus

s mpoBemeHHs pabOTBl HEOOXOMUMO HMETh MerauiorpadudecKuit
MHKpOCKoIl.  Mertaiorpaguyeckue  MHKPOCKONBI, B OTIMYHME  OT
Ouomormyeckux, paboTaloT B OTpaXeHHOM cBere. OCHOBHBIMH Y3JaMH
MHKPOCKOIIAa SBJISIOTCS ONTHYECKAass CHUCTeMa, OCBETHTENbHAs CHCTEMa C
thororpaduueckoit ammapaTypoi, Mexanmndeckas cucrtema. OnTHYECKas CUCTEMA
BKIIIOYaeT B ce0s OOBEKTHB, OKYJNSpP M Pl BCIIOMOTATENBHBIX ONTHYECKHX
3JIEMEHTOB: 3epKajia, MPU3Mbl W T.J. [IpUHIMIHANBHAS CXEMa OITHYECKOM
CHCTEMBI MUKpPOCKOIIa TTOKa3aHa Ha puc. 2.1.

O
/1IN

8

Puc.2.1. [lpusnunmaneHas cxeMa ONTHYECKOM CHCTEMEL METAILTOTpadgUIecKoro
MHKpOCKOMa: / — MCTOYHUK CBeTa; 2 — KOHIEHCOP; 3 — CBETOQUIBTPLI;
4 — nmadparma; 5 — noxynpo3pavHas IIACTUHKA; 6 — OOBEKTHUB;
7 — 00BeKT (Muxpouutud); 8§ — 3epkayo; 9 — oKyIsap
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Cger or ocBerureist 1 momamaer B KoHAeHcop 2 (dopMupyeT spKuit
pPaBHOMEpHEBI [My4OK), IPOXOAUT 4Uepe3 CMEHHble CBETOQUIBTPH 3,
ameprypHyro auadparmy 4 (OrpaHHYMBaeT CBETOBBIE ITyJKH M OOECIIeUMBaeT
BBICOKYIO YETKOCTh HM300pa)KeHMUs), NPeoMIseTcs ILIaCTUHKOHM 5, IpoXomut
yepes o0BEKTHB 6 U (QOKycHpyeTcs Ha MHUKpouuiude 7, yCTaHOBIEHHOM Ha
npeaiMeTHOM  crojuke. IlomydeHHOe  HM300pakeHHe  IOBEPXHOCTH (B
OTPaXEeHHBIX JIy9ax) YBeIHIHBaeTCsl 00OBEKTUBOM 6, OTpaxkaeTcs 3epKajoM 8 U
ele pa3 YBENUYMBIINCH IIPH IIPOXOXJEHWH OKyJspa, MONajaeT B Ija3a
HaOJIroaTes.

Paspematomas  CIIOCOOHOCTh ~ OIITMYECKOTO  MHKPOCKOIA, TO  €CTb
MUHHMAJbHBI pa3Mep JeTalld CTPYKTYpPHl, pa3MdUMBIE C €ro IIOMOIIBIO,
omnpezessieTcsl IAHONW BONHBI BHIMMOIO cBeTa M He mpesblmaer 0,2 MM
(200uM). VYBenuueHHWE MHKPOCKOIA PaBHO IPOU3BEICHUIO YBEIUYEHMH
00BbEeKTHBA W OKYJIsipa. MUKPOCKOIE! HaloT yBenudenue ot 50 xo 1500...2000
pas.

HUccnenosanue MUKpPOCTPYKTYphl ~ TIPOBOAMTCS  Ha  CIELHaIBHO
IIOJIrOTOBJIEHHBIX OOpasuax — Mukpouuiadax. Mukpounmd — 3To HeOOIBIION
oOpasel, OHY W3 IUIOCKOCTEH KOTOPOro TINATENFHO HUIN(QYIOT, IONUPYIOT U
TIOJ{BEPTalOT TPABICHUIO CIIEIHAIEHBIMU PeaKTHBaMH.

OO6pasery BBIpe3alOT W3 JAeTalld WIHM CJIMTKA, [IPUYEM MeECTO BEIPE3KH
BBIOMPAIOT TaK, YTOOBI IOJYYUTh HAUOOINBIIUE CBEICHHUS O CTPYKTYpe MeTallla.

Menkue oOpasnsl (HampuMmep MeNKHe IeTald, IIPOBOJIOKA) IOMEINAaloT B
METaJUIMYEeCKYIO OIIPABKy W 3aJIMBAIOT JIETKOIUIABKUM MaTepraioM. IIpumerstor
st aToro crnaB Byna (t 5, = 76°C), miacTMaccs! 1 Apyrue MaTepHaIibL.

CHavana oOpazell 3aTayMBalOT Ha HaXJa4HOM KpyTe, 3aTeM LUIH(YIOT Ha
abpasuBHOH Oymare ¢ IOCTOSHHO YMEHBLIAIONIMMHUCS pasMepaMu 3epeH. [lpu
mepexofie ¢ OJHOrO HOMepa HuMdoBaNbHONH Oymarm Ha Apyroii obpaserr
OPOMBIBAIOT, IIPOTHPAIOT BaToii wWim  GWIBTpOBaNbHON  OyMaroif u
TIOBOPAYMBAIOT Ha 90°. Ha ouepenHOH Oymare IUIHQYIOT IO T€X MHOP, IOKa He
HCUEe3HYyT CIeIbl IpeAbIy e o6paboTku.

ITocne okoHYaHus HUIH(POBaHUA 00pa3el MONUPYIOT Ha BpallaloleMcst Kpy-
re, OOTAHyTOM CyKHOM M (heTpoM. Bo BpeMsi MONMMPOBKY TKaHb MOIUPOBAb-
HOTO KpyTra INEPHOJUYECKH CMAa4yMUBalOT CyCIICH3HeW OKHCH XpoMa HIIH OKHCH
aIIOMHHUS B BOJZE, NIpeBapUTeNbHO B30anThBas ee. [lonupoBaHue CUHTAETCA
3aKOHYEHHBIM, KOI'7la MOBEPXHOCTH IUTH(a NP BHEITHEM OCMOTPE JOBEAEHA JI0
3epKanpHOro OJeCKa, a IPX KOHTPOJIE 10 MUKPOCKOIIOM He Oy aeT 00HapyKeHo
napanvH u rpssu. Ho momydeHHas IOBEPXHOCTH He MO3BOJISET CYIUTH O CTPOe-
HuM Metamna. Ha cBernoM ¢oHe MOMHPOBaHHON MOBEPXHOCTH BBISBIAIOTCS
TOJBKO HeMeTalIWdeCKHe BKIIOUeHus (rpaduT, CynbGHUIBl, OKCUABL U T.1.) U
MHKPORE(hEKTH (TPEeIUHE], IOPHI 1 T.1.).

Jiis uccneoBaHus MHKPOCTPYKTYPHl MHUKPOIUTH(MEI [MOXBEPraroT TpaBiie-
HHIO, T.e. 00pabaThIBaloT WX CNaObIMH PacTBOPaMH KHCIIOT, CONEH, Ienodeit
(mampuMep, XKeNne30yTIIepOAUCThIe CILUIaBbl TPaBAT B 4%-HoM pactBope HNO; B
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9THI0BOM crwpTe). [Ipu 5TOM BBISABISIFOTCS TPaHULIB! 3€peH, U Pa3iHMIHbIe CO-
CTaBJISIONINE CTPYKTYpEL [0 BIMSHMEM PEaKTHBOB IPOUCXOMUT U30OHMpaTeb-
Hoe pacTBOpeHHe (a3, a Takke BHYTpEHHUX IpaHull pasfena. Kak ciencrsue
aToro, Ha nuTude obpasyercs Mukpopeibed. IIpu ocBermeHnyn MuUKpoLUHda Ha
MHUKpPOCKOIIE JIyYH CBeTa IO-PasHOMY OTPa)KaroTICsS OT Pa3iMYHO MPOTpPaBHB-
IIMXCS CTPYKTYPHBIX COCTaBIAOMUX. MecTa, IpOTpaBiIeHHbIe CHIbHee, OOJb-
IIIe PacCeUBalOT OTPAKEHHBIE JIyYH, II03TOMY B 00BEKTHBE MUKPOCKOIIA OHH IIO-
ny4aroTcst 6onee TeMHBIMA. Ha prc.2.2 noka3aHo, 4TO IIpY TpaBIICHUH MeTalla,
COCTOSIIIETO W3 OJHOPOIHBIX 3€PEH, BBIABIAIOTCS WX IPAHUIBI B BHIE TEMHOMN
CEeTKH, TaK KaK I'paHMIbI TPaBATCS CHIIbHEe Tela 3epeH, M Ha UX MecTe o0pasy-
IOTCsL yIIIyOJIeHNU s, pacCeHBaIOIIe CBeT.

ITorox csBera

Puc. 2.2. CxeMa, HOSCHAIONAA OTpakeHHE IIOTOKA CBETa OT MOBEPXHOCTH
MEKponinda (a) ¥ MEKPOCTPYKTypa TeXHHYECKH YHCTOTOo XKele3a (6)

2.6. KonTpoabHbIe BONPOCHI

1. B ueM 3akmrouaeTcs MUKPOCTPYKTYPHBIN aHanu3?

2. YTo MOXKHO BBISBUTbH IIPH MHKPOCTPYKTYPHOM HCCIIEAOBAHUA?

3. Urto Taxoe MUKPOCTPYKTypa?

4. Kax npaBMIBHO IIPUTOTOBUATH MUKPOULTUG?

5. Kax BBISIBUTE CTPYKTYPY MeTallia YUY CIiaBa?

6. UeM omnyaroTca MeTayuiorpaduueckie MUKPOCKOIIB! OT OHOJOTMIeCKUX?
7. Kax onpenenuTs yBeJIH4eHNEe OITHIECKOT0 MUKpOCKoma?

3. INTACTUYECKAS JE®OPMALINSI METAJLIOB

ITnactuyeckas medopManus XapakTepH3yeTcsl TeM, YTO IIOCie CHATHUS Ha-
rpy3KH GopMa M pasMepHl Tejla IIOTHOCTBIO He BOCCTAHABIHMBAIOTCS, & CTPYKTY-
pa U cBOHCTBa IpeTepeBalOT HeoOpaTHMBle W3MeHeHus. [loBblmieHHas IUIa-
CTHYHOCTh — CIIOCOOHOCTh K IUIaCTHYeCKoH nedopmanuu — sBIsSETCS O4YeHb
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BaJKHEIM CBOMCTBOM METAJUIOB. B 3aBHCHMOCTH OT COOTHOIIICHHUS TEMIIEPaTyPEI,
OpH KOTOPOH MPOHMCXOMUT HedopMaIys, H TeMIepaTypbl peKpHUCTaJUIN3AIN
JIAHHOTO MeTallla PasiuyaroT X0N00HYI0 U 2opsayyio AedopManuio. XoIoaHas —
9T0 medopmanusi, KOTOPYIO IPOBOAST HIDKE TEMIEPAaTyphl PEKPHCTAIM3AUY
(trep<tpex). IImacTHuecKas neopMaiyis MpK TEMIEPATypPax BEIIE TEMIIEPATYPBI
PEKPHUCTAILIH3AIIHA (teq™tpe) ABIACTCA ropsdeit. [opadyro medopmanuio mpo-
Bojist npu Temieparypax 0,6...0,7 Ty,

Ipu xosonHO# medopManyy Ha TPH—YeTHIpe HMOPANKA IOBBIIAETCS IIOT-
HOCTH JMCJIOKAITHiA, YTO TPHBOAUT K 3aTPyAHCHUIO WX JBIIKCHUS M COIPOTUB-
jeHre MeTauia NeOPMHUPOBAHMIO Bo3pacTaeT. MeTamn yIpOuHSeICs, a ero
CIIOCOOHOCTh K IDIACTHYECKOH AedopMaruy MajfaeTr. JTO SBIEHHE Ha3bIBAIOT
HAKJIETIOM WM HarapTOBKOM.

ITpu ropsaeit fedopMaliiy OIHOBPEMEHHO ¢ YIPOYHEHHEM NPOTEKAIOT IIpo-
LeCCHl pasylpOYHEeHHs 3a CUeT BO3BpaTa M peKpHUcTam3anun. Ecnm mpomecc
PEKPHUCTALIM3AIIHY [IOCHe Topstaei fedopMalliy yCIeeT IPOUTH B ITOTHOM 005b-
eMe, UTO NMPUBEJET K IIOTHOMY YCTPaHEeHHUIO IOBBIIIEHHOM INIOTHOCTH AUCIOKa-
i, TO yIpoYHeHHs MeTaia He Oynet. CBoicTBa MeTalia OCTaHyTCs IPHMep-
HO TaKUMH, KaKuMH OBIIH 10 nedhopMamum.

3.1 Iesib paGoThI

BELICHUTE BIUSHUE XOJOAHOM IIACTHYECKOH IeopMaliy Ha MEKPOCTPYK-
Typy ¥ TBEepJOCTh METAILIA.

3.2 MartepuaJ HccjieJOBaHUs

OToXKeHHBIE INIaCTHHKH ATIOMUHHSA TEXHHYECKOH CTEIeHHU YHCTOTHL Tem-
neparypa miasnenns (t o, ) anmomunns 660° C.

3.3. [Iopsa10K BHINOJHEHHS Pa0OTHI

1. TTo dopmyne bousapa Tpe= 0Ty, (ko3dunuent o npuraTs pasEeM 0,4)
paccuuTaTh TeMIIepaTypHBIH IOPOT PeKpUCTAIIM3AUY IS AIIOMUHUSI U yOe-
JUTHCS, 9TO AedopMaIyus allOMHUHHS IIpH KOMHATHOM TeMIeparype SBIIeTCs
XOJIOTHOH.

2. Ha oToxoxeHHOH IacTHHKE 3aMepUTh TBEPAOCTH Ha Ipubope bpunemnt
CTAIIFHBIM MapUKOM nuameTpoM D=10 mm, mox Harpyskou P=250 ke:

— IyTeM BJABJIMBaHUs IOCTABUTH OTIIEUATOK HA MOBEPXHOCTH ILIACTHHKH;

— CIeMaNBHOM JTyIOH M3MepUTh AuamMeTp otredarka (d ,m,);

— TIO NOJTYYeHHOMY d ,,,, IO TAONHIIE HalTH umcio TBeprocty HB.

3. IlTanreHMPKyJIeM U3MEPUTH UCXOAHYIO TONIIUHY TAaCTUHKY H).

4. OTOXOKEHHYIO IUIACTHHKY alIOMHHHUA IpoJe(opMHUpOBaTh NPOKATKOW Ha
71a00paTOPHOM IIPOKATHOM CTaHe Ha 4...5 3a1aHHBIX creneHu aedopmaruu (g),
Hanpumep 5%, 10%, 20%, 30%, 50%. Crenens nedopManuy 3a1aeTcs 110 W3-
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MEHEHHUIO TOJINWHEI INTACTUHKA B pe3yibTaTe Je(OpPMHUPOBAHUS U OIpeAesseT-
cs o opmye:
ool
0
rae €— creneHs aedopmaruu, %, Hy — HavanbHas TONIHMHA IUTACTHHKH, MM; Ay
— TOJILHMHA IUNITACTHHKH Hocie AehopMariiy, MM.
YroOBl mpoKaTaTh INIACTHHKY Ha 3aJaHHYIO & HYXXHO IIOACYHTATh, KaKyro
TOJIIIMHY OHA JOJDKHA UMETh Ioclie aedopmanuu, no dopmyne (3.2).
H,-100-H;-¢
h, = 3.2)
100
3amaHHas creneHb AedopMalyy JOCTUTaeTCs 32 HEeCKOJIBKO MpoxoaoB. ITo-
CKOJIBKY TOJIIIMHA IUIACTHHKHU IIOCIE IIPOKATKU MOXKET OTJIMYAThCsA OT TOH, KO-
TOPYIO OIpeeMIN IO pacdeTaM, HaXONIT AeHCTBUTENBHYIO CTEIeHb Hedop-
Manud 1o ¢opmyie (3.1), B KOTOPYIO MOACTABISIIOT TOIyYEHHBIE SKCIIEPUMEH-
TaJIGHO 3HAYCHHUS /.
5. ITocne xaxxnoH cTeneHu AedopMaluy H3MEepUTh TBEpHOCTh 110 BpuHeso.
ITonyuenHble JaHHEIE 3aHecTH B Tabuuiy 3.1.

-100%, 3.1)

Tabmmua 3.1

Jo nedopmanun (€=0) Ilocie medopmanmu

Ho, MM | dom, MM HB hy, MM g, % dorn, MM HB

6. ITocTpouts rpadux 3aBHCUMOCTH TBEPAOCTH AIIOMUHHS OT CTENEHU Je-
dhopmanun.
7. Cpenats BEIBOJ 110 paborTe.

3.4. MeToauyeckue yKazaHus

Ecmm paccMmaTpuBaTh OTAEIBHBIN KPHCTAUI, TO €ro IUlacTHYecKas nedopma-
ISt TIPOMCXOUT IYTEM CHABHra OJHOW YaCTH KPHCTA/UIA OTHOCHTEIBHO OPY-
roif. CIBUT BBI3BIBAIOT KacaTeNbHBIE HAIPSHKEHUS T, KOTJa UX BEJIMYHHA IIPEBEI-
CHT OIpefielEHHOe KpuThmyeckoe 3HaueHre. CIOBUT MOXXET OCYIECTBISTHCS
CKONbIICeHUEeM U 0BOUHUKOBAHUEM, TIPUIEM AedopManns CKOIBXEHHEM SIBIISET-
¢ mpeobnanaroreit.
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CaBur Hejb3s PEICTABUTH KaK OJHOBPEMEHHOE IepeMeIleHre OJHOH Jac-
TH KPUCTaJUla OTHOCHTENBHO Ipyroi (puc. 3.1). JIIa Takoro >XeCTKOrO CHH-
XPOHHOTO CJ{BUTA MOTPeOOBAIHCEH OBl HANPSKEHUSA, B COTHH U JIaXe THICAYH pas3
GOUIBILIHE IO CPABHEHHIO C JeHCTBUTENEHEIMH.

D

o O—O—O—O—O—00—0
N~ A ZN 7N 7 B N7 A\ N ¥ NV Y
DD D-D-D-D-D
T OO~y -
C-0-0-O0-O0-O0-O0-O0-O-6O
_________________________ IIJIOCKOCTh CIIBHT'A
I e W W N Wl N A - W
VANV SNV S XV S NV SN ¥ N7 N7 S N7 A N7 AN
(\I\A\\\/\f\)'\f\f\f T
VARANY SNV S NV NP N7 A N7 A (7 S N7 A V7 A
O—-O-O0-O-O-O-O-D-D-D(
\TAR WAL AL W AL W Aa W AL W AL W S

Puc. 3.1. Cxema cBura IpH IUTACTHYECKOM Ae(pOopManuy CKOIBKEHUEM

B peanbHBIX KpHCTaIax BCerja MPUCYTCTBYIOT IUcioKarmu. OHE MOTyT
JIETKO JBUTIaThCs IO KPUCTAILTY M obnerdars casur. Kak BunHO u3 puc. 3.2, ans
TOTO, YTOOBI IUCTIOKAIIMS IO NEHCTBUEM HAIPSHKEHUN T IMepeMeCTUIIach U3 hC-
XOIHOTO MONOXKEHMA / B coceHee IMONOXKEHHe 4, JOCTAaTOYHO HEeGOJIBIINX IIe-
pememnennit atoMoB: [—2, 3—4, 556, 78, 109, 12—11. Tlepememenue
JIUCIIOKauK TpeOyeT HeOONBIIMX CMENIeHHH aTOMOB M, COOTBETCTBEHHO, IS
9TOT0 HEOOXOIWMBI HeOopInue HanpsokeHms. Kornma mucnoxarus BhIMIeT Ha
ITOBEPXHOCTb, IIPOM30MIET CABUT. DIeMEHTAPHbBIN aKT CABUIa MOXHO IIpe/ICTa-
BUTH KaK 3cra)eTHOE MepeMelleHre aTOMOB Ha HeOOIbIue paccTosHus. [le-
(dhopmanus ocymecTBIsIeTcs Iy TEM ITepeMeIeHUs TUCIOKaIHH.

Puc. 3.2. CMmelneHne aToMOB IIpH Tie-
PEMEIIeHUM IUCIIOKAIMK ClieBa Ha-
IIpaBO Ha OJHO MEXAaTOMHOE pac-
crosiHUe. VIcxoqHOe MONOXKEHHE II0-
Ka3aHO IIYHKTUPHBIMH JIMHHSIMH

Cxompxenue JUCIOKaITHH TIPOMCXOOUT II0 INIOCKOCTAM H HAIP&BJICHMSIM, B
KOTOPBIX IIJIOTHOCTH YIIAKOBKH aTOMOB MAaKCHUMaJIbHa. Takve mIOCKOCTH U Ha-
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IPaBIEHUS Ul OCHOBHBIX THIIOB KPHCTAUNIMYECKHMX PEIIETOK IIOKA3aHbl Ha
puc.3.3.

Vi),

Puc. 3.3. IlnockocTy U HallpaBiIeHUs HAUIETJallIero CKOJBXEHHS B METaI-
nax ¢ pemérkamu ['TIK (a), OLIK (6) u I'TIV (8)

B mpornecce miacTHYecKoi nepopMaldu NPUXOAST B IBHKEHHME HE TOJBKO
HMMEIOIIHECS UCIOKAIY, HO 00pa3yloTCcs M HOBBIE.

B monmkpucTamiax Iactudeckas gedopManis IPOUCXOTUT Oollee CI0XKHO
¥ BBI3BIBAET B METAILIE PSJ CTPYKTYPHBIX H3MEHEHMI:

— 3epHa MeTa)Ula BEITATHBAIOTCS B HampaeieHuu nedopmaru (puc. 3.4) u
nproGpeTaroT GOopMy JIUCTOUKOB, €CIIH MeTaJll IPOKATaH B JIKCT, WX BOJIOKOH,
€CJI OH BBITSHYT B IPOBOJIOKY.

— mpu OONBIIAX CTEMEHSX NeOopMalHi B MOIUKPUCTAIIMYECKOM MeTalle,
BO3HUKAaeT MpEeUMYyIIeCTBEHHas Kpucramiorpadudeckas OpUEHTUPOBKA 3epeH,
Ha3pIBaeMasi TeKctypoil nedopmanuu. Ilpu pedopmannu 3epHa 3aKOHOMEPHO
[IOBOPAYUBAIOTCS TaKUM 00pa3oM, YTOOBI MIIOCKOCTH CKOJILXeHUs ObLin Giaro-
MPHUATHO OPUEHTUPOBAHEI 10 OTHOIIEHUIO K HAIPABICHUIO JEHCTBHUS BHEIIHUX
cmi. TexcTypa TeM cyllecTBeHHel, yeM Goiblie creneHsb aedopmanuu. O6pa-
30BaHMe TEKCTYPHI BEI3bIBACT aHU30TPOIIHIO CBOHCTB (HEOAMHAKOBOCTH CBOMCTB
IO pa3sHBIM HaIPaBISHUSIM IIPOCTPAHCTBA) Ae()OPMHUPOBAHHOTO MeTaJLIa.

IIpu mebopMamyy BONOKHHCTAS CTPYKTypa M TEKCTYpa BOZHHKAIOT OIHO-
BPEMEHHO, OJTHAKO BBHITSIHYTOCTb 3epeH (BOJOKHMCTasi CTPYKTYpa) elle He CBH-
JeTeNIbCTBYET O HAJIMUMU TEKCTYpHlL. [ onpeneneHns TeKCTYPhl HeOOXO0MMBI
crienhaIbHbIe METOAbI HCCIe0BaHIsI, HallpUMep, PEeHTTeHOCTPYKTYPHBEIH.

— IOBBIINAETCS IVIOTHOCTL IUCIOKALUIA OT 10°...10% bi (e} 10"...10" cm? mo-
cie 3HauMTeNnbHOR nedopmaryum. [Ipu xomonHo#t nedopmanuy yBennauBaeTcs
IIPOYHOCTH METallIa TeM B OOJbIIeH CTeNeHH, YeM OOolblile BenunHa Aehopma-
. CriocoGHOCTE K leopManii Py 3TOM yMeHbIIaeTcs. SIBienye Hakiena
00ycoBIeHO UCKAXEHHEM KPUCTAINIECKOM PELIETKH 3a CUET YBEIHUEHUS KO-
nrgecTBa Oe(eKTOB, INMaBHBIM 00pasoM, aucioxauuit. HaknenaHseii meTann
“MeeT HePaBHOBECHYIO CTPYKTYPY.
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Puc. 3.4. Cxema BIHsHAA Ne(OpMaIMU IPOKATKOH Ha CTPYKTYpPY
MOJMKPUCTAIUTNIECKOTO MeTaIa: 3EpHA BEITSTHBAIOTCS BIOINE HAIPABICHHT
MIPOKATKH M BO3HHUKAET TEKCTypa (CTPENIKU COOTBETCTBYIOT
OHOMY U TOMY € KPHCTALIOrpaguIecKoMy HaIlpaBIICHHIO)

IInactudeckas JedopMaris METALIOB COMPOBOXKIACTCS OTHOBPEMEHHO W3-
MeHEHHEM (PU3NKO-XUMHUYECKHX CBOMCTB (IUIOTHOCTH, 3JIEKTPOIIPOBOIHOCTH,
MAarHWTHBIX CBOWUCTB U T.1T.).

3.5. KonTpoabHbie BOIPOCHI

UYro Takoe HaKJIel U KaKOBHI er0 IPUIUHEI?

Kak uzMeHsfoTcs MexaHI4YeCcKre CBOMCTBa MeTajlla IIPH Hakerne?
Kakyto cTpyKTypy UMeeT X0IogHOAe(hOPMUPOBaHHBIA METAILI?

Yro Takoe TeKCTypa AeopmMariim?

. Kaxue mnockocTr sBIAIOTCA INIOCKOCTSMH ciBura B permetkax OLIK,
I'HK, I'T1y?

