IIpakTnyeckas padora
HN3yyenne nuarpaMmbl COCTOSIHMSA. AHAJIHM3 CTPYKTYPHOI'O COCTABA CIJIABOB

Henv padomur: 1. O3naxomumscs c Ouazpammou COCMOAHUS HCene30-yenepoo U us-
MeHeHuemM cocmasa cniasa npu oxaasxcoenuu. 2. [Iposecmu ananu3s usmeHeHuss CmpyKkmyp-
H020 cOCMABa U MUKPOCMPYKMYpbl CNIABOE.

Eme matepuans! https://helpiks.org/2-17260.html

Teopemuueckoe 6sedenue
Komnonenmut scenezoyznepooucmuix cniasoe
Kenezo. Kenezo umeer Tpu noauMopPpusie MoauPUKaIyy o, Y U & . Moauduxanms

0 CYIIECTBYET Npu TeMmeparypax Hke 911 °C, kpuctaumueckas pemierka o-xenes3a -
o0beMHo nenTpupoBanHbiii Ky0 (OLIK). y-xkene3o (Fey) cymectByer npu temmeparype 911
- 1392 °C, xpuctannmueckas pemierka - rpanerieHrpupoBanHas kyondeckas (I'LIK). B un-
tepBasie 1392 - 1539 °C cymecTtByeT 0-kKefe30 ¢ KpUCTAUIMYECKOW PEIIETKON 00BEMHO
nentpupoBanHoro kyoa (OLIK). BeicokoTemneparypuoe Fea Ha3zbiBatoT Fed. BreicokoTem-
nepatypHasi moaudukarus Feo He mpeacTaBisieT cCo00i HOBOM aJUIOTPONIUYECKOM (hOPMBI.

[Ipu Temnepatype Hike 768 °C xene30 heppOMarHuTHO, a BBIIIE — TapaMar HUTHO.
Touky 768 °C, COOTBETCTBYIOIIYIO MArHUTHOMY TIPEBPAIICHHUIO, TO €CTh ITepeXxo 1y u3 ¢ep-
POMAarHUTHOT'O COCTOSHHS B TApaMarHUTHOE Ha3bIBalOT Toukoi Kropu. Moaudukamms Fey
napaMarHuTHa.

Kene3o co MHOTMMU 3lIeMEHTaMU 00pa3yeT pacTBOPHI: C METAIUIAMH — PAaCTBOPHI 3a-
MmernieHus. C yriepoiom, a30TOM U BOJOPOIOM — paCTBOPHI BHEIPEHUS.

Yenepoo. B crinapax »xenes3a ¢ yriiepo10M yriiepo/i HAXOIUTCS B COCTOSIHUU TBEPIOTO
pacTBOpA C KEJNEe30M M B BUJE XUMUYECKOro coenuHenus — nementuta (Fe3C), a takxe B
CBOOOTHOM COCTOSTHUY B BUE TpaduTa (B CEPHIX UYT'yHAX).

Hemenmum. Hementur (Fe3C) — xumMu4yeckoe COEIMHEHHE Kee3a € YIriIepoJIoM
(xapOup xxenesa), coaepxkut 6,67 % yrinepona.

Kpucramuueckas pemierka [eMeHTUTa poMOuueckasi. AJUIOTPONMYECKHUX MPEBpa-
IIeHUH He UCcTIbIThIBAET. [Ipy HU3KUX TemMnepaTypax [IEeMEHTUT c1a00 heppOMarHuTeH, Mar-
HUTHBIE CBOMCTBa TepsieT npu Temreparype okojio 210 °C. LIeMEHTUT MMEET BBICOKYIO
tBepaocTh (6osree 800 HB, nerko maparmaer cTeksio), Ho Ype3BbIYaiiHO HU3KYIO, TPaKTHY -
CKH HYJIEBYIO, IJITACTUYHOCTb.

LlemeHTUT criocoOeH 0Opa30BbIBATh TBEP/IbIE PACTBOPHI 3aMEIICHUSI. ATOMBI yrJie-
pOJia MOTYT 3aMENIaThCsl aTOMAMU HEMETAJUIOB: HAIIPUMEP, a30TOM; aTOMBI JKene3a — Me-
TaJUIaMU: MapTaHLEM, XpOMOM, BOJIbpaMoM U IpyruMu. Takoi TBepblil pacTBOp Ha 0aze
PEIIETKY [IEMEHTUTA Ha3bIBACTCS JIETUPOBAHHBIM [IEMEHTUTOM.

LleMEeHTHUT, BBIIETSIOLIMIICS U3 XKUAKOTO CIUIaBa, PUHATO HA3BIBATh 11E€pPEUUHbIM, U3
ayCTEHUTA - 6MOpUUHbIM, N3 HEPPUTA — MPEMUUHBIM.

