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BBEIEHHE

AktyaneHOoCTE HM3yueHua nepexoma FeS§,
obycnonsneHa Kak (yHIAMEHTAIBHBIM, TAK
KiagHeiM uHTEepecoM. Masectho, uto nupur
pasnarasichk 1oj KakMM-THO0 BHELIHHM

€M, MEPEXOAHT B MHPPOTHH M 3aTEM B T , 06~
pasyda paaTHYHOE CoueTaHue ¢as, npu thazo-
BEIE COOTHOLIEHHS CO BPEMEHEM MO EHATLCH
[1—4] 1 mo HACTOALIETO BPEMEHH A HE M3y-
YeHHBIMH HEKOTOpPEIE H3 (bas H | omeHns [5,

6]. B nocnenHee Bpemsi BO3poOC K MHHEpa-
JIaM KOCMHYECKOTD MPOHCXO: BroTt uHTEpEC
OOBACHASTCH OTYACTH TEM, HaWix obpaszoBaHue
OKA3LIBAIOT BAMIHHE 3KC BIE YCIOBHS, Ta-
KHE Kak rybokMii Baqyur@ue HW3KHE HIH, Ha-
0BOpOT, BEICOKHE TEMII . [lpumepom mMomeT
ciy#uTh TpouanT (FeS YHCTOM BHIE OH IIPH-
CYTCTBYET TOJILKO Tax, MO3TOMY 3TOT MH-

HEpa1 HHTEPECEH 3peHus uayueHus hopmu-
POBAHMS TUTAHET H BIX MCKOTAEMBIX HA HHX.

OmHUM M3 MUEEPATOR, OODASYIOLHXCS TIPH BYJIKAHH-
BE[UKEHHSX, SIRISETCH THPPOTHH.
METPHUECKHM COCTABOM, €10 KPH-
COIEP#HT KATHOHHEIE BAKAHCHH

[8.9] EPEXOIA MHHEPATOB MHPPOTHHA B CTa-
DML @e COCTOMHME MCCNENOBAHL] HENOCTATOU-
HO. [ Mo OUEHEL IIMTENBHEIN MTpoLecc, YTO 33-

EPUMEHTANEHOS H3YUEHHE, TEOpeTHUECKHE

KEHHH Ha MNPAKTHEE MONYT OKAZEATHCH HE-

£3d MPH HX OTKHIE H IToCTe Iy -
OKAZAHO, YTO LTHTENLHAA BRIIED#-
H PATHEIX TEMIIEPATYPAX, TOIB0MA-
enuit Fe u S.

bl, HAIMATrHHUEHHOCTE

pepremu. [loaToMy npencTarnsoT HHTEPEC UTHTENEHEIE
SKCIIEPHMEHTEI, B PESYIETATE KOTOPLIX MOXHO Habmo-
JATE 11 M MMHEPAIOBR B M30TEPMHUECKHX
yonosuax B amMocthepe 3emii. DopMyNibHAA €IHHHLA
MHPPOTHHA nipencTanserca kak Fe,_ . S, mie x — wicno
BAKAHCHIAL, T.€. CPEIHEee YHMCIO BAKAHCHI, MPHXOISILIEECH
Ha OIMH aTOM JKene3a (IUIOTHOCTL BAKAHCHI).

MaruuTHElE CBOHCTBA B HECTEXMOMETPHUECKHX
theppHMarHeTHKAX TECHO CBA3aHLI C Pacnpeae/ieHH-
€M KaTHOHHBIX BakaHcHil B cTpyktype [10—12]. Taxk,
HaMpUMep, B CTPYKTYpE NMHPPOTHHA PEalH3yIOTCA
theppOMArHHTHOE CIIHHOBOE YHOpHAOOYeHHe B DasHc-
HBIX TUIOCKOCTSX M AHTH(EPPOMATHHTHOE B COCEIHHX
riockocTsix. OTnHuMe NMPPOTHHA OT TPOMJIHTA 3aKITH0-
YAETCS HE TONBKO B TOM, YTO ¥ MHPPOTHHA €CTh BAKAH-
CHH B KPHCTA/UIHYECKOH CTPYKType, a ¥y TPOWIHTA HX
HET, HO TAKKE B HATPARIEHHH CIIHHA — Y TPOWIHTA OH
HanpasneH Buons ocu C, a y THPpOTHHA — MepreHIH-
KynsipHo 310ii ocu. Kpome storo, crpyktypa TponnnTa
HMEET HCKAXEHHA H MIeHTHOHLIMPYETCH B CTPYKTY-
pe 2C, a BaKaHCHH CHHMAIOT HCKAXEHHS, MO3TOMY
nuppoTHH uMeeT crpykrypy 1C [2, 13—15].