6. Kaxwe nanpspkeHrsl BRI3BIBAIOT CABUT IIPHU IUIACTHYECKOH AedopMarmm?

7. Kakyro nedopmanuio Ha3bIBAIOT XOJIOJHOH?

8. Kakyro nedopmanuro Ha3sBaIOT ropsueii?

9. OpuH U3 AByX 0Opa3lOB OJHOIO M TOTO K€ MeTajlla IOABEPTHYT ILIa-
cTUYecKod JedopMalMy IpH TeMIlepaType HIDKe TeMIepaTyphbl PEeKpHCTaILIH-
3aluH, APYrof — Ha Ty JKe CTeIleHb IIpH TeMIIepaType BBIIIEe TeMIIEPaTyphl
pexpucTamzanuy. Kak 6yeT COOTHOCHTCS TBEPAOCTh KKIOTO U3 HUX IMTOCIE
nedopManuy ¢ HadanbHOU (10 JedopManuu) TBepAOCTHIO?

10. MO>XHO JTH TTOBBICUTH TBEPOCTH OJIOBA (tm.=232°C), MeaHu (trm.=10830C)
¥ xenesa (ty, =1539°C) mactmueckoit gedopMareii Ipy KOMHATHOI TeMmnepa-
Type (20°C)?

11. Onpenenute Oynet mu AedopManys CBUHIA IPH KOMHATHOM TeMIepary-
pe COIpOBOXKAATHCS HAKJIEIOM. TemIepaTypa IUIaBICHUS CBHHLA COCTaBISET
327°C).

12. Onpepenure O6yzner mu aedopManus HUKeIS (t,m=1453°C), IIPOBOIUIMAST
npu remneparype 150° C, conpoBOKIATECS HAKIETOM.

A
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4. PEKPUCTAJUIA3AITMOHHBIN OTXKUAT

Yro6bl BEpHYTH XOJIONHOAS(POPMHUPOBAHHOMY METAIy CIIOCOOHOCTDH K Ie-
(GOpPMHUPOBaHHUIO, €ro OJBEPTalOT HATPEBY O ONPEENeHHOH TeMIlepaTyphl, T.e.
PEKPHCTAILIN3AIHOHHOMY OTXKHTY. IIpH 3TOM H3MEHSIOTCS MHKPOCTPYKTypa
MeTajia, a CIIeIOBATeNIbHO U €ro CBOWCTBA: YBENHUYMBASTCS IIACTUYIHOCTD U
IIOHIDKAETCS IPOYHOCTb.

PasMep pexpHCTaIM3aLMOHHOTO 3epHAa — Ba)XKHAs XapaKTePHCTHKa OTO-
M¥OKEeHHOro MeTayuta. ITyTeM muactiudeckoil nedopMaliuy U MocieayIoIero pex-
PHCTAIUIM3ALHOHHOrO OTXKUIa MOXKHO OYeHb CHJIPHO KaK U3MeNb4HTh UCXOIHOE
KPYIIHOE 3€pHO MeTalla, TaK ¥ YBEIUUNTh, MEHS YCIOBHA 00PaGOTKY.

4.1. Henn paGoThl

BBISCHUTH BIUSHUE PEKPUCTAILIM3ALHMOHHOIO OT)KUTa Ha CTPYKTYPY U CBOU-
CTBa XOJIOJHOAe(HOPMUPOBAHHOTO METaINIA.

4.2. MaTepuaJj Hccliel0BaHAS
XonoaHonehopMUpPOBaHHBIE ITACTHHKH aJIFOMHUHUS.
4.3. ITopaaok BHINOIHEHHs PaGoThI

1. IInacTuHKy, paHee mpoaehOPMHUPOBAHHYIO (Ha MPeIbIIyieM 3aHITUI) Ha
MakKCHMAalbHYIO CTelleHb AeopMaly €= U MMeollyio TBeprocts HB=
MOJIBEPTrHYTh PEKPUCTAILIM3AIMOHHOMY OTXHIY IO pexumy: 1=550°C, 1—30
MHH, OXJIaKJeHHe Ha Bo3ayxe. HarmoMHNM, 4TO paccduTaHHBIA TeMIIepaTypHBIH
TIOPOT PEKPUCTALIM3AIUS )11 ATFOMUHUS COCTABIISIET 100°C.

2. 3aMepuTh TBEPIOCTh OTOXOKEHHOM IUTaCTHHKH. CpaBHHUTH C TBEPAOCTH
IepopMupoBaHHON IMacTHHKKA. CHenaTh BHIBOZ O BIMSHHUH PEKPHCTAIIM3aIi-
OHHOT'O OT)XKHTra Ha CBOMCTBA MeTajlIa.

3. IlnacTHHKY 3a4YHCTHTh HAKJA4HOW INIKypKOH M mpoTpaBUTh B 50%-HOM
BOJHOM pacTBOpPE COJISHOMN KHMCJIOTHL AJ BBIABICHUS MaKpOCTPYKTYpPHI. BbIB-
JICHHYI0O MaKpOCTIPYKTypy 3apucoBaTh. CpaBHHTH ¢ MaKpOCTPYKTYpO# JIHTOTO
MeTaia. OTMETHTH ACHOPUTHOE CTpOeHHE JUTOro Meraiuia. CrenaTtsh BBIBOI O
BIIMSHAM IUIACTHYECKON Ae(opMalii CO CTENEHBIO €&, HA pasMep peKpu-
CTAJUTM30BaHHOT'O 3€PHA.

4. Tlocne peKpUCTAUIM3AMOHHOIO OT)KUra IUIACTHHKY ATIOMUHES IIPOJIe-
¢dbopMupoBaTh Ha pa3IWYHbIE CTeleH: AedopManuy myteM ee 3arupa Ha 180°
Wiy IpoOUBKY B HEH OTBepCTHS.

5. MedopMHUpOBaHHYIO TaKUM 00pa3oM IUIACTHHKY BHOBb MOABEPTHYTH pEK-
PHCTAJUIA3AI[MOHHOMY OTXKHIY IO YKa3aHHOMY PEXXHMY.

6. [InacTUHKY MPOTPABUTH B PACTBOPE CONSHOM KUCIOTH ¥ 3apPUCOBAThH BbI-
SBJIEHHYIO MaKpOCTPYKTypy IO Bcel mmmHe miacTuHKH. Choenars BBIBOZ O
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BIMSAHUY CTENCHM MPEIBAPUTEIBHON AedopMaruy Ha pasMep PeKpHCTalIu30-
BaHHOTO 3epHA.

4.4. MetoguyecKkue yKasaHHus

B npenpiaymie#t pabore MeTanl NOABEPIajcs XOJIOMHOMN ILIACTUYECKON Jie-
¢dopmanmu. Ilpu Takoil gedopmanuy yBenwduBaeTCs IIPOYHOCTh METalla, a
IUTACTHYHOCTH yMeHbIaeTcs. I [puunHa — MOBBIIIeH e INIOTHOCTH JUCIIOKAIKH.

JedbopmupoBaHHEIH MeTalll HaXOAUTCS B HEPaBHOBECHOM, HEYCTOHYHBOM
coctostHuH. [Ipy HarpeBe Takoro MeTajlla MPOTEKAlOT IMPOLECCHI, IPUBOISIINE
ero B 6oliee paBHOBECHOE COCTOSHIE: BO3BPAT M PEKPUCTAIIH3ALINA.

IMpu Huzkux Temneparypax (mo 0,2...0,3 Ty, K) mpoucxomut Bosspar. OH
3aKJIF0YaeTCsl B yMCHBIICHUN KOHIIEHTPAIlMM BaKaHCHUH M IlepepaclpeelCHIs
JWCTIOKAIi 0e3 M3MEHEHMs HX IUIOTHOCTH. IIpy Bo3BpaTe OOBIMHO MeXaHH4Ye-
CKHe CBOMCTBAa MEHSIOTCS BeChMa HE3HAYUTENIBHO, T.€. CYLUIECTBEHHOI'O CHSTHS
Hakrena He nmpoucxoauT. OJHAKO HEKOTOphIe (M3MYSCKHE CBOMCTBA, HAIpH-
Mep, IITEKTPOCOIPOTHBIICHHAE, MOTYT 3HAYHTENbHO MEHATHCS H3-38 YMEHBIICHHUS
KOHLIEHTpallul BaKaHCHUM M HEKOTOpOro IepepacipefereHus auciokanui. C
IIOMOIIIBIO OITHYECKOI'0 MHUKPOCKOIIA 3aMETHBIX U3MEHEHUH B MUKPOCTPYKTYype
IIOCNIe BO3BpaTa He BELIBIICTCS.

Pexpucrannusanmys nMpoucxXoAuT Npu Oojiee BBHICOKMX TeMileparypax. s
TEXHHYECKH YHCTHIX MeTaioB npu Temuneparypax 0,3...0,4 Ty, . Pazmumgaror
MepBUYHYIO PEKPUCTAIUIN3AIMIO (peKpucTaiuIn3anus o0paboTku), cobuparens-
HYIO U BTOPHYHYIO.

IIpu nepBUYHOM peKpUCTAILIU3ALNN IIPOUCXOAUT 0OpPa30BaHUH M POCT HO-
BEIX 3€pEeH C HEHCKaXXeHHOM CTPYKTYypoil 3a cueT AeOpMUPOBAHHEBIX 3epeH. 3a-
POX/IEHHE HOBBIX 3€peH IIPOUCXOIUT B YIaCTKaX C HAHOONBIINMH MUCKAKEHFS-
MU KpHUCTJUIHYECKOH pelleTKH, Kak IMpaBmiio, Ha rpaHunax 3epeH (puc. 4.1, 6).
W3 pocT compoBoXkiaeTcs yBEIHYEHHEM pPEKPHUCTAIUIM30BAHHOTO oOBeMa Me-
tayia. IlepeudHas pekpUCTaINIu3anys 3aKaHIMBaETCA TOIJa, KOTAa IIOIHOCTHIO
HCYEe3ar0T UCXOAHBIE feopMupoBaHHbIe 3epHa (cM. puc. 4.1, B).

Kax Tonpko 3axaH4YMBaeTcsl IEepBUYHAS PEKPHCTAIUIA3ALUS, NP JalbHel-
IIleM HarpeBe HauWHaeTCsl cOOMpaTeNbHas PEeKPUCTATUIH3AIMS, IPH KOTOPOi Bee
3epHa II0JIpacTaloT ¢ IPUMepPHO OIMHAKOBOM CKOPOCTHIO (cM. prc. 4.1, T).

JanbHeliee TOBBIINIEHNE TEMIIEPATYPEl MOXET IIPUBECTH K Pa3BUTHIO BTO-
PUYHOI peKpHCTaIN3aIs, IIPA KOTOPOH NPOMCXOIUT MHTSHCHBHEIN POCT He-
KOTOPBIX 3epeH 3a cueT ApyruX. [Ipy 3TOM BO3HMKAIOT 3epHA—THIaHTHI, B TO
BpeMs KakK OONBIIMHCTBO 3€PEH OCTAIOTCS CPaBHUTENBHO MENKUMH (CM. pHC.
4.1, m). B pe3ynpraTe B CTpyKType HaOMIOAAETCs Pa3HO3EPHUCTOCTb.

IlepBryHas pexpucTaTIN3aNMi HAET HEHTPOBHIM IIyTeM, T.€. BO3HUKAIOT HO-
BbI€ 3apofbINIeBble HEeHTPHl. OHM MMEIOT Ty )K€ KPUCTAUIMYECKYIO DPEIIETKY,
YTO M MaTpuUla, HO OTIMYAIOTCS OT Hee MEHBIIUMH HUCKa)KeHWIMU. Bropuunas
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pekpucTaymmsauyst uaeT GECHGHTPOBBIM IIyTEM. Pons 3apOJBIIIEBHIX IIEHTPOB B
3TOM CJIy4ae BBINOJIHAIOT 3€pHa C HaVMEHBIIeH CTENEeHBIO UCKAXXEHHOCTH.

r) )

Puc. 4.1. VI3MeHeHIe MUKPOCTPYKTYPHI e OPMUPOBAHHOTO MeTaslia
IIpY Harpese:
a — IedOopMHpOBaHHEIN MeTal; 6 — HaJao epBUYHON peKpHUCTaUIN3alun
(cTpenkamu IOKa3aHEI TOSBUBIIFECS PEKPHCTAIUTU3OBAHHbIE 3EPHA);
B — 3aBepllleHNe NIePBIYHON peKpUCTaIUTH3AIINY;
I' — pa3BUTHE COOMPATENHHON PEKPUCTAIUTH3AIINH
Il — Haydayo BTOPUYHON PeKPUCTAIUIN3AIIH

B pesynpraTe peKpUCTaIN3alMd BOHUKAIOT HOBBIE 3€pHA, pa3Mepsl KOTO-
PBIX 3aBUCAT OT MHOTHX (DakTOpOB:

— pa3Mepa HCXOIHOI'O 3epHa;

— CTeIIeHU NIpeBapHUTeNbHOM nedopmanuy;

— TeMIepaTypbl U CKOPOCTH Harpesa;

— JUTUTEJIEHOCTH BBIIEPIKKH;

— HaJIM4us mpuMeceit u Jip.

J1a MeTania JaHHOW CTENeHM YMCTOTHI C MCXOIHBIM MENKHM 3€pHOM pas-
Mep PEKPHCTAIN30BAaHHOIO 3epHA B IIEPBYIO OYepehb ONpPeNeIsieTCs CTEIEeHbIO
nedopManuy nepen Harpesom (puc. 4.2).
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Puc. 4.2. BnusHHe CTeNeHH ILIa-

cTHyeckoi nedopmanun (€) Ha Be-

IUYUHY  PeKpUCTALUIM30BaHHOTO

3epHa (D):

Dyex — UCXOIHEIA pa3sMep 3epHa;

€«p — KPHTHIECKAs CTEIIeHb
nebopmanyu

DVICX

L

Kp €

Ipu HarpeBe MeTamna, JeGOPMUPOBAHHOTO Ha HeOONbIIKe CTeNeHH Jedop-
MaliH €<E, PEKPUCTAINIM3ALMA HE HNPOUCXOAUT. KpUTHUeCKOH Ha3bIBaeTCH
MUHHMAJbHas CTeNeHb AehopManun (€g), HOcIe KOTOPOH Ipu Harpese CTaHO-
BHTCS BO3MOXHBIM IIPOTeKaHHe IIpoliecca peKpucTamusanui. OHa 3aBHCUT OT
CTeIleHW YHCTOTHI MeTalIa U cocTaBiseT o0braHO 3...10%. Ilocie Takoi cpas-
HUTENbHO HeOONBIIOoH nedopManuy B MeTallle BCerzaa eCTb 3epHA, B KOTOPBIX
nedopmanug He mpomua. [105ToMy IpH PeKpHCTAIM3AIMK HOBBIE 3apOJbIITe-
BbI€ LIEHTPhl HE BOSHMKAIOT, @ UX POJb BBIIONHAIOT HEHCKaXKEHHbIEe 3epHA, KO-
TOphIE PacTyT 3a cueT OoJiee MCKaXKEHHBIX (OECIEHTPOBast PEKPHUCTAIIN3ALIS).
B cBs3u ¢ aTHM TOCne g, 3epHO kKpynHoe. C yBenudeHHeM cTeneHu aedopma-
1 (£>€,p) HEUCKAXXEHHBIX 3€PeH CTaHOBUTCS BCE MEHBIIle, OeCLeHTpOBas peK-
PHCTAIIM3aIMs IOCTENEHHO 3aMeHIeTCs IIEHTPOBOH, YHUCIIO 3apO/IBIHIEBEIX II€H-
TPOB yBEJIMYUBACTCS U IOTOMY 3€PHO IIONy4aeTcs Bce 60jIee MENIKUM.

4.6. KoHTpoJbHbIE BONIPOCHI

1. Kak onpenenuTts TeMIepaTypHBIi OPOT PeKPUCTAIH3AINHE?

2. Yro Takoe IepBUYHAS PEKPUCTAIUIN3ALUL?

3. Kak m3MeHsercs MHKPOCTPYKTypa MeTajUla IIOCJIe NEepPBHYHON pEeKpH-
cTayUIA3aIuu?

4. Yro npoucXoauT Ipu coOuparteibHas peKpHUCTAIUIU3AIHS?

5. Kak u3MeHSIOTCS MeXaHUUeCKHe CBOMCTBA MeTallla [ocie PeKpHCTaLI-
3alMOHHOTO OTXKHUTa?

6. OO6BsAcHATE, BO3MOXHO JIU IIPOTEKaHUE PEKPUCTAILIM3AIMA TIPH HarpeBe
MeTala, He IMOABEePraBIIerocs MpeiBapuTeNbHON XOJMOAHOM IacCTHIecKon ne-
tdopmaru?

7. Uro Takoe KpUTHYecKas CTEIeHb AehopMariiuu?

8. OOswscHuTE, MOYeMy IpH ropsdeii 00paboTke TaBIeHHEM He PEKOMEH/TY-
eTcs IPOBOIUTH MTOCIIENHIOO ONEPAIUIO C MAJIOH CTEIICHbIO 00XKaTHA?

9. Kak BimseT pasMep 3epHa CTAIH Ha €€ CKIOHHOCTEH K XPYIIKOMY pa3py-
IISHHUIO ¥ ITOPOT XJIaTHOIOMKOCTH?
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5. A3YUEHUE JTUATPAMMBI COCTOSIHUSA CIIJIABOB
CUCTEMBI XKEJE30-YIJIEPOJX

CrutaBbI JKellesa ¢ yIiIepoiioM, T.e. CTIH U YyTYHBI, HanboJee IHUpPOKO IIpHU-
MEHSIOTCS. B TeXHUKe. [ aHamM3a IpeBpaLieHnil, MIPoTeKaoiX B STHX CILia~
BaX, WCIOJB3YIOT IUAarpaMMBl COCTOSHHI: MeTacTaOMIBHYI0O — JKele30—
UEMEHTHT ¥ CTa0UIBHYIO — JKene30-Tpadur.

I[I/Ial"paMMBI COCTOSAHHUS NAOT IIPEACTABICHUA O CTPYKTypax U (1)330BOM Co-
CTaBe CIIABOB IIOCJIC MCIJICHHOI'O OXJIaXXACHM.

5.1 Ieab paGoThl

O3HaKOMHUTBCS C JUArPaMMOH COCTOSHUS JKeIe30-1IeMEeHTHT.
5.2 MatepuaJj HccJieJOBaHUSA

JuarpamMMa COCTOSHUS KeTe30-LeMEeHTHT. ATE00MEI ¢ GOTOrpapusIMu MUK-
POCTPYKTYp CTallell U TyTI'yHOB, KOJICKLISI MUKPOILTH(OB.

5.3. ITopsaok BHIMOJTHEHHS PAGOTHI

1. Berueptuts guarpammy coctosius Fe-Fe;C. HasBate xapakrepHble jm-
HUM ¥ TOYKYU JHArpaMMBI;

2. Yxa3aTh, KaK B3aHMOJAEHCTBYIOT KOMIIOHEHTB! JAaHHOH CHCTEMBI B KM
KOM M TBepHaoM cocTosHuH. Onwucath (azbl U CTPYKTYpHBIE COCTABIIAIOLLHE
CILJIaBOB.

3. B cooTBeTCcTBYyrOIMX OOIACTAX OUarpaMMbl O0O3HAYUTE (a3sl U CTPYK-
TypHBIE COCTaBJIIONIHE.

4. Yka3aTh TeXHUYECKOe Ha3BaHHE CIUIaBa ONPENETCHHOTO XUMHYECKOTO
cocTasa.

5. OnpenenuTh XUMHYECKHH COCTaB U KONHYECTBEHHOE COOTHOIIEHUE (a3
[IpH TeMIIepaType, 3aJaHHOH IIpeTioiaBaTesieM.

6. YKas3aTh TEXHOJIOI'MYECKKE CBOMCTBA JIaHHOI'O CIIaBa U KaKUM CIIOCOOOM
MOTYT OBITH M3TOTOBJIEHBI U3 HETO 3arOTOBKH JeTaneil (IIyTeM JIUThs W ILIa-
CTHYECKOH medopmMarum).

5.4. Conep:xanue oTyera

Order mOWKEeH OBITH OQOPMIIEH B COOTBETCTBUM C IYHKTaMHU MOPSAIKA
BBITOJIHEHHUS pabOThI

5.5. MeToanuyeckue yKa3aHUsA

Komnonenmol u pazvl 6 cucmeme xcenezo-yznepoo

I'naBHBIME KOMIIOHEHTAMH JKEJIE30YTIIEPOANCTHIX CIUIABOB SIBJIAETCS XKEJIC30
H yIiepon.
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Kenezo nMeeT TeMIiepaTypy NiaBJIEHUs 1539°C. Meramn TONMUMOP(HBINA 1
cylmiecTByeT B IByX Moxu¢ukarmsx: o ¢ pemerkoir OLIK mo TemmepaTypsl
911°C u y ¢ pemerxoit I'IIK B mHTepBaie 911-1392°C. IIpu Gonee BBICOKHX
TeMIieparypax xene3o BHOBb umeeT pemrerky OLIK (8—xeneszo). Temmepatypsl
paBHoBecus Fe,«<>Fe, (911°C) u Fe,<>Fe; (1392°C) o6o3HaaOTCH KaK TOUKH

A; u A4 cooTBeTCcTBEeHHO. [Ipn

HeaRocTs TeMmneparypax Hike 768°C
=1539 C
™ ® Touka Kropu) xene3o sBiseT-
8(a)-Fe —* ( pu) c
petuetka OLIK cs (GeppoMarHuTHEIM, IpH 6o-
7,=1392°C (FegesFe,) Jlee BBICOKHMX TeMIeparypax
I KeJle30 CTAaHOBUTCS Ilapamar-
° HUTHBIM. Ha xpuBoil oxmnaxne-
[ ] ®
s Fe —> |8 HUS YUCTOro Keiesa (puc. 5.1)
= pewetka MK MMOKa3aHbl TeMIIepaTypHbIe WH-
o
3 TepBaJibl CYLIECTBOBaHMS pa3-
% TUIHBIX MonubvKaruit Fe .
= 2nepod ABISETCS HeMe-
A3=911°C (FeycFeq) v PO Me
a—Fe peletka OLIK TAJUIMIECKAM  DIIEMEHTIOM  C
e TeMIepaTypoi IUIABJICHUS
® o
(p=768°C (rouka Kiopu)  (3850+50) C. OH cyuiecTByeT
B HECKOJIBKAX MOAN(DHUKAIHIIX,
M3 KOTOPBIX B OOBIYHBIX YCIO-
Bpems BUSX CTaOMIIEH 2paghum.
Puc. 5.1. KpuBas oxnaxaeHus B cacteme Kene3o—
GHCTOrO JKee3a YITIEpOJ pa3iIMdaroT ClieIyro-

e ¢azpl.

Deppum (@) — TBEPABIA pacTBOpP BHEIPEHHS YIIIEPOAa B )KENE30 C pelieT-
kxoit OLIK. IlpenensHas pacTBOPUMOCTH YITIEpOJia COCTaBIIsET B O-Geppure-
0,02%, B &-beppure — 0,1%. Oepput —MArKas IWIacTUIHAA Pa3za ¢ TBEPAOCTHIO
HB=80...100.

Aycmenum (A) — TBEpABIN pacTBOP BHEAPEHUs yriepoaa B y-Fe, nMeromuit
I'TIK pemérky. IlpenenpHast pacTBOPUMOCTH YITIEpOJia B ayCTEHUTE COCTaBIAET
2,14%. AycTeHUT O0NnafiaeT BHICOKOW INTACTHYHOCTHIO, OTHOCHUTENHFHO HEBHICO-
koit TBéprocthio (HB 160...180) 1 mpoyHOCTEIO.

Iemenmum (1]) — XuMmdeckoe cOeAUHEHNE JXene3a ¢ yriepoIoM, Kkapou
xenesa Fe;C. B mementure comepxutcsa 6,67%C. OH UMeeT CIOXHYIO PeléT-
Ky. Temneparypa miaBlIeHUS LEMEHTUTa COCTABISET 1262°C. LlemeHTHT SBIS-
etcs 1BEpror (HB~800) u xpynxoi da3oii.

I'pagum (I') — yrnepon, BEIIENIIOIUICS B Kele30yTIePOTUCTHIX CILTaBaX B
cB0OOHOM cocTosHUE. OH HMEeT CIOXHYIO IeKCaroHaJbHYIO PeIéTKy, MArOK
U XapaKTePHU3yeTCs Maloi IIPOYHOCTHIO.
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IleMeHTHT siBIsieTCS MeTacTaOWiIbHOM (Da3oi W IpH HarpeBe OO BBICOKUX
TEMIIEPATYp MOXET paclafaThCs Ha jKejle30 U rpaguTt. OTOT Mpolecc HasbiBa-
10T rpaduTH3aIuei.

JluarpaMMbl COCTOSHHMS ITIO3BOJIIIOT OIHKCAaTh Kak (Da3oBBIH COCTaB, Tak H
CTPYKTYpy cIUiaBa. B 3TOM ciydae AumarpaMMbl Ha3BIBalOT, COOTBETCTBEHHO,
($a30Boit UK CTPYKTYpHOH.

Dazosasn ouazpamma cocmoanus seeneszo-uemenmum (Fe-Fe; C)

Kak u mro6as quarpaMMa COCTOSIHUS CIUIaBOB JBOMHEIX CHCTEM, JHAarpaMma
cocrosiaust Fe-Fe;C cTpomTcss B KOOpAMHATAaX «TEMIIEpaTypa-KOHIEHTpalus
KOMITOHEHTOBY. JlplarpaMMa cOCTOSTHUS JXeJe30-IeMEeHTHUT (prc. 5.2) IoKa3bIBa-

eT (a30BEIl COCTAB CIUTABOB C KOHIIGHTPALKeH OT YHCTOro XKeje3a 10 LieMeHTH-
Ta (6,67%C).

c I ' |
! !
: . Kudrocms
‘ PN ! ;
™~ i udKocmbH
\\ :\ N L’(emmu —
éi o N )KUOKDCITPI:X\ _L—< D
‘& \\/P\ycmeﬂ-luh)l 14 C\\// :
5 Hum E | Ic | F
o : . i E
(&) . . :
= z . | ;
= 1000 i
[ .
= G j
900 A .