Ecmu rpadur sBisercs ctabuibHON (Pa3oil, TO IIEMEHTUT — 3TO METacTaOMIIbHAasA
¢a3a. LIleMEeHTUT — coeIMHEHNE HEYCTOMUYMBOE U MPU ONPEAEIECHHBIX YCIOBUAX pacmaaa-
ercsi ¢ 00pa3oBaHUEM CBOOOIHOIO YIJIEpO/ia B BUi€ IpaduTa. ITOT MPOLIECC UMEET BaKHOE
paKTUYeCKOe 3HaYEHUE P CTPYKTYPOOOpa30BaHUU YYTYHOB.


https://helpiks.org/2-17260.html

Das3swvt 6 cucmeme ""nceneszo-yznepoo"”

@a3ou HA3bIBAIOT OJJHOPOJIHYIO YaCTh CIUIaBa (MMEIOILYIO OJHH U T€ K€ CTPOCHHUE,
COCTaB, arperaTHoe COCTOSIHUE), OTJCIECHHYI0 OT APYruX YacTed CIulaBa MOBEPXHOCTHIO
pazaena (rpaHuen).

B cucteme srceneso - yenepoo paznuuarot cienyronme (hasbl: )KUAKUHN paciiias, TBEp-
IbI€ paCTBOPHI — O-PeppUT, O-PpeppUT U ayCTEHUT, a TAKKE LIEMEHTUT U rpadur.

@eppum - TBEpIbIA paCTBOP BHEAPEHUS aTOMOB YIJIEpO1a B a-xkene30. [Ipu temrie-
parype 727 °C B ¢peppute pactBopsiercs 10 0,02 % C, npu t = 0 °C pacTBOpUMOCTH yIJie-
pona- 0,002%. ®epput dheppomaruetuk, umeer TBEpA0CTh SOHB, mitactuunocTh & = 40%,
6= 250 MI]a.

[To MukpockonoM peppuUT BHITJISAINT KaK CBETIIbIE MOJMAIpUYecKue 3epHa. B cta-
JSIX MOKET CYIIECTBOBATh B BUJIE€ CETKU (Pa3HOM TOILMHBI, B 3aBUCUMOCTH OT COAEPKAHMSI
yriaepo/a), 3epeH (ManoyriaepouCThIe CTalIN ), TUIACTUH WM UTJI (BUIMAHIITETT).

Aycmenum - TBEpIbIA PaCTBOP BHEAPEHUSA aTOMOB YIJIEPOJA B Y-XKENE3€, UMEIOIIUN
MIPEAENbHYIO PACTBOPUMOCTB yriaepoaa - 2,14%. AyCTeHUT HEMarHUTEH, UMEET TBEPI0CTh
160 - 200HB npu mractrarocTr 0 =50%. AycTeHuT (A, YY) — TBEpAbIH pacTBOP BHEAPEHUSI
yriiepoja B y—kene3o (110 UIMEHH aHTJIMACKOTOo yueHoro P. Aycrtena). Yriepoa 3aHuMaeT
MECTO B IICHTPE IpaHEIEeHTPUPOBAHHON KyOndecKoi ssuetiku. [Ipenensaas pacTBOPUMOCTb
yriepoaaB v -xenese 2,14 % npu remneparype 1147 °C (touka E). AycTeHUT umeet TBep-
nocte 180 HB, mnactuuen (oTHocutenbHOEe yaymHeHue — 0=40...50 %), napamaruu-
TeH. [Ipu pacTBOpeHUU B ayCTEHUTE IPYTHUX JIEMEHTOB MOT'YT U3MEHSIThCS CBOMCTBA U TEM-
nepaTrypHble TPAHULIbI CYIECTBOBaHUS. 1101 MUKPOCKOTIOM BBITJISIAUT KaK CBETIIbIC MTOJIH-
DAPUYECKUE 3€PHA C IBOMHUKAMU.

TI'paghum. meet rekcaroHaIbHYIO CIOUCTYIO KPUCTAIUTMYECKYIO perieTky. ['padur
MSTOK, 00J1aJaeT HU3KOU MPOYHOCTHIO.

Cocmas ghas

B nByxda3Hbix 00acTsaX B 1H000H TOUKE MOYKHO OIMPEAETIUTh KOJIMYECTBO a3 U uX
KOHIIEHTPAIINIO, UCTIOJIb3YS MTPABUIIO OTPE3KOB (phIuara).

Konooa - ropu30HTaIBHBIN OTPE30K, KOHIIBI KOTOPOT'O OrPaHUY€HbI PABHOBECHBIMU
COCYILECTBYIOUIMMU (a3aMu U COJIEPKaHUEM B HUX KOMIIOHEHTOB.

Ilpasuno ompe3ko6 ycTaHABIMBACT KOJIMYECTBEHHOE COOTHOIICHUE (a3 pH 3a/1aH-
HOU Temmeparype, B JIlo0OOW TOUYKe JuarpamMmbl, KOTJla B CIUIaBE€ OJIHOBPEMEHHO CYIIIe-
CTBYIOT J1B€ (pa3sl.

