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OObumasn xapaKkTepHCTHKa paGoThl H ee AKTYaJIbHOCTh

JIparpamMMbl COCTOSHHS COCTaB — TeMIepaTypa — CBOHCTBO SIBIMOTCS MoApoOHOH xa-
PaKTEPHUCTHKON YCIOBUH CylIeCTBOBaHMS BelllecTB. OHH MO3BOJIOT ONPEENIUTh, KAKMM
00pazoM MOXKHO CHHTE3MPOBATH BEeCTBa 33JaHHOTO COCTaBa, CyJUTh O TOM, Kakue Tpe-
BpaILICHNS BO3MOXHbBI B CUCTEME B TeX WM MHBIX YCIIOBUSIX, KAKOB COCTAaB MPOTYKTOB Ha
KaxK710M 3Tare NpeBpatleHys 1 KaKUMH CBOICTBAME 3TH MPOAYKTHI 004 aloT.

CoenuneHus, cofiepXkaiiie KpeMHHHA U alIOMUHHM, LIMPOKO paclpocTpaHeHs! B
npupoze. OHM COCTABIAIOT OCHOBY Pa3HBIX MHUHEPaNoB U 0Opa3yloTcs B pa3sIMUHBIX
TEXHOJIOTHYECKHUX MNpoleccaX. YClIOBUs o0Opa3oBaHMs MHOTHX H3 3THX BeIIECTB B
NPHPOAHBIX K TEXHONOTHYECKHX MpoLeccaXx A0 CHUX MOp HENOCTATOYHO H3YYeHBI.
Hampumep, naxe B cucreme Fe — Al — O ycnosus ¢a3oBsix paBHOBECHH ¢ yuacTHEM
JXKene30-aliOMUHHUEBON 1LNHHENU B MHTepBane TeMnepatyp 1100 — 1300 K npakTtuye-
CKH He MCCIIeOBaHbl, @ CBEIEHHA O AMarpaMMe COCTOSHUs cucTeMbl Fe — Si— O npu
TeMIIepaTypax CyLIeCTBOBaHUS TBEPABIX (a3 KpaiiHe MPOTHBOPEUBbI.

Bemectra cucteM Fe — Al — O u Fe — Si - O npeacTasmsitoT onpejesneHHbIH WH-
Tepec AJS pa3NnUYHBIX OTpacneil npoussonacTea. JKeneso—amoMIHHEBas LITHHEND OT-
HOCHTCS K KJ1acCy MaTepHalloB, KOTOPbIE UCIONB3YIOTCS B 3J€KTPOTeXHHKe 6naroaa-
psi COUETAHHIO JIEKTPONIPOBOJHOCTH MAarHeTHTa U OFHEYIIOPHOCTH repuuHuTa. U3y-
yeHue cHcTeMbl Fe — Si— O saBisieTcs BaXKHBIM JUIsl IOHHMaHHS CBOHCTB TOPHBIX T110-
pon. BerecTa 3TUX cUCTeM SBISIOTCSH KOMITOHEHTAMH METAILTYPrUdecKUX 11IaKOB U
HeMeTalTMYeckux BKIlodeHHH craneil. OHM HCIONB3YIOTCA Kak afcopOeHTs, KaTalH-
3aTOPHI, NIPU MPOM3BOJICTBE CHCUMANBHBIX MaTepHaNIOB. B MeTalryprum 1BeTHBIX Me-
TAITIOB COEIMHEHHS STHX CHCTEM COCTaBIAIOT OCHOBY IIPOMBIIUICHHBIX OTXO/0B, U 3Ha-
HHe CBOICTB 3THX BELIECTB HEOOXOAUMO ULt pa3paboTKU criocobOB WX yTUIN3ALMH.

Ilesib paGoThI COCTOMT B HCCIEJOBAHMH YCIIOBHH ()a30BbIX NpeBpalleHHH B CH-
cremax Fe — Al — O u Fe ~ Si — O B untepsane remmnepatyp 1100 — 1300 K 1 noctpo-
€HHUH U30TepMUUECKHX CeYeHHI quarpamMmm cocrosHus cucreM Fe — Al— O u
Fe-Si-0.

Hay4ynass HoBM3HA. BriepBbie HCCleNOBaHBl YCJIOBHS DaBHOBECHS MarHeTHTO-
FepIMHUTHOrO PacTBOPa C BIOCTHTOM, MarHeTHTO-QasIATHOrO PacTBOpa ¢ BIOCTHTOM
1 ¢ KpeMHe3eMOoM, a TaKXe KPeMHe3eMO-reMaTUTHOTO PacTBOpa ¢ MarHeTMTOM B HH-
tepsane Temnepatyp 1100 — 1300 K. OnpeneneHsl 3aBHCHMOCTH PaBHOBECHOTO JaB-
JeHHs KHCIOpoAa OT TeMMepaTypsl M COCTaBa HMCCNENOBAaHHBLIX CHCTeM. Brepsbie
YCTAHOBJIEHO, YTO MarHE€THT OrPaHHYEHHO pacTBOpseTcs B dasinTe, a KpeMHe3eM B
remMaTuTe. PacCUMTaHBl aKTHBHOCTH KOMIIOHEHTOB TREPJIEIX PACTBOPOB MArHeTHTa M
TepLUHNATA, a TAKXKe MarHeTHTa B (QasiivTe. DKCTpanonsuneid CBOHCTB LUNMHETBHOIO
pactBopa Fe;04 — FeAlL,O, noxasaHo, 4To 3TOT pacTBOp B YC/NOBUSX PAaBHOBECHS C
BIOCTHTOM NpH Temmneparypax Huxe 1084 K pacnapaercs Ha aBe ¢asbl: pacTBop Ha
OCHOBE MArHeTHTa M PacTBOp Ha OCHOBe repuMHHUTA. OnpeleneHsl COCTaBbl COMps-
KeHHBIX (a3 1 paBHOBECHOE MM JIaBJAECHHE KHUC/IOpOAa. BrepBble nonydeHsl TEPMO-
JAMHaMHYecKUe JaHHble JUIs PaBHOBECHS MarHeTHT — PacTBOp KpeMHe3eMa B ['eMaTHTe
— KpeMHe3eM, yTOYHEHbl AaHHble U1 PABHOBECHH: Xejle30 — (asilUT ~ KPEMHE3EeM;
MarHeTUT — PacTBOP MarHeTuTa B GasyiuTe — KpeMHe3eM. )
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BrepBble IIOCTpOEHB! H30TEPMUYECKHE CEUEHMSI AMArpamMM COCTOSHHS CHCTEMBI
Fe — Al — O npu Temniepatypax 1273 u 973 K u cucremst Fe — Si — O npu 1073, 1173 n
1273 K.