1

1
Aycmenum+4lemeumum '

1

i

¥

1

nAyCinr Tl
Neepnum/”
800
S

— o v - - —

700 fP 11 , ! , :
1 I i ¢eppu1i]1+L: qHmum ;

600 Q 1 | . i
0 0,8 2,14 3.0 4,3 5,0 6,0 6,67
Fe —_— % FeC

Puc. 5.2. [luarpamMma COCTOSHHS KEIE30-LIEMEHTHT

Ha ocu abcuucc xpaiiHsa jeBas Touka cooTBercTByeT 100% Fe, a npasas
touaka 100% Fe;C. CneBa HalpaBo yBenmuuMBaeTcsl KOHIGHTpaIs yriaepona. [1o
OCH OpJIUHAT OTKJIaAbIBAlOT TeMIepaTypy. Ha opaunaTe, COOTBETCTBYIOILIEH
YHCTOMY JKele3y, OTKIaJbIBaI0T TeMIIEPaTypy €ro IUIABICHMS U OIUMOPGHBIX
npespamenuii. Touka 4 (15390C) OTBeYaeT TeMIlepaType IIaBJIeHUS JKele3a, a
touxu N (1392°C) u G (911°C) cootBercTBYyIOT ITONIMMOPGHBIM IIPEBpaIeHUSIM
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OLIK«<TTIK. Ha opmunare, coorBercTByomell Fe;C ormedaercss Touka D
(1262°C) — TemmepaType ILIaBIEHMsS IleMeHTHTAa. KOODIMHATHI XapaKTEepHEIX
TOYEK AMarpaMMbl yKa3aHbl B Tabmuie 5.1.

Tabnuna 5.1

XapakTepHble TOUKH AuarpaMmsl coctossaus Fe—Fe;C

0O603Ha- Konuentpa-
Temnepatypa,
YeHue oC U yrileposia,|  XapaKTepHUCTHKA TOUKH
TOYKH %
A 1539 0 Temnepatypa maBieHus xene3a
N 1392 0 Temmneparypa monuMoOp@HOro IpeBpa-
menus Fe;— Fe,
TeMneparypa IIaBIeHUS I[EMEHTHTA
D 1262 6,67 (Fe;C)
H 1499 0.1 IIpenensHass pacTBOPUMOCTE YIIepona
B Fe;;
7 1499 0.16 CoctaB ayCTeHWTa INpH IEpUTEKTHYE-
CKOM IpeBpaIIeHuH
B 1499 0,51 CocraB xuaKkoi (hasbl TIPH TIEPUTEKTH-
YEeCKOM MPEeBpaIICHUN
E 1147 2,14 IIpenensHas pacTBOPHMOCTL YIileponaa
B Fe,
c 1147 43 CocTaB xuIKOH (a3pl IpU IBTEKTHYE-
CKOM IIpeBpalleHu
F 1147 6,67 CocraB IIeMeHTHUTA TP IBTEKTUIECKOM
IIpeBpalleHUN
Temneparypa momuMopdHOro mpespa-
G 911 0
merns Fe,— Fe,
p 797 0,02 IIpenenvHast pacTBOPUMOCTE YIIIEpoOaa
B Fe,
g 727 0.8 CocraB ayCTeHHTa IPU IBTEKTOHIHOM
IIpeBpalleHHH
K 727 6,67 CocTaB IeMEHTHTa IPH IBTEKTOHUIHOM
IIpeBpallleHUH
20 0,006 PaCTBopI/IMUOCTL yrnepoga B Fe, mpm
KOMHATHOH TeMIepaType

JIrobas Touka AuarpaMMsl (Hampumep Touka 1 mwin 2 ¢M. puc. 5.2) IOKaskl-
BaeT XUMHUYECKUM COCTaB CIUIaBa M TeMIepaTypy. Takue TOYKHM Ha3BIBAIOT ¢u-
2YPAMUBHBIMU TNOUKAMU CACTEMEL.
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JluHun Ha OUarpaMMe COCTOSIHHUS pa3fielaioT OOJIAaCTH C Pas3siIMYHBIM (a3o-
BBIM COCT2BOM.

Jlunust ABCD, Ha3piBaeMasi JUHUEH JUK6UOYC, COOTBETCTBYET Hadally KpH-
CTaJUT3AIMH CILIABOB NPH OXJaxaeHuu. [Ipyu TemMmepaTypax BBIIIE JTHHUH JIHK-
BHJIYC BCe CILIaBbl HAXOMAATCS B )KUAKOM COCTOSHHU.

Junus AHJECF, Ha3plBaeMas NUHUEH conudyc, XapaKTepu3yeT OKOHYaHUe
3aTBepAeBaHus cIiaBoB. [Ipy TemmepaTypax HHXe JIMHUHU CONHIYC BCE CIIIABEI
HaXOMATCS TONBKO B TBEPIOM COCTOSHUU.

K uncroMy xejie3y MPUMEBIKAIOT TPH OJHO(A3HbIEe OONACTH CyIIeCTBOBAHUA
TBEPIBIX pacTBOpoB: obnacte O-deppura NHA, obnacts aycteHuta GSEJN u
obnacte a-depputa QPG . Touku H u P XapaKTepu3yloT NpeAeIbHyI0 pacTBO-
PUMOCTH yriepoaa B 8- u a-deppure, a Touka E — B aycrenute. Jlunum SE u
PG sBISIOTCS TAHISIMEA TIPEETBHON PacTBOPUMOCTH YITIepojia B ayCTEHHTE U
o-eppure cooTBeTCTBeHHO. Hrke 3THX JIMHUI pacTBOPUMOCTE yriiepoja B da-
38X YMEHBIAeTcss ¥ W3OBITOYHBIM YITIepol HauyMHAeT BBLICNAeTCS B BHIE Iie-
MeHTHUTa. ECIT eMEeHTHT, KPUCTAIUTU3YIOIIHUICS HEeIIOCPEICTBEHHO U3 JXKHUIKON
(asbr Ha3EIBaETCS MEPBUYHLIM, TO IEMEHTHUT, BBIICIAIONMICS U3 ayCTeHUTa HO-
CHUT Ha3BaHUE 8MOPULHO20, A BELICIITIONIUNCS U3 O-eppuTa — mMpemuyHozo.

Bcero Ha numarpaMMe ISTh OZHO(A3HBIX obOilacTeil: 00JaCTh JKUIKOro pac-
tBOpa (BBIIe MuEnn ABCD), 06iacts cymectBoBaHus eMeHTHTa (6,67%C) 1
TpH 00JIacTH TBEPHABIX PACTBOPOB.

Mexny ogHO(a3HEIME 00IACTSIMU NeXaT AByX(aszHeie. UTOOH! OpenenuTsh
Kakve (a3l HaXOJsITcsS B PaBHOBECHH B ABYX(a3HBIX 0OJACTIX JHarpaMMEI,
HeoOxoauMo depe3 J0OYI0 TOYKY BHYTPH 3TOH 00IacTH NpOBECTH TOPU3OH-
TaJNBHYIO JTMHUIO 10 NlepecedeHns ¢ ONmKalinMy THHAAMY AMarpaMMEbl U yKa-
3aTh ¢ KAaKUMH OfHO(MA3HEIMK 00JIACTAMH JaHHAas 00IacTh IPaHHYIHT. DTy TOPH-
30HTANIBHYIO JTUHHUIO Ha3BIBAIOT KOHOOMH (2 — 2") (cM. puc. 5.2.).

Ilo ouazpamme cocmoaHull MOHCHO ONpedenums:

1. 13 xaxkux (a3 COCTOUT AAHHBIH CIUIAaB NPH ONpPENeNeHHON TeMIleparype.
Hanpumep cnmas I mpu temmnepatype 1500°C (touka 1) HaXOOUTCSA B KHIKOM
COCTOSIHMH, a IIpX TeMIlepaType 1350°C (Touxa 2) B paBHOBECUH MPUCYTCTBYIOT
IBe (ha3kl: XKUIKOCTE U ayCTeHHUT (CM. puc. 5.2.).

2. XuMuueckuii coctas (as.

B opHodaszHoM o6macTu cocTaB (ashl COBIAAaeT C COCTABOM ciutasa. Jlyis
omnpeneleHNs XUMUYIECKOTO cocTaBa (a3 B AByX(pa3sHOU 00NaCTH HCIOIB3YIOT
npaeuno KoHyeHmpayuil: depe3 GUrypaTHBHYIO TOYKY, XapaKTePUIYIOMIYIO CO-
CTOSHME cIUIaBa (HaIpUMep, TOYKY 2) MPOBOIAT TOPUZOHTAIBHYIO JIMHHUIO /IO
TepEeCceueHus C JIMHUAME, OTPaHUYUBAIOMIMMHY JIAHHYIO O0JIaCTh — KOHOLY (CM.
puc.5.2). Ilpoeknuu Touek mepecedeHus! (Toukd 2’ u 2") Ha OCh Kof{ueHTpaHI/H?I
HOKAXYT XMMHIECKHH cocTaB ¢a3. [IpoeKuust Touku 2’ MOKaXeT COCTaB ayCTe-
HHTA, 4 TOYKH 2" MOKAXeT XUMHIECKHH COCTaB YXUAKOM hassl.

3. KonndecTBEHHOE COOTHOIICHHE HAXOSIIUKCS B paBHOBECHH (has.

31



B oxsodazHoi obiiacTi KONUIecTBO (a3pl COBIANAeT C KOIMIECTBOM CIIIa-
Ba ¥ B TIPOIIEHTHOM BBIpakeHUH cocTaBisier 100%.

KonuuectBo (a3 B AByx(ha3Hoil 06acTy onpeensercs 0 npasury puluaza
(npasuny ompesroe). Uepes 3aJaHHyIO TOUKY AHArpaMMBI (TOUKY 2) Takke He-
00X0MUMO TIPOBeCTH KOoHOMY. A BhIMMCIeHMs AoiMu (a3bl OT Bcel MaccChl
cruiaBa (B MPOIEHTAX) IPpH 3aTaHHOM TeMmepaType OepE&Tcsi OTHOICHHE IJIHHBI
OTpe3Ka KOHOIIBI, IIPOTHBOJIEXKAINETro 3Toi (hase, k IiuHe Bcell KoHOmpL Jlmsa

22"

(uUrypaTUBHOH TOYKY 2 KOJIMYECTBO ayCTeHUTa Q4 = " 100%, a xonmyect-

BO XKHUIKOH Qassl: Q@ = % - 100%.

Ha nuarpamMme HMEIOTCSI TPU TOPHU3OHTAIBHBIE JHMHHUH, COOTBETCTBYIOIIHE
0cOGBIM TpeBpameHusM. Bee 3TH IpeBpalieHus IPOTEKaIOT NPH IOCTOSHHOM
TEMIIEPATYPe ¥ IOCTOSHHBIX KOHIIEHTpalusIx (as.

1. Jlunus HJB (1499° C )— nunns nepumexmuyeckozo TpeBpaIeHH.

IepUTeKTUIECKAM Ha3bIBAaIOT IIpeBpalleHre IpH KOTOPOM ABe (as3sl (KH-
Kas W TBepjas) OIMpPEeIeNIeHHBIX COCTaBOB B3aHMMOJAEHCTBYIOT MEXIY coOOMH, B
pesyibTare yero obpasyercs HoBas TBepaas dasa.

LB + q)H 1499°C 3 AJ

2. Jlunus ECF (1 1470C) — JIMHUS 96MeKmuyecko20 NpeBpalleHus.

OBTEKTUYECKHM HAa3BIBAIOT IIPEBpallieHNe IPHU KOTOPOM M3 XXHUIKOM (a3sl
OTIPEeZieTIEHHOT'O COCTaBa OJHOBPEMEHHO BBIAGIIIIOTCS IBE TBEpAbIe (assl orpe-
JIEICHHOTO COCTaBa. B jxele30yriepoJucThIX CIUIaBaX 3aKiIIouaeTcs B pacraje
xunkoil dassl coctaBa C Ha Be TBEPIBIX (a3bl: ayCTEHHUT cocTaBa £ U IeMeH-
THUT:

Lo —"> A +1;

IIpu 5TOM 0OpasyeTcs cMech ayCTEHUTA U LIEMEHTUTa (IBTEKTHKa), KOoTopas
HOCHT HasBaHHe Jedebypum. JleneOypuUT XapaKTepuszyeTcs BBICOKOH TBepIo-
cteio (HB=~6000 MITA) u siBnstetcs xpynkuM. JlemeGyput ato He daza, a CTpyK-
TypHas COCTAaBILIONIAsI, COAeprKalias e (asbl.

VS &
%g‘g‘; §BE‘§§&%¢4"@§% Mo CTPYKTYPHBIMH COCTABISIOIMMY TIOHMMAIOT
2
03485 S @M o o e SBAB|  060COOICHHBIE JACTH CIUIaBa, UMEIOINHE TIPH MHK-
(] 7 S oh S eba p
k%izﬁ@%%%gf%i%gf POCTPYKTYpPHOM HCCJIENIOBAHAM CBOE CTPOEHHE C
A ﬂ}”v o=2x!] TPHCYIITAMH MM XapaKTEPHHIMH OCOGEHHOCTSMH.
&3
8 Q.

JleneGypur Hambollee 4acTO MMEET COTOBOE CTpOe-
Hue (puc. 5.3). OcHOBY neneOypHuTa COCTaBIsIET lie-
MEHTHUT, IPOHHU3aHHEIA BETBSIMH ay CTCHHTA.

Touka C (4,3%C) siBisieTcsl IBTEKTHYECKOH TOY-
Koif. UToOBl HamucaTh HBTEKTUYECKOE MpPeBpalleHHe
HEOOXOJMIMO B3ATh CIUIaB 3BTEKTHUYECKOTO COCTaBa
(4,3%C) u paccMoTpeTs Kakue (Pasbl ¢ KAaKUMU KOH-
LEHTPaLsIMU CYIIECTBYIOT Yy Th BEHIIIE U UYTh HUXKE

Puc. 5.3. CtpykTypa
neneOypura (cxema)
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TeMIIEpaTyphl 3BTEKTUYECKOro mpeBpameHus (1 147°C).

3. Jluamst PSK (727°C)— nuuus 26mexmoudHo20 TIPeBPaIleHus, IPH KOTO~
poM onma TBEpmas ¢aza (ayCTeHHT cocTaBa S) paclanaeTcs Ha JiBe ApYyrue
TBépabIe (assl (0-heppHuT cocTaBa P U EeMEHTHT):

727°C
A, —2TC 5@, +11,.

O6pasoBaBIasicsi cMech ABYX TBEpABIX (a3 HaswIBaeTcs aémexkmoudom. B
JKENe30yTIIePOIUCTRIX CILIABAX SBTEKTOMIHAS CMeCh (eppuTa U LEMEHTHTa HO-
CHT HazBaHue nepaum. [IepiuT TakKe Kak U JieneOypurT, He dasa, a CTPyKTypHas
cocTaBnsromas. [IepauT COCTONT U3 depeAyoIMXcs MIACTHHOK (eppuTa u Iie-
MEHTHTA, KOTOpble OOBeIHHEHBI B OTAENbHBIe KoJoHuu (puc. 5.4.) D10 mocTa-
TOYHO TPOYHas CTIPYKTypHas  COCTaBJIOLIast
(HB=1200-2200 MITA).

Touka S (0,8%C) HaspBaeTCS 3BTEKTOUTHOU
Toukoi. YTOOB! HamKcaTh IBTEKTOUTHOE IIpeBpalle-
HUE HeoOXOMUMO B3ATH CIUIAB 3BTEKTOMIHOTO CO-
crasa (0,8%C) 1 paccMoTpeTh Kakue (a3bl C KaKuMHU
KOHIEHTPAIMSIMKA CYIIECTBYIOT YyTh BBIIIE W UyTh
HIDKE TEMIIEPaTyphl 3BTEKTOMIHOTO NPEBpAIleHHUS
(727°C).

Bce crutaBel cucreMsl Fe-Fe;C cocrosar u3 aByx
a3 deppura (MATKoro, INTACTHIHOIO) U IIEMEHTHUTa
(TBepIOro, XpyIKOro), HO OTIMYAIOTCS KOIHUYECT-
BOM 3THX (a3, CTpYKTYpoH, a cleloBaTelbHO WU
cBolictBamMu. C IOBEIMICHUEM COIEp)KaHUS YIiepo-
[1a KOJIMYECTBO [IEMEHTHUTA B CILUIABaX BO3PacTaeT.

CmpyKmypHasa Ouazpamma coCoAHUIL Jcele30-4eMeHmum.

B xayecTBe CTPYKTYpPHBIX COCTABJISIOMIMX MOT'YT BBICTyIIATh KaK OT/AEIbHBIE
¢da3el, Tak ¥ MPOAYKTHl (a30BBIX IpeBpalleHuil JeneCypuT (3BTEKTHUYECKAS
CMeCh ayCTeHWTa U IIEMEeHTHUTA) U IepIUT (IBTeKTOMIHAsI CMeCh (pepputa u Ife-
MEHTHTA).

Puc. 5.4. Ctpyktypa
mepiuTa (cxema)

Cunasel, cogepxxanue 1o 0,02%C, HocsST Ha3Ba-
HUE mexHuyeckozo xcenesza. IIpu cogepxaHuy yrire-
porna Gonee 0,006% ux CTpyKTypa COCTOUT u3 bep-
puTa (CBETIBIE 3€pHA) ¢ HEOONBIIMM KOJUYECTBOM
TPETUYHOTO ILEMEHTHTA, PACIIOaralolierocs B OcC-
HOBHOM IIO TpaHuIaM 3epeH ¢eppura (puc. 5.5)

Ilo crpykrypHOMy mpm3Haky cmiaBsl Fe-Fe,C
JIeJSITCs Ha CTaId ¥ YyTYHHI (puc. 5.6).

Cnnassl, comeprkamue ot 0,02 mo 2,14%C, Hasm-
Puc. 5.5. Cxema ctpyk- ~ BAIOT C/Ma@nimiu, MM COOTBETCTBYET Y4aCTOK JMa-

Typbl TEXHIIECKOTO TPaMMEI MEX/Y TOTKAMHU P u E. T'naBHBIM CTPYKTYp-
xenesa (0,02%C) HBIM IIPU3HAKOM CTallell ABJISeTCS Hallluie B CTPYK-
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Type 3BTeKTOMIa (nepauma). CTanu Iocie 3aTBepIeBaHUsA He COOepIKaT Xpyri-
KOM CTPYKTYpHO# cocTaBisiouleif — yeeGypuTa U IpH HArpeBe BhIIIe JTHHUN
GSE wuMeT ayCTEHUTHYIO CTPYKTYPY, KOTopas 00JjiagaeT BBICOKOM ILTacThd-
HOCTBIO. B CBSI3U C ATHM CTAJH JIETKO Ae(OPMUPYIOTCS NMIPH HOPMAIBHBIX U IIO-
BBIIIICHHEIX TeMIlepaTypax, T.e. SBJISIOTCA B OTJIMYHE OT 4UyryHa JedopMHpye-
MBIMH CILIABAMH.

Kunxocts +

A / Deppur
Deppur B
®Deppur +
AyCTeHuT
ou D
- KunxocTte+ ue;xii{-;f
8 AYCTCHHT AycTernT 147 (HepBUYIHEIL))
> Y E 'c F
(- Aycrenut+ 1
(e} HEMEHTHT { LlemenTnT
8- (BTO%I/I‘{HLIE)‘* g | (HGpB;I‘iHLIﬁ)+
JEASOypHT 2! nmemeGypur
= (ayeremnrt Bl 4y crepprementHT)
QE) LIEMEHTHUT) El
— I
]
@eppI/IT/ :'Z,eppm § Hepmart  jTlepmar + nementur | TemenTaT (nepBHIHLA) + K
| B UCMCHTHT _ (STOpHHbLH) +1eXeGYPHT, neeGypHT (NCpMUT+LEMEHTHT
i = (BTOP-H"*HI’IEJI(HGDJII/IT%' LIEMEHTHT)
Deppurt+ / o) 2L LD
IEMEHTUT 0 0,8 214 43 %C
(TPETHYHBII)
ilossTex-§  3adeTek- | [lossreKTideckve S 3a3BTeKTUYECKME
iTonable £ tougHble | uyryHbl 9 UyryHbl :
Dcrae 8 : 3z
: g cranm ! =
‘ g : g7
5 M : 5
. ' m
N— _

—
Crann YyryHbl

Puc. 5.6. CrpyxrypHas auarpamma Fe-Fe;C

Crurassl, conepikaume ot 2,14 10 6,67%C (ygactok auarpamme! ot £ 1o F),
Ha3BIBAIOTCS yyeyHamy. [ TaBHEIM CTPYKTYPHBIM IIPU3HAKOM TyTYHOB SIBISIETCS
HaJIMYHMe B CTPYKTYpe JIETKOIUIABKOHN 3BTEKTHKH (1edebypuma). briaromaps ee
IPUCYTCTBUIO YyTYHBI II0 CPaBHEHHIO CO CTalbl0 O0JafaroT Oojiee HU3KUMU
TeMIIepaTypaM¥ IUTABIEHIS U JTyYIIAMH JIUTSHHBIMY CBOMCTBaMM, B YACTHOCTH,

XOpOIIeH XUIKOTEKYUECThI0 U MaJloi ycaako#. UyTyHBI MIMPOKO HUCIIONB3YIOT-
cs1 B Ka4eCTBe JIUTEHHBIX MaTepUalIoB.
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5.6. KonTpo/ibHBIE BOIPOCHI

1. VYkaxure TemIlepaTypHble HHTEpBANbl CYLIECTBOBAHHS O—Xeje3a, Y—
Kenesa U O—Kelesa.

2. Kakoii THI TBepZOTo pacTBOpa 00pa3yeT yIiIepos ¢ Kelle30oM?

3. Yro Takoe (eppuT, ayCTEHUT, IeMEHTHT (faiTe onpeneneHre >Tux ¢as,
YK&)KATe THH KPUCTAUTHYECKOH PEINeTKH, MaKCHUMaJbHYI0 PacTBOPHUMOCTE YI-
Jiepojia ¥ CBOMCTBA)?

4., Ha xakue BOIIPOCEHI OTBEUYAeT AUarpaMma COCTOSHUA?

5. Kak no nuarpaMMe COCTOSIHHS OIPEAeIuTh KOHICHTPAIHIo (COCTaB) Ha-
XOJISIIIIXCS B PABHOBECHH (a3 M MX KOJIMYECTBEHHOE COOTHOIICHUE?

6. Yro mpencraBiseT co0OH MEpiUT, efneOypuT. B pesynbraTe Kakux mpe-
BpallleHuH oHM 06pazyroTcs?

7. U3 xaxoit dazsl Beigensercs Ll (mepeuunsiit), Iy (Bropmunsii) u Iy
(TpeTuuHbIH)?

8. Kakue criaBbel Ha3bIBAIOT CTASIMU U 9yTYHaAMU?

6. CTPYKTYPBI YIJIEPOJIUCTBIX CTAJIEN B PABHOBECHOM
COCTOsAAHAAN

I[HarpaMMa COCTOSHUA IIOKa3bIBACT U3MEHEHHE PABHOBECHOI'O COCTOSHUS
CIulaBa B 3aBHCHUMOCTH OT TEMHEpPaTypbl U KOHICHTPAIIWH. PaBuoBecHoe co-
CTOSTHUC NOCTUTACTCs, IIPU OUY€Hb MEIJICHHOM OXJIAXXIACHUN (HarpeBe‘).

6.1. ITean paGoThl
O3HaKOMHUTBCS CO CTPYKTYypaMH cTalell Imociie MeAJICHHOTO OXJIAX/ICHHSL.

6.2. MaTepHaJy BCCJIENOBAHAS

JparpaMMa cOCTOSIHHSA XKeJe30-1[eMeHTHT. AJIBOOME! ¢ hoTorpadusiMu MUK-
POCTPYKTYP CTaJel U KOJUISKIIHMS MUKPOLILIH(OB.

6.3. Ilopsiiok BLINOJIHEHHAS PadoThI

1. PaccMOTpeTs mmpoliece KpPHCTAUIH3AMHd ¥ (OPMUPOBAHUE CTPYKTYPHI
cTajell ¢ yKa3aHHBIM coZep)kaHueM yriepona. [IocTpouTh i HUX KpHBBIE OX-
JIOKACHUS U B yKa3aHHBIX TOUKaX ONPeNeNUTh KOHLIEHTPAIHIO (COCTaB) U KOJIHU-
4eCTBEHHOE COOTHOIICHHME (a3.

2. VI3y4uTp U 3apUCOBaTh MHKPOCTPYKTYDPBl HOIBTEKTOMIHBIX, 3BTEKTOMI-
HOH M 3a9BTEKTONIHBIX CTalleil, 0003HAYHUTE CTPYKTYPHBIE COCTABIISIOLITE.

6.4. Conep:xanne oTyera

OT4eT NOJDKeH BKIIIOYATh!
1) mens paboTsr,
2) muarpaMMy COCTOSHUS JKeJIe30-IIeMEeHTHT;
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3) cxeMaTH4YecKHe PUCYHKH MHKPOCTPYKTYp cTaiel (I0IBTeKTOUIHEIX, 3B~
TEKTOUAHON M 3a3BTEKTOU/HEIX ).

6.5. MeToguueckne yKasaHus

Ilo cTpyKType B paBHOBECHOM COCTOSIHWH YTIIEPOIWCTHIE CTAIH JENSTCS Ha
Tpu rpymmsl: fossTekrounsse (C ot 0,02 mo 0,8%); sBrexkronnnas (C=0,8%) u
sasprexrougusie (C ot 0,8 mo 2,14% BxirountensHO) (CM. puc. 5.3)..

PaccMoTpuM, KaK IPOTEKArOT (ha30BEIe [IPEBPAIIeHMs B CTAILIX MPU OXJIAXK-
JICHUN.