Harpumep, onpeaenim XuMu4Y eCKU COCTaB ¥ KOJIMIECTBO (a3 /IS CIIaBa CHCTEMBI
Jiceneso-yemenmum B Touke a, Haxomsmecs B ooimactu GSP (puc.l). B stoit o6macti
CTPYKTYpPHBIE COCTaBISIOMKE - PeppuT U aycTeHUT. [IpoBenem KoHOMY uepe3 TOUKY a JI0
nepecedcHus ¢ MHUIMHE GP (Touka b) u GS (Touka ¢). [Ipoekius Touku b (b’) ykassiBaer



XUMHUYECKUHN cocTaB peppuTa, a MpOEKIUs TOUKH ¢ (¢/) — cocTaB aycTeHuTa. MaccoBoe co-
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Puc.1. Cxema npaBuiia OTpE3KOB

CmpykmypHuole cocmaenawouiue 6 cucmeme ''yceneszo-yziepoo'’

B 3aBrcuMOCTH OT TeMIiepaTyphl U COJIEpIKaHUs YTIIEpPO1a CILJIaBhI JKeJie3a ¢ yriepo-
JI0M TIOMUMO (ha3 MOTYT UMETh CJICIYIOLIUE 08YxXasHble (cemepoghaszuvie) CmpyKmypHbvle
cocmasgnarowue: nepmut (I1) u neneGyput (JI).

Ilepaum - 3BTEKTOU, 26MeKmMouOHas CMeCh, MEXaHMUYecKasi cMech (heppuTa u 1ie-
MEHTUTA, MMOJy4YE€HHAsl B PE3yJbTaTe paciajia ayCTEHUTA MPU OXJIAKICHUU CILIABOB HUKE
727° C. Ha3BaH NEPIUTOM MOTOMY, UTO MOCJIE TPABJICHHS €r0 MOBEPXHOCTh MPUOOPETAET
XApAKTEPHBIA NEPJIIAMYTPOBBIM OTIMB. [Ipy MemIeHHOM OXJaXKIEHWH NEPJIAT MPHUCYT-
CTBYET BO BCEX CIUIABAX ¢ KOHILEeHTpanuen yriaepoaaotT 0,02 no 6,67%. I1oa Mmukpockorom
MIEPJIUT MOJKET BBITJISIETh TMO0 KaK IUIACTHUHBI, TM00 KaK 3epHa - 36pHUCTHIN nepauT. Ero
BHJI, TAK)XKE KaK M MEXaHUYECKHE CBOMCTBA, 3aBUCUT OT CKOPOCTH OXJIKJICHUS CIIaBa U
BHJIa €T0 TEPMUIECKOI 00pabOTKH.

[InacTuHYATHIN TEPIUT COCTOUT U3 TIEPEMEKAIONMXCS TUIACTHH (peppuTa U eMeH-
TUTA, @ 36PHUCTHIN COJCPIKUT IIEMEHTHUT B BUJIE 100 YIIeH (3EpHBIIIEK) B (heppPUTHOM OCHOBE
(marpuiie).

Jledebypum - S5BTEKTUKA, 28MeKMUYECKds CMEChb, MEXaHUYECKasi CMECh ayCTEHUTA U
LIEMEHTHTA, BBIJICJIAIOIIASCS U3 KUJIKOCTH MPU OXJIakKAeHNHU cTu1aBoB Hroke 1147° C. Tlpun-
UAITMAILHOE OTINYHE DBTEKTUUYECKOU COCTABIIAIONIEN OT DBTEKTOMIHOM 3aKIJIIOUAETCS B
TOM, 4TO NE€PBAs BbIJIETSAETCA U3 )KUJKOCTH, & BTOpasi U3 TBEPJIOT0 PACTBOPA, B CIIy4ae Ke-
JIE30YTJIEPOJUCTHIX CIUIABOB - U3 aycTeHUTa. HazBaHue mpaHHasi CTPYKTYpHAs COCTABJISIO-
11ast OJIy4mria B Y4€CTh UMEHH HEMEIIKOTO yueHoTo-MeTaiutypra JleneOypa.



Jeémexkmuxa (rped. — JETKO IUIABSIIMNCS) — CTPYKTYpPHasi COCTaBJISIIOLIAs CILUIaBa,
MIPEACTaBISIONIAA COOOM MEXaHUUYECKYIO cMeCh (ha3, 00pa3yIoIIyrOCs IPU O THOBPEMEHHOM
KpHUCTaUIM3auu ABYX (wm 6oJee) (a3 u3 paciiasa.

[To muuuu PSK ipu 727°C npoucxoauT agmexmouodnoe npeBpaiieHre (3BTEeKTOn/I-
Hasl PeaKiysl) - IepeKPUCTAIUIN3AINS AyCTCHUTA B SBTEKTOU/I TIEPJIUT U HA0OOPOT:

As 1IS (Pp+ k)

B otnuuue oT 3BTEKTHKH, 00pa3yroIIencs U3 >KUJIKOCTH, SBTEKTOU]T BOZHUKAET U3
TBEpABIX (Pa3.

