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XopolIo U3BECTHO, YTO OJIATOPOJHBIE METa-
JBI TIPH BBICOKHMX TEMIIEpaTypax MOTYT JIETKO B3au-
MOJICHCTBOBATh C OIPEAEIECHHOTO POJa BELIECTBOM
(cepoii, TeuTypoM, MBILIBSKOM, pPacijlaBaMU CBUHIIA,
0JI0Ba, BUCMYTa, U T.A.). [Ipn Hu3KMX 3HayeHusx fO,
6yaropoHbBIE METAJUTBI MOTYT PEarupoBaTh HE TONb-
KO CO CTONb ‘“DK30THUECKUMH CYOCTaHIMSIMH, HO
TaK)Xe U C KPEMHEKHCIIOTOH - OCHOBHBIM KOMITOHEH-
TOM CWJIMKAaTHBIX paciiaBoB. Hampumep, B xone uc-
cienoBaHuil pactBopuMocTtr Pd 1 Au B cHITMKaTHBIX
pacruiaBax METOJOM IeTiu, bopucos ¢ coaBropamu
[1, 2] oOHapyuI1, 4TO NpPU YCIOBHUAX YYTh BOCCTa-
HoBUTebHee Oydepa IW Bce skcriepruMeEHTHI OKa3a-
JMCh HEYJAaYHBIMH B Pe3yJIbTaTe pPa3pyIIeHHs Tajlia-
JUEBBIX WM 30J0TO-NAIIaJUEBbIX NeTenb. [Ipuun-
HOH 3TOro okasanoch B3ammojeiicreue Pd c¢ SiO,
pacmasa [1]. JleficTBUTENBHO, TEMIIEpPAaTypa IBTEK-
THKU B cucrteMe Pd-Si cocrasiaser mumes 760°C, a
IBTEKTHYECKHUI COCTaB COMEPKHUT OKoyio 16 ar.% Si.
OueBHUHO, YTO NPHU “HOPMAJIBHBIX pabouux’” TemIie-
parypax (1300°C u BBIIIE) TOpa3go MEHBIIAS OIS
KPEMHHSI MOXET MPHUBECTH K Pa3pyIICHUIO KarCyJbl
WU TICTIIH.

B Hmxecnemyromeld IMCKyccuH Mbl Oyaem
0003HauaTh ONATOPONHBIA METAIT KaK Memail
(Me), a ero mapTHepa 10 CIUIaBY (KOTOPHIH B YUCTOM
BUjie cTaOWIIeH Kak OKCHJI B YCJOBHSIX, TJe 0Jaro-
POJHBINH MeTayul cTabMIIeH KaK METalll), Kak Memai-
aouo (Md). MeranmonzioM MOTYT SIBISTHCS HEMe-
Tayuiel, Takue kak Si, Ge, As, Bi u T.I1., HO TakXke U
MeTasuiel, Takue kak Fe, Co, Ni. ITo onpenenenuto,
KpuBas paBHoBecuss Me/(okcun Me) B mone T-fO,
JEKUT B ropa3no Ooiiee OKHUCIUTENBHONH OONACTH,
yeM TakoBas misi paBHoBecust Md/(okcun Md). Pe-
akuust Me ¢ okcuzoM Md moxer ObITh 3amucaHa
Kak:

Me (1B.) + MdO,, (TB. W1 XHIT.) =
=Me (kun. cruiaB MeMd) +
+Md (xun. crutaB MeMd) +n/2 O, , (1
C KOHCTAHTOW PaBHOBECHSI:

K = (f02)" x ape™™ x avg™ / apgon X ame s (2)
r7e a; - aKTUBHOCTh KoMITOHeHTa 1. [y urctoro Me
ypaBHeHHeE (2) MOXeT OBITh EPENHUCaHoO KaK:

1gfO, = 2/n 1g(K; % apgon) +
+2/1’1 lg(aMecrmaB x aMdanaB)- (3)

[Tpu mocTossHHOI aKTHBHOCTH OKcuaa Md, je-
Ty4€eCTb KMCIIOPOAA, IPU KOTOPOH TBepablil Me npe-
BpamiaeTcs B xuakuid criaB MeMd, siBisiercst hyHK-
mueid  temmeparypbl.  [lomoOHbIE — AnMarpaMmbl
raBJeHuss B koopauHatax T-fO, Moryt OBITH mO-
CTpOCHBI OBYyMs cmocobamu: JubOO0 IyTeM pacdera

[3], eciim TepMonMHaAMHMYECKHE JTaHHBIE H3BECTHBI,
100 ¢ TOMOIIBIO KCTIEPUMEHTa [4].