1. IBTeKTONAHASA cTaab ¢ conepxanueM C=0,8 (1) (puc.6.1).

Ipu noHMXEHUH TeMIIepaTyphl OT TOUKU a O TOYKH / HIET NPOCTOe OXJa-
XJeHue XuAKocTH. KOHIeHTpalys yrilepoja B XUAKO# (ase He u3MeHsIeTCs U
cocraBister 0,8%. Kpuctayumsanus crinaBa Ha4MHAETCS [IPH TEMIlEpaType, Co-
OTBETCTBYIOLIEH TOUKe /, ¥ COCTAB IIEPBUYHBIX KPUCTAIIOB ayCTEHHUTa OIIpeae-
JsIeTCsl TOUKOH IepecedeHus KOHO/BI ¢ JTuHUer conunyc (touka /). [Ipu nonu-

H
N
S
[50]
o
>
[
[g0]
o
]
=
=
[J]
-
eppu YCTeHUTH
3 LeMaHTUT
® S/ (sTopvunbiit), 727
ke e K
uT+ ! =
Depp! vo+n |§_ M4,
rpernnpin) | f !
(rpeTMURbI) : F
0,02 0,8 2,14
— %C
a)

Puc. 6.1. CranpHoit yuactok auarpammsl Fe-Fe;C (a) i kpuBble OXIaxaeHus]
SBTEKTOMIHOMN U 3a3BTEKTOUIHOMU cTanelt (6)

XKEHUH TeMIIePaTyphl KOJIUYECTBOM ayCTEHHTAa BO3PAcTaeT, a ero COCTaB MeHs-
eTcs B COOTBETCTBUHU C JIMHUEH comuayc oT Touku /' no Touku 2. CocTaB Kuj-
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KO# (pa3bl M3MEHSeTCs B COOTBETCTBUM C JIMHMEH JIHMKBHIYC OT TOYKH [ 0o
mourxu 2'. Tlpu TemiiepaType Todky 2 Ipoliece KPUCTAIM3ALUH 3aKaHIHBaeTCs,
xuKas Gasa ucuesaeT U B CIUTaBe OCTa&TCS TONBKO ayCTEHUT, COCTaB KOTOPOIo
oTBevaeT coctaBy camoro ciasa (0,8%C). Ot Temueparypsl TOUKA 2 10 727°C
MIPOUCXOAUT OXJaXkaeHue aycTenwra. llpu Temmeparype 727°C ayCTEeHUT,
HMMEIOINi 9BTEKTOUAHBINA cocTaB (TOYKH ) IpeBpaInaeTcs B MEPIIAT IO IBTEK-
toupHo#t peakimu: Ag—II(D,+11). HanpHelllee NMOHMXEHHH TEMIEPATypEl
ke nuand PSK npakTU4yecKd He MPUBOAUT K M3MEHEHMIO CTPYKTYPHI U IpU

KOMHATHO} TeMIlepaTyphsl CTPyKTypa 3BTeKTOMIHON CTalIM IIpecTaBiIseT cobon
3epHa IJIaCTIHYATOTO Iepiuta (puc. 6.2).

\\\§

Puc. 6.2. Cxema CTpyKTypHI HBTEK-
tounaHo# ctanu (0,8%C) B paBHO-
BECHOM COCTOSIHUY.

CrpyKTypa HepiuT IUIacTHHYATHIH.

II
b
U AG
@)
g A
" N3
3
a |[\PHA S
2 P T 727
1 =
§ B
; =
%C Bpewms

Puc. 6.3. ®opMupoBaHue CTpyKTyphl JOIBTEKTOUTHON CTaN

Ecnu mo9BTEeKTOUIHYIO CTalb, HATPETYIO B OMHO(AZHYIO ayCTEHHUTHYIO 00-
nacTh (TouKa b), MeIIEHHO OXJI2XK/IATh, TO IO TeMIIEPaTyphbl, COOTBETCTBYIOIIEH
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TOYKe 3 MPOHCXOTUT TONBKO OXJIaxXAeHne aycreHuTa. COCTaB ayCTeHHUTa HE U3-
MeHsIeTCSL ¥ COOTBETCTBYET COCTaBy cIulaBa. IIpu nepeoXiiaxIeHHH HIUKe TOUKH
3 u3 aycreHuTa HadMHaeT BhIEIATHCS (eppur. CocTaB IEPBBEIX KPHCTAJUIOB
(eppuTa orpeaenseTcs TOUKOM ITepecedeHus] KOHOAE! ¢ mHuel GP (Touka 3').
ITpu MOHMXEHUH TeMIepaTyphbl KOJIMIECTBO (GeppUTa BO3pAcTaeT, a ero COCTaB
MEHSETCS OT MPOSKIMK TOUKH 3’ 1o Touku P. Ilpu 3TOM aycTeHuT oboraimaeTcs
YIJIEPOAOM U €0 COCTaB MeHseTCs OT ToukH 3 1o Touku S. Takum obGpazom mpu
TeMIepaType TOUYKH 4 CILIaB COCTOMT M3 3epeH (eppuTa cocTaBa TOUKH P, u ay-
CTeHHTa 3BTEKTOMAHOTO cocTaBa Toukd S. Ilpum Temmeparype 727°C (mumms
PSK) aycteHuT Cc comepkaHueM yriepona 0,8% OyneT mperepreBaTh 3BTEKTO-
unueii pacnan Ag—TI(D,+11,) c ob6pasoBanHueM IepIUTa.

JanpHeiinee MOHIDKEHUE TeMIlepaTypsl HIDKe JHHAN PSK MpaKTHYecK He
OPUBOJUT K U3MEHEHUIO CTPYKTYpBL. TakuMm 00pa3zoM, CTPYKTypa JO3BTEKTOMI-
HOM CTaJM TOCNe MEUIEHHOTO OXJIXIEHUS COCTOUT U3 M30bITodHOTO (epputa
u mepiurta. YeM Gorblle yriiepojia B JO3BTEKTOUIHON CTalH, TeM GoJblle B ee
cTpykType nepiura (puc. 6.4). B cranix ¢ HeGONbIUM CONepKAaHUEM YTIepo/a,
B KOTOPBIX OOpasyeTcs OOJIBIIOe KONMIECTBO (eppura, 3Ta (asa HaXOOUTCS B
BH/IE OTHOCHUTEIBHO PABHOOCHEIX 3&peH (cM. puc. 6.4, a, 6). B tex ciyqasx, ko-
rrua KOJIMYeCTBO (eppHTa HEBEIHKO (HAIpUMeEp, B CTAIH C CONEpKAHUEM yIile-
porna 0,6%), OH BELIBISIETCS B BAZE CBETIION OTOPOUKH (CM. puC. 6.4, B).

.,,,,//1 X " / \ N 0 I ;
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Y

a) 6) B)
Puc. 6.4. CxeMBI CTPYKTYp JO3BTEKTOUIHBIX CTallell B PABHOBECHOM COCTOSHUM:
a) — 0,2%C; 6) — 0,4%C; B) — 0,6%C.
Caeriible 38pHa — (QeppuT; TEMHBIE YYACTKH — NEPIUT IUTACTHHYATHIH;

ITo MHKPOCTPYKTYpe HOIBTEKTOHIHOM CTAIM IMOCIE MEIEHHOTO OXJIaK e~
HHS MOXHO OIpeNeINTh IPUMEpHOe CoAepiKaHue B Hell yriepoxma. Ilpu sTom
HCXOIAT U3 IPEAIIOIOKEHHUS, YTO BECh YINIEPOJ HaXOAUTCS B IIEPIIKTE, IPeHes-
peras cojepxanueM B (eppute. Torna 3Has, 4TO CTPYKTypa CTalld, COmepiKa-
meit 0,8% yrmepoxa coctout u3 oxuoro nepmuta (100%), MOXKHO OIpeNenuTh
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CKOJILKO TIPHMEPHO yIriiepoaa B cTaid co crpykrypoit @-+I1(P+1T). Ecnu nepnu-
Ta, HaripuMep 50%, To pelras IPOIOPLUIO:
0,8%C — 100%I1
X% —50%I1,
ompenenseM uro X (comepxanue yriepona B ciase) = 0,4%C.
3. 3assrexrouanas crans (III) (cm. puc. 6.1).

TIpu MOHMKEHUH TEMIIEPaTyphl OT TOYKH d IO TOYKU 5 HIET IIPOCTOE OXJIa-
Kaenue xunkocT. [Ipw Temmeparype TOUKM 5 HAYHMHASTCS KPUCTATIIM3AII
ayCTeHMTa, COCTaB KOTOPOTO M3MEHAETCA IO Mepe KPUCTAJUIM3aIUH 110 JMHUM
comuayc 5'-6. CocTaB XUAKOH (ha3bl U3MEHSETCS B COOTBETCTBUU C JIMHUEH JH-
kBugyc 5-6'. Ilpu Temnepatrype TOUKH 6 IMpoLecC KPUCTAIU3AINH 3aKaHIHBa-
ercsi ¢ 06pa3oBaHMEM OJHO(A3HON CTPYKTYphl — aycTeHuTa. B MHTEpBaie TeM-
nepatyp 6-7 IPOMCXOIOUT OXNa)KACHHE aycTeHWTa. Hipke Todku 7 pacTBOpU-
MOCTh YIJIepoZa B ayCTeHUTe YMEHBIIACTCS U OT TOUKU 7 A0 TOYKH § U30BITOU-
HBIA YITIepOJ IOCTENeHHO BBIJENSETCS U3 ayCTeHWTa B BHJE lieMeHTuta. Ha-
[IOMHHM, IIEMEHTHT, BBIICISIONINICS U3 ayCTeHUTa, HOCUT Ha3BaHUE GMOPUUHO-
2o. I'lo Mepe ero oOpa3oBaHus colepKaHUE YIIIEpoNia B ayCTCHHUTE YMEHBIIAETCS
cornacHo MMHAU ES oT mpoexnun Touku 7 1o Touku S (0,8%C). Ipu moctuxe-
Huy Touku 8 (t=727 0C) CTallb COCTOUT U3 BTOPUYHOTO LEMEHTHUTA B BUIE CETKU
II0 TPaHMLAM ayCTEHWUTHBIX 3€peH, U ayCTeHHTa ABTEKTOMIHOTO cocTasa. [lpu
temueparype 727°C (murus PSK) aycteHuT ¢ comepykanmeM yriepoxaa 0,8%
OyJner mpeTepreBaTh dBTeKTOMAHEIA pacnag As—II(®,+1]) ¢ obpasoBanuem
nepimuTa. CTpyKTypa 3ad9BTEKTOUTHON CTaNU MOCIe OXJIaKISHHS 0 KOMHATHOM
TeMIIepaTypsl MpeACcTaBisieT co0oil 3epHa IUTACTHHYATOrO IEpIUTa W BTOPUY-
HBI IEMEHTUT B BUJIE CBETJION ceTku (puc. 6.5, a).
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Puc. 6.5. CxeMsbI CTpyKTyp 3adBTeKToumHOM cram (1,2%C):
a)  IepIuT IUIaCTHHYATHIN (TeMHBIe yJacTKH) U CBETIIasi CETKa BTOPUYHOIO
[IEMEHTHTA; 0) 3€pPHUCTHIN MEPITUT

UeMm Gounbllle yrilepona B 3ad9BTEKTOMIOHOM CTand, TeM B Heil OOJbIIe BTO-
PHYHOTO LIEMEHTHTAa. OTO IPUBOMUT K YBEIWICHUIO TOJIIUHBI [[EMEHTHTHON

cetku. Hamuaue ceTkn XPYIKOT'0O ONEMCHTHUTA, JIETKO paspymaromeﬁca IIpyA Ha-
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rpy>XeHuw, 00yClIaBIUBaeT yMEHbIICHHE IPOYHOCTH U IUTACTUYHOCTH 3a3BTEK-
TOMIHBIX CTalel ¢ yBeIMUeHWEM B HUX colep)kaHus yriaepona. ITo aToi mpu-
YHHE 3a9BTEKTOM/IHBIE CTAIM MO/IBEPTalOT CIIEHHAIBEHOMY OTXKUTY, B pe3ylbTaTe
KOTOPOTO TIONYYal0T CTPYKTYPY 3epHHUCTOro mepiuta (puc. 6.5, 6). 3epHuUCTHIA
MEPIIAT TPEACTaBIsAeT CO00i (DeppUTO-IIEMEHTUTHYIO CTPYKTYpy, B KOTOpOi
OCHOBOM sBIISIETCS (DEepPHUT, a Mo ero 00beMy PaBHOMEPHO pacIperleNieHB! 3ep-
HUCTHIE, OJIM3KYE K ChepUIecKiM, BKIFOYEHU [IEeMEHTHUTA.

6.6. KoHTpobLHBIE BONPOCHI

1. Kakue cIutaBbl Ha3BIBAIOTCS IOIBTEKTOUIHBIMUA CTAISIMU?

2. Kakyro MHKPOCTPYKTYpy MMEIOT JOABTEKTOWIHEIE CTATH IOCIe MeMJIeH-
HOTO OXJIaXKIEHUS MpU KoMHaTHOH Temmneparype? CKoiapko y HUX (a3 U CTPyK-
TYPHBIX COCTABIISFOIINX?

3. Kak 110 MUKPOCTPYKType JOIBTEKTOUTHOW CTaIH IOCIE MEIJICHHOIO OX-
JIXKISHHS MOKHO OIIPeNIeNUTh IPUMEepHOe colepKaHue B Hell yriepona?

4, Kako#f cmiaB Ha3bIBaeTCsA SBTEKTOMAHOM cranpio? Kakyro oHa HMeer
MUKPOCTPYKTYPY?

5. Kakyro MUKpOCTPYKTYpY UMEIOT 3a3BTEKTOHMIHBIE CTAJIX [TOCTIe MEe/[IEHHO-
ro OXJIXICHUA [IPU KOMHATHOH Temneparype? CKOIBKO Y HUX (a3 U CTPyK-
TYPHBIX COCTABIISIOMINX?

7. CTPYKTYPBI UYI'YHOB
7.1.lenb padoTel
O3HAKOMHUTECS CO CTPYKTYPaMH Pa3IM4HbIX YyT'yHOB.
7.2. MaTtepHuaj uccjie10BaHAS

JlmarpaMMa COCTOSIHHS JKE€Ne30-IEMEHTHT U JKee30-rpadut. AJIs00MEI C
(hoTorpadusIMI MEKPOCTPYKTYP CTalleil ¥ KOJIEKIHsS MAUKPOLUTH(OB.

7.3. Ilopsinok BBINOTHEHHs PaGoThI

1. PaccMmoTpeTs mpolecc KpUCTaIM3alUd W (OpMHUPOBAHHE CTPYKTYpLI
GesBIX UYTYHOB C YKa3aHHBIM COJiepKaHueM yriepopa. [IoCTpoMTh I HHX
KpUBBIE OXJIaXJEHUA W B yKa3aHHBIX TOYKaX ONPENENHUTh KOHIEHTpauuio (co-
CTaB) ¥ KOJIMIECTBEHHOE COOTHOIIEHNE (ha3.

2. O3HaKOMHTBCSA CO CTPYKTypamH OENBIX HUyTyYHOB, 3apHCOBATh MHKpPO-
CTPYKTYpPHI, 0003HaUNTh CTPYKTYPHEIC COCTABISIOLIHE.

3. BpIUepTUTh qUarpaMmy jKene3o—rpadur u ykasarh $Ha3oBble 001acTy.

4. O3HaKOMUTECS CO CTPYKTYpPaMH CEPBIX, KOBKMX U BBICOKOIIPOYHBIX Uy-
TYHOB JO U IIOCJIE TpPAaBICHUS, 3apHUCOBaTh MHKPOCTPYKTYPHI, 00O3HAYUTH
CTPYKTYPHBIE COCTABIISIONINE.
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7.4.Copep:xaHue oT4yeTa

OT4eT DOJDKeH BKIIIOYATh!
1) uens paGoTHI;
2) nuarpaMMy COCTOSHYSI XKeJIe30—IIEMEHTHT U XKeJle30—TpadurT;
3) cxeMaTH4YeCKHe PACYHKHA MUKPOCTPYKTYp IyI'yHOB.

7.5. Mertoan4eckue ykazaHus

HamomHpM, 9TO YyryHaMH Ha3BIBAIOTCS JKeJIe30yTIePOOUCThIE CILIABEI, CO-
nmepxamme 6onee 2,14%C. B ormuuame ot cranelt B 4yryHaxX HACT 3BTCKTHYE-
CKO€ TIpeBpallleHHe.

VYrinepon B 4yryHe MOXeT HaXOJUTHCS B BHJIE LIEMEHTHTA WITH TpaduTa, Win
OJHOBPEMEHHO B BHJe IleMeHTHTa U rpadura. Eciiu Bech yriiepon HaXOAUTCS B
CBSI3aHHOM COCTOSHHH, TO €CTh B BUZe IeMeHTuTa FesC, To Takue 4yTyHBI Ha-
3pIBalOTCS OenpIMU. B n3nmoMe oHM uMeroT Genblit 1iBeT. OHM KPHCTAIUTU3YHOTCS
B cooTBeTcTBUH ¢ auarpammoit Fe-Fe;C (puc. 7.1,a).
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Puc. 7.1. UyryrHsi# yyacrok quarpammel Fe-Fe;C (a) 1 kpuBble OXJTaXAeHNs
JUISL TO3BTEKTHYECKOTO M 3a9BTEKTHYECKOTO 9yTyHOB (0)

B 3aBUCHMOCTH OT CoOAepKaHMS yTilepofa Oeible YyTYHBI HeJATCS Ha TpH
rpymmnsr: nosprextiueckue (C ot 2,14 mo 4,3%) , ssrekruueckuit (C=4,3%) u
saprektudeckue (C>4,3%).

PaccMoTpuM (ha30BEIe IpeBpalieHus B OENbIX TyryHax IIPpH OXJIaKICHUI.

1. OBTekTHYecKHH 4YyryH c copepxanueMm C= 4,3% (I) (cm. puc. 7.1, a).
Kpupas oxnmaxkIeHus A1 yKa3aHHOTO CIUIaBa IPUBEACHEI Ha pHc. 7.2.
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Puc. 7.2. KpuBas oxnaxieHUS 3BTeKTHIECKOro UyTyHa

IIpu OXIMaXIEHHH OT TeMIlepaTypsl Touky a g0 1147°C (mumms ECF) uner
MPOCTOe OXJIAXISHHUE JKUIKOCTH. KpucTammuzanus ciuiaBa MPOHCXOIMT IPH
TeMmeparype 1147°C, xorma xumxas ¢$aza mpeTepreBaeT BTEKTHYECKOE IIpe-
Bpamenue XX, —Ag+llr ¢ 06pasoBaHHeM 3BTEKTHUECKOI cMecH — Jenedypura
(JI), cocrosimero U3 aycreHura cocraBa £ W meMeHTuTa. IIpu mocnemyronieMm
cHIKeHuK TeMmepatypsl ot 1147°C o 727°C (nuuus PSK) U3 ayCTeHUTa, BXO-
ISIIIETO B COCTaB JieeOypuTa, BhIISNAETCS IEMEHTUT BTOPHYHBIH. DTOT lleMeH-
TUT CaMOCTOSITENEHOM CTPYKTYPHOM cocTapmstolei He obpasyer. Conepxanne
yTJIEpOJ B ayCTEHUTE MEHSETCS OT IPOSKUIUH TOUKU E 1o Touky S. [Ipu Temie-
patype 727°C ayCTEHHT, BXOASIIUH B COCTaB JeneOypura 1 00eIHEHHEIN yTiie-
pozom go 0,8%, mpereprneBaer 3BTeKTOMAHEIN pacnan Ag—II(D,+11) ¢ obpa-
30BaHMEM IIEPIUTa, cocTosmero u3 deppura u nementura. Jlenedypur, aycre-
HHUT KOTOPOT'O HMCIIBITAT 3BTEKTOUIHBIN pacial, Ha3bIBACTCS MPeGPAUEHHbIM Jie-
oebypumom. T.o. Bpiie nuann PSK neneOypuT sBIsIeTcs DBTEKTHYECKOH cMe-
CBIO ayCTCHUTA U IIEMEHTHTA, a Hyvke muHUM PSK cMechlo nepiura U eMeHTH-
Ta (JeneOypuT npeBpaiieHHsli). CTpYKTypa 3BTEKTHYECKOTO 9yTyHa IPHA KOM-
HaTHOM TeMIieparype jene0ypuT npeBpamensblid (puc. 7.3, a). JleneGyput 06-
namaeT BBICOKOW TBEPIOCTHIO M XPYNKOCTHIO. ETO NMpHCYyTICTBHE B CTPYKType
YYI'YHOB JIENAeT UX HECIIOCOOHBIMU K 06paboTKe NaBiIeHHEM.

2. Hosrektnuecknii uyryH (II) (cm. puc. 7.1.)

[Ipu moHMKeHMH TeMIepaTyphl OT TOYKK b o Touku / UAeT IpocToe oxia-
JKIeHue KuAKocTU. Ilpu TeMmepaType TO4Ku | HAIMHASTCS KPUCTaTU3aIlHs
ayCTEHHUTa, COCTaB KOTOPOTO M3MEHHETCS ¢ NOHIKEHHEeM TeMIIepaTyphl 1O JIH-
HHH COTUAYC OT npoekiu Touku /' 1o E. CoctaB )uakoit (a3sl M3MeHseTcs B
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COOTBeTCTBHH ¢ yuHEeH muksuayc /-C. Ipu temmeparype 1147°C xumkocts,
uMerorias cocraB Togky C, IpeTeplieBaeT SBTeKTHYECKOe IIpeBpalieHne ¢ o0pa-
3oBaHueM JeneOypura. Takum 06pa3oM, CTPyKTypa JAOIBTEKTHYECKOIo UyTyHa
IIpU TeMIepaTypax HECKOJIBKO HIKe 1147°C OyIeT cOCTOATh U3 yUACTKOB ay-
CTeHWTa U y4acTKoOB JieneOyputa. Kak u B ciydae dyryHa 3BTEKTHUECKOTO CO-
craBa, npu oxyaxaeHuu Mexay nmuHusMrA ECF u PSK B TOPBTEKTHISCKOM 4y-
ryHE TIPOUCXOJUT BBIJEIICHHE BTOPUYHOTO IIeMeHTHTa U3 aycrenurta. Conmepixa-
HUE yTIIepoJl B ayCTeHHTe MeHseTcs oT 2,14% (touxa E) no 0,8% (Touku S).
IIpm Temmepatype 727°C (touxa 3) MIPOKCXOUT 3BTEKTOMAHBIN pachaj aycre-
Huta As—II(®,+1,). Ilpu 3TOM OBIBIIME NEpBUYHbIE YYACTKH ayCTE€HWTA IIpe-
BPAINAIOTCS B IEPIINTHBIE KOJIOHUY, & 8yCTEHUT, BXO I B COCTAB Jiefie0ypu-
Ta, TaK)Ke MpeTeplieBaeT SBTEKTONIHBIN pactay ¢ oOpa3oBaHueM mepnnta. Kak
OBIIO CKa3aHO BEIIIe, TAaKOH JeneOypur HasbpIBaeTCs MpeBpaniéHHbIM. B mTore
CTPYKTypa JO3BTEKTHIECKOTO UyI'yHa COCTOUT M3 YUAaCTKOB IIePIUTa U MpeBpa-
mEHHoTro Nenedypura (cM. puc. 7.3, 6). [Ipu yBennueHuu conepxanus yriaepoja
B JIO3BTEKTHYECKOM UyTyHE KOJIMYECTBO IPEBPAINEHHOTrO JNene0ypuTa B CTpyK-
Type yBeIHMYUBaeTCs, a IepiIuTa — YMEHBIIIaeTCsL.

Puc. 7.3. CxeMsI CTpYKTyp OelBIX YyTyHOB: &) DBTCKTHUECKHIA;
0) TO’BTEKTHYECKUIA; B) 3a9BTEKTUUECKHUA

3. 3asBrexTnueckuii uyryn (III) (cm. puc. 7.1)

B unTepBaine TemnepaTyp OT TOUKU d TOUKH JI0 4 IIPOUCXOIHUT IPOCTOE OX-
JaXJIeHue XKUIKoH (as3sl. B mpoliecce oxnaxeHns B TeMIlepaTypHOM HHTEpBa-
e Mexnay muHusMu nukBunyc CD um sBTekTmyeckoro npespainenuss ECF w3
KUIKOH (ha3pl BBIAENSICTCSA NMEePBUYHbIA eMeHTHT. KOHIeHTpanus yrieposa B
KUIKOH (aze MeHsieTcst OT mpoeKiuK Toukd 4 10 C. TIpu MOCTIKEHUH TeMIre-
parypsr 1147°C u3 sxuakoii dpasst cocrasa Touku C o6pasyercs neneGyput. Ox-
JNaXIEHUE OT 1147°C o 727°C COIIPOBOXKJIA€TCS BBIICICHUEM BTOPUYHOTO Lie-
MEHTHUTA U3 BXOIAIIETO B COCTaB JieneOypuTa aycTeHuTa, a mpu 727°C aycreHUT
nene0ypuTa UCIBITEIBAST IBTEKTOMIHBIN pacmai. [locie oKOHYaHWS OXIIax7e-
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HUS CTPYKTYpa 3a3BTEKTHUECKOI0 YyryHa COCTOUT M3 M30BITOYHOIO NEPBUYHO-
ro IEMEHTHTa U TpeBpalEHHOro JenebypuTa. IIepBUYHBIA [IEeMEHTHT B TaKoi
CTPYKType UMeeT B KPYIHBIX Oenbix wiacTuH (cM. puc. 7.3, B). C yBenudenu-
€M COJIEPXKaHMs YIIIEpOJa B 3a3BTEKTHYECKOM UYyIyHE KOJIHYECTEO KPYIHBIX
IUTACTHH MEPBUYHOTO I[eMEHTHTA YBEIHIUBACTCs, a IPeBpaéHHOro Jenedypu-
Ta — YMEHBIIACTCH.

Ecnu yriepos B 9yryHax YacTHYHO WJIM IOJHOCTBIO COMNEPKUTCS B CBOOOJ-
HOM COCTOSHWH T.€. B BUZIe Tpadura, 1yryHBI Ha3bIBAIOTCA cepbIMU. OHI UMEIOT
H3JI0M CEepOro IIBETA.

Ceprble YyTyHBI KIacCHQUUIUPYIOT M0 (GopMe rpadHTHBIX BKIIOYCHHAH u
CTPOEHHIO METAJUTNIECKOM OCHOBEL.

