[TPAKTUYECKAS PABOTA
N3yueHue auarpaMMbl COCTOSHHUSI. AHAIU3 CTPYKTYPHOTO COCTaBa
CIJIABOB

Ilens padomui: 1. O3HaKOMUTHCS C JUArPAMMOI COCTOSTHUS JKEJIE30-yIiIepo U
M3MEHEHHEM COCTaBa CIulaBa NpHU oxJaxjaeHuu. 2. IIpoBecTu aHamm3 HM3MEHEHUs
CTPYKTYPHOT'O COCTaBa U MUKPOCTPYKTYPbI CILIaBOB.

Teopemuueckoe 6sedenue
Komnonenmut scenezoyznepooucmuix cniasos

Kenezo. Kenezo wmmeer Tpu mnomumopdHbie Moaudukammu o, Yy U O.
Moaudukanus o cymecTByeT npu Temieparypax Hmwke 911 °C, xpuctaumdeckas
pemieTka o-xene3a - 00beMHO UeHTpupoBaHHbIH KyO (OLIK). y-xkenezo (Fe,)
cymectByer npu Ttemmeparype 911 - 1392 °C, kpucrtajummueckas pelieTka -
rpanenenTpupoBanHas kyonueckas (I'LIK). B untepBane 1392 - 1539 °C cymectByer
d-)KeJe30 ¢ KPUCTAUIMIECKOH pereTko 00beMHO IeHTpupoBanHoTO Kyba (OLIK).
BricokoTemnieparyproe Fea Ha3piBatoT Fed. BricokoTemmneparypHas moaudukams
Fea He npeacTasisier co00i HOBOM aJUIOTPONMYECKOM POPMBL

[lpu Ttemmeparype Hmwke 768 °C xeme30 (GEeppOMarHUTHO, a BHINE —
napamMaroiuTHo. Touky 768 °C, COOTBETCTBYIOIIYIO MATHUTHOMY ITPEBP AllICHUIO, TO
€CTh nepexoay U3 (eppOMarHuTHOTO COCTOSIHUS B TapaMarHUTHOE Ha3bIBaIOT TOUKOU
Ktopu. Moaudukanusa Fey napamarauTHa.

XKenezo co MHOrUMU 311eMEHTaMu 00pa3yeT pacTBOPHI: C METAIIAMU — PACTBOPbI
3amenienus. C yriepoaoM, a30TOM U BOJIOPOAOM — pacTBOPbI BHEJIPEHHUS .

Yenepoo. B crinaBax xkene3a ¢ yriiepoJioM yriiepoJi HaXOAUTCS B COCTOSIHUU
TBEPAOTO PacCTBOPA C JKEIE30M M B BUAEC XMMHUYECKOT'O COCTMHEHUS — LIEMEHTUTA
(Fe3C), a Takxxe B cCBOOOAHOM COCTOSIHUY B BUjI€ rpaduTa (B CEPhIX UyryHaX).

Hemenmum.llementur (Fe3C) — xuMmuueckoe CoeIMHEHUE KeTle3a C yriepooM
(xapOup xxemnesa), coaepxkurt 6,67 % yrinepona.

Kpucrammueckass pemierka LEMEHTUTa pomOuyeckas. AJIIOTPOIHYECKHX
npeBpalieHuil He uCHbIThIBaeT. [lpu HU3KUX Temmeparypax LEMEHTUT ciabo
dbeppoMaruuTeH, MarHUTHBIC CBOMCTBA TepseT mpu Temmeparype okosio 210 °C.
IlemeHTHT UMeeT BBICOKYIO TBepaOCTh (0osee 800 HB, nerko mapamnaer cTeksio), HO
Ype3BbIUANHO HU3KYIO, IPAKTUYECKU HYJIEBYIO, INITACTUYHOCTD.

[lementutr cnocoOeH 00pa30BBIBATH TBEPJbIE PACTBOPHI 3aMeEUIeHUs. ATOMBI
yriaepoja MOTYT 3aMellaThCs arOMaM{ HEMETaUIOB: HalpuMep, a30TOM; aTOMBI
&KeJeza — MeTaJulaMu: MapraHileM, XpOMOM, BOJIbpaMoM U JpyruMu. Tako TBepblii
pacTBOp Ha 0a3e peleTKH EMEHTUTA Ha3bIBAETCS JIETUPOBAHHBIM LIEMEHTUTOM.

LleMeHTHUT, BBIACIAIOUMIICS U3 dKUJKOTO CIUIaBa, IPUHATO HA3bIBATh 1ep8UUHbIM,
U3 ayCTEHUTA - 6MOPUYHLIM, U3 (DEPPUTA — MPEeMUYHBIM.

Ecnu rpadur siBisiercst cTabuiibHOM Pa3oi, TO HEMEHTUT — 3TO MeTacTaOuIbHas
¢daza. LleMeHTUT — cOEAMHEHHUE HEYCTOWYMBOE M TPH OIPEIEICHHBIX YCIOBUAX
pacmamaercs ¢ oopa3zoBaHHEM CBOOOIHOIO yriepoaa B BuAe rpadgura. DTOT IpoIece
MMEET BaXKHOE MPAKTHUECKOE 3HAYEHHE MPU CTPYKTYpOOOpa30BaHUH YyTYHOB.