Jemexkmouo - CTpyKTypHasi COCTABIISAIONIAS CIUIaBa, MPECTaBIIAIONIast cCO00# Mexa-
HUYECKYIO CMeCh (ha3, 00pa3yIoIIyrocs MPU O JHOBPEMEHHOW BTOPUYHOM KPUCTAILTU3 AN
nByX (nm 6outee) a3z u3 TBEPIOTO pacTBOpA.

CnunaBel xenesa ¢ yriaepoaoM, coaeprxaiue 10 0,02% C, Ha3bIBalOT TEXHUYECKHUM
KEJIE30M.

CruiaBbl kelnesa ¢ yriiepoJoM npu coaepxanuu yriepona ot 0,02 no 2,14% nocar
HazBanue ctajieit (ot 0,02 mo 0,8% - mospTekToUaHBIE cTaIH, OT 0,8 10 2,14 % - 3a’BTEK-
TOUJIHBIC CTAJIN).

CrunaBel Jkene3a ¢ yriaepoaoM, cojiepxaiue ot 2,14 1o 6,67 % C Ha3bIBalOTCA UyTy-
Hamu (0T 2,14 10 4,3 % C — mosptekTuueckue, ot 4,3 10 6,67 % C - 3a9BTEKTHUECKHEC UY-

T'YHBI).

Huazpamma cocm oanus yxcene3o-yenepooucm vix cniaeoe

Jnarpamma noka3biBaeT ()a30Bblii COCTAB U CTPYKTYPY CILIABOB C KOHILIEHTpAIMEN OT
qrcToro xese3a 1o nementura (100 % Fe3C). luarpamMmmy cOCTOSHUS JKENe30 — IIEMEHTUT
N300 paXaroT TOJILKO 10 6,67% C, Tak Kak BCE CIUIaBBI C OOJIBIIIMM COCPKAHUEM YTIIepO/a,
BCJIE/ICTBHE CBOEH XPYNKOCTH HE UMEIOT IPAKTUYECKOTO MPUMEHEHUSI.

[TockonbKy yriepoJl B CIUIaBaX C KEJIE30M BCTPEUYAETCs B BUJIEC LIEMEHTUTA U rpa-
(uTa, CyILIECTBYIOT IB€ AMArpaMMbl COCTOSIHUS, ONMCHIBAIOLIME YCIOBUS paBHOBECUs (a3
B CUCTEMAaX JKEJe30 - LIEMEHTHT U kene30 - rpadut. [lepsas quarpamma (Fe — FesC) Hazbl-
BaeTcs IIeMEHTUTHOM (MeTacTabumnbHast ), Bropas (Fe - C) - rpagutHoii (crabunbHas). ua-
rpaMMbl O TIIMYAIOTCSI HE3HAYUTEIbHBIMH Pa3HUIIAMH TEMIIEpATyp MEPBUYHON U BTOPUYHON
kpuctaumzauuu. [loatomy 00a BapuaHTa quarpamMmbl IPUBOJISTCS BMECTE B OJHOM CH-
CTEME KOOPJAUHAT: TEMIIEpATypa - COJEpKaHUe yriepoaa. [luarpaMMmy CUCTEMBI «KEJE30-
[IEMEHTHUT» Ha3bIBAIOT METACTAOMIIbLHOM M TOKA3bIBAIOT CIUIOIIHBIMY JJMHUSMU; TAATPaAMMY
«Kene30-rpaduT) Ha3bIBAIOT CTAOMIILHOM M TOKA3bIBAIOT MMyHKTUPHBIMU JTIMHUSMH.
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Puc. 2. Jlnarpamma coctosinusi Fe — FesC (Fe — C)
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Puc. 3. KpuBas oxnaxnenus »xene3a u auarpamma coctostuust Fe — C u obactv vc-
M10JTb30BaHUS CTUIABOB (W 00pe3arh?)



BYKBCHHOG 0003HaucCHNE Y3JIOBBIX TOYCK B JHAI'PAMMC ABJIACTCA O6HI€HpI/IH$ITBIM KakK
BP OCCHH, TAKH 34 py6e>1<0M. XapaKTeprle TOYKHU JUarpaMMbl OTMCHUCHBI 6YKBaMH JJaTUuH-

CKOTI'O aJ'I(I)aBI/ITa B COOTBCTCTBHUHU C MCKIAYHAPOAHBIM 0003HaUYCHHEM.

Kaxnas Touka Ha JuarpaMMe XapakTepU3YyeTCs CTPOro OIMPEAEICHHBIM COCTaBOM

MIPY COOTBETCTBYIOMIEH Temmeparype (Tad:. 1).