T'padur Hemeramnmdeckas (asza, mosToMy (GopMy IpadHUTHBEIX BKIIOYEHUIHA
yI0OHO OLlEHWBATh Ha HEeTpaBlieHBIX numdax. [1o dopme rpaduTHEIX BKIIOUe-
HUll pa3nuyaroT: OOBIMHBIN Cephlif YyTryH C IUIaCTHHYATEIM rpadurom (puc. 7.4,
a), KOBKMH YyT'YH C XJIOMbEeBUIHBIM rpadutoM (cM. puc. 7.4, G) ¥ BEICOKOMPOY-
HEBI# YyTYH C IIapOBUIHBIM IpadutoM (cM. puc. 7.4, B).

ot » @
& ¢ o
> ‘,
9) .B)

Puc. 7.4. CxeMbI CTPYKTyp IyTyHOB C paznudHo# hopmoii rpadura:
a — CepBIid 9yTyH; 0 — KOBKHI YyTYH; B — BBICOKOTIPOYHEIH 9yTyH

L %% [ ]

I'padut mo cpaBHEHHIO C METAIMYECKO OCHOBOM MMeeT HUUTOXXHO MAaIyIO
TIPOYHOCTH W €r0 BKIIFOUEHHSI MOXKHO PacCMaTpUBaTh KaK Hajpe3bl, Hapyllaro-
ome CIUIOIIHOCTE Metaia. IlosToMy ompenensroinee BIUSHIE Ha MeXaHUJe-
CKHe CBOWCTBa UyryHa OKas3bIBaeT (opMa TpadUTHBIX BKIIOYSHHH: HYeM OHa
KOMITaKTHee, TeM BBIlIe KOMILIEKC MEXaHWYeCKUX CBOMCTB. HamMeHnsine me-
XaHUIECKUe CBOMCTBA, OCOOEHHO IIaCTHYHOCTD, HIMEET CEPhIil YyTyH.

ITo cTpOSHMIO METAUIMYECKOM OCHOBBHI Pa3iIMYalOT YyTIyHBI Ha (eppUTHOM
OCHOBe (CTpyKTypa ¢epputr + rpadur), Geppuro-nepiutHoit (cTpyKTypa dep-
PHT + IePIUT + rpaduT) U NepIUTHOH (CTPyKTypa nepiut + rpadut) (puc. 7.5).
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Bun CTpyKTypa MeTalIn4ecKOX OCHOBBI UyTyHa
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Puc. 7.5. CxeMBI cTpyKTyp 9yI'YHOB IIOCIIE TPABJICHHUS:

Ob6mee comepxanue yrineposa (Copy) B 3THX UyTyHaX CKIAIBIBACTCSA U3 yI-
aepoja B Bue neMeHTHTA (Cyy;) ¥ B Buze rpaduta (Cegos):

CoGul = Cch(3+ CcnoG

Ecmn Cpyy = 0, TO IyTyH GyZieT HMETh GEepPUTHYIO METALTMIECKYIO OCHOBY
(cumTaeM, 9TO BeCh YIIepo HaXOJUTCA B CBOOOAHOM COCTOSIHUHM B BUIE Ipadiu-
ta). Ecnmu Cgpg, = 0,8%, TO MeTammmaeckas ocHOBa uyryHa — nepnut. Eciam 0<
Cesss <0,8%, To MeTaIIMYeCKasi OCHOBA IyTyHa (epPUTO-IIEPIUTHASL.
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[IpoYHOCTE W TBEPAOCTEH YYTYHOB PACTYT MPH YBENUICHAM KOIHUUECTBA Iep-
JINTa B METaJUIMIECKOH OCHOBe.

7.6. KoHTpOIbHBIE BOIIPOCHI

1. Kakue crumtaBbl Ha3bIBAIOTCS JIO3BTEKTUIECKAMU, IBTEKTHYECKAMH U 3a9B-
TEeKTHYeCKUMH OeIbIMH uyTryHamu? Kakylo OHH HMEIOT CTPYKTYpy IIPU KOMHAT-
Holt remnepatrype? CKONBKO (a3 U CTPyKTYPHBIX COCTaBIIIOIINX B HUX?

2. Kakoe npespammenue npoucxogut Ha nuaud ECF nmuarpammsr Fe-Fe;C?

3. Kakoe npeBparienue npoucxoaut Ha MMHUE PSK nuarpammsr Fe-Fe;C?

4. YeM OTIHUAIOTCS MEXIY c000# cepblil, KOBKHI M BBEICOKOIIPOYHBIH dyTy-
HEI?

5. Kaxyro ¢popMy uMeIoT rpaduTHEIE BKIFOUYEHHUS B CEPOM, KOBKOM, BEICOKO-
IPOYHOM HyTYHaX?

6. Kakyio cTpyKTypy MeTaJllTMUYeCKOX OCHOBBI MOT'YT UMETb CEpHIid, KOBKUi
1 BBICOKOITPOYHBIE TyT'YHBI?

8. MAPKMPOBKA CTAJIEM U YYTYHOB
8.1. Hexan paGoThl

M3yunTh NpUHIUNGEI MapKUPOBKY CILIABOB HA OCHOBE JKelle3a M HAYYUTHCS
paco3HaBaTh MaTepHall 10 €ro MapKe.

8.2. Iopsigox paGoThI

1. CaMOCTOATENBHO U3YyUUTH KIACCU(DHUKAIUK CTalleil 10 XUMUYECKOMY CO-
CTaBy, HA3HAUSHHUIO U T.1., IPHHIUIIB MAPKUPOBKHU CTaNeH W 1yTI'yHOB.

2. TlonmyuuTs y IpenoaBaTelis MHANBHIYaILHOE 33/1aHNe ¥ BEITIONHUTE €TO.
B mepBoii "acTh 3amaHUs HEOOXOAWUMO pacHm(ppoBaTh MapKUPOBKH OIpexe-
JICHHBIX CIUIaBOB, YKa3aB MX Ha3HadyeHHe W XHMHUYECKHH cocTaB. Bo Bropoii
9aCTH 110 IPUBEICHHOMY XUMUYIECKOMY COCTaBY 3ami(ppoBaTh CTANb.

8.3. MeTognueckne yKazaHHs

ITommmo Fe u C, mro6as crans comepxuT npumecu. Mx genst na:

1) nocmoanuvie:

— kpemnuti (7o 0,4 %) u mapearey (no 0,8 %), BBOAUMEIE B CTANlb IPH BEI-
IUIaBKe U PacKUCIeHuUs (yaleHus KACIopoaa).

— cepa U ¢ocgop, KOTOpPEIE SBILIOTCS BpeaHbIME mpuMecsmu. Cepa mnpu-
JaéT CTaIM KPacHOIOMKOCTb, TO €CTh CKIOHHOCTE K Pa3spyIIeHUIo IIpy ropsueit
nedopmanuu u3-3a o0pasoBaHus JerkomiaBkoi (988°C) »BTEKTHKY IO TpaHH-
naM 38peH. @ocdop, pacTBOPSACH B GeppuTe, 3HAYUTEIHHO IIOBBIIAET IIOPOT
xnmagHoJgoMKocTH cTanmu. Conmeprxanue S u P SBIsIeTCS OMHWM W3 OCHOBHBIX I1a-
paMeTpoB, OIPEACIITIONINK KaueCTBO CTaH;

46



2) cxpvimoie, IO KOTOPEIMH TIOHAMAIOT PACTBOPEHHBIE B CTalld rasnl (Ku-
CIIopoH, a30T, Bojopod). OHU Takke yXyJIIAloT CBOHCTBa CTalM H SABISIOTCS
BpeaHBIMH; 0OBIUHO HX cofepkanue He npessimaet 0,01 %;

3) cayuatineie — TIOObBIe [PYTHE SIEMEHTH, KOTOpble MOTrYT IONagaTh B
crainb nipH BeirutaBske (Cr, Ni, Cu, Sb, Bi u ap.).

Kpome Toro, B HEKOTOpEIEC CTATH I U3MEHEHHS HX CBOUCTB CIEIHAIBHO
BBOIAIT T€ WU HMHEIE Jlecupyloujue nemenmol. B xauecTBe JerHpyromux MOIyT
BBICTYIATh M T€ DJIEMEHTHI, KOTOpble OOBIYHO cuMTaloTCesi npumMecsiMu (Si, Mn,
N), ecni OHH BBOJATCS HAMEPEHHO W WX COIEpKaHWE TMPEBBIIAeT OOBIYHBIH
yposens. Ctanu, comepxamue yus Fe, C 1 mpuMecH, Ha3BIBAIOTCA Yaepoou-
cmbLMu, a CTad, B KOTOPBIX JOMONHUTENBHO MPUCYTCTBYIOT JETHUPYIOIIHE dIle-
MEHTBI — JIe2UPOBAHHBIMU.

Cramy knaccuUIIPYIOT IO Pa3iuIHBIM IPH3HAKAM.

1. o xumuueckomy cocmagy cranyl [eNsT Ha YITIEPONUCTHIC U JIETUPOBAaH-
HEIe.

INo copepxanuto yriepona Te ¥ IpyTHe HOApa3eNsIoT Ha:

— HusKoyriepogucteie (Meree 0,3%C);

— cpegneyrimepomuctsie (0,3...0,7%C);

— BeIcoKoyIepoauctsie (boiee 0,7%C).

ITo cymMmMapHOMY KOJIHYECTBY JIETHPYIOLIHMX JIEMEHTOB Pa3sIi4aloT CTANH:

— HU3KOJIETHPOBaHHbIEe (KONMYECTBO JICTUPYIOMUX 3JIEMEHTOB HE IPEBbI-
maet 5%) ;

—cpenueneruporannsie (5...10%);

— BEICOKONIerupoBanHseie (Oostee 10%).

2. Ilo Hasnauenuro cTaNy NENAT Ha TPU OCHOBHBIX TPYTITIHL:

— KOHCMPYKYUOHHbIE, TIPeIHA3HAUCHHBIE JUI1 H3TOTOBIEHUS KOHCTPYKIIMI,
IeTtaneif MalvH U IPUOOPOB;

— UHCpYMEHMANbHbIe, U3 KOTOPBIX M3TOTABIMBAIOT PEXYIIMHA U M3MEPH-
TeNbHBIM HHCTPYMEHT, a TAIOKe MHCTPYMEHT AJIA XOJIOLHOTO ¥ TOPSYero Je-
(hopMHpOBaHWST

— cmanu ¢ ocobvimu ceovicmeamu, oONaNaroIre CreluGIIEeCKIMH Mar-
HHUTHBIMH, 3JIeKTPUISCKUMHU H APYTHMH XapaKTePHCTUKAMH.

3. Ilo kauecmay, 9TO OUpeAeNseTcs B IEPBYIO O4ePEh COEPKAHMEM B CTa-
JIX BpeTHBIX IpuMeced cepsl B hocdopa, CTany NoApa3aesSroTCs:

— obuikHOBeHHO020 Kavecmea (comepkat 1o 0,050%S u g0 0,040%P);

— rauecmeernvie (S u P He Gonee 0,035% xaxmoro);

— gvicokokauecmsernvie (He 6oiee 0,025%S u 0,025%P);

— 0cobo svicokokauecmeenuvie ( He 6onee 0,015%S u 0,025%P).

4.Tlo cmenenu packucnenus CTaIy JNENSTCS Ha CIIOKOMHEIE, TOITy CIIOKOWHBIE
U kundnme. Cnoxotinele CTalld PaCKUCISIIOT MapraHleM, KPpEMHHUEM H afOMU-
uHueM. OHM colepKaT Majlo KUCIOpo/a A 3aTBEpAEBAaIOT CIIOKOWHO, Oe3 Bhijelne-
HUA Ta30B. Kunsujue CTamy pacKUCISIOT TONBKO MapraHieM. B HEX comepxutes
MOBEIIIEHHOE KOMUYECTBO KUCIOPO/Ia, KOTOPHIH TIpH 3aTBEpJIeBaHUM CTAJIA Yac-
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THYHO B3aMMOJEHCTBYeT C pacTBOPEHHBIM B HEH YITIEPOIOM U yNAJSIeTCs B BU-
ne okxucu yriepona CO. Byproe BeieneHue my3sipbkoB CO co3malt Bneuatsie-
HUE€ «KUTISHUSD» CTAH, C 9YeM W CBSI3aHO Ha3zBaHWe «KUILmas». Kursimast craib
JIellIeBIie CIIOKOHHOM, HO IMeeT 0oJiee BEICOKHH MOPOT XJIaJHOIOMKOCTH. [lomy-
CHOKOTiHble CTAIIA 3aHUMAIOT IIPOMEXYTOUHOE IOJI0KEeHNE MEXIY CIIOKOWHBIMHU
¥ KUILSIIUMU. VX pacKHCISIOT MapraHieM ¥ HeOOJNBIINM KOJIMYECTBOM KpeM-
HUSL

B xaxxnoii cTpaHe cyIecTByeT CBOA CHCTeMa 0003HAUCHHUS YIIIEPOJUCTEIX H
JIETMPOBaHHBIX cTajned. Huke paccMoTpeHB! MIPUHLIUIIEI MAPKUPOBKHU CTalleH 1O
craamapraMm Poccru. Kak npasuiio, Mapka cranu ykasplBaeT €€ NpUMEpHbIH Xu-
MHAYeCKHN COCTaB. 37eCh pPacCMOTpeHa MapKHPOBKa TOJNBKO OOBIMHBIX KOHCT-
PYKIIMOHHBIX 1 HHCTPYMEHTAIBHBIX cTayeil. MapKupoBKa cTayei crienuarbHOro
Ha3HaueHHs (PEITBCOBBIX, CYAOCTPOUTENHHBIX, TPAHCHOPMATOPHBIX, MATHHUTHBIX
U T.I.) HE paccMaTpUBaeTCs.

8.3.1. MapkupoBKka KOHCTPYKIMOHHBIX cTaJiei
Craau o6bikHOBeHHOr0 KadecTBa (I'OCT 380-94)

Cranu 0GEIKHOBEHHOI'O KaYeCTBa BBIITYCKAIOTCS TONBKO yrilepoaucTie. OHK
conepkat <0,050 %S, <0,040 %P.

MapxupoBka: Oykssl «C» + mudpa ot 1 10 6 (TOPAAKOBEIH HOMep) + OyK-
BBI «KIDY, «TIC» HJIH «CID», O3HAYAIOIINE CTEIIEHb PACKUCIICHHSL:

«KIm»y — kursmas cranb (<0,05 %Si);

«rc» — momycnokoiinas (0,05...0,15 %Si);

«cm» — crokoitaas (0,15...0,30 %Si).

[udpa B Mapke ykassiBaeT HoMep cranu o I'OCTy. Yem BeIlle HOMEp, TeM
B cranu Oombire %C. CpegHull NMPOIEHT yIiIepoia B CTALIX OOBIKHOBEHHOI'O
KaJdecTBa B KadecTBe IpuMepa IpuBesieH B Tabl. 9.1.

Tabmma 8.1
Cranp Cp;fg T Crams Hig ii C
Cr0* <0,23
Crl 0,09 Cr4 0,22
Cr2 0,12 Cr5 0,32
Cr3 0,18 Cr6 0,44
* Ct0 — cranp camoro Hu3koro kadectsa (0,060 %S, <0,070 %P).
Ipumepuor.
Ctlxm
Ct2mc
Crb6cn

Ct13 — creneHb PacKUCICHUS He yKa3aHa
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Ct3I'nc — GykBa I ykaspIBaeT Ha IOBBIIIEHHOE COAEp)KaHue MapraHia (~1
%Mn)

KauecTBeHHBIE CTATH
a) KauyecrBennnie yriepoaucroie ctaan (I'OCT 1050-88)

Copepxar <0,040 %S, <0,035 %P.

Mapxkuposka: n8e uugpbl, YKa3bIBalOUINE CPeqHee COAEPKaHUe YIIepoaa B
compix TOTSIX MPOLIEHTA.

B KxoHIle MapKi MOXKET YKa3bIBAThCS CTENIEHb PACKUCIEHHUS: «KID) WITH IICH.
BykBBEI «CI1» He YKA3BIBAIOTCS, TaK KaK KaueCTBEHHBIE CTAM Yallle BCEr0 BBI-
IJIABIISIFOTCS CIIOKOMHBIMH.

Ilpumepror:
08k — 0,08 %C, xumnamas; 30 — 0,30 %C;
08 — 0,08 %C, criokoiinas; 45 — 0,45 %C;
20 — 0,20 %C; 60 — 0,60 %C.

0) JlernpoBannsle craan ('OCT 4543-71, 5632-72, 14959-79 u ap.)

O651an0 copepxat <0,035 %S, <0,035 %P.

MapxupoBKa:

1) BHagane — nBe (penko Tpu) HHGPEL, YKa3bIBAIOIIKE CPeaHee COAePKaHue
yTIepoa B comulix TOISIX IPOLIESHTA;

2) 3aTeM — OYKBEI, YKa3BIBAIOIIHNE JTETHPYIOIIHAE STIEMEHTHL:

A —azot (N); H — guxens (Ni);

b — nmogwuit (Nb); P — Gop (B);

B — Bomsdpam (W); C — kpemnuii (Si);

I' — mapraren (Mn); T — twuras (Ti);

A — mens (Cu); ® — panaguii (V);

K — xo6anst (Co); X — xpom (Cr);

M — Monubnes (Mo); O — amomunwmii (Al).

OueHb peJIKO BCTPEYAIOTCs TakKe ClIeIyIoIIne 0003HaAYEHHMs:

E — cenen (Se); Il — uwmpxonwuii (Zr);
IT— docdop (P); 4y — peaxo3eMenbHble ateMeHTsl (Ce u ap.).

ITocne xaxmoit OykBbI CTOMT Hubpa, yKasblBalollas CpelHee colepiKaHue
COOTBETCTBYIOIIETO dIEMEHTa B yenwix poueHTax. Eciiu cogepikanue seMeHTa
<1...1,5 %, To nudpa He CTABUTCH;

3) B KOHIIE MapK# MOT'YT {0OABNISATHCS IOIOIHUTEIbHbIE OYKBHI:

A — BBICOKOKauecTBeHHas ctaib (£0,025 %S, <0,025 %P);

-IIT — ocoboBEICOKOKaYeCTBeHHAs] CTallb, moxBepruytas OIIIT — anek-
TpouutakoBomy nepemnany (0,015 %S, 0,025 %P);
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-BJI — noaseprayTtas BJII1 — BakyyMHO-IyroBOMYy II€peIuiaBy;

JI — nwureiinast ctanb (MpeaHa3HaYeHHAs AJI U3TOTOBJICHHS OTIHMBOK U HE
ITOJIBEPTAIOIIAsCS TopsSUeii [eopMarin).

Tak >ke MapKUPYIOTCS ¥ BBICOKOIIETMPOBAaHHEIE CTAJIH CIEIHaJbHOIO Ha3Ha-
yenwst (KOpPO3HOHHOCTOMKHE, KapOIPOYHEIE U . ).

Ilpumepor: ‘

15X — 0,15 %C; 1 %Cr;

0912C — 0,09 %C; 1,5 %Mn; 0,6 %Si;

40XDPA — 0,4 %C; 1 %Cr; 0,15 %V; BLICOKOKaUeCTBEHHAS;

20XTHTP — 0,2 %C; 0,5 %Cr; 1 %Mn; 0,5 %Ni; 0,05 %Ti; 0,005 %B;

12X1M® — <0,12 %C; 1 %Cr; 0,3 %Mo; 0,2 %V;

20JI — 0,2 %C; auteiinas,

110I'13JI — 1,1 %C; 13 %Mn; muteiinas;

95X18-111 — 0,95 %C; 18 %Cr; mogsepruyTa IIIIT;

30XT'CA-BA — 0,30 %C; 1 %Cr; 1 %Mn; 1 %Si; noxseprayta BAIL;

38XH3IM®A — 0,38 %C; 1,3 %Cr; 3 %Ni; 0,4 %Mo; 0,15 %V, BeIcOKOKa-
JeCcTBeHHAasT;

08X18H12b — <0,08 %C; 18 %Cr; 12 %Ni; 1 %Nb.

B) HonmunaukoBsie ctaan (I'OCT 801-78)

Mapxkuposka: 6ykBsl «[1IX» (LI — 1mapukomoamunHuKoBast, X — XPOMH-
cTas) + colepiKaHue XpoMa B decamblix JAONSIX IpolieHTa + 0003HaueHue JPyTuX
JICTUPYIOLIUX BIIEMEHTOB, €ClId OHU ecTh. Cofiep)kaHKe yIiieposa B STHX CTAIX
coctapiseT ~1 % U B MapKke He YKa3BIBaeTCSL.

Hpumepoi:

X4 — 1 %C; 0,4 %Cr;

X115 — 1 %C; 1,5 %Cr;

HIX15CT — 1 %C; 1,5 %Cr; 0,5 %Si; 1 %Mn;

IX15-11 — 1 %C; 1,5 %Cr; moxseprayTa DIIIT.

r) ABTOMAaTHbIE €TAJH (CTAJH NOBBIMIEHHOH 00pabaThIBa€MOCTH pe3a-
nuem; I'OCT 1414-75 u ap.)

INoBrimeHHas 00pabaThIBaeMOCTh pe3aHUeM JOCTUraeTcs 3a CU&T oberde-
HIUSL OTACNEHUs CTPYXKH. [Iis 3T0oro nubo MOBBIIIAIOT COAEpKAHNEe B CTAH Ce-
pol 1 hochopa (B OOBIMHBIX CTANAX CUUTAIOIIUXCS BPEIHBIMU TIPUMECSMH), JTH-
00 TIpHCaXUBAIOT K Hell HeOONIbIIOe KOMMYECTBO CeleHa FITH KabIH, THbo Jie-
THPYIOT €€ JIETKOIUIABKUMH METaJUTaMU — CBHHIIOM WJIM BICMYTOM.

ABTOMaTHBIE CTAI MapKHPYIOTCSA KaK OOBIKHOBEHHBIE YIIICPOLUCTHIE HITH
JIETHPOBaHHBIE CTalld, HO B Hadaje MapKy JOOaBIIOTCS OyKBEHI, 0003HAUAXO-
e:

A — cTaJb ¢ MOBBIIEHHBIM conepykanueM S (1o 0,25%) u P (mo 0,15%);

AC — cras, nerupoBannas Pb (mo 0,3 %);
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AB — craib, nerupoBatHas Bi (mo 0,2 %);

ALl — crans, nerupoBarHas Ca (o 0,01 %).

Ipumepuwi:

A20 — 0,2 %C; ¢ mOBBIMIEHHBIM cofepxanueM S u P;

AC14 — 0,14 %C; neruposasa Pb;

AC40X — 0,4 %C; 1 %Cr; neruposana Pb;

AB19XTH — 0,19 %C; 1 %Cr; 1 %Mn; 1 %Ni; seruposana Bi;
AIT20 — 0,2 %C; nmerupoBana Ca.

I[) He(‘,TaHlIapTHbIe BBICOKOJIETHPOBaHHBbIC CTA/IH H CIIJIABbI

Fmé ge Bomenmme B I'OCTEI craiu ¥ cruiaBel MHOrIa o603HavYaroT 1O II0-
PSIKOBOMY HOMEPY OCBOSHHs Ha MeTaJUIyprudeckoM 3aBoje. Ilepen Homepom
CTaBUTCSl YCIOBHOe obOo3HaueHwue 3aBoma: «OMy», «Iy, «I», «3U», «UC»u
np. Ilocne BKIIOWEHHS AaHHOM CTallM B CTAaHAApTHl Takoe oOO3HadeHWe 3aMe-
HSIOT Ha OOBIYHOE.

Hanpumep:

01402 = 08X18H12b J13 = 10X14AT'15
ON268 = 14X17H2 31130 = 03X24H6M3
OIl53 = 02X22H6T YC36 =03X13AT'19

8.3.2. MapkupoBKa HHCTPYMEHTAJbLHBIX cTaJIeil
a) Yraepoancteie (OCT 1435-90)

MapkupoBka: craBuTcs OykBa «Y» («yriepomuctasi») + mudpsl, ykasbl-
BaloIie coJiepaKaHKe YIIepoia B decambix NOJSIX NPOLEHTA.

Ipumepur:

/7 — 0,7 %C;
V10— 1,0 %C;
V13— 1,3 %C;

V12A — 1,2 %C, BEICOKOKaYeCTBEHHAST;
V8T'A — 0,8 %C, ¢ moBBILIIEHHBIM cOZiep)anreM Mn, BRICOKOKaUeCTREHHAS.

0) JlerupoBanusie ('OCT 5950-73)

B navane Mapku — ofgHa nu¢pa, yKaspIBarolasi CpeHee COIepKaHue yrie-
poza B decameix NOJSIX mpoueHTa. Eciu yrnepona copepxurcs =1 %, To Huka-
KOU IMdpPEI HE CTAaBUTCS. 3aTe€M YKa3bIBAIOTCS JISTUPYIOIINE JJIEMEHTHI, KaK y
KOHCTPYKIIMOHHBIX CTalel.

Ipumepri:

9XC — 0,9 %C; 1 %Cr; 1 %Si;

7X3 — 0,7 %C; 3,5 %Cr;

4XB2C — 0,4 %C; 1 %Cr; 2 %W; 1 %Si;

X —1%C; 1,5 %Cr (cp. crans IIIX15);
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XBI' — 1 %C; 1 %Cr; 1,4 %W; 1 %Mn;
X12 —2,1 %C; 12 %Cr;
X12®1 — 1,4 %C; 12 %Cr; 0,8 %V.

B) BeicTpopexymue (I'OCT 19265-73)

OcHOBHOE CBOMCTBO OBICTPOPEKYINUX CTajiell — CIIOCOOHOCTh COXPaHATh
BBICOKYIO TBEPIOCTH IIPH pa3orpeBe MHCTPyMeHTa A0 TeMiiepatyp 550...600 °C
— obecrieunBaeTcs 3a c4&€t nerupoanus W unu Mo.

MapxkupoBka: Gyka «P» + comepkanue Bonb(pama B yervix MPOLEHTaxX +
TIpOYHe JETUPYIOIIHE BIIEMEHTEL.

Bce Ovictpopexymue cranu copepxar 0,7...1,0 %C; ~4 %Cr; ~1 %V; atu
3JIEMEHTHI B MapKe He YKa3BIBAIOTCH.

Ipumepuwi:

P18 — 18 %W; a taxxke 0,7 %C; 4 %Cr; 1 %V;

P6MS5 — 6 %W, 5 %Mo; a Takxe 0,8 %C; 4%Cr; 2 %V,

PI18K5®D2 — 18 %W; 5 %Co; 2 %V, a Takxe 0,9 %C; 4 %Cr.