Leneio paborw sRnsAeTCS ONpeaeneHHe PABHOBEC-
HEIX (ba30BEIX COOTHOLIEHHH B CHHTETHUECKHY MHHE-
panax, chopMHPOBAHHEIX H3 METACTAOMIBHBIX CYIb-
thiaoB Xene3a NpH Pa3nMYHEIX TEMIIEPATYPAX OTHH-
ra ¥ NOCNeAylled INMHTENBEHOH H30TepMHYecKOoi
BEIIEPKKE B aTMOChepe JeMIu.
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NEPEXOI METACTARE

SKCINEPUMEHTAJNIELHAY YACTB

INogroroska o6pasios W18 HCCIeIOBAHHA BKIIOYA-
Jia OB CTAOHH: CHHTE3 MHPPOTHHOB M HX [UTHTEIBHYIO
BBRIIEPKKY MPH HOPMANBHEIX aTMOCEPHBIX YCIOBHSIX
C LIEMEIO BRIARIEHHA CTabHIbHBIX a3,

CHHTE3 NHPPOTHHOB OCYILECTRIICS B PEIYILTA-
TE OTKHIA TPHPOIHOTO MOHOKPHCTAILTHYECKOTO ITH-
pura. [Lna 3T0r0 KycKH 3TOro MHMHepana HIMensua-
JIHCE B MOPOLIOK W 3aTEM OTXHIANUCE B KBapLUEBOil
TpyDKe MpH NOCTOAHHOI OTKAYKE BO3AYXA U Napos S,
TaK 4To B Heil noguepxuBanca sakyym 102 [Ma. Inuua
Tpyok# | M, 06pasel] HAXOMIICH CO CTOPOHEI 3AKPEITOM
£¢ YACTH W HArPeBANCH C NOMOLLILID HHXPOMOBOH CITH-
panu. Temnepatypa OT#Mra LAHTENBHOCTRIO | 9 £,
smensnack ot 400 go 1200°C. Ckopocrs oxnaxneHms
obpasuos coctasmsana 20°C/mun. [lporueononox-
HEIH KOHel TPYDKH HAXOIHICH NPH KOMHATHOMH TEM-
NepaType, C HErO NPOH3BOAWNACE OTKAYKA BO3IYXA.

OznnoponHocTs cocTasa obpa3nos no obwemy obec-
NEeYHBANACE TEM, UTO Pa3MED KPYNHHOK B NIOPOLIKE He
npeseitnat | Mks. OHa noaTeepkIaAnaACh MOEHTHUHO-
CTLID PEHTIEHOTPAMM L1151 BCEX BRIDOPOK, BISITEIX CITY-
YaiiHeIM 0Opa3oM M3 MAPTHH, OTOXCKEHHOH mpH 3a-
IAHHOH TEMTIEpaType.

Ha sropoii cranum skcnepuMeHTa NPOBOIIIACE IUTH-
TeJIbHASA BEIIEPAKA TIOTyUYeHHBIX THPPOTHHOB Ha OTKPEI-
TOM BO3IyXe MMPH KOMHATHOI Temneparype B atMoctep-
HeIX yoiaosusix. Bpemsi Beimepsaxsn cocraswno 38 ner.
Hanmsie mo perTreHodasosomy adamizy (POA) six 06-

torxs °C ® [upur
1300 - O Fe_S
. FC'IEE
1200 feeearermsanaesennas
1100 @ ...........