Tabimua 1. Kputnueckre TOUKM JuarpaMMbl COCTOSTHUSI CHCTEMBI XKEJE30 -yTIIEPO T

O6o3nauenue | t°C | C, % 3HaYeHHuEe TOYKH
TOYKH
A 1539 0 [InaBnenne (KpHCTadIU3aIlUsI) YACTOTO
xKenesa
N 1392 O [TonumMopdHOE mpeBpameHue 60«>yB YUUCTOM
Kelese
G 911 0 [TonrumopdHOE NpeBpalieHUe O«>yY B YUCTOM
Kelese
H 1499 | 0,1 O - TBEpABIA pPacTBOP, IPEACIbHO HACHIIIECH-
HBI yTJIEPOAOM. YUACTBYET B IEPUTECKTHUYE-
CKOM MpEeBpancHuu
J(1) 1499 | 0,16 | AycTeHHUT, BO3HHKAIOMMUN B pe3yJbTaTe Ie-
PHTEKTHYSCKOTO NpEeBpaMCHUS
B 1499 | 0,51 | Kunkas ¢aza, ygacTByromas B MEPpUTECKTHUYC-
CKOM MpEeBpaneHuu
D 1260 | 6,67 [Ipeanonaraemas Temneparypa njiaaBJeHUS
Fe3C
E 1147 | 2,14 AYCTEHHUT, NpeIeIbHO HACBIIEHHBI I
yTJIEepOIOM
C 1147 | 4,3 Kunkas daza, ucupITEIBAaOIasd PBTCKIHYC-
CKOE MpeBpamcHue
F 1147 | 6,67
P 727 | 0,02 |®Depput, npeaeiIbHO HACBHIMEHHBI N YTIEPOIOM
S 127 0,8 AYCTEHUT, UCNBITHIBAO UK 3BTEKTOUAHOE
npeBpalieHue
K 727 | 6,67
Q 20 | 0,006 | DeppuTt, npeaelbHO HACBIIMEHHBI W YTIAEPOTOM

Jluaum nuarpammsel: ABCBD (mHUS TUKBUIYC - MECTO TOUYEK Hauaja KpUCTaIN3a-
1un) u AHJECF (siuaus conmmayc - MeCTo TOUeK KOHIIA KPUCTAIM3AIIMHN ) XapaKTePU3YIOT
HAYaJio U KOHEI IEpBUYHOM KPUCTALIM3ALUH, IPOUCXOISIIECH TPU 3aTBEPAEBAHUM KUKOM
dazpl. Jluann ES u PQ moxa3bIBaloT mpeenbHyI0 PacTBOPUMOCTH YIIIEpOJa COOTBET-
CTBEHHO B aycTeHuTe U peppure. OcoOOEHHOCTDHIO )KENE30yTIePOUCTHIX CITIABOB SIBIISIETCS

TO, 4TO IIPCBPAICHUA B HUX ITPOUCXOAAT HC TOJIBKO ITPHU KPUCTAININ3 Al JKUAKOT'O CITJIAB4,



HO U B TBCPAOM COCTOAHHU BCJIICACTBHUC HOJ'IHMOp(l)HI)IX IICpexoJ0B MO,Z[I/I(I)I/IKaLII/Iﬁ KEIe3a
P U3SMCHCHUHA TCMIICPATYPBhI.

Tabnuma. 2. 3HaueHne TMHUN JUarpaMMBbl COCTOSTHUS CUCTEMBI KeENe30 -yTIIepo

JIuaumn 3HayeHUE TUHUU
AB JIukBunyc nyug 8 - TBEpAOTO pacTBOpa
AH Conupayc nist 6- TBEpAOTo pacTBopa
BC JIukBUuayc nas aycTEeHUTA
JINE Conuayc ayis ayCTECHHUTA
CD JIukBuUAyC 1Jis IEeMEHTUTa (IEPBUYHOTO)
HJB IleputekTuueckoe npeppamenue: o+l =y,
ECF OBTekTHYECKO€E nmpespamenune: L. - (v tFe;C)
PSK (A,) OBTekTOMAHOE NpeBpamenue: v, = (op+Fe;C)
HN Havano moauMopGHOTo mpeBpameHus: 0—y B cljaBax mpu
OXJIaXICHUHU
JN (A,) Konen monumMopdHOTO IpeBpameHus 0—>y cljlaBax Npu
OXJIaXJI€HUHU
ES (Acpn) JIuHusg npenenbHONW pacTBOPUMOCTH yriaepoaa B y-Fe.
Hauano BeigeneHUs IeMEHTUTA (BTOPUYHOTO) U3 ayCTCHHUTA
NpU OXJIAXJACHUU
GS(A;3) Haganmo anmoTponumdeckoTo MpeBpameHnus Y=o a B CIIaBax
npu oxnaxaeHuu Hauano BeigeneHus pepputa U3 aycre-
HUTa MPHU OXJTAXKICHUU
GP JIuHus npenenbHOW pacCTBOPUMOCTH yriepoaa B a-Fe
PQ Hauano Beimenenuns nmeMeHTUTa (TPETUYHOTO) U3 deppuTa
IpU OXJIaXJCHUU
MO (A,) [Tepexon u3 GeppOMarHUTHOTO B NapaMarHUTHOE COCTO -

Hue (768°C), Ha 1.C. yKa3blBaeTCs PEIKO

Cucrtemy 00pa3yroT uemuvlpe 00HOGa3HbIE 001ACMU

XHJIKOTO pacTBopa yriepona B xenese (K)/(L) - Boire smanu ABCD,
ayctenuta (A) ob6macte JESGN

deppura (®@) (ANH u GPQ)
tementura (LT).