Ilpu pazbope mapkupoeok cmaneii obpamume SHUMAHUE HA Credyloujee.

1. OtcyTcTBue UG PHI mocae 0003HAYESHNUS JETHPYIOLIEro DIIEMEHTa BO MHO-
rux cirydasx ozHadaeT He «1 %», a «<1 %». Hampumep, Takue 3meMeHTHI, KaK
V, Ti, Nb, a Taxxe N 00B4HO BBOAIATCA B KoauuecTBe He Gonee 0,1...0,2 %; Mo
B kommyectse 0,2...0,4 %; B — 0,001...0,005 % (!). [IpuMepsI cM. BBIIIE.

2. O6o3HaueHNe COAEPXKaHUI yIlepona y KOHCTPYKIIMOHHBIX cTanel naéres
B combix IONSX IIPOLIEHTA U BCErZla COCTOWUT He MeHee 4eM U3 IBYX IHUGp, a y
HHCTPYMEHTANIBHBIX — B Oecsambix NOJSX IPOLEHTa U BCerla COCTOHUT U3 OIHOU
mudpsr. Cpasaute, Hanpumep: 0912C (0,09 %C), 9XC (0,9 %C) u 90X (0,9
%C).

3. 3HaucHMEe OYKBBI «A» 3aBUCHT OT €& IOTOKEHH:

— B Hayaje MapKy OHa O3HavaeT, 4YTo cTainb aBromatHas (All, AC40);

— B cepeuHe MapK{ — YTO CTalb JieTHpoBaHa a30ToM (14[2AD);

— B KOHIIe MapK{ — YTO CTaJlb BEIcOKOKadecTBeHHas (40X DA, 30XT'CA).

4. KpemHuit 1 Mapragell He Bcerzia 0TOOPaXaroTcsi B MapKUPOBKE, XOTS BCe-
ra NPHCYTCTBYIOT B CTaid. EcaM OHM BBOZATCS TONBKO JJISI PACKHCICHHS
(06p19HO 0,5...0,8 YoMn u 0,2...0,4 %Si), TO cUUTAIOTCS NPUMECSIMH U B MapKy
He BKIIOUaloTca. By ux copepskaHue Ooblle, TO OHH CUMTAIOTCA JIETHPYIO-
VMU 3JIEeMEHTaMH M YKa3bIBalOTCSA B MapKupoBke. CpaBHH, HalpHMep, CTajb
30X (~0,3 %C; ~1 %Cr; ~0,3 %Si; ~0,6 %Mn) u crans 30XIT'C (~0,3 %C; ~1
%Cr; ~1 %Mn; ~1 %Si).

5. Conepxanue cepsl U pocdopa Takxke BIuseT Ha MapkupoBky. CpaBHUTE,
manpumep, cranmum 30XI'C (0,035 %S; <0,035 %P), 30XI'CA (£0,025 %S;
<0,025 %P) u 30XI"CA-I1I (£0,015 %S; <0,025 %P).
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8.3.3. MapkupoBKa YyryHOB

Cepsie uyrynsl (I'OCT 1412-85) mapxupyrorcs Oyksamu CU, mocne KoTo-
PBIX YKa3bIBaeTCsl MUHUMANBHBIN IapaHTUPYeMBblii Ipefen IPOYHOCTH NIPH pac-
Tsokernn B Kr/MM> (1kr/vm® ~ 10MITa):

CY 10 — cepslii 9yTyH ¢ G, = 100 MlITa;

CY 35 — cepslii 9yTyH ¢ G; 2 350 MITa.

Bricoxonpounsre gyryssl (I'OCT 7293-85) — Tak xe, Ho numercs BU:

BY 35 — BEICOKOIPOYHEIN YyTYH ¢ G = 350 MlI]a;

BY 100 — BBICOKOIIPOYHEIH 9yTyH ¢ G = 1000 MITa.

Koskwue uyrynsl (I'OCT 1215-79) — 6ykBamu KY, mociie KOTOpBIX yKa3bl-
BalOTCS MUHUMAJIbHBIE 3HAUCHHS ITpeeria IPOYHOCTH U OTHOCUTEIHHOTO Y1~
HEHUS IPY PACTDKEHUH:

K4 37-12 — xoBkwii 9yryH ¢ G; = 370 MIla u & > 12%);

KY 65-3 — xoBkwii 9yTyH ¢ 03 = 650 MIla u & > 3%.

Antudpuknuonssle gayryHsl (I'OCT 1585-85) mapkupyrotcs GykBamu AU,
Imociie KOTOPHEIX yKasbiBaeTcs T dyryHa (C, B mmm K) m ycmoBHbI HOMep
mapku. VIx coctaB u cBoiicTBa MOXHO y3HaTh Jumb U3 'OCTa unm crpaBoYHH-
ka. [Ipumepsr:

AYC-3 — aHTHPUKIIMOHHEIH CEPhIi YYTYH;

AUB-1 — aHTHOPUKIMOHHEIN BEICOKOIPOYHEIN YyTYH;

AYK-2 — aHTU(PUKIMOHHEIA KOBKUN 4yTyH.

8.4. 3apmanus 119 camocTosITe1bHOH padoThI

IIpumep BBINOTHEHHSI 32 {aHHI

3aoanue 1. Pacuugpposame mapku.

C12KII — cTaiab OOBIKHOBEHHOIO Ka4eCTBa, KUIISIIAS.

40XDPA — 0,4 %C; 1 %Cr; <1 %V; BrIcOKOKaYeCTBEHHAS.
ACA45T"2 — aBromarras ctanb: 0,45 %C; 2 %Mn; neruposana Pb.
P18 — OrIcTpopexymas cTanb; 18 %oW.

CU21 — cepbiit uyryH; 6,221 xre/mm’.

XB5 — uHCTpyMeHTanbHas ctanb: 21 %C; 1 %Cr; 5 %W.

IIX15 — mommmmunaukosas ctank: 1 %C; 1,5 %Cr.

3aoanue 2. Hanucamo mapky.
0,40%C; 1,0%Cr; 0,25%3S1; 0,65%Mn; 0,025%S; 0,025%P — crans 40XA.

Ipumepsi 3axanus Ne 1 o pacumdpoBke MapKu CTaleil U YyTyHOB.

Bap-t Mapxku

1 70; Y9A; Cr2mc; K4 80-1,5; P6M3; XB5; AB40X; IIIX4-III;
4X2MH®; 40I2; 16X18H12C4TIOJI; 27XTP
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Bap-t

Mapxu

04X3I2; XB4®; 12X25HSTM®JL; 20XM; K4 35-10;

2 |HIX9; AIROXTHM; V8A; 9XO®OM; Crlkm; P6MS5KS;
20mc
Cuzi; XBCT; IIX15-B/; 20ki; 16I2CAD;

3 P3IM3D2; 25X13H2; 12 IXHIM®DJI; AC40XTHM;
2X5B5SM2K5; V8, Cr2km

4 30X13H7C2; 16XCH; AIL[I8XH2T; V10, Crt6em; CH20;
IX15-BJd; 4XMH®C; 30XI'CH2A; 75, X6Bd; PI®5

5 V13A; HIX15CI; 20P; BUS0; X12M®; 10I'C2; AILI40; 10k,
POM4K8®D; 5XHB; Cr4; 20I2

6 Cr3l'mc; XI'C; CU25; IIIX10; 4XC; P8M3K6C; 15X28;
40, 30XJI; AC40; 55X20I'9AH4; V7A

7 V8, X12M; 3X2B8®; 50X; Cr2; P18®2; 20XI13HI3;

IIIX20CI5; 10mc; AILI40X; 06X15H6MB®bL-III; BY 60

Ipumepsr 3axanus Ne 2 1o 3armdpoBKe CTAIH, IMEIONIEH YKa3aHHBIA Co-

CcTaB.

Bap-t Cocrasn

1 ]0,55%C; 0,25 %Si; 0,6 %Mn; 0,040 %S; 0,035 %P

2 10,08%C; 18,0%Cr; 12,0%Ni; 1,0%Nb

3 1,1%C; 6,0%Cr; 1,3%W,; 0,6%V; 0,25%Si; 0,3%Mn; 0,030%S;
0,030%P

4 0,36 %C; 1,5 %Cr; 1,5 %Ni; 0,35 %Mo; 0,15 %V,
0,25 %Si; 0,4 %Mn; 0,025 %S; 0,025 %P

5 0,08 %C; 13,0 %Cr; 0,8 %Si; 0,8 %Mn; 0,025 %S;
0,030 %P

6 0,10 %C; 1,5 %Mn; 0,04 %Nb; 0,25 %Cu; 0,25 %Si;
0,040 %S; 0,035 %P

7 10,45%C; 1,8%Mn; 0,25 %Si; 0,035 %S; 0,035 %P

9. BIUSIHUE CKOPOCTHU OXJIA’KAEHUS HA CTPYKTYPY

M TBEPJOCTH YIJIEPOJAUCTOM CTAJIA

CBolicTBa CTaHM OMpPENEeNIEHHOTO COCTaBa MOXHO MEHSTh B IIMPOKOM HH-
TepBayie MyTeM NPOBeAeHUs TepMuueckoil 06paboTtku. Tepmudyeckolt 06paboT-
KOM Ha3BIBAETCSI COBOKYITHOCTH OIlEpalliii HarpeBa CIIIAaBOB N0 ONPEACICHHON
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TEMIEePaTyphl, BEIASPKKHA IIPU 3TOH TeMIlepaType M OXJKICHHM C 3aJaHHON
CKOPOCTBIO C ILIENBI0 M3MEHeHHs HX CTPYKTYPHl U IONyYeHMS HeoOXOIMMBIX
CBOMCTB. J[Is1 KAYECTBEHHOT'O IIPOBEICHIS TepMOOOPaOOTKY U IOTydeH s HYXK-
HBEIX CBOMCTB BaXKHO IIPaBUIIBHO BBIOpATh TeMIIEpaTypy HarpeBa U CKOPOCTh OX-
JIaXKIEHUSL.

9.1. ITean paboTsl

BBISICHUTD BIHSHHE CKOPOCTH OXJIKAEHHUS Ha CTPYKTYpy W TBEPIOCTH yI-
JIEPOJMCTON JOIBTEKTOUIHOH CTATIH.

9.2. MaTepuaJj ucciae10BaHusA

OGpasie! yriepomucThix craneit 20, 30, 45, 60.
Xumuaeckuit cocras (I'OCT 1050-88) u xputudeckue TOUKM STHUX crajei
npuBeeHb! B Tabmue 9.1.

Tabmnuma 9.1
Xumudeckuii coctas,% Bec KPHTH‘%GCKHe
Mapka touku, C
CTaNIN )
C Sl Mn SHe P ue ACI Ac3
Oonee | Ooiee
20 0,17-0,24 | 0,17-0,37 | 0,35-0,65 | 0,04 0,035 735 850
30 0,27-0,35 | 0,17-0,37 | 0,5-0,8 0,04 0,035 730 813
45 0,42—-0,50 | 0,17-0,37 | 0,5-0,8 0,04 0,035 730 770
60 0,57-0,65 | 0,17-0,37 | 0,5-0,8 |0,04 | 0,035 725 | 750

9.3. Ilopsaok BHINOTHEHHUS PAa0OOThI

1. Bemmucats XUMHYECKUHM COCTaB M KPUTUUECKHUE TOUKHU CTAJICH.
2. BeiGpaTh TeMIeparypy HarpeBa M BpeMsl BBIICPKKH IS ay CTeHHTH3ALNH
oOpa3nos: tH = Acs +(3O+50)OC > Taen = 1,5 MHH Ha 1 MM cedeHus oOpasia.
3. ITpoBecTH ayCTEHUTH3ALHUIO O0Pa3OB C IIOCIEAYIONTIM OXJIKIEHUEM:
a) C MeYbo;
6) Ha BO3yXe;
B) B MacIe;
T) B BOJIE;
I) B costeHoit Boge (10%-us1ii pactBop NaCl B Bozte).
4. 3arounTth 0Opa3lpl Ha HaXJaKe ¥ U3MEpUTh UX TBepHOCTh. Ilocie oxmax-
JICHUS Ha BO3JyXe ¥ C IeYbI0 TBEPIOCTh M3MEPSIOT Ha npubope Poxsemnna mo
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nikaite «B» (CTampHBIM mMapukoM IpH Harpyske 100 Kr), a mocite OXTaxIeHAs B
Maciie, BOJie W COJIeHOH Bone - mo mkaie «C» (aIMa3HBIM KOHYCOM, MpH Ha-
rpy3ke 150 xr). UToObl CpaBHHTH YHCIIa TBEPIOCTH, X MEPEBOIAT B €HHUIILI

tBeproctu bpurems (HB).

5. IIpUroTOBATE MHUKPOLUIU(EI, IPOTPABUTh U 3apHCOBATH MHUKPOCTPYKTY-

PEL

6. Ilomy4ueHHbIe faHHBIE IPUBECTH B Tabi. 9.3.
7. Ilo mpwBeneHHBIM IuarpaMMmaM H30TEPMHUYECKOTO pacraia IepeoxIax-
JIEHHOTO ayCTeHUTa (TIPUIIOKEHNE) ONPENETHTD Vi U Vi, JUIS cTajeit 35 u 45.
8. CpaBHUTH pacCYUTaHHBIE CKOPOCTH C PEATBHBIME CKOPOCTSIMU OXJTaX/(e-

HUS B Pa3IMYHEBIX cpenax (Tabm. 9.2).

Tabnwua 9.2

3akanuBarolias cpena

CKOpOCTh OXTIaXKICHHS % B um-

TepBajle TeMIepaTyp

550-650° 200-300°
Boa mpu 18° 600 270
Boga mpu 25° 500 270
Boga mpu 50° 100 270
Boa mpu 74° 30 200
10% pactBop NaOH B Bozie 1200 300
10% pactBop NaCl B Boze 1100 300
OMynbcus Macya B BOJE 70 200
MuHepaTpHOS MAIIMHHOE Macilo 100 15-18

9. Cnenathb BBIBOJ| O BIUSHHUN CKOPOCTH OXJI&XXICHUS Ha TBEPAOCTh M MUK-
POCTPYKTYpPY YTIEPOJUCTON [O3BTEKTOMIHOMN CTAIH.

9.4. Conep:xanue oT4yera

Ortuer o pa60Te JAOJDKEH COACPKATD:

1) HanmernoBanue u 11e1b paboTEhI;
2) MaTepua UCCIIEOBaHNUS;
3) HIOPSIOK BHIIOJIHEHUS pabOoTEhI;

4) XUMHAYeCKUH COCTaB HCCIETyeMbIX CTallel, U UX KpUTHYECKIe TOUKI
5) cxemMaTH4ecKHe PHUCYHKH MHKPOCTPYKTYp cTallell, OXJIaKIeHHBIX C pas-

JIMIHBIMU CKOPOCTAMHU;

8) pacueThbl Vi B Vi, U CTasiell ¥ MX CPaBHEHUS C OXJIAX/AIOIIeH CIio-

COOHOCTBIO Pa3IMIHbBIX CPEO

6) TabIHUITy ¢ IOIy4eHHBIMH pe3yibTaTaMy;

9) BEIBOIBI IO paboTe.
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9.5. MeToanyeckue yKkazaHusi

Ipyu pasnuYHBIX BEHJIAX TEPMHUUIECKO 00pabOTKU TeMIlepaTypa Harpesa BbI-
Gupaercst C YIETOM KPHTHUESCKHX TodeK. JIns cTameit pasinudaroT cClielyIOIIHe
KpUTHYECKUE TOYKH:

Touka 4; (;uuus PSK) — TemmepaTypa npeBpaIieHus ay CTeHUT<>TIePIINT.
Touka A3 (muuus GS)— npesparie-

HHE ayCcTeHHuT <> Qepputr. Temmneparypa
Hayvaja BEIIEIEeHUS (eppuTa U3 ayCTEeHH-
Ta TP MEJJIEHHOM OXJXICHUH WIN
Ok{ OKOHYAaHWs PacTBOpeHus ¢eppura B ay-

© CTEHWTE NPHU MEJJICHHOM Harpese.
% Touxa Ay, (muans ES) — npespare-
(*‘5' HHE ayCTEHWT <> LIEMEHTHT BTOPUYHBIN.
[oR TemmepaTypa Hadajga BBIICICHUS BTO-
q[:) 'p PUYHOTO I[EMEHTHTa W3 ayCTeHWTa INpH
= i O+ 2 H+]_[u MeIJICHHOM OXJIKJISHWH HIH OKOHYa-
IE : 12 HUS PACTBOPEHHS LIEMEHTUTA B ayCTEHU-

. 1= Te IpY MEJJICHHOM Harpese.
0,8 %C

Puc. 9.1. Kputnueckue TOUKku cramm VYKasaHHBIC ~ KPUTHYECKHE  TOUKH
Ha JparpamMme Fe-Fe;C HMCIOT pa3HOE€ 3HAa4YeHHE IIPH HarpeBe u

oxyaxaenuu. (OO003HaUYeHHWsT KpUTHIe-
CKMX TOYCK, OIpPENeNEHHBIX NpH HArpeBe, UMEIOT NOIOJHUTENBHBIM HHIEKC
«C», & TP OXJIKIACHUN — «0»: Aoy U Ay, Az 1 Ajs.

OBTEKTOHIHAs CTaJlb UMEET ONHY KPUTHUECKYIO TOUKy— A;. J{03BTeKTOMI-
HBle cTanu a8e: A; u As. 3a9BTEKTOMIHEBIE TakKe IBe: A1 ¥ Aem

ITpu TepMo0OPabOTKe CTANM YaCTO HATPEBAIOT 0 MONyUYeHHs aycTeHuTa. B
PaBHOBECHEBIX YCIIOBHSX ayCTEHWT MOXET CYLIeCTBOBATH JIMIIb BBIIIE JHHHH
PSK (727°C). Onsaxo GBICTPBIM OXITAX/ICHHEM ero MOYHO COXPAHHUTH KAKOE-TO
BpeMs U HIDKE 5TOH TeMIepaTypsl. Takol ayCTeHHT Ha3bIBAIOT II€PEOXIaXKICH-
HBIM, OH HEPaBHOBECHEIH, HeycToiumBeIii. C TedeHHeM BpeMeHM IIPOMCXOJUT
pacmaji, KOTOPHIH IpH MMOCTOSHHOM TeMIeparype OIMCHIBACTCS IUarpaMMaMu
M30TEPMITYECKOT0 paciaa rnepeoxiaxaeHHoro ayctennta (C-oOpa3HbIMU [ua-
rpammamu). Ha puc. 9.2 npusenena C-o0pasHast quarpaMma Jjsi 9BTEKTOUIHON
YTIIEPOAUCTOM cTaly (CXeMa).

IlepnutHas 00NACTh B YIIEPOMUCTHIX CTAISIX 3aHUMAET WHTEPBAT TeMIlepa-
Typ oT 4, 10 500+550°C. 3xecs npoucxoauT nudHy3uOHHEIN pacnajy ayCTeHUTa
Ha deppuro-Kapbunusie cTpykTypsl (PKC). IlpeBparenue HaurHAeTCs IO HC-
TEYCHHH WHKYOAIMOHHOTO NIEPUOAA Ty T.€. KaKOE-TO BPeMs CYyIIECTBYeT Iie-
PEOXIIaKACHHBIH ayCTEHHT.
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Aycmenum pagrosecHblll

>

OO _________ -
=
£ O’S;\\ Ilepnumnas obnacmo
gsso| L S (1 cmynens)
= 500 Qq, > Ipomesicymounas obnacme
> Y (I cmynens).
= Hauano npespaleHus
M KoHeL npeBpalieHuns
oo Mapmencumnas obnacmo
1i%/([) L A—> M (Il cmyneny)

Jlorapudm BpemMeHU

Puc. 9.2. lnarpaMMa H30TEPMHUYECKOT0 pacliaja NepeoXIaXIeHHOro aycre-
HUTa IJI 9BTeKTOUAHOH yIiIepoaucToii ctanu (cxema)

IIpoxyxTel mpeBpallleHHss B MEPIMTHOM OOJNACTH KMEIOT IUIACTUHYATOE
cTpoeHHe. UeM HIKe TeMIlepaTypa, IIpH KOTOPOH IPOUCXOIUT paclas ayCTeHH-
Ta, TEM MEHBIE CyMMapHas TOJIIMHA IUIACTHHOK (eppHUTa M LEMEHTHTa, Clie-
JIOBaTENILHO TOHBIIE, qucnepcHee norydaercs OKC.

ITo cremeHu OUCIEPCHOCTH YCJIOBHO Pa3iM4aloT IEpPJHT, COPOUT U TPOO-
ctut. CXeMaTH9IHO 3TU CTPYKTYpHI IToka3aHsl Ha puc. 9.3. C yBenudeHueM cre-
nenn gucrepcHocTrt ®KC Bospacraet ee TBepHoCTh (Tabdi. 9.4)

Puc. 9.3. CxeMBl MEKPOCTPYKTYD: a)liepiuta; 6) copbuta; B) TpOOCTHUTA

59



Tabauua 9.4

CrtpyKtypa Tlepnur (IT) Copbut (C) Tpooctur (T)
BemunHa Mex-
ILUIACTUHYATOTO 0,6+1,0 0,25+0,30 0,10+0,15
PACCTOSIHUSI, MKM
HB, MIla 1800+2500 2500+3500 3500+4500

TakuM 00pa3oM MEPIUT, COPOUT M TPOOCTHUT, 0OpasyIoIIHecs pH pacraze
MEPEOXTAKICHHOTO ayCTeHNTa, IMEIOT OJJMHaKOBYI0 npuposy (310 Bce ®PKC) u
pa3NUYarOTCs JUIIb CTEICHBIO JUCIEPCHOCTH. H&)OMC)KYTO‘-IHa}I obacTh Haxo-
nutes B mHTEpBane Temmeparyp oT (~550+500)'C mo My (eM. puc. 9.2). Oro
IIpeBpalleHue IMeeT oOLre YepThl Kak ¢ AU Gy3HOHHBIM (TIEPIUTHBIM), TaK U
6e3mudby3noHHEIM (MapTeHCUTHBIM). O6pasylolascs CTPYKTypa — OeHHuT,
KOTOPBI# peAcTaBILIeT cO00H HECKOIBKO IEePECHINEHHBIN YITIEPOXOM 0— TBEp-
eIl pacTBOp ® KapOumel. Bepxuwmit OeiflHUT oOpa3syercsi B HHTepBaie
550+450°C, a HwkHEHA — B uaTepBane ~450°C+M,,. BeifnuTHas CTPYKTypa Xa-
pakTepuszyercss GoJbIneil MPOYHOCTHIO, YeM MPORYKTHl Au((y3uOHHOrO mpe-
BpallleHus TiepeoXIaxxaéHHoro aycrennta. Hanbomnee BBICOKHUI ypoBeHb Mexa-
HHUYECKHUX CBOHCTB MMeeT HYDKHUN OelHuT.

MaprencutHas 001acTb pacIoNioXeHa B MHTepBalie TeMmeparyp My + M.
[IpeBparieHue aycTeHUTa B 3TOH o6nacTi HOCUT Oe3nudy3nOHHBIX XapakTep
(mpu HE3KMX TeMIepaTypaxX Iu((y3HOHHBIE IMPOIECCHl 3aTOPMOXKEHBI) M 3a-
KITFOYaeTCsl JIUIIb B MEPECTPOKE KPUCTAUIMYECKOM peleTkn y—o. Xumude-
CKHU# cocTaB MapTEHCHUTA OCTAETCs TAKUM JKe, KaK y HCXOIHOTO aycTeHuTa. [Ipn
KOMHATHOM TeMIlepaType pacTBOPHMOCTE YITIEpOIa B O-XKene3e Ipe3BhIYaiiHoO
Masia. [To3ToMy MapTeHCUT— MepechIeHHbIH, TPUHYIUTENbHBIH TBEPAbIA pac-
TBOP BHeJpeHuUs yriepoza B o-Fe.

OH pMeeT TeTparoHaIbHYI0 00HEMHO-IIEHTPUPOBAHHYIO KPUCTAIIIMYECKYIO
pelIeTKy U obliafaeT BBICOKOH TBEpPAOCTHIO. YPOBEHb TBEPAOCTH BO3PACTaeT C
yBeIMYSHHEM COREPXKaHus yrilepoa B MapTeHcuTe. B To jxe BpeMst MapTeHCUT
XapaKTepH3yeTcsl BEICOKOH CKIOHHOCTEIO K XPYIIKOMY pa3pyLIeHHUIO.

JlrarpaMMBl M30TePMHYECKOTIO IIPEBPAIleHUs ayCTeHNUTa ISl JOIBTEKTOUI-
HBIX ¥ 3a9BTEKTOMIHBIX CTalel MMEIOT HECKONBKO MHOM BHI: MOSBISIOTCS J10-
TOJTHUTENBHbIE JIMHUHM, COOTBETCTBYIOIIHE Ha4yally 00pa3oBaHUs W30BITOYHOTO
(eppuTa WU IIeMEHTHUTA COOTBETCTBEHHO (puc. 9.5).