1000

Fﬁ52

HIBHEIX MTHPPOTHHOB 949
pasuoB NpUBEIEHE B HacTosiueil pabore. lnwrensHas
BBUIEP#KA 00pasios NPH HEM3MEHHLIX BHE!
BHSIX MTO3BONTHIA BRUIETHTE CTabHbHEIE das
HOB, YTO W SRMTANOCE HEThID HACTOAIIEH

Kpuctannuueckasn crpykTypa 1
Tomom PMA, KoTophlii BEITIONHAIC

ckoM audpaktomerpe JPOH-3
uamygenns Cukl,, war ckanupo

M OHTPOITHPOBAICH C TIOMO-
anHomy B paborax |16, 17]. B
WVeTCA MONoKEHHE peduiekca

ko POA no

3HaueHn HUEHHOCTH H KPHBEIE TIEpeMar-
HHYHBAHHS Hel Ha ycraHoeke Quantum De-
sign MPM PH KOMHATHOW TEMIEpaType.

ﬁ,}mmﬂm U OBCYKIEHME

BTATE MCCNenoBaHHil obpasuos cpazy no-

cne 34 MpHBEACHEI B Npensayiei pabore [16].

@

Daz0Belii cocTag oDpasUOB TOCNe AMTHTENLHOMH
e paKKH NPHBELeH Ha puc. 1.
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1. dazoBwit COCTAR BEIEPXAHHEX 00PAa3LI0E, MOMYYEHHEX TPH PATTHYHEX TEMIIEPATYPAX OTHMIA MHPHTA.
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JudpakrorpaMMel 0BpasLos, OTOACKEHHBIX MIPH
temneparypax 670, 850 u 1200°C, npeacrasness Ha
puc. 2.

Ipu 1, = 670°C obpasus cogepxar nuput Feb§,
u pazy FeS, xotopan unenruduuupyercs kax Kybu-
UecKH il MHPHT.

[Noerimenwne 1, 1o 850°C npusoauT k obpasosa-
HHIO FTEKCaroHankHOM thasel muppoTiHa Feg 4755 1 Mo-
noknuHHoro mupuTta FeS. Ilpu xoneunoit temnepary-
pe orxura 1200°C obpasen conepxwur thasmr Feg g, S,
Feg 9755 1 TponnuT FeS.

Hamenenue dhazoBrix cooTHOmEHHIT NMHUPPOTH-
HOB MOC/E JUTHTENLHOH BLIAEPKKH XOPOLIO TPOSIB-
NSIETCH Ha HaMarHuYeHHocTH obpasuos (puc. 3).

Poct HamMarHHYeHHOCTH B MHTEPBAJIE TEMIIEPATYD
otxura 500—650°C obnscHsieTca TemM, yTo obpasusl
Ha 3TOM y4acTKe AByXQiasHele, COCTOAT M3 MapamMar-
HHUTHOTO MHPHTA H (eppUMarHHTHOTO nHppoTHHa. C
YBEJTHUEHHEM [, POUCXOAMT YMEHBILEHHE COIep#a-
HHS MHPHTa C OJHOBPEMEHHHIM YBelHYeHHeM a3
MHPPOTHHOB (B COOTBETCTBMH C PEIyIbLTATAMH paboT
[16, 18—20]). Ilpx noBsIlIEHHH TEMIEPATYPhl OTHKHTA
mo T00—850°C 8 obpasuax nabmiomaercs Hanbonb-
Was BelHYWHA HAMATHHYEHHOCTH, MPH JanbHed-
LIEM MOBLIIIEHHH fy, HAMATHHYEHHOCTL YMEHbILA-
eTcsl. DTO CBA3aHO C YMEHbILEHHEM KOJTHYECTBa Ba-
KaHCHIl H YMeHbIIEHHEM MX B3aHMOJEHCTBHH, T. K.
YBENMUHBAETCH PACCTOAHHE MEXJLY HHMH — HMEH
3TH (haKTOPHI OTIPEAEHAIOT CyMMAaPHBII MEH'HHTH&
MOMEHT.

Bupg netnu rucrepesnca BEIEPKAHHOTD
MOIYYEHHOTO TPH Ty, = 1000°C (puc. 36),
©T Ha HANM4YKE B HeM (heppoMarHiTHOMH 1
MarHHTHOH chas. AHATOTMYHEIE MArHH
PHCTHEH MPOSIRNSIOT 00pastiksl, nonyue,
u 1200°C. Hanuuue deppoMarauTH
00paslos CBAZAHO C BRLISPHKKOMH,

00pasikl, NOMYY4EHHEIE IIPH 3THX
aHTH(EpPPOMArHHTHBEIMH.