IpakTuueckoe 3Havenne. [lonydeHHble pe3ynbTaThl HOCAT (yHIAMEHTANTBHbIA
XapakTep ¥ MoryT ObITh HCIOJIb30BaHBl B KaueCTBE CIPABOYHOIO Marepuala MpU
aHaJIi3e NPOLIECCOB ¢ Y4acTHeM UCCIIeIOBAHHBIX BEILECTB.

Ha 3amuTy BHIHOCATCSH C/leYIOlIHE NOJI0MKEHHS:

pe3ynbTaThl HCClleloBaHUH yCIoBUH (a30BBIX PaBHOBECHH B cuUcTeMax
Fe~Al-OuFe-Si-0;

M30TEPMUHECKHE CCUEHUs JIMarpaMM lg £, — COCTaB — TeMIieparypa CHCTeM

Fe—Al-Ompu 1273 u 973 Ku Fe - Si— O npu 1273, 1173 u 1073 K;

TEpPMOIMHaMUYECKHE XapaKTEPHCTHKH KOMITOHEHTOB TBEPJbIX pacTBOPOB H3Y-
YEHHBIX CHCTEM.

IIy6ankaunn u anpoGauua paboTbl. OCHOBHbIE pE3YNbTaThl JUCCEpTalUH
onmyONMKOBaHbl B 9 cTaThiX, U3 HUX 3 — B XypHaiax, pekomeHaoBaHHbIX BAK. Ma-
Tepuanbl JUCCEpTallMM JOJOXKEHbl M 0OCYXAeHbl Ha CIeAyIOIUX Hay4HO-
TEXHUYECKUX KOHPEpeHLUAX.

1. [Taras Hay4Ho-mpaKkTHYecKas KoH{epeHUUs «BpICOKHE TEXHOIOTHH, (QyHIa-
MEHTaNbHEIe M TIpHKIaHble HecneqoBanus, oopaszopanue», Cankr-IletepGypr, 2008.

2. JlgeHanuartas Poccuiickas koHdepeHIUs «CTpoeHHE M CBOHCTBAa MeTaJTHue-
CKHX H LLJIAKOBBIX paciiaBoBy, ExaTepunoypr, 2008.

3. CemHagnaras MexZyHapolnHad KoHdepeHUHs no TepMoAMHaMHKe, KazaHb,
2009.

4. lepateiit Poccuiickuil cemmurap «KoMmploTepHoe MoJenHpoBaHHe (H3UKO-
XMMHYECKMX CBOUCTB CTEKON U paciuiarony», Kyprax,2008.

5. YersipHaanaras MeXayHaponHas kongepennus «CoBpementbie npobnems
3NMEKTPOMETALTYPruu ctann», Yensbunck, 2010,

6. Jlecsthiii Poccuiickuii cemuuap «KOMIIBIOTEpHOE MOJETMPOBAHHE (GH3HUKO-
XMMHYECKIX CBOHCTB cTeKoN U pacmiaBoby», Kypran, 2010.

Crpykrypa n oObem paborbl. Jlucceprauus COCTOMT M3 BBEJEHMs, TPEX IJIaB,
BBIBOJIOB, CIIHCKA JIMTEPATYphl U3 48 HauMeHOBaHWH M NpuioxeHHus. Pabora conep-
*WT 139 cTpaHul, B TOM uHcie 85 pUCYHKOB M 4 TaOIHIE.

OcHoBHOe coaepxaHue padoTbl

Bo 6sedenuu 060CHOBBIBAETCS aKTYalbHOCTh MCCNENOBaHMA (a30BBIX paBHOBE-
cuii B cucreMax Fe - Al-OuFe—-Si—-O.

B nepeoii z1aee NpuBeAeH TUTEPaTYpHblA 0630p no cucTeMaM Fe — Al - O u
Fe — Si — O, noxazaBmHil OrpaHUYeHHOCTb M HENONHOTY CBeAeHMH Mo (azoBbIM
paBHOBECHSIM M TEPMOAHHaMHMUECKHM CBOHCTBAM COeAMHEHMH 3THX cucTeM. B oc-
HOBHOM HCCJIE/I0BaHbl PABHOBECHSI MarHETHTA C FepLMHHTOM M KOPYHJIOM IIPH TeMIiepa-
Typax Bbille 1553 K. TepMoaMHamMuyeckie CBONCTBA IUMNMHEIBHBIX PAcTBOPOB IIPH
temneparypax 1073 — 1373 K me uccnenosansl. B cucreme Fe — Si — O B ocHoBHOM
u3ydanuch TpexdasHele paBHOBecust. He oOHapykeHO JaHHBIX O PacTBOPHMOCTH



MarHeTuTa B dasiHTe U KpeMHe3eMa B remaTtuTe. CBeieHUs O CTPYKType ¢a3oBoi
auarpaMmsl cucteMsl Fe — Si— O npoTHBOpevUBHI.

Bmopaa 21aéa nyucceprauuy NOCBAIICHA OMMCAHHIO METOAMK 3KCIIEPUMCHTA,
CHHTe3a 00pa3loB U UX aHaNH3a.

Jns wccnenoranus (aszoBblX paBHoBecHH B cHctemax Fe — Al— O u Fe-Si— O
Hcrnonb3oBany MeTo] u3Mepenus DJIC KOHLEHTPaUHOHHOrO MO KHCIOPOAY rajhBa-
HUYECKOTO 3JIEMEHTA C TBEPIBIM KUCIOPOANPOBOISIIHNM 3EKTpoaHTOM. M3Mepenus
NIPOBOAWIIY B BaKyyMe I1pu Temneparypax 1100 — 1300 K.

Jlnst uccnenopanus 06pa3noB, COCTaBbI KOTOPBIX OTBEYAIOT HHU3KOKHUCIOPOIHBIM
obracTsiM (a30BBIX AMArpamMM, UCIOIb30BATaCh rajbBaHMYECKas Aueifka ¢ Hepasfe-
JIEHHBIM Ta30BbIM TIPOCTPAHCTBOM Hal 3/1€KTPOAAMH, & BHICOKOKUCIOPOAHBIM — C pa3-
JleJieHHBIM ra3oBbiM NPOCTPaHCTBOM. fJueiika ¢ pasjieNeHHBIM POCTPAHCTBOM HMeeT
repMeTH3HPOBaHHOE NMPOCTPAHCTBO ANS HCCAEAYeMOTO BelllecTBa, YTO HCKIOHaeT
M3MEHEHHe ero COCTaBa BO BpeMs OIBITa.