B mpakxTtrke TepMooOpabOTKH Halie MPUXOIUTCS MMETh IEJN0 ¢ HEelpephIB-
HEIM oxyaxerreM. O IIpeBpalleHUIX, IPOUCKXOAAIIHNX B YCIOBUIX HEIIPephbIB-
HOTO IOHI)KEHUS TEMIIEPaTyphl, B IEPBOM IPHOIIDKEHIHA MOXHO CyIUTh, eCid
Ha JHarpaMMy M30TEPMHUYECKOTo pachaja ayCTeHHTa HaHEeCTH CKOPOCTH OXJia-
KIeHus. Bappupys CKOPOCTH OXJaXIeHHs, MOXXHO IOJy9aTh pasHOOOpasHbIe
CTPYKTYPHL
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Puc. 9.5. JlnarpaMMbl H30T€PMUYECKOT0 pacliafia NepeoxIaKAEHHOTO aycTe-
HUTA JOPBTEKTOUIHOH (a) U 3a9BTeKTOHIHOH (6) cTanm:
] — nauano BhIJIesIeHNs pepputa, 2 — Havano 06pa3oBaHus YBTEKTOH/IA,

33— KOHEM IIpeBpallCHnsA 4 — Hadano BBIACJICHUA LICMCHTHUTA

T

CO CKOPOCTAMH V;<v,<v3<y,<vs. (pHuc. 9.6)
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Pruc. 9.6. CxeMa HaJI0XKeHHUS KPUBBIX OXJIKACHUS Ha JUuarpaMMy H30TCpMHUYC-
CKOr'o paciraga HCpCOXJ'Ia)K,L[éHHOI‘O AayCTCHHUTA 3BTEKTOUIHOU CTAIN
HpI/I CKOPOCTAX OXJIAXIACHUA Vq

BpaleHUE IICPCOXTOKIACHHOI'0 ayCTCHHUTA. HpI/I CKOPOCTH V; 06pa3yeTc;1 nep-
61

V3 MONYYHT pazBUTHE TUdYy3UOHHOE TIpe-
mut. OxnaxeHre ¢ GOIBIIUMH CKOPOCTSAMHE V; U V3 BCIEACTBHE YBEIHYESHHUS



CTeleHH TePeOXIIaXICHUs IPUBOJUT K 00pa3oBaHuIo Oonee MUCIEepPCHBIX (ep-
pUTO-KapOUAHBIX CTPYKTYp (copbuTa M TpoocTuTa). YBEINIeHHe CKOPOCTH OX-
JaKIeHus 10 V4 IIPUBOJMT K pacrhany aycreHura cHadana Ha ©®KC, a 3arem Ha
mapreHcur. Ilpr ckopoctu oxnaxineHus Vs qJuddy3sHoHHOe IpeBpalleHue cTa-
HOBUTCS HEBO3MOXXHBIM, M BECh AYCTEHUT OyIeT MepeoxIaXJaThCs 10 TeMIIepa-
Typ MapTEeHCUTHOTO MpeBpallieHrs. B 3ToM citydae GyIeT OCyIIecTBICHA 3aKAi-
Ka CTaJTd, IPX KOTOPO# 0Opa3yeTcst MapTeHCUTHASI CTPYKTYypa ¢ HeGOIBIINM KO-
JIMYECTBOM OCTATOYHOTO ayCTeHHTa. MUHUMANBHAS CKOPOCTE OXJIAXKICHUS, TIPH
KOTOpPO# BECh ayCTEHHUT OKa3bIBAETCS NMEPEOXNIAXIEHHBIM O TEMIIEpaTypHOTo
WHTEpBaJa MApTEHCUTHOTO TPEBPAICHHS, HA3bIBACTCH 8epXHel Kpumuueckoi
cxkopocmuto 3akanku (Vpgs Ha puc. 9.6). HauMeHpIIas cKOpOCTb OXJIAXKISHUS
IIpU KOTOPO# B CTPYKTYpPE BIIEPBEIE MOSBISETCS MApTEHCUT Ha3BIBACTCS HIK-
HEN KPUTHYIECOU CKOPOCTHIO 3aKanKu (Vixs3).
BepxHIOI0 KPUTHYECKYIO CKOPOCTh MOXKHO OTIPEAETUTE 10 (hopMyIIe
Al — Umin

Viren = ———1un
BK3 115 Tomin

rae A; — TemMIepaTypa KpUTHYECKOU TOYKY, tyy, — TEMIIEpaTypa MHHUMATBHON
YCTOMYMBOCTH ayCTEHMTA; Tmin — BPEMS MHHHMAIBHOH YCTOWYUBOCTH ayCTCHH-
Ta.

9.6. KoHTpO/IbHBIE BOITPOCHI

1. MoxeT 11 TeMIepaTypa HarpeBa IpH TepMooOpaboTKe OBITH BBIIIE TEM-
nepaTypsl COIAAYC cIiiaBa?

2. Bo3moxHa 111 3aKajKa CIUIaBa, B KOTOPOM (ha3oBEIe MpeBpalleHus OTCYT-
CTBYIOT?

3. Yto Taxkoe AMarpaMma U30TEPMUIECKOrO pachaa MepeoxIaKICHHOro ay-
ctenuTa? B Kakux KOOpawHATaX OHa CTPOUTCS?

4. Kaky1o onepaliiio TepMooOpadOTKU Ha3bIBaIOT 3aKaJIKOM?

5. B 4eM 3aKkiIrodaeTcss HOpMalu3alus cTanu?

6. Kaxyro onepanuro TepMoo0paboTKy Ha3bIBAIOT IOJIHBIM OT)KUTOM?

7. Uto Taxkoe NepInT, COPOUT, TPOOCTUT?

8. Uto obmero u B yem pasnuune ctpykryp 1L, C, T?

9. Yto Takoe MapTeHCUT?

10. Ot uero 3aBUCUT TBEPIOCTH MapTeHCUTA?

11. Kak BBIOpaTh TeMIeparypy HarpeBa MOj 3aKaiKy Ui JOSBTEKTOMIHOL]
cranu?

12. Yro Takoe neperpen?

13. B ueM mpUHIMITHATBHOE pa3ddre B PeXKUMaxX IMOJIHOTO OTXKUTA U 3a-
Kanku?

14. Kaxyo ¢hopMy uMeIOT KapOHIHEIE YaCTHIEL B COPOUTE U TPOOCTUTE, TIO-
Jy4eHHbIe P pacraje aycTeHuTa?
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15. Kakas u3 yIriIepoauCThIX CTalleil, JHuarpaMMbl KOTOPBIX TIPEACTaBICHb Ha
PHCyHKe B OTHOCUTEIBFHOM MacluTade, uMeeT Ooliblliee coepkanue yriaeponaa?

T

lgt lgt
16. Kakas cTpyKkTypHasl COCTaBISIONIas B JOIBTEKTOWIHOM CTAIM He Ipe-
TepIieBaeT MMOJIHOCTHIO (Pa30BBIX IpeBpallleHuil IIpH HarpeBe Bhille AcC;, HO HU-
xe Acs
17. Kakyro CTpyKTypy MOXXHO HONYHHTE IIPH OXJIKIESHHY CTAIH C YKa3aH-
HEIMH CKOPOCTSIMH?

7y
Ve Vs Vi lg

18. B xakoM ciydae (IpH OXJIaXIEHWHA CO CKOPOCTBI0 V| min V3) Goibie
TBEPIOCTD U IoYeMy?

Igt
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10. OTIHIYCK CTAJIA

OTIIyCKOM HA3BIBAIOT HATPEB 3aKAJICHHOH CTaJM A0 TEMIIePaTyphl HIDke da-
30BBIX MPEBpAaIleHHH (T.e. Ui cTaiei Hke Ac;), BBIIEp)KKa IIPH 3TOH TeMmIre-
patype u nocienyroee oxyuaxneHne. OTIycK 3aKIIOYUTEIbHAs olepanus Tep-
M000paboTKH, OH (GOPMHUPYET OKOHYATEIBHYIO CTPYKTYPY, @, CIeZJOBATeIFHO, 1
CBOMCTBA CTaJIH.

Ilenu oTmycka: mOMy4yuTh Ooyiee PaBHOBECHYIO CTPYKTYpY, HEOOXOIUMEIE
CBOWCTBA U CHSITHh BHYTPEHHHUE HAIIPSHKEHUs], BOZHUKINNE B U3JCIIHUA IIPU 3aKall-
Ke.

10.1 Heas paGoThI

W3y49uTh XapakTep BIWSHHUS peXXUMa OTIyCKa H JIETHPYIOLINX 3JIEMEHTOB

Ha yc’[‘Oﬁ‘-IHBOCTB MapTeHCUTa B KOHCTPYKIHWOHHBIX HH3KOJCTHPOBAaHHBIX CTa-
JIAX.

10.2. MaTepuaJ uccjief0BaHHsA

O6pasirst craneit 30, 30X, 30XT'C. Xumuueckuii coctas o ['OCT 1050-88
u 'OCT 4543-71 u xputryeckue TOUYKH IpuBeneHbl B Tadi. 10.1.

Tabmnuma 10.1

Kputugeckue
XuMudeckuii coctas, % Bec. 0
Mapxka TOUKH, C
CTall ' S me|P me
C Si Mn Cr Aci Ac3
Ooiee | Gomee
30 0,27...0,35 | 0,17...0,37 | 0,5...0,8 — 10,04 0,035 | 730 813

30X 0,24...0,32 | 0,17...0,37 | 0,5...0,8 | 0,8...1,1 | 0,035 | 0,035 | 740 815

30XIC | 0,28..0,34 |0,9..1,2 0,8..1,1 1 0,8..1,1 | 0,035 | 0,035 | 760 830

C-ob6pa3Hble [uarpaMMBl Ui YKa3aHHBIX CTalleil MPUBEIEHE] B IPUIIOKEHHAH.
10.3. IHopsigok BhINOJHEHHS padoT

1. BeiycaTs XMMUYECKHH COCTaB, KPUTUIECKUE TOUKH, IPUBECTH JHArPaM-
MBI M30TEPMHYECKOrO pacraja MNepPeoXNaXISHHOIO ayCTEeHWTa HCCIENyeMBIX
cTanen.

2. BeibpaTh TeMIeparypy HarpeBa MOJ 3aKaiky tH = Acs +(30+50)0C U Bpe-
Ms BBIIEPXKKH IIpH TeMIlepaType Harpesa (tadn. 10.2).
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Tab6mumna 10.2

[TpomomKUTEIHHOCTD HarpeBa 0] 3aKaJKy B 3aBUCHMOCTH OT ()OPMBI 3aro-
TOBKH U TeMII€paTyphl Harpesa

dopma m3enus
Temmnepaty- KpyT KBajpat IUTacTHHA
ba ng‘cpeBa, IIponoXUTenPHOCT HarpeBa, MHH
Ha 1 MM quamerpa Ha 1 MM TOJIIUHEL
600 2,0 3,0 4.0
700 1,5 2,2 3,0
800 1,0 1,5 2,0
900 0,8 1,2 1,6
1 000 0,4 0,6 0,8

3. ITonp3ysch nuarpaMMaMy U30TEPMUUIECKOrO pacaia MepeoxiaxIeHHOTO
aycreHuTa (C-00pasHBIMU JUarpaMMaMI), OIPEICTUTE Vg, YKa3aHHBIX CTaleid
¥ BBIOPATH OXJIXKIAIOIIYIO CPEMY JJIS 3aKaIKu 00pasIioB.

4. IIpoBecTH 3aKaJIKy 00pa3IioB II0 BEIOPaHHBIM PEXIMaM.

5. 3aTounTh 00pasIbl Ha HAXAaKe U U3MEPHUTh TBEPAOCTh BCeX 00pasioB Ha
npubope Pokserna no mrkaie «C» tBepmocts HRC.

6. 3axaeHHBIe 00pa3I[bl IOABEPTHYTh Pa3sINUHBIM BHIAM OTILYCKA!

a) HU3KOTeMITeparypHOMy ormycky (HTO) mpu remmeparypax 200° C;
6) cpenHeTeMnepatypHomy otirycky (CTO) npu Temneparypax400° C;
B) BEICOKOTeMIIEpaTypHoMy otiycky (BTO) npu Temmeparypax 600° C.

Bpewms BeInepxKu pu Kaxaoi temreparype 30 MUHYT.

7. Ilocne oTmycka o6pasiibl 3aTOYUTh Ha HaXKAaKe U CHOBa M3MEPHUTH TBEp-
nocts HRC.

8. Ilomy4yenusle naHHbIe 3aHecTH B Ta01.10.3.

9. Ilo moy4eHHBIM JaHHBIM ITOCTPOUTE TpadUK U3MEHEHHUS TBEPAOCTH B 3a-
BHCHMOCTH OT TeMIIEPATyphl OTIIyCKa, IpU4YeM UCXOJHBIe (TI0NTyYeHHBIE TIOCIe
3aKaJKH JaHHBIE) OTMETUTH Ha BEPTUKAIBLHON OCH.

10.4. Copep:xanne oTyeTa

Ortdet no paboTe JOIDKEH COJIEPKATh:
1) HamMeHOBaHUE U LIeNb pabOTH;

2) MaTepuan UCCIIeI0BAHUS;

3) OpsANOK BEITONHEHUS PabOTEH;

65



4) XUMI4YECKHUI COCTaB HCCIENyeMBbIX CTallell, UX KpUTUIEeCKHe TOUYKHY U Jva-

TpaMMBbL

H30TEPMIIECKOTO paciiajia IepeoxXakIeHHOTO ay CTeHHUTA,
5) pacuetsl Vy,; cTanei;

6) TabnuIly C MOTy9IeHHBIMA JaHHBIMU;

Tabnuma 10.3

Mapxka
CTasu

3akanka

Tepnocts HRC nocrne ot-
IycKa pU TeMueparypax

ty, °C

T BRI,
MUH

OXIL.
cpena

HRC 200°C | 400°C | 600°C

30

30X

30XTC

Muxkpo-
CTpyKTypa

7) IpenCcTaBUTh OIBITHBIE JaHHEIE B BUIE CIIEAYIOIIEro rpaduKa;

Teepacctb, HRC

A

8) BEIBOZEI ITO paboTe:

a) O BIMSHHUY TEMIIEPATYPHI OTILYCKa Ha TBEPAOCTE 3aKAJCHHON CTAIK;
6) O BIMSHUM JESTHPYIOMUX 3JIEMEHTOB HA Vy, M TBEPIOCTH UCCIIENO-
BaHHBIX CTaNlell IpH OTMHAKOBOM PEKHME OTILyCKa.

200

Y

400 600

Temnepatypa omycxa,oc
Brusnue memnepamypuvl Omnycka Ha meepdocms 3aKANEHHOU CManu
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10.5. MeToanueckne yKasaHusi

3akaneHnHas craiab B 0OIIEM ciydae MMEeT CTPYKTYPY MapTeHCHUTa U OCTa-
ToyHOro aycreHuTa. O6e 3TH (ha3bl SABISIOTCS HEPAaBHOBECHBIMU (MeTacTaOUIIb-
HbiMK). [TosTOMY y>Xe Mpu KOMHATHOH TeMmIeparype B 3aKaJleHHOH CTalH Ipo-
WCXOISIT MPOLECCH], IPUBOAMAIIME ee CTPYKTypy B Goiiee paBHOBECHOE COCTOSI-
uHue. OHaKo MPH HU3KUX TEMIepaTypax CKOPOCTh 3TUX IIPOIECCOB HUYTOKHO
Majia, ¥ CTaNb COXpaHsIeT HOTYUYeHHYIO TP 3aKalIKe CTPYKTYPY O4€Hb JUIUTEINb-
noe BpeMs. C THOBBIIEHMEM TEMIEPATYPHl YBEIUIHBAETCS IOABH)XHOCTD aTo-
MOB ¥ aKTHBU3UPYIOTCS IIPOLECCHI, IPUBOSINE CTPYKTYPY CTaIN B OoJiee pas-
HOBECHOE COCTOSIHHE.

TIpu HarpeBe 3aKkaleHHOH cTany (IpH OTIycKe) OT KOMHATHOW TeMIlepaTyphl
10 Ac| IPOMCXOASIT YeThIPe OCHOBHEIX MTPeBpAIlleHHS.

TlepBoe mpeBpaieHUe B YITIEPOAMCTHIX CTANSIX IPOHCXONUT B HHTEpBaje
TeMmepaTyp OT KOMHATHOH 0 ~200°C ¥ 3aKTIOYaETCS B IOCTENICHHOM BEIJEIe-
HUH A3 MapTeHCHUTa U30BITOYHOTO yIieposa u 06pa3oBaHUK OTITyIEHHOIO Map-
teHcuTa. OTIMyIeHHBIH MapTEeHCUT — 3TO YaCTHYHO PACIIABIIHHCS MapTeHCUT

c 9
CO CTEIICHBIO TETPAroHaJIbHOCTH — OJIM3KOH K €IUHULIC U KOI'€PEHTHO CBA3aH-
a

HBIX C HUM Kap61/II[HBIX JacTHul.

M, E>)>M,,E D
a a

Bropoe mnpespalieHue NpOUCXOAUT B UHTEpBalle TeMIEpaTyp 200-300°C.
31eck IpoIoiKaeTCs BhIIETICHHE YIIepoa U3 MapTeHCUTa, HO IIaBHBIM SABILI-
eTcd pacia OCTaTOYHOIO ayCTeHUT: 4,,,, > M.

TpeThe mpeBpalenye IpoTeKaeT B HETepBane Temieparyp 300-400°C. Pac-
majJ MapTeHCHUTa 3aKaHYHBACTCs, KOTePEeHTHOCTh Ha paHuUlle MeXAy O— TBep-
JBIM PacTBOPOM M KapOHAOM HapyllaeTcs, T.e. IPOUCXOIUT obocobleHne Kap-
6umuolt dassl. B pesynprare sToro obpasyercs GpeppuTo-KapOuIHas CTpyKTypa
(®KC) BBICOKOH CTEHNEeHH OUCIEPCHOCTH, HasblBaeMas TPOOCTHTOM OTIIyCKa
(To).

UYerBepToe mpeBpallenre HACT pU AanbHeiimeM Harpese (Bbime 400°C o
Aci) ¥ 3aKmoudaeTcd B cepouIu3allid ¥ KoaryJialud (YKpyITHEeHHH) KapOu-
HeIX dactar, O6pasyercst CTpyKTypa, HassiBaeMas cop6uroM otmycka (Co).

Taxum oOpa3oM, npu pacmane MmapreHcura obpasyercs ®KC (kak u mpu
pacnazie aycTeHHTa), HO GopMa KapOMIHBIX YaCTHIl TIOIydaeTCsi 3epHUCTOH, B
TO BpeMs Kak IIpH pacliafe aycreHHTa obpasyercs PKC mimactunuaras. [Ipu
OJIMHAKOBBIX 3HaueHUsX HB, op U § 3epHUCTEIE CTPYKTYPBI HMEIOT (0Jiee BBICO-
kue 3HaueHus or, ¥ ¥ KCU, T.e. obnanaror 60jee BEICOKMM KOMITIIEKCOM MeXa-
HUYECKHX CBOMCTB.

IlpuBenieHHBIE BBINIE TEMIIEPATYpHl NIPEBpAIleHUHl OTHOCATCA K YTIIEpO.Iu-
CTBIM CTAJISIM.
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Jlerupyroliue 3JIEMEHThl YMEHBIIAIOT CKOPOCTh NU(D(Y3UU U CABUTAIOT BCE
IpeBpaleHus: B 001acTh 6oiee BBICOKHX TeMIleparyp. IloaToMy 11 momydeHus
OJIMHAKOBOM TBEPAOCTU JIETUPOBaHHBIE CTAM HalO OTIIyCKaTh IpU OoJiee BBI-
COKHX TeMIeparypax. PasnudaroT Tpu Buia OTIIyCKa CTali: HU3KOTEMIepaTyp-
uetit (HTO), cpenueremneparypusiit (CTO) u BeicokoTemiepaTypHbi (BTO).

I[Ipu HTO yriuepoxucTsie crany HarpesaoT 10 ~250°C. CtpykTypa — OT-
[My[IeHHBI MapTeHCHUT. [Ipu 5TOM CHIDKAIOTCS BHYTPEHHUE HAIPSDKEHHS, CO-
XpaHsieTCs BHICOKasl TBEPIOCTb, NOTydeHHas! IIPH 3aKallke, HECKOJIBKO BO3pacTa-
€T BI3KOCTb.

CTO npousBozsT npH Temmeparypax 350-450°C. CTpykTypa —— TPOOCTHT
OTIIyCKa, UMeIoLasi BBICOKWHN Ipeesl yIpyrocTH NPH IOCTATOYHO OONBIIOM
TBEPIOCTH.

BTO npousBomuTcs mpu TeMmIlepaTypax 500-680°C. CtpykTypa — COpGHT
OTIyCKa, KOTopasi odecreurBaeT Halllydlllee codeTaHue IIPOYHOCTU U BA3KOCTH
cramu. TepMooOpaGoOTKy, COCTOSIIYIO U3 3aKaIKH U BHICOKOI'O OTIyCKa, Ha3bl-
BAIOT YJIy4IIICHUEM.

10.6. KonTpoJibHbIe BONIPOCHI

1. Kakyto omepaiiuro TepMooOpaboTKi Has3bIBarOT oTimyckom? C Kakoi me-
JIBIO TIPOBOIUTCS OTITYCK?

2. Ilpu xaxux TeMueparypax nposogurcst HTO mmis yriaepomuctsix ctanei?

3. Kakyio CTpyKTypy | cBoiicTBa mMeeT ctais nociie HTO?

4. B KaKkux CiIydasx UCHONB3YIOT HU3KUH OTIyCK?

5. Tpu Kakux TemmepaTypax mpoussoastT CTO I yriepoaucThIX cTanei?

6. Kakyro cTpyKTypy u cBoiicTBa umeer ctais nmocie CTO?

7. Ilpu xakux Temuepatypax npoussoiat BTO mis yraepoaucTsix craneii?

8. Kakyro CTpyXTypy ¥ cBOHMCTBa mMeeT ctaib rnociie BTO?

9. Kak u3MeHseTcsl IPOYHOCTh 3aKaJCHHON CTaly NP ITOBBIIICHUU TeMIIe-
paTypsl OTIycka?

10. Kax BimsieT JerupoBaHHe CTaIM Ha IPOLECCHI, MPOTEKAOUIUe B CTATH
IIPU OTIIyCKe?

11. Kaxoe npakTHdeckoe 3Ha4eHHE UMeeT CIIOCOOHOCTH JIETUPOBAHUS CABU-
raTh pa3sBUTHE NIPOLECCOB OTILyCKa B CTOPOHY 0oJiee BEICOKHUX TeMIlepaTyp?

12. Yro Takoe yiayuireHue?

13. KakoBa dpopma xapouansix 9acthil B Cory. ¥ Topm.?

14. Yem otnmuaercs OKC, monyyerHas npu otmycke, ot OKC, nonyquHon
MY paclajie aycTeHuTa?

15. KoHCTpYKIIMOHHAS yIIIEPOAUCTAas CTAIb IIOCIIe 3aKalKy U OTIyCKa MMeeT
TBEPAOCTH BBIILE 3a7aHHOM. HazoBuTe Bo3MOXHBIE TpU4UHEI 3Toro. Kako# mo-
HOJHUTEIBHOH TeEpMOOOPaOOTKON MOXKHO YCTPAHUTE STOT AeheKT?

16. KOHCTpYKIIMOHHAS YTIIEPOJUCTas CTallb ITOCTE 3aKalKK M OTILYCKa HMeeT
TBEPJOCTh HIDKe 3aJaHHoH. HazoBuTe Bo3MOXHBIe MpUYHHEI 3TOro. Kakoi mo-
IIOJHUTEIBHOHN TePMOOOPabOTKONH MOXKHO YCTPAaHUTh 3TOT AeheKT?
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11. TEPMOOBPABOTKA AJTIOMHMHHMEBBIX CIIABOB

CmiaBsl Ha OCHOBE ANIOMHHMS HAaXOIAT HIMPOKOe IPHMEHEHHe, TaK Kak
XapaKTepHU3yITCS JAOCTATOYHO OOJNBIIOH IPOYHOCTHIO IPH MajlO¥ IUIOTHOCTH,
Xopolen KOPPO3KOHHOM CTOHKOCTEBIO, BEICOKOM 3JEKTPO- u
TEIUIONPOBOTHOCTEIO,  XOPOLIUMH  TEXHOJOTHYECKMMM  cBoiicTBamu. Ilo
TEXHOJIOTMH HW3TOTOBICHUS JeTalell allOMHHHEBBIE CIUIaBBl JENATCS Ha
nepopMupyeMble ¥ JIATeHHBIE, OHM MOrYT OBITh YHpPOYHSEMblE U
HEyIpouHseMble  TepMooOpaboTkoil. K medopmupyemblM  ciuiaBam,
YIIPOYHSIEMBIM TepMOOOPaOOTKOM, OTHOCSITCA NyPaTIOMUHBI — CIUIABBl CHCTEMBI
Al-Cu-Mg.

11.1. Henn padoTel

BrisicHUTE BIMSHHWE TeMIEpaTyphl U IIPOAOJDKUTEIBHOCTH CTapeHHWs Ha
TBEpIOCTh JypPaTIOMHUHA.

11.2. Martepuan uccjieqoOBaHus

Crmnasel 1 u J116, xuMudeckuil cocTaB KOTOPHIX IIpuBeneH B Tabn. 11.1.
(I'OCT 4784-97)

Ta6muma 11.1

Mapxka Cozeprxanue dIeMeHTOB (ocTaIFHOS alIFOMUHUI), % Bec.
cInIaBa Cu Mg Mn Fe ue Si ne
Gonee Gonee
Al 3,848 0,4-0,8 0,4-0,8 0,7 0,8
A16 3,849 1,2-1,8 0,3-0,9 0,5 0,5

11.3. IlopsinoK BHINOJIHEHHS] PAOOTHI

1. 1.BemumcaTh XuMAdecKu# coctaB crutaBoB J[1 u J]16.

2. TlpoBectu 3akanky oOpasuoB. Temmeparypa HarpeBa O]l 3aKaJKy IS
crmaBa JI1 cocraBmser 500...510°C; mms cromasa JI16 495...505°C. Bpewms
BBIJICPXXKU — 1 Yac, OXJIaKIeHHe B BOJIE.

3. 3aMepuTh TBEPHOCTH 3aKajleHHBIX 00pas3ioB Ha npubope Poksemna mo
mkane «By (craxpHBIM mapukoM mpu Harpyske 100 xr.)

4. 3axaneHHble 00pa3Ibl MOJBEPIHYTS :

a) eCTeCTBEHHOMY CTapeHuio (IpM KOMHATHOW TeMIeparype) ¢
Beiepkkamu 10, 20, 30, 45, 60 u 90 MunyT;

6) KCKyCCTBEHHOMY CTapeHHIO NPH TeMIIeparype 100°C ¢ BBIZICPKKaMHU
5,10, 15, 15, 20 u 30 MunyT.

B) HCKyCCTBEHHOMY CTapeHHIo mpu Temmeparypax 100, 150, 175, 200 u
300°C ¢ BBIIEPKKOM 20 MUHYT

5. 3aMepHTh TBepAOCTH 00pa3noB Ha mpubope Poksesa mo mkaie «By.