Y 3THX
HCXOIHEIE
pax, GeLUTH

IMonyueHusie pesynsraThl
WHTE, YTO METACTAOWIBHEIE,
YECKHMX YCIOBHAX Ha BO!

SIIOT TIPEInoo-
HEI B H30TEPMH-
OIST CO BPEMEHEM

B cTabHIbHEIE (hajoBkle usi. B saBHCHMOCTH OT
1, B cOCTaBe o COMIEPXATLCH PaTHY-
HBIE COUETAHHS Feg o755, Feg oS, FegomS,

Feg 9005, Fegg1sS, F 2

H3 ananusa gudpakrorpaMm ClemyeT, 4TO METa-
crabunbHBIE HEl CO BpEMEHEM MOTYT MNepe-
bl MOOHHMKALUHH CTAOMIBHEIX
, KOTOPEIE B 3aBHCHMOCTH OT TEM-
ra MOTYT NPEACTARIATE COBOIH MOHO-
KyOHYecKHi MHpHT THG0 TPOHIHT.

HBIE [1]33[:] HaxXoIATCH B COOTBETCTBHH C
HBEIMH COCTOAHHHAMH MHPPOTHHOB, KO-
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Pac. 2. IwhpakmorpaMmi BRIEDRKAHHEX 00pa3L0E, Moy -
UeHHEIX NpH TeMneparypax 670 (a), 850 (6), 1200°C (g).

Tophie HaOMIOOATHCE B MPHPOIHEIX MUHepanax [21—
23]. Hanuume sTHX a3 TakkKe COOTBETCTEYET dhaso-
BOH OMarpaMme, KOTopas npueeneHa B pabore [21].
Kak nokaszano panee [16], cpasy nocne cunHTesa ob-
pasuoB IPOHCXOAUT NepepacnpeeneHHe HOHOB CEpPhI
B CTPYKTYPE W B pe3yisTaTe 0OpasyloTcs MEeTacTa-
GiwibHEIEe H cTabMnsHEE dasel. C TeueHHEM BPEMEHH
MeTacTabibHele haskl NEpexonaT B cTabHALHEIE, Ha-

MNe @ 2020



NEPEXOI METACTABHMIBHLIX TTHPPOTHHORB
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Puc. 3. 3aucHMOCTH VIENEHOR HAMATHHYEHHOCTH HACK
M METIH rHCTEpe3uca 00pasuos, nomyueHHsx npu 700 (6),

npumep: FeS,;, FesSyy, Fe,58;, otnmnuaomme -
IOeneHHOM CHMMEeTpHell pacnonoXeHHs BIX
pakaHcHii [21-23].

Orcropa cnemyeT, uTO OHaArpamMMa CTabHIb-
HBIX COCTOAHHI MEPEXOauT B nuaq@mﬁma—
HEIX (DA30BLIX COCTOSHHIH 3a CYeT, . HAMp#-
Mep, OOHOH MeTacTabHIbHOMH HAYIBE WIH TPH

thaskl, XOTA HEMOCPEICTBEHHO CHHTE3a B CH-
creme obpasoBanock He Gone as.

HHEIX MOXHO CIEIaTh
HOMH BEIIEPXKKE ITHPPOTH-
TIBTATE OTHMUIA MTHPHTA TIPH

ELIBOM, 4TO TIPH
HOB, MOMYYeHHEIX B

Pa3HEIX TEMIIE , B H3I0TEPMHUYECKHX YCIOBHSX
NPH HATHYHH PBl TIPOMCXOAMT TEPEXO] OT
meTacTabmun cTabMnbHEIM thazaM coeqHHEHMHI
FeuS H NeHHOTD AHAITH3A TAKKE CIeOyeT,
UTO Mg BHEIE THPPOTHHEI MOTYT MEPEXOIHTh

(basel nuppotuHos M FeS npu obwu-

HEOPTAHHYECKHE MATEPHANIBL  tom 56 M O
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