eyxgasznvie 00IaCTH TUATPAMMBI:

AHB - B paBHOBeCHM HAXOJUTCS )KUJIKUH pacIUIaB U KPUCTAILIBI O -heppuTa,
NHJ - B paBHOBeCcHM KpUCTAUTBI 0 -hepprTa U ayCTCHHTA,

JECB - B paBHOBeCHHM UK paciijiaB U KPUCTAILIBI ayCTEHUTA,

CDF - B paBHOBECHHM KUAKUN pacTlyiaB U KPUCTAJUIBI LIEMEHTHTA,

SECFK - B paBHOBeCHM KpUCTAJUTBI AyCTEHUTA U LIEMEHTHTA,

GSP — B paBHOBeCHU KpUCTAJUIBI AyCTEHUTA U o -heppuTa,




o QPSKL - B paBHOBEeCHM KPUCTAILIBI o -(heppUTa U IEMEHTUTA

Tpexgazuvim pasHoeecHbIM COCMOSIHUAM CIUIABOB OTBEYAIOT TOPU3OHTAIbHbIE JIU-
HUY Ha quarpamme coctosiaus. Tpu ropusontansabie tuaun HIB, ECF u PSK yka3bsiBaror
Ha MPOTEKaHWE TPEX MPEBPALICHUN IPU ITOCTOSTHHOU TEMIIEpATYpE.

[Tpu 1499 °C (ropuzonrans HIB) npoucxonur nepumexmuueckas peakuus

Lg +@D,—A;.

B pe3ynbrare peakuyun oOpasyercs ayCTEHUT.

[Tpu 1147°C no muaun ECF npoucxoaut asmexkmuueckoe npeBpaiieHue (3BTEKTH-
YyecKas peakiiusl): U3 KUJAKOCTH cocTaBa TOUKUA C 0JJHOBPEMEHHO BBIIETISIOTCS KPUC TAIUTBI
ayctenuta coctaBa E u nementura coctaBa F, KOTopbie B COBOKYITHOCTH 00Pa3yIOT 3BTEK-
TUKY, Ha3bIBAEMYIO JIeICOypUTOM.

[Tpu 727 °C (ropuzonrtans PSK) npoTekaet sBTexkToniHas peakiuust A — @p +1] (B
OTJIMYME OT ABTEKTUKU, 0Opa3yrOMIECHCs U3 KUIKOCTH, IBTEKTOU]I BO3HUKAET U3 TBEPIbIX
¢a3). [IpoaykT npeBpaleHus - 3BTEKTOUIHASI CMeCh (peppuTa U LIEMEHTHUTA, Ha3bIBaeMas
nepymtoMm. [lepsuT yare uMeer mIacTUHYATOE CTPOEHUE, T.€. COCTOUT U3 YEPETYIOIIMXCS
IUIAaCTUHOK )eppUTa U LIEMEHTHTA.

Mukpocmpykmypa scene3zoyaiepoouch bix Chjiaeoe
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Ipu knaccughuxayuu no cmpykmype yauTbIBaIOT CTPYKTYPY B OTOXKEHHOM (paBHO-
BECHOM) COCTOSIHUM. YTJIEPOJIUCTBIE CTAIM Pa3IEsIIOT HAa TPU Kilacca - JOIBTEKTOUIHbIE
(uMero1Me NepIuTo-PEePPUTHYIO CTPYKTYPY), SBTEKTOUIHBIE (CTPYKTYpa - MEPJIMT), 3a3B-
TEKTOUIHbIE (MMEIOLIHE MEPIIUTO-IIEMEHTUTHYIO CTPYKTYPY). MUKPOCTPYKTYypa yriepoau-
CTBIX CTaJIel MPUBEICHA HA puUC. 4.



i (\

Puc. 4. MUKpOCTpyKTypa yriaepoaucTol CTalm: a - 1o3BTekTon1HasA ctaib (0,1%C);

0 - mosBTekronHasg ctaib (0,6%C); B - apTekTouaHas ctaib (0,8%C); e - 3a3BTEKTOUHAS
ctaib (1,2%C)

UyryH oTaM4aeTcs OT CTaIM cocTaBoM (00Jiee BBICOKMM COJIepKaHueM yrieposia). B
3aBHCHUMOCTH OT TOTO, B KaKOW (hOpME MPHUCYTCTBYET YIIIEPOI B OTHX CIUIABAX, Pa3JINYarOT
Oernbie, cepbie, BHICOKOTIPOYHBIE U KOBKUE UYTYHHI.



benpiMu Ha3bIBAOT UYT'yHBI, Y KOTOPBIX BECH YIIIEPOI HAXOAUTCS B CBSI3aHHOM
COCTOSIHUU B BUJIE LIEMEHTUTA. DTU YyT'YHbI TOAPA3ACISIOT HA JJOOBTEKTUY ECKHUE, IB-
TEKTUYECKUE U 3a3BTeKTHUYecKue. CTpyKTypa O€0T0 J03BTEKTUYECKOTO YyT'yHa CO-

CTOWT U3 JieneOypuTa, TIepJIMTa U BTOPUIHOTO IIeMeHTHUTA (pHUC. 5).