I'anpBaHUYecKas Auyelika cxeMaTH4HO H3oOpakena Ha puc. 1. Ha nHo kBapueBoit
NpoOUpPKH 5 Ha KepaMH4ecKyr MOATOKKy |1 MoMeluan INIAaTHHOBYIO IUIACTHHY C
TOKOOTBOAOM 13, KOTOPBIH MOABOIUIICS K IIACTHHE Yepe3 OTBEpCTHe B JHE IPobHUp-
ku. Ha nnaTuHOBOH 1aCTHHE pa3Mellald JIEKTpol cpaBHeHUs 12 B BHIe TabneTku
u nonyanemenT 10. BepxHioto NIaTHHOBYIO MIACTHHY C TOKOOTBOIOM 9, yKperuieH-
HYIO Ha [10[BIXHON KBapuesoll TpyOKe 4, IIOTHO MPHIKMUMAIK K TOKOOTBOAY HOJTY-
3neMeHTa ¢ MOMOIIBIO TIPYXHHBL 3. DTo obecreynBano OJHOBPEMEHHO HaNEXKHBIH
KOHTaKT MEKAY /IEKTPOJOM CPaBHEHHSA U TONyJleMeHTOM. [ anbBaHHUECKyIO SYelKy
TIoMellay B PeaklMOHHBIH COCYZ M3 KBapla 7 ¢ BepXHUM BONXOOXJIXKAAEMbIM LILIH-
oM 2, B KOTOpBIH BIIasHbI TOKOOTBOAB! 1. TeMmneparypy B peakTope U3Mepsily mia-
TUHO-NINATHHOPOJMEBOM TepMONapoil, ropsumii cnaid KOTOpoil HaxoAusCs Ha YpOBHE
uccaeayemoro obpasua.

KoHcTpykums mofy3neMeHTa ¢ HccleayeMblM o6pasiioM rokasaHa Ha puc. 2. [To-
JyaneMeHT NpeAcTabiseT cobolf TUrenp w3 TBEpAOro 3nekTponuta 2. Turens Hamo-
JIOBMHY 3alONHAIH MOPOIIKOM HccaeayeMoro obpasua 5, B KOTOPBIH MOTrpyxanu 10
JlHa THri IUIATHHOBBIA TokooTBoA 1. Han uccnenyemeiM o6pasuoM nomenianu Tad-
JIeTKY M3 TBEPJOTrO 3IEKTposuTa 4 (AN HCKITIOYSHHS B3aMMOJCHCTBHS LIeMeHTa C HC-
CllelyeMbIM BELIECTBOM), a OCTATBHYIO YacTh TUIJIS F€PMETH3UPOBAIIM HECKOJIbKHMH
CITOSAMH OTHEYNOPHOTO LeMeHTa 3, Meperubasi MIaTHHOBBIH TOKOOTBOX MEXAY CIOS-
MH uemeHTa. Tlocne HaHeceHMs KaX0ro cnos H3fesine MPOCYIIHBAIM CHadyana Ha
BO3llyXe B TEeYeHHE CYTOK, @ 3aTe€M B BaKyyMe IIpH IOCTENEHHOM HarpeBaHUH
10 ~600 K. IlemeHT roToBUIN U3 TOHKOAUCNEPCHOTO MTOPOILIKA JHOKCHAA LIMPKOHHA
(ZrO;) ¥ KUIKOro CTEeKa.
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Puc. 2. CxeMma nonysneMeHTa

OOpasiisl A1 HccaeRoBaHus OBUIH CHHTE3MPOBAHBI METONOM TBepo(hasHoH pe-
akumy. Xumudeckas (hopMyJia, OIMCHIBAIOIAs BAJIOBLIA COCTAB TFOOOH KOMIIO3UIINH,
- Fe,..3.0,(2 = Al unu Si), rie ¢ — oTHOILIEHHe YHCIA MOJeH 31eMeHTa K ofiemy
qUCIy MOJIeH DJIEMEHTa M XKefle3a, ¥ — CTeneHb OKWUCIEHHOCTH — OTHOLIEHHE uyHcna
Moteii Kucnopona K o0uieMy YiciIy MoJieif aJieMeHTa U Jkelesa.

OO6pasupl CHHTE3UPOBAM H3 CMECH ITOPOLIKOB KapOOHHIBHOIO Kene3a MapKu
«Oc.u.», okcuaa xenesa Fe,O; mapku «Oc.u.», oxcnpa amomusns Al,O; «Oc.u.» unu
juokcuaa kpeMaus SiO; «Oc.4.». KoMImoHeHThI MIMXTH B3BEIINBANU B PACCUHTAHHBIX
KOJIMYECTBaX W TUIATENIBHO MepeMeLINBaNA /Ul MONyYeHUs OFHOpOoJHOH cMecu. M3
TIOJTy4€HHOH CMecH IpeccoBany TabneTku auaMeTpoM OMM ¥ TOMIMHON 3 — 4 MM
nox gasiaenueM 0,4 I'Tla.

Tabnetku 3arpyxany B8 TpyOKy W3 cTaOWIH3UPOBAHHOIO AWOKCHJAA LIUPKOHHS H
NporpeBatd B BakyyMe npu temnepatype ~700 K nist ynanenus snaru. Konreiinep ¢
obpasLaMyl 3anaMBali B aMITyJTy W3 KBaplia ¥ BBIICPKHMBAIH B TeYeHHe 45 4acoB IpU
temreparype 1323 K B BakyyMe.

JUis onpenmeneHus §azoBoro cocraBa HCIONB30BATM PEHTICHOrpadHYECKHHA H
MMKPOPEHTI€HOCTIEKTPAJIbHBIH (IIEKTPOHHO-30H/I0BBIH) METObI aHAIH3A.

B mpemseii 2nage M3NOXeHb! pe3yNbTaThl 3KCIIEPHMEHTANBHOTO HCCIENOBAHHS
tazoBsix paBHOBecHi B cHcTeMax Fe — Al— O u Fe — Si—O.