Ha puc. 1 mokazana pacdeTHas JguarpamMma
IU1aBJIeHUs CIulaBoB Pt-Fe B paBHOBecUM ¢ CUIIMKAT-
HBIM pacIlJIaBOM C NOCTOSIHHOW KoHIeHTpauued FeO
= 10 mon. % (cm. meramu B [3]). Tpenn A-B sicHO
JEMOHCTPUPYET, YTO JaKe MPHU IOCTOSHHO MOHH-
JKAIOLIEHCs] TeMIIepaType MOXKHO IIPEJICTaBUTh cede
CUTYyallMI0 IUIABJICHUS HCXOJHO TBEPJOro CIUIaBa.
BoccraHOBHTENBHBIN areHT B JAHHOM CIIydae HE OIl-
peneneH: 3To MoXKeT ObITh M Hekwi H,-comeprkarmmit
ryOuHHBIA (uron, u ObICTpast EKOMIpECCUsl yr-
JIepOJ-COIEPIKAILEero paciulaBa, WM MHOE BPEMEH-
Hoe pe3koe moHmkeHne fO,. Mbl OBl IpemIoXKIITH
TEPMUH ‘“‘pedoxc niasnenue’, 9TOOBI MOTICPKHYTH
Ipoliecc, B KOTOPOM MMEHHO JIeTy4ecTh KHUCIIOpOJa,
a He TeMIieparypa sBiseTcs (pakTopoM, OTBETCTBEH-
HBIM 3a IUTaBJICHUE HCXOMHO TBepmou ¢as3wl. Ecmu
Kamenbku crutaBa Pt-Fe OymyT moctatodHo Madisl,
OHHU JIETKO IEepeypaBHOBECATCS IOCIE “HOpMaln3a-
mun” fO, 1 OyAyT UMETh COCTaB, COOTBETCTBYHOIIUI
T-fO,-ycnoBusim B Touke B. [TombITKH e peKOHCT-
PYHPOBATh TEMIIEPATYpPy IUIABIEHHS, HCIOIb3YS CO-
munyc dazoBoit auarpammsl Pt-Fe, npuBeayT k cy-
IIECTBEHHO 3aBBIIICHHBIM OI[CHKaM.

Ha puc. 2 Mbl npuBenu npumep MOCTPOEHUS
Juarpammsel 1iaBineHust Pd-Si skcnepuMeHTanbHBIM
nyteM [4]. DKcnepuMEHTHl BBINOJHEHB B 1-aTM
TpyOuaroil neun ¢ koHTposmpyemoi fO, (TouyHOCTH
ompenenenus 1gfO, = £0.1). KopoTtkue orpesku Pd
npoBoJiokH (ducT. 99,9% u auam. 0.025 mm) mome-
LIAJINCh B KBapLEBbIA TUIEJICK, 3allOJIHEHHBIA ITyJ-
poit SiO, (umer. 99.99%). KpemHekucnora mpeasa-
pUTEeThHO OBbUTa OOpamieHa B KPUCTOOATIHT ITyTEM
BBIJICP)KKM OKOJIO Yaca IPH BBICOKOH TeMIeparype.
Turenp ObUT MOJBENIEH B ropsved 30HE Me4YH NpPU
naHHbIX Temreparype u fO, B Teuennn 30-60 MuH.
Peaknus Pd ¢ SiO, (mumaBineHne TpOBOJIOKH) BHU3Y-
JIBHO OIPEAEISUIOCH MOCIE yAAICHHUS THIJIA U3 TIe-
yn. Hanpumep, npu 1300°C ucxomHo tBepusiii Pd
pearupyet ¢ uncroit SiO, u riasurcs npu fO, = 107
122 arm, uto numk Ha 1,6 mopsiaka Hike 6ydepa IW.
3amerum, uto temneparypa 1300°C nHa 250° Hmke
TOYKM IUIaBjieHus yrucrtoro Pd!