6. IloygyenHsre JaHHbIe 3aHECTH B Tab. 11.2.
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Ta6nuna 11.2.

Mapka | HRB | EcrecTBeHHOE HckyccTBeHHOE CTapeHUe
criaBa | mocie | crapeHHe (TIpH
3aKalKi | KOMHaTHOM
TeMIieparype)
T Boigs HRB tH,OC T Bpig.» MUH HRB
MUH
10 100 5
20 100 10
30 100 15
45 100 20
60 100 30
90 150 20
175 20
200 20
300 20

7. ITo nasHEM Tabm. 11.2 TOCTpOUTS rpaduKu:

ﬂ \ - -~

% a) t=20°C g 6) =20 Mun % B)t=100°C

= & =

Q Q Q

o) sl o)

= = =t

g ) 51

A A A

= L E Ny >
IIponomxuTenbHOCTD Temnepatypa IIponomkuTensHOCTh
CTapeHUsI, MUH crapenus, 'C CTapeHus1, MUH

8. Cxenathb BEIBOAKI ITO paboTe.

11.4. Copep:xanne oT4yeTa

Oruer JOJDKCH BKIIXOYATh:

1) uens paboThr;

2) XMMHYECKHIt COCTaB HCCIIeyEMEIX CIIABOB;
3) omwmcanue paboTHI,
4) TabNHIBI SKCTIEPIMEHTAIBHBIX JaHHbIX;
5) rpabuku

IIPOJIOJDKUTENEHOCTH CTapeHNs;
6) BBIBOZHBI IO paborTe.

3aBHCHUMOCTH

TBEPIOCTH oT TeMIIepaTyphI
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11.5. MeTonnueckue yKazaHHsI

OcHOBHbIE JIETHPYIOIIME 3JeMeHThl aroMuHueBbIX ciaBos (Cu, Mg, Mn,
Zn) o0pasyroT ¢ aTIOMHUHHEM OrpaHHYEeHHbIC TBEpJBIE PACTBOPEI IE€PEeMEHHO
PACTBOPHMOCTH, YTO IIO3BOJNSET YNPOYHATH STH CIUIABBI IIyTeM HCTHHHOMN
3aKallK¥ ¥ MOCTeIYIOMero cTapeHus. PaccMOTpUM HpONecchHl, IIPONCXOAMIITe
opd TepMooOpaboTKe aTIOMHHMEBHIX CIUIABOB Ha mIpuMepe crcTeMbl Al-Cu
(puc.11.1).

t,°C
700

600 } It

500 } T 5,65%Cu
I 1
400 f I
|
300 } I
| 0 +CuAlf0)
200 } I
1
100 !
1
. I :
Al 2 4 6 Cu%

Puc. 11.1. JIeBslit yron nuarpaMMsl cocTosiHUS criaBoB Al-Cu

IIpu Temmepatype 548°C pacTBOPHMOCTh MEIU B ATIOMHHHH COCTaBISIET
5,65%, a mpu xoMmHaTHOH Temmeparype — 0,1%. B paBHOBECHOM COCTOSHHUM
CIUTaBHI, cofepxaipe 1m0 5,65% Cu spmsrores apyxdasaeivu (o+CuAly). Tpu
HarpeBe 3TUX CIUIaBOB, HampuMmep ¢ 4%Cu, BEIINE TeMIIepaTypsl ty, HO HAXe t,
TPOUCXOAUT PACTBOPEHHE YACTHI[ Xumudeckoro coequnenus CuAl, u obpa3sy-
ercsa ofHOGA3HBI O — TBepAbId pacTBop. Ecimu cmmaB GBICTPO OXJAMUTH
(0OBIYHO 3aKalKa B BOJE), TO BEICOKOTEMIICPATyPHOE COCTOSHHE 0, — TBEPIOTO
pacTBopa ¢ comepxkaHueM 4% MeId MOXHO COXPaHUTH JO KOMHATHOU
TeMnepatypbl. Takum obpa3oM, IpH 3aKanke QUKCHPYETCs HMepechIIeHHEIH 1o
CPaBHEHHIO C PAaBHOBECHBIM TBEPIBI PacTBOp Mequ B aFOMUHHMU (COCTaB
HaCBIIMEHHOro pactBopa coctaBiseT 0,1% memu). C TeueHHMEM BpEeMEHH 3TOT
[epeCHIIeHHBI TBEpABI pacTBOp IpeTeprieBaeT pacian U CIUIaB IIePeXOAUT B
bonee ycroWumBoe cocrosHMe. [Ipollecc CaMOIPOU3BOJIBHOIO —pacmaia
MEPECHIILIEHHOr0 TBEPHOIO pacTBOpa HA3BIBAIOT CTapeHHeM. Bplnepka
3aKalleHHOro CIUIaBa IIPH KOMHATHOM TeMIepaType Ha3hIBaeTCsl eCTECTBEHHBIM
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CTapeHHeM, & IIpd IIOBLINCHHBIX TeMIepaTtypax (He Bbme t;), -
HCKYCCTBEHHBIM.

IIpu eCcTeCTBEHHOM CTapeHHM B TBEPIOM pacTBOpe oOpas3yroTcst o0JlacTH C
HOBBLIIIEHHON KOHIIeHTpanueit Menu — 30HbI I nabe-IIpectona (3ous! I'TI). OHM
HMEIOT (OpMY JUCKOB TONIMUHOK He Gonee 0,5...1, HM. 30HBI — IHOIHOCTBIO KO-
repeHTHbIe OOPa30BaHMsI, MEXKIY 30HOH U MaTpHlel HeT YeTKOU IpaHMIbL. JTH
30HBI UMEIOT PEIIeTKY O— PacTBOpa, HO OTIMYAIOTCS PAacCTOSIHUEM MEXIy aTo-
mamu. ITosTomy o6pasoBanue 30H [T compoBoXIaeTCs MECTHBIM HCKa)KEHHEM
Kpuctamaeckoi pemetku (puc. 11.2). MHorouncneHHsie 30HBI 3aTPyAHSIOT
[IPOXOXKJCHHE TUCIIOKAINK, IYTO IPUBOJUT K YIPOYHEHHIO CIUIaBa U CHIXESHHUIO
€ro IIacTUYHOCTH. EcTecTBeHHOE cTapeHre B 3THX CIIaBaX HauMHAeTCsA HeIo-
CPEICTBEHHO ITOCIIe 3aKalIKK 1 3aKaHUIMBaeTCs depe3 5—7 CyTOK.

= = S e o0—6 Puc. 11.2. Mopnenb cTpoeHus TBEPIOTO
_e_e_e__e__e_e_ pactBopa Al-Cu ¢ 3onamu I'Tl (@ —
OO O

aTOMEI ME/TH )
O
O O L\ A A e

s N N a. W 4\
O@\JU\JU

TIpu noBBINIEHHBIX TEMIIEPATypax, BBUNY yBenuueHus antGy3noHHON Moj-
BIDKHOCTH aTOMOB, pacliajl TBEpJOro pacTBopa moiaer OvlcTpee U nonHee. [Ipu
HCKYCCTBEHHOM cTapeHHH B cmuiaBax Al-Cu HaGmomaercs clieIyrolas Iocie-
JIOBaTeIbHOCTh paciaja:

o —3085 [TI = 0" — 6' > 0 (CuAl,)

1. IIpu TemnepaTypax o 100°C B TBEPOM pacTBope oOpa3yrorcst 30HEI [ T1
JuckooOpasnoit popmsl TommmHo#i 0,5...1 HM.

2. Ilpu Temmepartypax 100-150°C w3 MIEePECHIIIIEHHOT0 PacTBOPa BBIIEIIETCS
MeTacTabunsHas 0"daza, CTPYKTypa KOTOPO# SBISETCS IPOMEKYTOTHOMN MeX Ty
o— pactBopoM U cTabunsHoi 0 (CuAl,) dasoi. [Ipu yka3aHHBIX TeMIeparypax
npoucxomut poct 30H I'TI go Tommunst 0,1...0,4 HM 1 oboraleHre X aTOMaMu
Menu 1o cocraBa 6muskoro k CuAl,. Pemerka 6"dasbl yxe oTiidgaercs oT pe-
IIeTKH MaTPHITEI, HO KOTePeHTHOCTH IPaHUI] COXPaHAETCS.

3. TMoesimerue Temieparyps 10 150-200°C mpHBOIHT K 06Pa30BAHHIO Me-
TacTaOMIFHON IPOMEXYTOUHOM (a3sl O', KOTOpas UMeeT TOT XKe COCTaB YTO W
paBHoBecHast O (CuAl,). Beimenenus 0'— ¢Gassl YaCTUYHO KOTE€PEHTHEIE, U HONe
YIPYTUX HAIIPSDKEHUHM BOKPYT HUX MEHBIIe, YeM BOKPYT KOTEPEHTHBIX BEIZETIE-
uuit 0"— ¢assr u 301 ['TLL
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Haunbosee 3HaYNTEIBHOE YIPOUHEHNE HAOIIONAETCS HA CTaIUX BBIIEIICHU
30 I'T] 1 AUCIIEPCHBIX YaCTHIl METacTaOUIIBHBIX (as3.

4. TIpu Temmeparypax 200-250°C mpoucxomut o6ocoGnenue 8'— dasbl, Ha-
pyIlIeHHEe KOTEPEHTHOCTH 1 00pa3oBaHue cTaOrIbHO 6— dasbl.

Ilpu nanpHeiilleM MOBBILIEHUH TeMIICPaTypbl YaCTHIIBI BBINEIMBIIEHcs 60—

(dasel KoaryupyioT (YKpyHHSIOTCS) YTO COIIPOBOXIAETCS Ppa3ylNpOdYHEHHEM
cruiaBa (epecTapuBaHUuEM).

YeM BBILIIE TeMIlepaTypa CTapeHus, TeM Ooiplne nupQy3rMoHHAasT MOIBIDK-
HOCTH aTOMOB, OBICTpee MPOXOIT BCe CTAANH pacliafia TBepAOro pacTBopa, Obl-
CTpee UeT yIPOYHEHUE U paHbllle HacTyIlaeT IiepecTapuBaHue.

B Gonee jermpoBaHHBIX TIOPATIOMUHAX, KOTOpPBIE COJEpIKaT AOCTaTOYHOE
konuyectBo Maraus, kpome CuAl, (0—dasbr), obpasyercs Taxke Al,CuMg (S—

thaza).

11.6. KonTpo/bHBIE BOIPOCH]

1. Yro Takoe ucTHHHAaA 3akaika? Kakue mems oHa mpecienyer?

2. Kakue BUABI CTapeHUs CYIIECTBYIOT?

3. Kakoe crapeHme HaspiBaeTcsl ecTecTBeHHBIM? Kakue mpoueccs
IIPOUCXOJAT IIPU 3TOM?

4. Kaxkoe crapeHHe Ha3pIBalOT HCKyccTBeHHBIM? Kakue mporeccs
TPOUCXOJAT IIPH STOM?

5. Kak wu3MeHsIOTCS  MexaHHYecKue cBoiicrBa  (TBepHOCTH) HpH
€CTEeCTBEHHOM CTapeHUu?

6. Kax wm3MeHSIOTCS MexaHH4YecKue CBOHcTBa (TBEpPIOCTB) B IpoIiecce
HCKYCTBEHHOTO CTapeHus?

12. MAPKHUPOBKA IBETHbBIX METAJUIOB 1 CIIVIABOB
12.1. Oenn paboTbl

I/I3y‘{PITB IIPUHOUIIBI MapKUPOBKHU CIIJIaBOB Ha OCHOBE IBETHBIX METAJIJIOB U
HAYy4YUTHCs paCclio3HaBaTh MaTepual 1o €ro Mapke.

12.2. Ilopsiaok paGoThI
1. CaMOCTOSITENNBHO U3YYUTH NPUHIUIIEI MAPKUPOBKY IIBETHBIX METAJUIOB U
CINIaBOB.
2. IlomyunTs y npenogaBaTells UHAUBULY AJIbHOE 3aJJaHUE U BHITIOJIHUTE €T0.

12.3. MeTroanueckue yKazaHus

MapKHpOBKa CIINTAaBOB HA OCHOBC IIBCTHBIX MCTAJIJIOB Goiee CJIOXHA, Y€M JJIA
craneii. MHorHe CIiaBbI MAapKUPYIOTCs JIMIIB YCIOBHBIMH HOMEpaMU. B tex xe
cliy4dasx, Koraa XUMHUYECKUI COCTaB CIUIaBa SBHO YKa3bIBacTCA B €ro Mapke,
IIPHUHATHI CIEAYIOIIEe 0003HaYEHNS DIIEMEHTOB:
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A — aymromuHui (Al); Mr — marnuit (Mg); Cy — cypsMa (Sb);

b — Gepunnuii (Be); M — mapraner; (Mn); T — tutas (Ti);
K — xeneso (Fe); M — MpImbsk (As); ® — docdop (P);
K — kpemunii (Si); H — sukens (Ni); X —xpom (Cr);
Kn — xapmuit (Cd); O — onogo (Sny); I — uwmHK (Zn).
M — mens (Cu); C — cBunen (Pb);

12.3.1. MapkupoBKka aJlIOMHHHEBbIX CIIVIABOB

ITepBuunsiit urcteiid amomuamnid (I'OCT 11069-2001) mapxupyercst OyKBoit
A, u mudpamMu, KOTOpBIE YKa3bIBalOT MUHUMAJIBHOE CONEPIKAHUE aTFOMUHHS:
A95 — amoMUHUN BBEICOKOH YHCTOTHI (299,95 %Al);

A7 — aTrOMHUHUI TEXHUIECKOU YUCTOTHI (299,7 %Al);
AQ — aFOMUHUH TEXHHYECKON YHCTOTHI (299,0 %Al).
a) /lehpopmupyemnie amomunuesbie ciiiaBel (OCT 4784-97)

HebopmupyeMble aTFOMUHUEBbIE CIUIABBI OOBIMHO MAPKUPYIOT YCIOBHBIMU
6yKkBaME M ITU(PAMH, TaK 9TO XUMHYECKHH COCTAaB CIIaBa M3 MapKH OIpeje-
JUTH Heb3 — Tonbko 3 ['OCTa unu cripaBounuka. Ilpumeps! Hanbomnee pac-
IpOCTPaHEHHBIX MapoOK CIIaBOB IPHBEICHEI HIKE.

1. YucTelil amoMUHUH (B TOpsAKEe YMEHBIICHHST YACTOTHI):
AJIO0 AT0 Al AL
2. Conaset Al-Mg (3xech nudpa ykassiBaet YoMg):
AMrl AMr2 AMrS AMr6
3. Tiopamomuns! (cucrema Al-Cu-Mg):
A1 16 18 19 B65
4. KoBounsle cmassl (cuctema Al-Cu—Mg—Si):
AK6 AKS
5. Beicokonpounsle cruassl (cucrema Al-Cu-Mg-Zn):
B93 B95 B96lL]
WMerotesa u apyrue cucreMs! cruaBoB: Al-Mn (AMu); aBuamu Al-Mn—
Si (AB; AI31; A33; AA35); xapompounsie ciutaBbl (AK4; AK4-1) u T.1m.
Jisi MHOTHMX CIUIaBOB INpHHATa LUA(PPOBAs MApKUPOBKA H3 YETHIPEX
nudp, HauuHaromasics ¢ «1»: 1160 ([116), 1380 (AKS), 1915, 1420 u T.1m.
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6) JInteiinbie amomMunnesbie ciiiaBel ('OCT 1583-93)

JIuteiiHble aMIOMUHHMEBBIE CILIABBI Mapkupyrorcs OykBamu AJl (uHOrma
BAJI), 3a KoTOpEIMH clefyeT Idpa — yCIOBHBIT HoMep cimiaBa. C koHIa
1980-x rr. BBemeHa mapamieiabHasi CACTEMa MapKUPOBKH, YKa3bIBAIOLIAs XUMH-
4YecKHil COCTaB CIIIaBa; STH MapKu HaYMHAIOTCS ¢ OyKBBHI A (aIFOMIHHUI), HOCIe
KOTOPOH MEePEeUHCIAIOTCS JeTHPYIoNHe 31eMeHTs. [IpuMepsr:

AJI2=AK12 (Al+ 12%Si);
AJI19=AMS5 (Al + 5%Cu);
AJI27=AMrl10 (Al+ 10%Mg);
AJI32=AK8M (Al + 8%Si + 1%Cu).

12.3.2. MapKkHpOBKa MarHHeBBIX CILIABOB

Hedopmupyembie marauessle cmassl (TOCT 14957-76) mapkupyrotes Oy-
KkBaMH MA, 3a KOTOPBIMH CJIEIyeT yCIOBHBIH HOMep CIIaBa:

MA2 (Mg—Al-Zn—Mn);

MA14 (Mg—Zn—Zr);

MA21 (Mg-Li).

Jlureiinele marnuesble cmnaBbl (I'OCT 2856-79) mapkupyrotcs GykBamu
MII, 3a KOTOPBIMH TaK>Ke CIEAYeT YCIOBHEIM HOMEP:

MIl4 (Mg-Al-Zn);

MIJI6 (Mg—-Al-Zn);

MI12 (Mg—Zn—Zr).

12.3.3. MapkupoBKa THTAHOBBIX CIIABOB

Turanossie crassl (I'OCT 19807-91) o6praH0 MapkupyioTcs 6yksamu BT
(pexe OT, IIT, AT), 3a KOTOPBIMY CIIEAYET YCIOBHBIH HOMEP CILIABA:

BT1-0 (uenermpoBaHHBIH TUTAH);

BT1-1 (menmermpoBaHHbIN TUTAH);

BT5 (Ti-5%Al);

BT6 (Ti—5%Al-4%V);

BT14 (Ti-5%Al-4%Mo-1%V);

OT4-1 (Ti—2%Al-1%Mn).

Ecnu crimaB He AeopMUpPyeMBIi, a TUTeHHEIH, TO B KOHIE MapKu 100aBis-
etcs Oyksa JI: BT5JI, BT9JL

12.3.4. MapkupoOBKa MeIHBIX CILUIABOB

a) Mapxu uncroii meau o 'OCT 859-2001:
MO0 (= 99,96%Cu);
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MO (299,93%Cu);
M1 (299,90%Cu);
M2 (299,70%Cu);
M3 (299,50%Cu).

CrutaBel Menu nmensarcs Ha natyHu (Cu—Zn), OpoH3EI (CIIaBbl C JIOOBIMHU
alleMeHTaMu, kKpoMme Zn 1 Ni) U MeJJHO-HHUKeJIeBble CILIaBBL.

6) JJarynu (I'OCT 15527-70, 17711-93)

Jedhopmupyemore naTyan Mapkupytorcs 6ykBoii JI, 3a KOTOpO# cleayoT
UHQPE — collepxKaHue Meau B IporeHTax. Eciu naTyHs nerupoBassas (co-
JIEPIXKUT, KpOME MEAH U IIUHKA, JPYTHe DIEMEHTHI), TO JIETUPYIOIIe SIIEMEHThI
MePeYrCISIOTCs mocie OyKBHI JI, a UX coiepikaHue YKa3bIBaeTcsl B KOHIIE Map-
xu. IIpumepsr:

JI96 (Cu+4%Zn);

JI8O (Cu + 20%Zn);

JI68 (Cu+ 32%Zn);

JI63 (Cu+37%Zn);

JIO90-1 (Cu + 9%Zn + 1%Sn);

JIA77-2 (Cu + 21%Zn + 2%Al);

JIAH59-3-2  (Cu + 36%Zn + 3%Al + 2%Ni);

JIC63-3 (Cu + 34%Zn + 3%PD).

B Mmapkax sumetinvix natyHeit nocie OykxBel JI comepixanue Meay He yKasbl-
BaeTcs, 4 MIPOCTO IEePEUUCIISIOTCS BCE JISTHPYIOMINE 3IeMEHTHI (BKITFOYas [IUHK),
npuuéM cosiep)kaHKe KaXIoro JIeMEeHTa yYKas3hIBaeTcs cpasy Jke II0CiIe COOTBET-
CTBYIOILIEH OyKBBI:

JII30A3 (Cu+ 30%Zn + 3%Al),

JII[16K4 (Cu + 16%Zn + 4%Si);

JIL38M1n2C2  (Cu + 38%Zn + 2%Mn + 2%PDb).

6) Bponssr (TOCT 493-79, 613-79, 5017-74, 18175-78)

Bponsel Mapkupylorcst OykBamMu Bp, 3a KOTOPHIMH I[I€PEUYMCISIOTCS JIETH-
pyromue sneMeHThl. Kak u B ciydae nmaTtyHel, y nedopMupyeMbix GpoH3 co-
JepKaHKe BIIEMEHTOB YKa3bIBAeTCsA B KOHLE MAPKH, & y JTUTEHHBIX — IOCIIE CO-
OTBETCTBYIOIIEH GYKBEI

ITpumeps! Mapok medopMupyeMbIx OPOH3:
BpO114-3 (Cu + 4%Sn + 3%Zn),
bpO®6,5-0,4 (Cu + 6,5%Sn + 0,4%P);
BpAS5 (Cu+ 5%Al);

BpAMu9-2 (Cu + 9%Al + 2%Mn);
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BpAXKH10-4-4 (Cu+ 10%Al + 4%Fe + 4%Ni);
Bpb2 (Cu+2%Be);
BpKHI1-3 (Cu + 1%Si + 3%Ni).

[TpuMepsl MapoK JUTEHHBIX OPOH3:
BpO10®1 (Cu+ 10%Sn + 1%P);
BpOSLI5CS  (Cu + 5%Sn + 5%Zn + 5%Pb);
BpA9XK3JI (Cu+ 9%Al+ 3%Fe);
BpC30 (Cu+ 30%PD).
B) Menno-aukeJieBble cniassbl (I'OCT 492-73)

Mapka raumHaeTca ¢ OykBeI M (Mezp); mocie Heé NepedHCIIIIOTCs JIeTH-
pytomugre eMenTsI. [Ipumepsr:

MH19 (Cu + 19%Ni — mensxuop);

MHII15-20 (Cu+ 15%Ni + 20%Zn — Helizunsbep);
MHA13-3 (Cu + 13%Ni + 3%Al] — xyHHuans);
MHMi13-12 (Cu + 3%Ni + 12%Mn — MaHTaHUH).

12.3.5. MapkupoBKa Apyrux cljiaBoB

a) HuxeJieBble kapoctoiikue u ;kaponpounsie cniabbl (I'OCT 5632-72)

Tlo cTpykType u cBOMCTBaM 5TH CIUIABBI POJCTBEHHBI XPOMOHUKEJIEBEIM ay-
CTCHHTHBIM CTaJIM, II03TOMY JISTHPYIOIIHE JIEMEHTHl B HUX 0003HavaIoTCs Te-
MH e OyKBaMH, 4TO U B CTaIfIX.

B Mapkax HEXpOMOB — apOCTOHKUX CIUIaBOB UL DJIEKTpOHarpesarenei u
T.II. — YKa3BIBAa€TCs COACPKAaHUE XpOMa M HUKEIs:

X20H80 (20%Cr + 80%Ni);

X15H60 (15%Cr + 60%Ni + 25%Fe).

Mapku KapoIpodHEIX, a TAKXe KOPPO3MOHHOCTOMKIX CILIABOB Ha HUKEJe-
BOH OCHOBe OOBIYHO HaumHaioTcs ¢ 6ykB XH (CIUIaBBI TOYTH BCErza COTEpKaT
XpOM), 32 KOTOPEIMH YKa3bIBaeTCs COJCPIKaHKNe HUKeJIS, a 3aTeM IepedrCIsioT-
sl OCTaJIbHBIE JIETHPYIOIIME 3JI€MEeHTHl 0e3 yKazaHus MX KoHLeHTpauuu. Ilpu-
MepBI:

XH77TIOP  (77%Ni + 20%Cr + 2%Ti + 1%Al + 0,01%B);

XH65BMTIO  (65%Ni + 17%Cr + 10%W + 4%Mo + 2%Ti + 2%Al).

6) bBaoouTer (I'OCT 1320-74)

babbutel — nerxomnaBkue cruaBel Sn—Sb, Pb~Sn—Sb, Pb—Sb, npumense-
MBlI€ AJIsI BKIIaJAbIIIeH MOANIMITHUKOB CKONBXeHM1. baOOUTEI MapKupyroTcs Oyk-
Bo#i b, mocne xoTopol ykaspIBaroT cojepxkaHue onosa. Haubosee pacrpocTpa-
HEHBI:

B89 (89%Sn + 8%Sb + 3%Cu);

B83 (83%Sn + 11%Sb + 6%Cu);
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B16 (66%Pb + 16%Sn + 16%Sb + 2%Cu).
B) Teépanie cinasbl (I'OCT 3882-74)

TBEPABIME CIUIaBaM{ Ha3BIBAIOT METaNIOKepaMHYeCKHe MaTepHallbl, IIpH-
MeHsIeMble JUIS M3TOTOBJICHUS padodrx dacTell OTBETCTBEHHOTO PEXKYIEero WH-
crpymeHTa. OHH IPeJCTaBILIIOT co00H creu€HHEBIE IOPOIIKH KapOHWIOB Tyro-
mwraBkux Metawios (WC, TiC, TaC) na ko6ansToBO#l CBA3Ke U 00NAAI0T OYEHb
BBICOKOH TBEPIOCTBIO M TEIUIOCTORKOCTHIO. Bonb(paMoBble TBEPAbIC CILIaBBI
MapkupyroT O0ykBamu BK v mudpoii, ykassIBaromei coziepxanne KooaibTa:

BK6 (94%WC + 6%Co);

BK8 (92%WC + 8%Co).

B mapkax THTaHOBOJIB(GPaMOBEIX TBEPABIX CIUIABOB YKA3bIBAIOT CONEPIKAHIE
Kap6unma turana TiC u koOansTa:

T30K4 (66%WC + 30%TiC + 4%Co);

TI5K6 (79%WC + 15%TiC + 6%Co).

B rtuTanoTaHTanoBonbQpaMoOBEIX — CyMMapHOe cojepKaHHe KapOumoB
TaC u TiC u copepkanue xobanbTa:

TT7K12  (81%WC + 4%TiC + 3%TaC + 12%Co);
TT20KS (71%WC + 8%TiC + 12%TaC + 9%Co).
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