Daswvt 6 cucmeme ""xycenezo-yznepoo"”

@Da30ti HA3BIBAIOT OJIHOPOJHYIO YaCTh CIUIaBa (MMEIOLIYH0 OJIHHM U TE€ K€
CTPOEHHE, COCTaB, arperaTHOE COCTOSIHUE), OTACIICHHYIO OT JIPYTHX YacTel CIulaBa
MOBEPXHOCTHIO pa3zjiena (rpaHuueil).

B cucteme orcenezo - yenepoo pazmmuarot crenyronme (pasbl: KUIKANA pacIiyiasb,
TBEpbIC paCTBOPHI — 0-(heppHuT, O-HEPPUT U AYCTEHUT, a TAKXKE LIEMEHTUT U rpadurT.

@eppum - TBEpIIbI PACTBOP BHEAPEHUS aTOMOB yriepoja B o-xkene3o. [Ipu
temrieparype 727 °C B ¢deppure pactBopsercs g0 0,02 % C, mpu t = 0 °C
pactBopuMocTh yrieponaa - 0,002%. depput peppoMarHeTHK, UMEET TBEPAOCTDH
80HB, mmactuanoCTh 8 = 40%, GB= 250 MI]a.

[lox MUKpOCKOIIOM (PepPHUT BHITJIAIUT KaK CBETIIbIE MOJM3APUUECKUE 3epHa. B
CTaJIIX MOJKET CYILIECTBOBATh B BHUJI€ CETKH (Pa3HOM TOJIIIMHBI, B 3aBUCUMOCTH OT
CoJiep>KaHusl yTJiepoJia), 3€peH (MaJOyTJIEPpOJUCThIC CTali), IUIACTUH WM WIJI
(BUIMAHILTETT).

Aycmenum - TBepAbI pacTBOp BHEAPEHHsST aTOMOB Yriepoja B Y-Kelese,
MMEIOIIMI MPENEIbHYI0 paCTBOPUMOCTD yriepoaa - 2,14%. AyCTeHUT HEMarHUTEH,
umeet TBEpaocTh 160 - 200HB npu mmactuanoctu 6=50%. AycteHut (A, y) — TBepAbIi
pacTBOp BHEAPEHHs yriepoja B Y—kene3o (M0 MMEHU aHTJIMHCKOro ydeHoro P.
AycTeHa). YTiiepoJ 3aHUMaeT MECTO B IIEHTPE T'PaHELEHTPUPOBAHHON KyOHUYeCKo
aueriku. [IpenenbHas pacTBOPUMOCTB yIiiepoaaB v -xkenese 2,14 % npu temneparype
1147 °C (touka E). Ayctenut umeer tBepaocTh 180 HB, mnactuuen (oTHOCHTENBHOE
ynmuHenne — 0=40...50 %), mapamaraures. [Ipu pacTBOpeHUU B ayCTEHUTE JIPYTUX
AJIEMEHTOB MOT'YT U3MEHSATHCS CBOMCTBA M TEMIIEPATYPHBIE IPAHUILIBI CYILIECTBOBAHUSL.
[Tox MUKpOCKOTIOM BBITJISIAUT KaK CBETIIbIE MOJUAAPUUECKHE 3€PHA C IBOMTHUKAMMU.

I'pagpum. Vimeer reKCaroHaIbHYIO CJIOUCTYH) KPHUCTALTMYECKYIO PELIETKY.
['padur msrok, o6sagaeT HU3KOM MPOUYHOCTEHIO.

Cocmae ghas

QDuzypamusenas mouyka — TOUKA, XapaKTepu3yrouas Uil TaHHON CUCTEMBI ee
TEMIEpaTypy U COCTaB.

Konooa — TOpU3OHTAIBHBIA OTPE30K, KOHIBI KOTOPOTO OrpPaHUYEHBI
PaBHOBECHBIMU COCYIIECCTBYIOIIMMH (pa3aMHu U COJEp>KaHHUEM B HUX KOMIIOHEHTOB,
JIMHUS, COEIUHSIONIAs IBE COTPSIKEHHbIE TOUKHU.

B nByxdazubix 061acTsax B 000H (GUTYypaTUBHOM TOUKE MOYKHO OIMpPEAETUTh
KOJIMYECTBO (a3 U UX KOHUEHTPALMIO, UCTI0JIb3YsI IPABUIIO OTPE3KOB (phluara).

Ilpasuno ompe3koeé ycTaHABIMBAET KOJMUECTBEHHOE COOTHOLIEHUE (a3 mpu
3aJIaHHOM TeMIIeparype, B II0OOH TOUKE qUarpaMMbl, KOT/1a B CILIaBE OTHOBPEMEHHO
CYIIECTBYIOT JiBE (pa3hbl.