R S

Puc. 5. MukpocTpykTypa 6€e10ro 4yryHa: a — 103BTEeKTUYECKHI, O — IBTEKTH-

YeCKHii Oesblil 4yryH

CepbIMU Ha3BIBAIOT YYTYHBI, Y KOTOPBIX BECh YTIEPO/I UIIM YaCTh €0 MPUCYTCTBYET
B CBOOOHOM cocTosTHUH B hopme rpaduTa. TepMuHbI: O€TbIid U CEpBI YyTYHBI CBS3aHbI C
BUJIOM M3JI0Ma, OTIPEAeIISIEMbIM HATUYUEM JTMOO CBETIIBIX KPUCTAIIIOB LIEMEHTUTA, WU TEM-
HBIX KPUCTAJUIOB rpadura.

B 3aBucumMoctu ot hopmbl rpaduTa pa3mvaroT 0OBIKHOBEHHBIHN CephIii 4yTyH (Tpa-
¢buT miactTuHYaToOM (POPMBI), BBICOKOTPOUHBINA UyTyH (Tpadut chepuueckoit popmbl) 1 KOB-
KU 9yT'yH (TpaduT XJIOMbeBUAHON (DOPMBI).

Ha puc. 6 mokazana MEKpOCTPYKTypa 0OBIKHOBEHHOT'O CEPOTO YyryHa Ha (peppHTO-
MEPJIMTHOM OCHOBE.

BbicOKOTIpOYHBIMU HA3BIBAIOT YYT'YHBI, B KOTOPBIX IpadUT WMEET IIapOBHUIHYIO
dopmy. 1o cTpykType MeTaIMuecKoil OCHOBBI BBICOKOTIPOYHBIN UYT'YH MOXKET OBbITh (ep-
puTHBIM (Tomyckaercs 10 20% nepJrta) wiv nepauTHbIM (1omyckaercs 10 20% deppura)
(puc. 7).

KoBkrMM Ha3bIBAIOT YyTYHBI, B KOTOPBIX IpadUT UMEET XJIOMbEBUAHYIO (Popmy,
CTPYKTypa - peppuTHas Ui Gpepputo-nepauTaas (puc. 8)



Puc. 6. Mukpoctpykrypaceporo uyrynaHa | Puc. 7. MUKpOCTpyKTypa BEICOKOIPOYHOTO
(beppuUTO-TIEPIUTHON OCHOBE YyyryHa Ha (peppHuTO-TIepIUTHON OCHOBE

S A 3 e B : ®
A ".\ ' A P

Puc. 8. MukpocTpyKTypa KOBKOTO 4yryHa: a — (heppuTHasi OCHOBa, 6 — peppHuTHO-

IICPJINTHAA OCHOBA



M+

LlemeHTUT BTOp.

Nepebypur
M+

0)

Nepebypur
M+

LlemeHTUT nepe.

Puc. 2. MukpocTpyKTypa O€eNbIX YyryHOB (CJIEBA CXEMATUUECKOE U300PaKEHNUE):
a) T0PBTEKTUYECKHUI; 0) SBTEKTHUECKUIA; B) 3a3BTEKTUYECKHIT

Buvinonnenue padomut

. Ilo xpurnaeckuMm Toukam (Tadi. 1) B macmrabe n300pa3uTh JHArpaMMy COCTOSHUSI
(Temmeparypa - comepKaHue yriepoa - 3T0 KOOPAUHATHI TOUCK).

. Ha mosryaeHHOM pHCYHKE TPOBOJHMM BEPTHUKAIBHYIO JIMHUIO, COOTBETCTBYIOIIYIO
KOHTPOJILHOMY CIUIaBy (TI0 COAEPIKAHMIO yriiepoa). B MecTax mepecedeHus ¢ JIMHHU-
SIMH JTAarpaMMbl OTIPEJIEIsIeM TeMITepaTyphl (ha30BBIX ITPEBPAICHUH 1 ITP EBPaILCHHUI
MIpU MOCTOSIHHOU TeMIIepaType B cIuiaBe (Temmneparypsl Touek 1, 2, ... Tq, To, ...).

. Ompenenure, K KAKOMY BHY CIUIABOB OTHOCUTCS JAaHHBIN CIUIAB TIO COJICPIKAHUIO
yriepoaa’?