W3BecTHO, YTO 3epHA TYTOILIABKHUX CIUIABOB B
Ca-Al BKIIIOYEHHAX YTIUCTBIX XOHIPHUTOB IPaKTH-
yecku He coaepkar Pd [5, 6]. Mbl oOBsicHSIEM 3TOT
(dakr crenyromm obpaszom. [lytem mepecuera sKkc-
NepUMEHTAIBHBIX JIaHHBIX, TIPUBEJCHHBIX Ha Puc. 2,
MOXHO II0Ka3aTh, YTO CIUIaB ¢ cojepxanHueM Pd B
HECKOJIBKO ppm OyZAeT pearupoBaTh C CHIMKATHOMN



(dazoli mpu HU3kMX 3HaueHUsX fO,, mpeanonarae-
MBIX ISl COJTHEYHOW TYMaHHOCTH. DTO HE O3HAa4yaeT
OykBasibHO, uTo Pd Oyzmer BBITUIaBIIEH U3 CIIaBa 10-
¢le KOHJICHCAIINY MEPBBIX IMOPIHUH CHIINKATa, XOTSA U
TakoW ciieHapuii BoaMoxkeH. Ckopee, 3TO O3HaJaer,
YTO COCTaB MEPBUYHBIX 3€PEH TYTOIUIABKHX CILJIABOB
HEe MOXeT OBITh paccuuTaH 0e3 ydeTra BO3ZMOXXHOCTH
00pa3zoBaHUs CHWJIMOMAOB IUIATHHOWIOB (B BHIE
TBEPIBIX, )KUIKUX WJIH K€ ra3000pa3HbIx ¢as). [ei-
CTBHUTENILHO, SKCIEPHUMEHTHI 110 PAaBHOBECHUIO CILIa-
BoB OIII' ¢ cunukaTHbIM paciuiaBoM coctaBa CAI
[7] mokazamu, gto He Tombko Pd-Si, HO, moxamyii,
Jaxe cruiaBbl Pt-Si MoryT ObITh HOpMaNIbHOH (hazoit
IPY O4€Hb BOCCTAHOBUTEIBHBIX YCIOBHUSX.

Kak yxe oTrMeuanoch BbIIIE, OKCUABI HEKOTO-
peix HemetaiwioB (As, Sb, Bi, Ge, etc.) ropa3mo ak-
tuBHee, yeM Si0,, pearupyror ¢ OIII. bopucos u
[MTaneMme [8] mpennonoKMiIn, 4TO MOTOOHBIC PEAKIIUU
MOTYT OBITh OCHOBHOW IpPHUYMHON (OPMUPOBAHUS
CYOMUKPOHHBIX BKITIOYCHUH B CHJIMKATHBIX pacriia-
Bax (Tak Ha3biBaeMas ‘“‘nugget problem” B aHrios-
3bIYHOU JIUTEPATYPE 10 IKCIIEPUMEHTAILHOM M1ETPO-
norun). D1b ['ope3u ¢ coaBTopamu [9] oOHapYKHUIT
cIoXHBIE cruiaBel Zn, Ga, Ge, Sn u As ¢ 6maropon-
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Puc. 1. Inarpamma naBneHus: OMHapHBIX CIUIaBOB Pt-
Fe B paBHOBecuu c 6azanpToBbIM paciuiaBoM (10 %
mout. FeO).
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HBIMH METaJUIAMH B TaK Ha3bIBAEMBIX (PEMUIMHTAX,
KOMILIEKCHBIX CPAacCTaHUSAX 3€pPeH METANIMYECKUX U
cynbduanbix (a3, HaiineHHsIx B CAl Hapsany c 3ep-
HaMHU TYTOIUTAaBKUMHM CIUIAaBOB. TakuM o0pa3oM, He
TOJBKO CHJIMIU[IBI, HO ¥ apCCHUABI, BUCMYTH/IBI, U
T.IL. JIOJDKHBI OBITh BOBJICYEHBI B PACUEThl KOHJICHCA-
Ta OpU CTOJNIb HU3KMX 3HaueHHsx fO,, KakoBble
OOBIYHO MPUHUMAIOTCS JUTS COTHEYHON TyMaHHOCTH.
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