Hanpumep, omnpenenuM XMMHUYECKHA COCTaB M KOJMYECTBO (a3 sl CIUIaBa
CUCTEMBI Jicenie30-yemenmum B TOUKe a, Haxoasuiencs B oomactu GSP (puc. 7.1). B
ATOM 001aCTH CTPYKTYpPHBIE COCTaBIISAIONIME - (heppHUT U aycTeHUT. [IpoBenem koHo Iy
yepe3 TOUKy a A0 nepeceuenus ¢ muHusiMu GP (touka b) u GS (Touka c). [Ipoekuus
touku b (b/) yka3piBaeT XumMHueckuil cocTaB deppuTa, a mpoeKIus Touku ¢ (¢/) —
COCTaB ayCTeHUTa. MacCcOBOE COIepKAHUE ayCTEHUTA



My = I;—“ 100%, (7.1)

a geppura
(7.2)

Aycmenum
+ gbeppun?

Deppum

Puc.5.1. Cxema npaBuiia OTpe3KOB

CmpykmypHuole cocmaenawouiue 6 cucmeme "'xnceneszo-yznepoo"”

B 3aBucuMoOCTH OT TeMrepaTypbl U COJIep KaHUs yriepoja CIUIaBbl Keie3a ¢
YIJIEpoA0M MOMUMO (Pa3 MOTYT UMETh CIEAYIOIIUE 08yxgasHvle (cemepoghasmvie)
cmpykmypHule cocmasenarowue: nepaut (I1) u negedypur (JI).

Iepaum - >BTEKTOUI, 26MeKmouodHas CMeCh, MEXaHWYeCKasg cMech heppuTa u
LIEMEHTUTA, MOJyYEHHAs B pe3yJbTaTe paciaia ayCTeHUTa MPHU OXJIAKICHUH CILJIaBOB
Hke 727° C. Ha3BaH MEPJIMTOM IMOTOMY, YTO IOCJE TPABJIEHUS €r0 MOBEPXHOCTbH
NpUOOpETaeT XapaKTepHbIN MepaaMyTpOBbIil oTiuB. [Ipu MENICHHOM OXJIaXIEHUU
MIEPJIUT MPUCYTCTBYET BO BCEX CIUIABax ¢ KOHUEHTpauuel yriepoaa ot 0,02 1o 6,67%.
[lox MUKpPOCKOTIOM NIEPIUT MOXKET BBITJISIACTH TMOO KaK MIaCTHUHBI, TMOO Kak 3epHa -
3€pHUCTBIN nepautT. Ero Buj, Takke, Kak U MEXaHWUYECKHE CBOWMCTBA, 3aBUCUT OT
CKOPOCTH OXJIAKJICHHSI CTIJIaBa M BU1a €r0 TePMUYECKOM 00pabOTKH.

[InacTuHYaTBI TIEPIUT COCTOWUT U3 TEpEeMEKAIoIIMXCs TUIAaCTUH ¢eppura u
LIEMEHTUTA, @ 3E€PHUCTBHINA COJEPKUT ILIEMEHTUT B BHJIE TJIOOYyNEeH (3EpHBIIIEK) B
(dbeppuTHOI OCHOBE (MaTPHIIE).

Jledebypum — »OBTEKTHUKA, 3I6MeKMUUECKAsi CMECh, MEXaHHUECKas CMech
ayCTEHUTAa W LIEMEHTHTA, BBIACISIOMASICS U3 JKUIKOCTH MPU OXJIAXKICHUU CIUIaBOB
Hwxe 1147° C. IlpuHuMnuanbHOE OTIIMYHME SBTEKTHYECKOW COCTABISIOMIEH OT
ABTEKTOUIHON 3aKIF0YAETCS B TOM, UTO ME€PBasi BHIACIACTCS U3 KUAKOCTHU, a BTOPAs U3
TBEPJOTO PAaCTBOpa, B CJIy4ac MKEIE30YyTJIEPOJUCTHIX CIUIABOB - W3 ayCTCHHUTA.
Ha3Banue naHHasi CTpyKTypHasi COCTaBIISIONIAS MOJTyYHIa B Y€CTh MMEHH HEMEIIKOTO
ydeHoro-Merautypra Jleneoypa.

Jeémexkmuka (rped. —JErko IUABAIIMICA ) — CTPYKTYpHas COCTaBIIAIOIIAs CILIaBa,
MpEACTABIAIONAs CO00M MeXaHWYecKylo cMmech (a3, o00pa3yromlylocs Mpu
OJJHOBPEMEHHOM KpHUCTATU3aKK IBYX (Mim 0oJee) pa3 u3 pacruiasa.

[lo muamn PSK mnpu 727°C mpoUCXOIUT 36mexkmoudHoe TPEeBpaIICHHE
(9BTEKTOMIHAS PEAKIMA) - MEPEKPUCTAIUTN3AUS ayCTEHUTA B IBTEKTOU MEPJIUT U
HA00OPOT:



As TIS (Pp+ k)

B oTimune o1 3BTEKTHKH, 00pa3yIoLIEecs U3 )KUIKOCTH, SBTEKTOU] BOSHUKAET U3
TBEpABIX (Pa3.