Cucmema Fe — Al- O .
Pasnosecue maznemumo-2epyuHUmHO20 pacmeopa ¢ GIoCMumom SURG e Ws

B pabote uccinenosansl obpasupi Fe Al.O, ¢ copepxanuem antomunus ¢=0,1; 0,2;
0,3; 0,4; 0,5; 0,56; 0,6 u cTeneHbio okucneHHoctd y=1,33 u 1,3. CocraB 00pasLoB co cTe-
TNIEHbIO OKMCIIEHHOCTH J=1,33 oTBeuaeT ka3ubuHapHoMy cedennio Fe;04 — FeALO,.

Wamepsnu DJIC anementa

—Pt, Fe, FeO | ZrOy+ Y,0; | Fe, AlO,, Pt +, (1)
rae Fe, FeO — paBHOBecHas cMech Kele3a M BIOCTUTa (3JIEKTPOJ CpaBHEHH:);
ZrO; + Y,0; — tBepabiii anextponut; Fe Al.O,, — ucenenyemoe Bemrectso.

Hzorepmuueckue 3aucumoctd DJC anemenTa (1) ot cocTaBa cucTeMsl
Fe;0, — FeAl,O4 npu Temnepatypax 1123, 1173, 1223, 1273 K npeacrasneHsl Ha
puc. 3. 3nech ke CIUOLIHBIMY JIHHUSMH TI0CTPOEHbI 3aBUCHMOCTH, PACCYUTAHHBIE TIO
ypaBHeHHIO (8).
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Puc. 3. 3aBucumocts DJIC anemenrta (1) ot cocrasa npu y=1,33:
1-973;2-1023;3-1073;4-1123;5-1173; 6 - 1223; 7- 1273 K

Kak BunHo u3 puc. 3, dyHkuus E=f(c) uMeer croxxHbiid xapaktep. ITpu Bcex Temre-
patypax Boile 1123 K DJIC anemenTa (1) MOHOTOHHO H3MEHSETCS C COCTABOM OOpPA3LIOB.
Cornacno npasuity a3 I'nbbca cucreMa B 9THX YCNIOBUSX MMeeT crerieHb cBOOOIBI, U
HpeACTaBiseT cO00i HEOTPaHUYEHHBIA TBEPABIH PACTBOP MarHETHUTA M FePUUHHUTA.

Hsorepmsl npu Temmnepatypax 973 — 1073 K nony4ensi sxctpanoysuneil ombiT-
HBIX JaHHbIX. M310MBI Ha 3THX H30TepMax o0ycHOBIeHB! (Pa30BBIMHU MIPEBPAILEHUSIMH
B cucteMe. ITpu 3Tix TemnepaTypax JJIC anemenra (1) ocraeTcs NOCTOSHHOMN B 1IiH-
POKOM MHTepBalle COJEpXKaHHs ATIOMHHUA B CHCTeMe. DTO CBHIETENBCTBYET O TOM,
4TO B 3THX YC/IOBUAX MarHeTHT H FePLUHHT OTPaHHYSHHO PacTBOPAIOTCA APYT B ApY-



re. Mcnons3ysa 3asucuMocte JJIC anementa (1) or cocTaBa LITMHENBHON (a3bl
(puc. 4), paccuMTany aKTHBHOCTH MarHETHTA B LIMMHENBHOM pacTBope no Gpopmyie:

lga ~——2F——?(4—3y)d5 )
P9 2,303.10° - RT o '

3necy E° — pasrobecnoe snavenne DJIC snementa (1) Ans CMecH BIOCTHTA H MarHe-
TUTa, MB. AKTHUBHOCTB T'€pIIHHUTA ONpPEAENSTH No crneAyeniet hopmyne:

E
F ' J-(3c—2)(4—3y)dE,
2,303-10°RT 2 3¢
rne E — papuosecuoe 3uauenne JJIC anementa (1) 11 CMeCH replMHHTA, KOPYHIA H
xenesa, MB.
Ipu BeiBonE GopMy (2) U (3) HoTyCKalH, ¥TO WIIHHETBHBIN PACTBOP HAXOANTCH
B paBHOBecHH C 4ucThIM BlocTHTOM (FeOy). 3aBHCHMOCTL cTenmeHHM OKHCIEHHOCTH
BiocTHTa (V) OT TeMmeparypsl ¥ JJIC BeIpaxaeTcs GopMyoi:
y=1,049+(2,10-107°£8:10°—(1,12:10°+7-10"*) T)-E. (4)
3aBHCHMOCTH aKTHBHOCTEH KOMIIOHEHTOB, paccHUTaHHbIX Mo dopmyinaM (2) u (3),
OT COCTaBa pacTBOpa JUIs Pa3IMYHBIX TEMIIEpATyp [IPUBEASHBI Ha PUC. 4 TOUKaMH.
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Puec. 4. 3aBHCHMOCTH aKTHBHOCTEH MarHeTHTa U TePLMHHTA
OT MOJIEHOM JIOJIM MarHeTHTa B MITHHeJIFHOM pacTBOpe:
1-1273,2-1223,3-1173,4-1123 K

3aBUCHMOCTb G, =f(Xpey0,) Oblla OMHCaHa C NMO3ULHMH TEOPHM PETYIAPHBIX

PacTBOpPOB:

Xfeno, @ i
AFe,0, = XFe,0, "EXP [—ERTJ— ) )
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AKTHBHOCTH MarHeTUTa, paccuuTaHHble no ¢opmyne (5), npuBeneHbl Ha pHC. 4 H
5 CIJIOMIHBIMH JTUHUSAMHU.
AKTHBHOCTH FepUHHHTA OBUTH pacCUHTaHb! 10 $opMYyJie, aHAJIOTHYHOH YpaBHEHHIO (5)
2 (7
XFe3O4 0

AreAls0y ~ X FeAly0y4 €XP) T

PesynbTarsi pacdeTa 1o 31oi GopMyrie NPHBEEHB! Ha PUC. 4 U 5 TyHKTUPHBIMH JIHHUSMH.