. JI71st KOHTPOJILHOTO CTIaBa CTPOUM KPUBYIO OXJIaXKIeHUS (IPUMEPBI Ha PHC. ) B KO-
opaHMHaTax BpeMs oxiaxkacHus (ock X) - Temneparypa (och Y). Temmeparypa (och
Y) Takas ke, KaK ¥ Ha JuarpaMmMme COCTOsSHUA (B MaciuTade). och X -, 0e3pa3mMepHas.
3HaueHus TeMIieparyp - Bamm, cHsATBIE [IJIs Balllero CIUiaBa, PH 33JaHHOM COJIep-
YKaHWUU yTJiepo/ia



t, C|

727

t, C|

727

7, C

Puc. KpuBas oxnaxxaeHust JOSBTEKTOU/I -
HOWU CTaIn

Puc. KpuBas oxnaxxaeHust 3a3BTEKTOUIHON
cTal

t, C|

1147

727

T, C

t, C|

1147

727

7, C

Puc. KpuBas oxmaxieHust J03BTEKTHYC-
CKOT'0 YyryHa

Puc. KpuBas oxyaxieHust 3a3BTEKTHYE-
CKOT'0 YyryHa

d. Omnpenenute, Kakue Ga3bl U CTPYKTYPHBIE COCTABIISIONINE 00Pa3yIOTCs B 1aH-

HOM crutaBe? JlaiiTe uM omnpeneneHus.

6. Kakne nByx(dazHbie 001aCTH U B KaKMX JHAIMa30HaX TEMIIEPaTyp UMEIOTCS y
JaHHOT'0 KOHTPOJBHOTO cItaBa? Omnpenennre B 3TUX 00JIACTIX XUMHUECKUNM COCTaB (pa3 u
KOHIIEHTpaluu a3z KOHTPOJIHHOTO CIIJIaBa UCTIOJIB3YSI PABUIIO OTPE3KOB.

7.  llpoBenurte aHANM3 W3MEHEHHUS CTPYKTYPHOTO COCTaBa CIUIABOB B BHJC TaO-

uibl (mpumep — B Tadmuiie 3)



Tabnuma 3. AHanM3 CTPYKTYPHOTO COCTaBa CIniaBa (IpuMep)

Kputnueckue Ttemmne- | ®a3nl u (azosbie | DopmupoBaHue CTPYKTYp B cruiaBax. [Ipo-
patyphl (TeMIiepaTypbl | IpeBpaIieHus 1IECCHI, MPOUCXOISAIINE B CTUIaBaX MPU OXJIa-
Hadaja, KOHIIA KpH- KICHUH
cTammm3anuy,  ¢a3o-
BBIX [IPEBPAIICHHN)
T=>...... °C XKunkasa ¢paza L | Beime temmneparypsl ...... °C cmiaB Haxo-
JIATCSI B dKUJKOM COCTOSIHUU
Ti=...... °C B Touke | HaumHaeTcs KpHCTaLIM3aUUs
3a3BTEKTUYECKUX UYYTYHOB: M3 KHUIKOIO
pacryiaBa BBIJCISICTCS TIEPBUYHBIN 1IEMEH-
_ LI TUT
T=1147°C Beigensis BeicOKOyTIepoaucTyto a3y Iie-
MEHTUT, paciuiaB 0OEIHSIETCS YIIepOJIOM U
npu temmneparype 1147°C  conepxur
4,3%C. Konen kpucTaum3anuu.
T,=1147°C JleneOypur (3B- | Demexmuueckoe npespaiieHue. llpu mo-
TEKTUKA)=ayCTe- | CTOSTHHOMN TeMIIepaType pacijaB KpUCTAII-
HUT+ICMCHTUT IM3yeTcs ¢ 0Opa3zoBaHUEM JiefeOypHTa.
H:A+L[|
To=1147°C Havyano nepexpuctammzanuu. U3 ayre-
HUTA, BXOIAIIETO B JIeZCOYPUT, BBIICIACTCS
A—1 M30BITOYHBIN YTIIEPOI B BUAE BTOPUYHOTO
EMEHTUTA
T35=727°C Konen nepexkpuctaum3aium.
Ts=727°C Ilepaum (BTEK- | DBTEKTOMIHAS pEAKIMs. AYCTEHUT, COJIEP-
Toun)=dep- xaumii 0,8% C, mpeBpariaercs B IEPIUT U
PUT+IEMEHTUT o0pa3yeTcs BUAON3MEHEHHBIN JIeAeOypHT
A —I[= ( @p
+1)
T3<727 °C Dp— [Ipn nmanpHelIIeM oXnaxaeHnn U3 Qep-
Mgy +LG +1L1 pUTa, BXOAAILETO B COCTAB IEPJIUTA BUIOU3-
MeHeHHOTro jenedyputa Jlu,,, BbIAEnseTCS
TPETUYHBIN IIEMEHTHUT, HACJIAUBAIOIIANACS
Ha LEMEHTUT nepaurta. KoHeuHas CTpyk-
Typa 3a3BTEKTUYECKOTO uyryHa Jlu,, +1]
+11;; HocUT Ha3BaHHE JeeOyPUTHO-TICMEH-
TUTHOTO YyT'yHa
8. W3yuuth ¥ 3apuCOBAaTh MUKPOCTPYKTYPBI YIIEPOIUCTBIX CTaJICH/4yryHOB.

O0603HauNUTh HA3BAHUS CTPYKTYPHBIX COCTABJIAIOIINX.

Tabmmma 3. UHauBuayanpHbIE 3a0aHUST — KOHTPOJIbHBIC CTUIABBI

Ne BapnanTa

coJeprkanue yrieposa, %

Ne BapuanTa | conaepskanue 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