Jeémexkmouod — CTPyKTypHasi COCTABJISIIOIIAS CIUIaBa, MPEACTABISAIONIAs COO0M
MEXaHMUYECKYyI0 cMeCh (a3, oOpa3yrolryrocs MHpH OJHOBPEMEHHOW BTOPHUYHOM
KpHUCTAUIM3auu ABYX (1w 6oJiee) ¢a3 u3 TBEPIOro pacTBopa.

CnnaBel  keneza ¢ yraepoaom, coaepxanme g0 0,02% C, HazbiBaroT
TEXHUYECKUM KEJIE30M.

CruiaBbl xenesa ¢ yriepoJoM rpu coaepxanuu yriepoa ot 0,02 no 2,14% nocst
HazBanue ctanerd (ot 0,02 mo 0,8% - moamrexkrommubie ctamm, ot 0,8 mo 2,14 % -
3a3BTEKTOUIHBIC CTAJN).

CruiaBbl Xkenesa ¢ yriepoaom, coaepxaiue ot 2,14 no 6,67 % C HazpiBaroTcs
gyryHamu (ot 2,14 mo 4,3 % C — nosBrektmueckme, ot 4,3 mo 6,67 % C -
3a9BTEKTUYECKHUE UYTYHBI).

Jluazpamma cocm oanus ycene3o-y2iepooucm vix Cnjiagos

Jnarpamma TmoKa3biBaeT (a3oBBIM  COCTaB M CTPYKTYPy CIUTaBOB C
KOHIIEHTpanuen# oT yuctoro xene3a go mnemeHtuta (100 % FesC). Huarpammy
COCTOSIHUSA JKEJI€30 — IEMEHTUT U300pakaroT TOJILKO 110 6,67% C, Tak KaK BCE CIUIABBI
c OOJIbIIMM COJIEpXKAHUEM YIJIEPOJA, BCIEACTBUE CBOEH XPYNKOCTU HE HMEIOT
MIPAKTUIECKOTO MPUMEHEHHUS.

[lockonbKy yriepoj B CIUIaBax C >KEJI€30M BCTPEUYaeTCs B BUJE LIEMEHTHUTA U
rpadura, CyHWECTBYIOT JBE JHarpaMMbl COCTOSIHUSI, OIMUCHIBAIOLIME YCJIOBUS
paBHOBecusi (pa3 B cHucTeMax jKele30 - IEeMEHTHT U kene3o - rpadur. Ileppas
nuarpamma (Fe — Fe3C) HazwpiBaeTcs ieMeHTUTHOM (MeTacTabunbHas ), BTopas (Fe -
C) - rpadutHO# (cTabwmibHas). JluarpamMMbl OTIMYAIOTCS HE3HAYUTEIHHBIMU
pa3HUIIAMU TEMIIEpaTyp MEPBUYHON U BTOPUYHOU Kpuctaiwmianuu. [lostomy o0a
BAapUaHTA IMarpamMMbl IPUBOISITCSI BMECTE B OJTHOM CHCTEME KOOPIMHAT : TEMIIEpATypa
- colepxaHue yriepoda. JmarpamMmy CHUCTEMBI <COKENe30-IIEMEHTUT» Ha3bIBAIOT
METacTaOWIbHOM M TMOKAa3bIBAIOT CIUIOIIHBIMU JIMHUSMU; JUArpaMMy «Keje3o-
rpaduT» HA3bIBAIOT CTAOWIHLHOW U TOKA3bIBAIOT MyHKTUPHBIME JIMHUAMU (puc. 5.2).

BbykBeHHO€ 0003HaYEHHE Y3JI0BBIX TOUEK B IUATPaMME SIBJISETCS OO ICHPUHATHIM
kak B Poccum, Tak u 3a pyOexxoMm. XapakTepHble TOYKHA JUATPAMMbl OTMEUEHBI
OyKBaMHU JITAaTHHCKOTO ajipaBuTa B COOTBETCTBUU C MEXKTYHAPOTHBIM 0003HAUCHHUEM.

Kaxxnas Touka Ha Auarpamme XapakTepu3yeTcsi CTPOro ONpeIeIeHHBIM COCTaBOM
NpH COOTBETCTBYIOIIEH Temneparype (Tada. 5.1).

Jluaun quarpammel (Ta6:. 5.2): ABCBD (nvHus TMKBUYC — MECTO TOUEK Havasa
kpuctammmzauun) u AHJECF (muus conmmayc — MecTo Touek KOHIa KpUCTAIUTA3All|H)
XapakTEepU3yIOT HA4YaJ0 M KOHEL NEPBUYHOMN KPUCTALIM3ALUH, IPOUCXOISIIEH TpU
3arBepJieBaHuU KuAKOW (a3bl. Jluaum ES m PQ mokasweiBaioT mpenenbHyro
PacTBOPUMOCTh YTJIEPO/ia COOTBETCTBEHHO B aycTeHuTe u (eppute. OcoOeHHOCTHIO
KEJE30yTIIEPOIUCTHIX CIIABOB SABJISECTCS TO, UTO MPEBPAILLEHUS B HUX TPOUCXOIST HE
TOJIBKO TPU KPUCTAUIM3ALUUU JKUJIKOTO CIUIaBa, HO U B TBEPJOM COCTOSHUU
BCJICICTBHE MOJUMOPGHBIX TMEPEX0J0B MOAUPHUKAIMN >Kelle3a NpPU H3MEHEHUU
TEMIIEPATypPHI.
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Puc. 5.2. KpuBas oxnaxaeHus skene3a u guarpamma coctosiuus Fe — C (okene3o - rpadur) u 001acT UCITOIb30BaHMS CILIABOB