Kak BHAHO, MOJENb PErylspHbIX PacTBOPOB XODPOLIO OIHUCHIBAET 3IKCIIEPHUMEH-
TaNbHble JaHHbIE ¥ MOXET ObITh HUCIOIb30BaHA IS OMMCAHUS TEPMOIHUHAMUYECKHX
XapaKTepUCTHK WIMUHENIBHOI0 pacTBopa cucteMnl Fe — Al — O.
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0,2 1 j ' \
\
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Puc. 5. 3aBucUMOCTS aKTUBHOCTEH MarHeTHTa ¥ FeplIMHATA
OT MOJIbHO} 0/ MarHeTHTa B IIMMUHEILHOM PacTBOpE:
1-1073,2-1023,3-973 K
W3 npuBeeHHbIX KOHLUEHTPALHOHHBIX 3aBUCHMOCTEN aKTHBHOCTEH KOMITOHEHTOB
wmuHeNnbHoro pactsopa Fe;O4 — FeAlL Oy cnenyer, 4to cBOHCTBA KOMIIOHEHTOB pac-
TBOpa CYIIECTBEHHO OTJIMYAIOTCA OT HAeanbHBIX. B cHcTeMe HabMI0maroTCs 3HAYH-
TeNbHBIE TIONOXKHTENbHbIC OTKIOHEHMS OT 3akoHa Payns, 94TO CBHAETENHCTBYET O
TEHJCHLMH pacTBOpa K pacnany. M3 xapakrepa 3aBrHcuMocTeit Ape,0, = f(X Fes0, ) pu

TeMneparypax Hmxe 1073 K creayer, 4To B 3THX YCIOBHAX MarHeTHT M T€PLUHHUT
OTPaHHWYEHHO PacTBOPAIOTCA APYT B IpyTe.
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O pacnaze pacTBopa TaKxe CBUAeTensCTBYIOT 3aBHCHMocTH DJIC snementa (1) ot
cocTaBa cHCTeMBI 1yt TeMneparyp 1073, 1023, 973 K, puc. 3. OHu Gbuil paccuuTaHbl
o gopmy:e:

2F

E
2 — [ (4-3y)E
A reat,0, ¢ :102,303-103-” EIO( » )
RT '

XFey0, " XP
Hcnone3ys mapaMeTphl TEOPHH PerynspHBIX pPacTBOPOB, PACCUMTANM YCIOBUS
paciiafa LITHHENEHOTo pacTBopa. KoopIanHaThl Kynonia pacriaja INTHHENbHOTO pac-
tBopa Fe;04 — FeAlyO, npuBesiensl Ha puc. 6. OHI XOpOINO COrNIACYIOTCA C JaHHBIMH
pabotet TypHOKa, NOMYYEeHHBIMM HENOCPEICTBEHHBIMH M3MEPEHHAMM COCTaBOB
LITHHeNBHBIX (a3 B YCJIOBMAX paBHOBecHs ux ¢ xopyHzpoM. Ludpamu Ha puc. 6
yKa3aHbl 3Ha4eHus Jorapugma AaBIeHUS KUCIOpoJa (aTM) B reTepOreHHOH cUcTeMe.
KputHueckas TemnepaTypa paclaja LIIHHEIEHOrO PacTBOPa MO JaHHBIM HACTOSLLETO
nccnenosanus pasHa 1084 K, a mo sannem Typroka — 1143 K.

I,K

'/’/—-—_—81\\\ .
1000 - m
yoys 2458 N\ O\
g0l /" / 2000\ N\
[/ ws N\

600 -

400 -

200 : . - .
0,0 0,2 0,4 0,6 0,8 Xreal,0,

Puc. 6. Kynon paccinoenus WnMHENBHOrO pacTBOpa
Fe;04— FeAlLO, --- —nannnte TypHoka (Journal of Petrology,
1962. - V.3. — P.533-65)

Ha ocHoBaHuu pe3ynbTaToB HacTodllel paboThl U NUTEpaTYpPHBIX AaHHEIX 00 yc-
JIOBUSAX PABHOBECHS Xeje3a, TepUHMHHTa H KOpyHZa OblIM 1OCTpOeHbl M30TepMHYe-
ckHe ceyeHMs aHarpaMMel cucteMsl Fe — Al — O B uccneryeMoM UHTepBalle TeMiiepa-
TYP M COCTaBOB.

Ha puc. 7 mzobpaxeno ceyenue npu temneparype 1273 K. Ctpykrypa auarpamMmsi
coxpamsieTcs IIpH Jroboi Jpyroi TeMmneparype.



DKCTpanoNAuMs pe3yabTaToB 3KCHEePUMEHTANBHBIX HCCICKOBAHHN I103BOJSET
TMPOrHO3UPOBATH CEHEHUA AUArpamMMbl pd Oonee HH3KuUX TeMmeparypax. s mpu-
Mepa Ha pHc. 8 NpHUBENEeHO H30TEPMHMYECKOE ceyeHue Npu Temnepatype 973 K, Hike

TEMIIEpaTyphl pacnaia LIMTHHEJIBHOTO pacTBOpa.

Ha guarpammax cumBosiom W 0603Ha4eH BIOCTHT, S — HenpepbIBHbIH PacTBOp Marke-
THTa U FEPLMHAITE, S| — PaCTBOP Ha OCHOBE MarHETHTA, S; — PACTBOP HA OCHOBE MepLUHUTA.

)Y
FeAlyO. ¥
eAly!
T 144, Fe](?.; W+Sq
W+S44S2
12 4
|
| o
< Fel,
104
| !’ W+So+Fe x
0,8 /
18Po, Wis, 1
-13 ;
-21
W+S2
-14 i WS R
-15 4 3
| -23 S+Fe
16 ‘ S+Fe 24
|
47 4 -25
0.0 0.2 0.4 0.6 0.8 c 0,0 0.2 0.4 0.6 0.8 c

Puc. 7. M3otepmudeckoe ceueHune
JMarpaMMBl COCTOSTHUSE
cucremsl Fe — Al - O
Tipy Temnepatype 1273 K:
~1g[Po, arm]= 1 - 13,00; 2 - 13,31;
3-13,63;4-13,95;5-14,26;
6— 14,58

Cucmema Fe— Si- O

Puc. 8. UzotepMuteckoe ce-
4eHye JHarpaMMBl COCTOSHUA
cucrempl Fe — Al-O
npu Temmnepatype 973 K

Jns uceneposanms cucremsl Fe — Si — O 6bU10 CHHTe3HpOBaHO NATH Cepuit 0bpas-
nos coctana Fe,.Si.O, ¢ nocTosHHO#M cTenensio okucneHoctd y= 1,1; 1,2; 1,3; 1,4; 1,45.
CopepoxaHye KpeMHHA BapbHpoBanH oT ¢=0,02 o ¢=0,5.

Hamepsmu DJIC uenu

-Pt [ Fe, FeOy I Zr0; + Y04 i Fel.cSicOy [ Pt,+
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B KoTopoit Fe,..SicOy — nccrenyemsiit obpasew. Ilo pesynsraram namepenus I/C ase-
MeHTa (9) nocTpouiin u3orepMuyeckde 3aBucumoctd 3JC ot coctaBa obpasuos. s
WLTocTpaiuy Ha pHc. 9 u 10 npusenens! 3aBucuMoctH 1iis 1073 K.