Ta0omuma 5.1

KpuTtnueckue TouKku JuarpaMmMBbl COCTOSTHHSI CUCTEMBI KEIE€30 -YTIIEPO]

O6o3nauenune | t, °C [C, % 3HaueHne TOUYKU
TOYKH

A 1539 0 [Tnasnenye (KpUCTALIM3AIKI) YHUCTOrO XKejesa

N 1392 0 [MosmmopdHOEe NPEBpALIEHHE <>y B YHCTOM KEIE3E

G 911 0 [MosmmopdHOE NPEBPALIEHHE 0«>Y B YHCTOM KEJIE3E

H 1499 | 0,1 d - TBEpABINA PacTBOP, MPEAEIbHO HACHIIIEHHBIN

YIJIEPOAOM. YUaCTBYET B NIEPUTEKTUIECKOM TPEBPAILEHUH

J( 1499 0,16 AyCTeHHT, BO3HUKAIOIIMA B PE3YIIbTATE

IEPUTEKTUIECKOTO TPEBPAILCHHUS

B 1499 (0,51 XKunkas ¢asa, ygacTByromas B IEPUTEKTHIECKOM

peBpaIICHUH

D 1260 |6,67 I[Ipeanonaracmas Temreparypa Iwiasienus Fe3C

E 1147 2,14 AyCTeHHT, TpeIeIbHO HACHIIICHHBIH YIIepoI0oM

C 1147 43 XKunkas ¢aza, HCIBITHIBAIO A IBTEKTHYECKOE
peBpallcHUE

F 1147 |6,67

P 727 10,02 ®eppur, MpeaeIbHO HACBINICHHBIN YIIIEPOIOM

S 1727 0,8 | AycTeHuT, HCTIBITHIBAIONINI BTEKTOMIHOE MPEBpPAIICHHE

K 727 6,67

Q 20 |0,006 ®eppur, NMPEeAEIbHO HACHILEHHBIA YIIEpPOIOM

Tabmmra 5.2
3HavYeHue JUHUN JUarpaMMbl COCTOSTHUSI CUCTEMBI JKEJIE30 -yTep O,
JIunun 3HAUYCHUEC JIMHUH

AB JIvkBHIyC U O - TBEPIAOTO pacTBOpa

AH Comumnyc st 6 - TBEPIOTO pacTBOpa

BC JIMKBHIYC JUIA ayCTEHUTA

J(NE Coumzyc Ui ayCcTeHHTa

CD JIukBUIyC 1 NeMeHTHTa (IEPBHYHOTO)

HJB [TepurekTrueckoe TpeBpaiieHue: S, +Lg — y3

ECF OBrekTdeckoe npesparienue: L, — (yYg+Fe;C)

PSK (A;) OBTeKTOMIHOE MpeBpamerye:ys — (o, +Fe;C)

HN Hadaio mosmmMopdHOTO MpeBpalieHust: 0—Y B CIUIaBaX IMPH OXJIaKICHUH
JN (A,) KoHen noanmMophHOro npeBpaileHus d—Y CIulaBax MpH OXJIAXKIEHHU
ES (A.y,) | Jlumms npenenbroit pactBopuMocTH yrnepoza By-Fe. Hauano BbineneHus

reMeHTUTa (BTOPMYHOTO) M3 ayCTEHHTA NPH OXJIKICHUH
GS(A;3) Hayajio a/uioTporMyecKoro MpeBpalieHus y—0 a B CIUIaBax IpH
oxnaxaennn Hawano Beiesenus (eppura u3 ayCTEHHTA NPH OXJIAKIEHUU

GP JIuavs mpefiesbHOM PacTBOPUMOCTH yriepoa B o-Fe

PQ

Havano Beienennst neMeHtura (TpeTHIHOTO) M3 eppuTa MpU OXJIAKICHUN




MO (A,) | Hepexon u3 deppoMarHurHOro B napamarHutHoe coctositue (768°C), Ha
JMATPAMME COCTOSIHHS YKa3hIBAETCH PEIKO

Cuctemy 00pa3yroT uemuvipe 00HOGDaA3HbIEe 0bnacmu’

®>KHIKOTO pacTBOpa yriepoa B skenese (AK)/(L) - Boite uanu ABCD,

eaycteHuTa (A) o6macts JESGN

edpeppura (@) (ANH u GPQ)

eriemeHTuTa (LI).

Jleyxghazuvie 001aCTU TUATPAMMBI:

eAHB - B paBHOBeCHHM HAXOAUTCS KUAKUHN PACILIaB U KPUCTAILIBI O -heppuTa,

eNHJ - B paBHOBECHH KPUCTAILIBI 0 -PeppuUTa U AyCTCHUTA,

¢JECB - B paBHOBeCHH KHJIKHIA PACIIJIaB U KPUCTAILIBI ayCTEHUTA,

oCDF - B paBHOBecUM )XUKUN pACILIaB U KPUCTAILIBI LIEMEHTHUTA,

oSECFK - B paBHOBECHH KPUCTAJUIBI ayCTCHNUTA U [IEMEHTHUTA,

¢GSP — B paBHOBECHHU KpUCTAIIIBI AyCTEHHUTA U ¢ -peppHTa,

¢QPSKL - B paBHOBECHHU KPUCTAILIHI 0, -peppHTa U IICMEHTHUTA

Tpexgpaszuvim pagnosecHbiM COCMOSHUAM CIUIABOB OTBEUAIOT TOPU30HTAJIbHbBIC
JUHUUA Ha Jguarpamme coctosiHus. Tpu ropuzontanshbie iunun HIB, ECF u PSK
yKa3bIBAIOT Ha MPOTEKAHUE TPEX MPEBPAICHUI P NOCTOSHHON TEMIIEpaType.

[Tpu 1499 °C (ropm3onTtans HIB) mpoucxoaut nepumexmuueckas peakiys

Lg +@,—As.

B pesynbTare peakiun oOpa3zyercs ayCTeHUT.

[lpu 1147°C nmo muuum ECF npoucxomut ssemexmuueckoe TpeBpalleHne
(9BTEKTHUECKAss pEaKIysi): W3 JKUIKOCTH cocTaBa To4Ykd C  0JHOBPEMEHHO
BBIJICIISIIOTCSI KpUCTAUIBI aycTeHuTa coctaBa E u nementura cocrtaBa F, koTopbie B
COBOKYITHOCTH OOpa3yIOT 3BTEKTHKY, Ha3bIBAEMYIO JIEIE0YPUTOM.

[Tpu 727 °C (ropuzontans PSK) nportekaer 3BTekronanas peakuus As — @p +1]
(B oTuIM4YME OT ABTEKTUKH, OOpa3yIOLIENCs U3 )KUIKOCTHU, IBTEKTOU BO3HHUKAET U3
TBepABIX Pa3). [IpoaykT nmpeBpaleHus: — IBTEKTOUIHASA CMECh )eppUTa U LIEMEHTHTA,
Ha3bIBaeMas repautoM. [lepaut vaire nMeeT IiacTHHYATOE CTPOESHHE, T.€. COCTOUT U3
YyepeayoLMXCs INIACTUHOK (heppUTa U [IEMEHTUTA.

Mukpocmpykmypa jicene3oyeniepooucm vblx Cnjiaeos
Ipu xnaccughurxayuu sxcenezoyanepooucmoix Cniagoé no CMpyKmype yauTbIBaroT
CTPYKTYPY B OTOXKEHHOM (PaBHOBECHOM) COCTOSIHUM. YTJIEPOJUCTHIE CTaIH
pa3deNaioT Ha TPHW Kiacca - JOIBTEKTOHMIHBIC (MMEIOIIME TEPJIUTO-(PEeppUTHYIO
CTPYKTYPY), IBTEKTOUIHBIE (CTPYKTypa - TMEPJUT), 3a’BTEKTOUJIHBIC (UMECIOIIHE
MEPJIUTO-IIEMEHTUTHYIO CTPYKTypy). (Cxema 3apuCcOBKM BHEIIHEro Buaa (das,
MIPUCYTCTBYIOIIUX B 7K€JI€30-yrIepOIUCTHIX CIIJIaBax, MPUBEIEHA Ha PUC. 5.3.
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Puc. 5.3. MukpocTpyKkTypa CIuIaBoB



YyryH oOTIM4Yaercss OT CTald COCTaBOM (0oJjiee BBICOKHM COJEpIKaHUEM
yriaepoja). B 3aBucumMocTH oT TOr0, B Kakoil (popmMe NpUCYTCTBYET yriepo] B 3TUX
CIUIaBax, pa3janyaroT Oenble, cephle, BRICOKOPOUYHBIE M KOBKUE YYTYHBI.

benbiMu Ha3bIBAIOT YYTYHBI, Y KOTOPBIX BECh YIIEPO HAXOIUTCS B CBSI3aHHOM
COCTOSIHMM B BHJI€ LIEMEHTHTA. ODTH UYT'YHBI MOJPa3JEISIIOT HA JO3BTEKTUUECKHUE,
IBTEKTUYECKUE U 3adBTeKTHUeckne. CTpykTypa 0eroro JO3BTEKTHUECKOTO YyTyHA
COCTOUT U3 JieAeOypuTa, TIepIIUTa U BTOPHYHOTO IIeMeHTUTa (puc. 5.3.).

CeppIMH Ha3bIBAIOT YYT'YHBI, y KOTOPBIX BECh YIJIEPOJ WIM YacTh €ro
MIPHUCYTCTBYET B CBOOOHOM COCTOSTHUH B (hopMe rpadura. TepMUHbI: OB B CephIi
YYI'yHbl CBSI3aHbl C BHJIOM M3JIOMa, ONIPECIAEMBbIM HaIUMYUeM JHMOO CBETJIbIX
KPUCTAJUIOB IIEMEHTUTA, WM TEMHBIX KPUCTALIOB rpadura.