E, MB" ' E,mB l
500
60 4
400
40 300
200
20 100
0 4
0 - 4= -100 '
0,0 0,1 0.2 03 ¢ 0,0 0,1 0,2 0,3 0,4 c

Puc. 9. 3aBucumocts DJ1C
asieMeHTa (9) oT coctaa 06-
pasuos npul = 1073 K:

o —y=1,1; ¥ —y=12;
¢+—1=13

Puc. 10. 3aBucumMocTs
3J1C snemenra (9)
0T cocTaBa 00pa3LoB:
7=1073 K: == —3=14,
- —y=145

Jins o6pasioB co cTeneHsMH okucieHHocTd ot 1,1 go 1,3 npu nocTossHHOM 3Ha-
YeHUH y 3aBHCHUMOCTh E oT ¢ (puc. 9) mpeacrasiaser coboil ABe MOpH3OHTaNIbHbIC
IpsiMBle, COeJIHEHHbBIE HAKJIOHHOH JMHHEH ¢ GONBLUIMM YIIOBBIM KOYQ(ULIHEHTOM.
CornacHo JaHHBIM PeHTreHO(ha30BOr0 aHAIH3a BEPXHAS TOPH3OHTANIbHAs THHUS OT-
BEYAeT PaBHOBECUIO MarHeTHT — BIOCTUT — PacTBOp MarHeTHTa B Qasiure (S), a HIxK-
Hssl — PABHOBECHIO )KeNe30 — BIOCTHT — (asnuT. Peskoe ymenbwieHne DJIC anemen-
Ta (9) ¢ yBenmuueHHeM colepkaHus KpeMHHUs B obpasiiax Habiawogaercst B TOM cliydae,
KOT/la OHY cofiepsKar JiBe (a3bl — BIOCTHUT U PacTBOp MarHeTura B dasnure (S).

3aBHCUMOCTH, MpHBeeHHbIe Ha puc. 10, nMeior Gonee cnoxHbIi xapakrep. [pu
HeOOoBIINX coflepKaHusIX KpeMHUs B obpazuax (0<c<0,03, y=1,4; 0<c<0,06, y=1,45)
DJC snemenra (9) sBnsercs byHKUHeH cocTaBa o0pa3LoB. DTO BO3MOXHO B TOM
ciiydae, korzaa o6pasupsl MO0 FOMOTEHHBI, THOO coAepKaT JBe KOHAEHCHPOBaHHbIE
(a3pl. MukpopeHTreHoCeKTpajibHbIM aHanu3oM B obpasue cocraBa y=1,4 ¢=0,02
obHapyxeHbl 1Be (ha3bl: CBETIO-Ccepas — OKCUI XKelle3a U TeMHO-Cepasi — CoeIHHEeHHe
KpeMHHS, kene3a ¥ kucnopoja. CoriacHo AaHHBIM PEHTreHO(a30BOro aHajIM3a OK-
CHJ] Kenle3a — MarHeTHT, a BElecTBo, colepxailee Fe, Si, O, — pacTBop kpeMHe3eMa
B rematute. B cniextpe PDA He o6HapyXeHB! TMHUH XapaKTepHbIE ISt YHCTHIX reMa-
THTa, KpeMHe3eMa H dasiita. TakuMm o6pa3zoM, B yKazaHHOH 06acTH coctasa 06pasisl
cozepxar ABe (ta3bl — MaTHETHT U PacTBOp KpeMHeseMa B remarure (H).

Hsnomer Ha 3aBHCUMOCTAX, puc.l0, cBs3aHbl ¢ H3MeHeHHeM (a3oBOro cocTaBa
o6pasioB. [Tepsrlii H30M Ha 3aBucumoctax E=E(c) (¢=0,04, y=1,4; ¢=0,062, y=1,45)
obycnosiieH MosBICHHEM B 00pa3uax eile oAHoi (a3bl — kpemHeseMa. [lis o6pasios,
cocToslMx U3 tpex ¢as, IC anemenra (9) He 3aBUCHT OT cocTaBa 00pa3LOB U 3aBU-
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cuMocTh E=E(c) npencraBiseT TOPH3OHTAIBHYIO JNHHHIO. CleaylolMH H3IOM NpH
¢~0,1, u ¢~0,18 obbscHseTca nepexofoM K Tpexdha3HOMY PaBHOBECHIO MarHeTHTa,
MarHeTuTo-assIMTHOTO pacTBopa M KpeMHesema. Ha 3aBepinaroieii ctaauu npube-
nenHo#i 3asucuMoctd (¢=0,4,=1,4; ¢=0,4, y=1,45) ee xapakrep 00ycloBIeH nepexo-
JIOM OT PaBHOBECHOTO COCTOSHHS MarHeTUTO-(QasITUTHOTO PACTBOPA ¢ KPEMHE3EeMOM
W MarHeTUTOM K COCTOSHHIO PABHOBECHS Kene3a, (asiura U KpeMHeseMma. DTOT ne-
pexXojl ocyliecTBIseTcss uepe3 ABYX(asHyw 00JacTh paBHOBECHS MAarHeTHTO-
(hasaUTHOrO pacTBOpa ¢ KPEMHE3EMOM.