B 3aBucumocTtu oT popmbl rpapuTa pazauuaroT 0OBIKHOBEHHBIN CEpbIid YyTyH
(rpadur TmacTHHYATOW (POPMBI), BHICOKOTIPOUHBIN YyryH (TpaduT chepudecKon
(dbopMbI) M KOBKUH YyTyH (TpaduT XJIOEEBUTHON (POPMBI).

BbICOKOTIPOYHBIME Ha3BIBAIOT YYT'YHBI, B KOTOPBIX TPAdUT UMEET IAPOBHUIHYIO
dopmy. [To cTpyKType METaLTNYECKO OCHOBBI BBICOKOIIPOYHBIN YYT'YH MOXKET ObITh
bepputHbIM (TomycKaercs 10 20% nepauTta) nin nepJuTHbIM (qomyckaercs 10 20%
deppura).

KoBKHUMU HA3bIBAIOT YYT'YHBI, B KOTOPBIX IPaQUT UMEET XJIOMbEBUIHYIO (GOpMY,
CTPYKTYpa - peppuTHasi Wik QeppuUTO-TepIUTHAS.

Buvinonnenuepaoomt

1. Ilo kputnueckum Toukam (Tabi. 5.1) B MaciTabe u300pa3uTh AUarpammy
COCTOSIHMS (TEMIIEpaTypa - COAEeprKaHue YTIIepoia - 3T0 KOOPIMHATHI TOUEK).

2. Ha momydyeHHOM pHUCYHKE TIPOBECTH  BEPTUKAJIBHYIO  JIMHHIO,
COOTBETCTBYIOIIYI0 KOHTPOJbHOMY CIUIaBY (IO COJIEPMAHUIO YIiiepoia) (BapHaHThI
WHIMBUIYAIBHBIX 337aHuii — B Ta0Oj. 5.4.). B Toukax mepecedeHus: BepTHUKAILHOU
JVHUA C JUHUSIMU JHArpaMMbl COCTOSIHHSI OTIpENesieM TeMIeparypbl (a3oBhIX
IPEBpPAIICHUM W IPEBpAIlCHUM IPU NOCTOSIHHOM TeMIleparype B CIUIaBe
(Temmeparypsl Touek 1, 2, ... T1, To, ...).

3. Jl7st KOHTPOJBHOTO CIIaBa MOCTPOUTH KPUBYIO OXJIAXKICHHS B KOOPAUHATAX
Bpems oxnaxkaeHust (ocs X) - TeMreparypa (och Y) HpeBpalieHH, IpOUCX0ISIIHX
MIpY OXJIAKACHUN KOHTpOJbHOTO (puc. 5.3.). [Ipu Temneparypax, COOTBETCTBYIOIIHX
JUHUSM Tpex(a3HbIX PaBHOBECHBIX COCTOSHHM Ha KPUBOW OXJIAXAEHUS, OYyIyT
rOPU30HTAIbHBIE YYaCTKH (CM. puc.5.1., ciesa).

4, Omnpenenute, K KaKOMy BHJY CIUIABOB OTHOCHTCS JIaHHBIA CIUIaB IO
COJIEp>KaHUIO yryiepoja? 3anuIiunTe €ro Ha3BaHWE B IMOJAPUCYHOYHOM HAAMUCH K
KPUBOM OXJIAXKICHHUSI.

5. Omnpenenure, kakue ¢a3bl U CTPYKTYPHBIC COCTABISIONIME 00pa3yroTcs B
naHHoM ciutaBe? Jlaiite uM ompeeeHusl.

6. Kakue aByx(aznbie 001aCTH U B KaKUX Juarna3oHax TeMIEparyp UMEITCs y
JTAHHOT'O KOHTPOJIbHOTO cIiaBa? OmnpeaeuTe B 3TUX 00J1acTsIX XUMUYECKUN COCTaB
¢da3 u KoHIEeHTpanuHu (a3 KOHTPOJIHHOTO CIIaBa UCTIOJIb3Ys MPABUIIO OTPE3KOB. [yt



ATOTO BBHIOEPUTE HA JIMHUM KOHTPOJBHOTO CIUIABa, MPOXOsIIeH depe3 AByX(dazHyro
0011aCTh, TOUKY, JISKAIITYIO TTOCEepeanHe 3ToM 00aacTu (Touka O Ha puc. 5.3.).

]

Puc. 5.3. Jlnarpamma cocTosiHHS () ¥ KPUBBIC OXJIAXKICHUS (0) CTIIIaBOB
CHCTEMBI C HEOTPaHUYEHHON PACTBOPUMOCTHIO KOMIIOHEHTOB B TBEPOM COCTOSTHUM

7. llpoBeauTe aHaM3 HW3MEHEHUSI CTPYKTYPHOTO COCTaBa CIUIABOB B BHJIE

tabubl (Tadm. 5.3).

8. B rpade 4 npuBecTH puCyHOK MUKPOCTPYKTYPbI KOHTPOJILHOTO CILIaBa (CM.
puc. 5.2.). O603HaYUTh HA3BaHUSI CTPYKTYPHBIX COCTABJISIOIINX.

Tadommma 5.3
AHanmM3 CTPYKTYpPHOTO COCTaBa CIuIaBa
Kpurnueckue ®da3bl u | GopmupoBaHue MukpocTpyKTypa
TEeMIIepaTypbl (dhazoBbie CTPYKTYp B CIUIaBaX. | KOHTPOJBHOTO
(Temmeparypbl npeBpaitenus | [Ipomeccs, CIIaBa
Hayaa, KOHIIA MIPOUCXOISIIINC B
KPUCTALIU3ALINH, CIUTaBax npu
ha3oBBIX OXJIQKICHUH
IIPEBPAIIICHHH )
1 2 3 4
T=>...... °C Kunkas ¢aza| Beimme Temmneparypbl ]
L ] °C CILIaB
HaXOJUTCS B JKHIIKOM
COCTOSIHUH
WKUJKOCTh
Ti=...... °C B touke 1 Haunnaercs
LI, nepBUYHAS |
KpUCTAUIM3ALUA: U3
AKHUIKOTO pacruiaBa




Kpurtnueckue da3el u | DopmMupoBaHue MuxkpocTtpykrypa
TEMIIEPaTyphl ¢dazoBbie CTPYKTYp B CIUIaBaX. | KOHTPOJIHHOTO
(TemriepaTypbl npeBpaieHus | [Iporeccsl, CIUIaBa
Hayaia, KOHIIA MIPOUCXOISIIINE B
KPUCTAUTU3ALINHY, CIIJTIaBax npu
(hazoBbBIX OXJIAKIIEHUNA
npeBpaleHuin)
1 2 3 4
BBIJICTSICTCA  .........
(Ha3BaHue (a3bl)
T,=1147°C ITpu TeMIeparype
T,=1147°C
3aKaH4YMBaCTCS
KPUCTAITU3 AL
MeTaa. Crmuias
HAXOJUTCS B TBEPIOM
COCTOSTHUMU.
To=1147°C B cmaBe mpowucxomur
96MEKMUYecKoe
TIpEeBpaIlCHHE
T,=1147°C
T3=727°C
Tz=727°C
T3<727 °C ITpu JaJIb HEUILIEM
OXJIQKICHUH
BBIJICTSIIOTCS ...
(Ha3BaHUA da3).
Koneunas cmpyxmypa nepaumo-
3a26MmeKmouodHoll YemMeHmumHas
cmanu nepaumo- cmpykmypa
yemeHmumuas
(npumep).
Tabmuna 7.4

NuauBuyanbHbie 3a1aHUSI — KOHTPOJIbHbBIE CILIABbI

Neo BapuanTa | comeprkanue yriepoaa, % | No Bapuanra | cojaeprkanue yriepona, %
1 0,03 11 3,33
2 1,00 12 4,13
3 2,30 13 0,06
4 4,65 14 1,60
5 0,04 15 3,65
6 1,20 16 5,80
7 2,75 17 0,70




8 5,42 18 4,10
9 0,05 19 3,27
10 1,40 20 6,3

KOHIMPOJleble eonpocol

1. Jaiite onpenencHus MOHATUSAM «CIUIaB», KKOMIIOHEHT», «(a3ay.

2. Kakoi#t cruiaB Ha3biBaeTcsl «uyryHoM»? Kakue ObIBaroT 4yryHbl Mo (opme
yriepoja B HuX?

3. B kakoit popme mpucyrctByeT B uyryHe rpadut? Kakue ObIBalOT YyryHBI C
pazHoi (hopMoii rpadura?

4. Kaxko¥ CIijIaB Ha3bIBACTCS «CTATBIO» ?

5. Kakue KOMIOHEHTHI IPUCYTCTBYIOT B JKENIE30YTIEPOIUCTHIX CllaBax?

6. Kakue (pa3bl npucyTCTBYIOT B 5K€1€30YTIIEPOJUCTHIX ClIaBax?

7. Kak HaspiBaercs daza, mpeacTaBisiomas co00i TBep bl paCTBOP yriepoaa
B 0-Fe, 1o cBoiicTBaM OIM3KUH K Kese3y?

8. Uro coboii mpeactasisier nenedypur? Aycrenut? LlemeHTut?

9. Uro Ttakoe »BTEeKTHKA? B ueMm oTIm4mMe IBTEKTUKU OT IBTEKTOMA?

10. Kakyro cTpyKTypy UMEIOT YTJIEPOAUCTHIC CTAIN?

11. K kakux KOOpAUHATAX CTPOUTCS JUarpaMma COCTOSIHUS CTIIaBOB?

12. Kakoii cMbICI Y JIMHUI Ha AUarpaMMme COCTOSTHUS ?

13. Kak onpeaenuts coctas (a3 ¢ UCIMOJIb30BaHUEM AUArpaMMbl COCTOSHUA?

14. Yto mnoOKa3bIBalOT TOPU3OHTAJbHBIE JMHUM HA JUarpaMMe COCTOSHUSA
JKEJIE30YTIePOAUCTHIX CIIABOB?