Yenosus monosapuanmuuix pasrosecuii ¢ cucmeme Fe — Si — O

ITo aHHBIM PEHTIeHOBCKOIO aHAIM3a B UCCMEA0BaHHOM YacTH uarpammsl Fe — Si— O
peanusyloTcs cieylolne paBHOBECHS TPeX KOHIEHCHPOBAHHBIX (a3: MarHeTuT — pac-
TBOp KpeMHe3eMa B remartute (H) — kpeMHe3eM; MarHeTMT — PacCTBOp MarHeTUTa B (pasii-
Te (S) —KpeMHe3eM, MarHeTHT — BIOCTUT — S; XKeJIe30 — BIOCTUT — (asuIUT; Kenes3o — (as-
JmT — KpemHesem. Ha puc. 11 — 15 npuBeneHs! 3KCliepUMEHTAIBHBIE aHHBIE 110 JIaBlie-
HAIO KUCIOpofa Haa TpexdasHbiMU 0Opa3suaMi. 3eCh )Ke OHM CPABHHBAIOTCH C NIUTEpa-
TYPHBIMH JaHHBIMH. TepMOAMHaMHYecKHe [aHHbIe A paBHOBecus maraeTut — H —
KpeMHe3eM BIepBble MOMy4YeHbI B HAcTOALIEM HCCIEeNOBAHHH. YTOUHEHb! JaHHblE AN
paBHOBECHH: Kele30 — QasiutT — KpemHesem (puc. 12); marHerut — S — kpemHeseM
(puc. 13). lannble HacTostuei paboThl A7 paBHOBECHS XKelle30 — QasuTHT — KpeMHe3eM
COBNAMAIOT CO 3HA4YCHUAMH, noaydeHHbIMH Pobu, Myanom, [llenkom, dapkensim u Tro-
PHHBIM, a TaKKe NoATBepxkaatoT paciyeT Cenbu. JaHHbIe 3THX aBTOPOB Mbl cUHTaeM 60-
Jee HaZleXKHBIMH. [l paBHOBECHS MarHeTHT — S — KpeMHe3eM [aHHbIe HacTostutel pabo-
Th! BOCIPOHM3BOJUIT 3HAYEHHUS JaBjieHUs Kuciopona, nomy4yeHHsle [llenxom, Ynpummm n
MyatioM. [ToaTBepskeHb! TuTepaTypHbie JaHHbIE 110 CUCTEMAM: JKee30 — BIOCTHT — (asi-
JIMT; BIOCTHT — MAarHeTur — S.

1gP, 0,
4

6 A

-16 r
1000 1100 1200 1300 T,K

Pue. 11. PaBHoBecue «Mardetut — H — kpemMHe3em»:
----- —Cen6byu; ® — lllenk; — — paBHOBeCHE MarHeTHT — FeMATHT
(HacTos1ee HCeIIeIoBaHHE); — — — HACTOSLIEE UCCIIE[OBAHRe
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Puc. 12. PaBroBecue «okelie30 — QasiuT — KpEMHE3EM)!
"""" — CenGu; ® — Maepc; O — Ulenk;x — [lapken; ¢ — PoGu;
0 — Bunesamc; A - SIxo6; ¥ — Myau; 0 — TiopuH, — — — pacuer 1o
JlaHHBIM 3Heprun ['u66ca; — — HacTosIEEe HCCIIEN0BAHUE
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Puc. 13. PaBHoBecHe MarHeTHT — S ~ kpeMHeseM: - -+ — Cenbu;
———Maepc; ® — Xeput; O — Yoy; ¥ — Ynpuniu; A - Myan;
0 - Illenkx; — — HacToOsllIee UCClieIOBAaHHE
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Puc. 14. PaBHOBeCHE (OKENE30 — BIOCTUT — QasuTHT»:
----- — Cenbu; ¢ — Jlapken; O — llenk; 0 — Myan;
—— — HacTosLIee HCCNIEN0BaHe

1000 1100 1200 1360 T,K

Puc. 15. PaBHOBecHE «BIOCTHT — MAarHeTUT — S»:
- — Cenbu; A — Ynpunu;® — Myan; O — [llenk;
—— — HacTosLIee UCCIIEN0BaAHNE



Hzomepmuueckue cevenun duazpammet cocmoanus cucmentst Fe —Si— O

VYciioBus CylecTBOBaHHUS HCCIEAOBAHHBIX BeliecTs cucTeMbl Fe — Si — O npen-
CTaBJleHbl TpaU4ecKy Ha puc. 16 B BUAE H30TepMHUECKUX CEUEHHIH NHarpaMMsl co-
croanns IgF, — T — cocras nns remnepatyp 1073 u 1273 K. M3orepMuueckne ceue-

HHUS JAHarpaMMbl COAEpXKaT CBeleHUs O (a30BOM cOCTaBe CHCTEMbI (BEPXHASA 4acTh
JIMAaTpaMMB] B KOOPAWHATAX Y — ¢) U YCIOBUAX CTaDUIBHOCTH BEINECTB M PaBHOBECHH
B KUCJIOpOZCONepKallieli ra30Boii cpefe (HMXKHAS 4YacTh AHArpaMMbl B KOOpIMHATaX
lg A, ~c). JaBnenue xuciopoaa BhipaxeHo B atMochepax. CumBonoM S obo3HaueH

pactBop MarHetuTa B asuiute, a H — pacTBOp KpeMHe3eMa B reMartuTe.

Bun dasoBoii anarpamMMel (BepXHSS YacTb PUCYHKA B KOOPJMHATAX ¥ — C) Kadve-
CTBEHHO cornacyercs ¢ NpusefcHHON B pabote Myana ans temneparypsl 1373 K. B
OTJIMYHe OT AuarpaMMmel MyaHa, Ha auarpaMme, puc. 16,umerorcs ob61acTi paBHOBECHS
C y4acTHEM TBepbIX PACTBOPOB MarHeTUTA B (asIUTE ¥ KPEMHE3EMa B TeMaTHTe,

y ¥ .
Fe,0O, Fe,0; S0
SiO- L
3 -1 15 5
Feid ~— % 8 Fe0 £ g
B Fe.Si0, Fe,SiO,
) 7 10 7
1.0 5 R
2
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0.5 0.3
00 #= Fe . . 00 ¥Fe ,
]gpu‘, lgh,
-10 -6 H+Fe;0,
-12 H:FesOs -8 Fes;04+H+S8i0,
-1 Fe,0,+H+SIO,
- -10 Fea0,+8i10
14 Fe0n90; 304 2
-16 Fe;0,;+S $+S0- 54510,
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Fe+Fe,Si0,4+Si0, FeSiQ+SiO+Fe
20 Ss+Fe
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Puc. 16. M30TepMudecKkue cedeHus AMarpaMMbl COCTOSTHHS CUCTEMBI
Fe—Si—Onpu 1073 K (cnesa) u 1273 K (cnipasa)
1 -Fe-FeO,—S; 2 —Fe - Fe,Si04 — Si0,; 3 — FeO, —Fe;04 — FesSiOy;
4- FE304 - H, 5~ Fe304 ~H- 8102, 6— FC304 -S- SlOz,
7-FeO,-§;8-S-Si0,
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Pacuem akmuenocmeti komnonenmos Maeﬂemumo-d)aﬂ.ﬂumnozo pacmeopa

Hcnionp3ys nonyyeHHble JaHHBE 110 PABHOBECHIO TBEPAOrO pacTBOpa Ha OCHOBE
dasnrTa ¢ ConpsHKeHHBIMU ba3aMu, METOJIOM HeTloCpecTBEHHON 00paboTKH AaHHKIX
paccuuTand aktueHocTh Fe;0y (ay) B pacTBOpe, HaxoasuweMces B pasHoBecHu ¢ Si0;y:

AF £ ¢
lga, =————— | —dE, 10
8% 2,303RT-103F£1—C (19)
H aKTUBHOCTH MArHeTUTAa B MaI‘HeTPITO—(i)aﬂJ’IHTHOM paC’I‘BOpe, COI‘IpSDKeHHOM C BIOCTUTOM:
2F £
lga,=———————|{4-3y)dE. 11
84 2,303-103RT'[( y) (n

E

3nech E — paBHoBecHoe 3Ha4eHne DJIC sneMeHTa (9) a1s cMecH BIOCTUTA M MarHe-
THTa, MB, a £y — paBHOBecHoe 3HaueHHe DJIC aneMeHTa (9) 141 paBHOBecHs Marke-
THT — S — KpeMHe3eM. AKTHBHOCTD (asinnTa (a;) B TBEPAOM PacTBOpEe OIpeleNiIi 13
COOTHOLICHUA

ar=xi i,
a KO3 UIMEHT aKTHBHOCTH dasutiTa B WIMUHENEHOM pactsope (fi) — no dopmyne
X
lg f;==[2dlg £,. (12)
X

Jna unmoctpauuy Ha puc. 17 npuBeAeHb! 3aBUCUMOCTH aKTHBHOCTH KOMIIOHEH-
TOB TBEPAOr0 PacTBOPA, CONPAKEHHOIO C KPEMHE3IEMOM, OT COJlep)KaHHs1 MarHeTuTa B
pacTBope M1 Temneparypst 1073 K.

P T

i

T Puc. 17. 3aBrcnmocTs ax-
N TUBHOCTH MarHetura (1) u
0,6 ¢asutura (2) oT MOSTBHOH [0~
JI{ MarHeTHTa B MarHeTHTO-

0.8

0.4 (asnurHOM pacTBope, co-
02 TIPSKEHHOM C KPEMHE3EMOM
N/ e npu 7= 1073 K
0,0 b===m0
0,00 0.05 0.10 015 Xreo,

U3 puc.17 BUAHB 3HAYUTENBHEIE TIONOKUTENbHBIE OTKIIOHEHHS CBOMCTB KOMIIO-

HEHTOB PacTBOPa OT 3aKoHa Payns (MyHKTUpHAs TMHUS).
BriBoani

1. Meroagom 3JIC uccnenoBansl ycioBus (a3oBbIX paBHOBeCHil B cucTeMe Fe —
Fe;0; — FeALO, npu Temneparypax 1100 — 1300 K. Jloxa3aHo, 4T0 B 3TOM HHTEpBa-
Jie TeMIEpaTyp MarHeTHT U ePLUMHUT HeOTPaHHYEHHO PacTBOPSKOTCS APYT B Jpyre.
Onpenenensl aKTHBHOCTH KOMIIOHEHTOB M PAcCYHTaHbl TEPMOJHHAMUYECKHE Xapak-
TEPUCTHKH LIITHHEIBHOIO PACTBOPa, HAXOAALIETOCS B PAaBHOBECHHU C BIOCTHTOM.
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2. OKcTpanossipeii CBORCTE MIMHHeNbHOTO pacTBopa Fe;O, — FeAlyO4 nokasaHo,
YTO 3TOT PacTBOp B YCJIOBHAX DAaBHOBECHA C BIOCTHTOM IIpHM TeMIepaTypax HUXe
1084 K pacnanaercs Ha ase ¢a3bl: pacTBOP HAa OCHOBE MarHeTHTa M pacTBOpP Ha OCHO-
Be repurHHTa. OnpefiesieHbl COCTaBbl CONPSHKEHHBIX (a3 U paBHOBECHOE MM JlaBile-
HHe KHCIOPoAa.

3. TlocTpoenb n30TepMHUYECKHE CEHEHUS TUarpaMMBbl COCTOSHHS CUCTEMBI Fe
— Al - O nipu temnepatypax 1273 u 973 K.

4. Metogom DJIC uccnepoBaHbl ycloBUst Ga3oBslX paBHOBecHid B cucreme Fe —
Fe,0; — 810, npu remnepatypax 1100 — 1300 K. Briepseie ycraHoBsieHo obpazoBanue
B 3TOH CHCTeMe TBepAbIX PAaCTBOPOB MAarHETHTA B asiuTe U KpEMHE3eMa B reMaTuTe.
Ilpu Ttemneparype 1273 K pacTBOpUMOCTb MarHeTuta B (GasuyiuTe COCTABISET
24,7 mon.%, a kpemHuesema B reMaTtute — 24,6 Mon.%.

5. Onpenenens! aktuBHoct Fe;O4 1 Fe,Si04 B dasnurHoM pactsope. TTokazaHo,
YTO CBOMCTBA KOMIIOHEHTOB PAacTBOPA CYIIECTBEHHO OTIMYAIOTCA OT HACATBHBIX.

6. OKCcreprMeHTANbHBIM HCCIeOBaHHEM YCIIOBUIi paBHOBecHsl TpeX KOHAEHCH-
poBaHHBIX ¢a3 B cucTeMe Fe — Si — O BrepBble NMoNyyeHbl TEPMOTUHAMHYECKHE J1aH-
HBIE JUIS DaBHOBECHS MarHeTHUT — pacTBOpP KpeMHe3ema B reMaTHTe — KpeMHe3eM,
yTOYHEHbl JaHHBIE JUI PaBHOBECHIl: keme3o — (asiuT — KpeMmHe3eM; MarHeTHT —
pacTBOp MarHeTuTa B hasiiuTe — KPeMHE3eM, MOATBEPK/IEHBI JIHTEPaTyPHbIC JaHHbIE
TI0 CHCTEMAM: Kelle30 — BIOCTHT — (DastiMT; BIOCTHT — MarHeTHT — PacTBOP MarHeTuta
B (hasutuTe.

7. BriepBhle MoCTpOEHB! H30TEPMUUECKUE CEYEHHs AuarpaMMbl Ig £, — cocTas —

TeMmnepatypa cuctemsl Fe — Si — O npu Temneparypax 1073, 1173 u 1273 K.

OcHogHoe codepycanue duccepmayuu onyoaUKo8ano ¢ pabomax:

1. Kumsmos, A.A. YcioBust paBHoBecHs Qasiuta ¢ xenesom/ A.A. KuMsmos,
C.B. llltun, A.A. Jlsikacos// Bectuuk OVpI'Y. Cepusn «Metamnyprus». — 2008. —
Ne 24(124). - Bpin. 11. - C. 3 - 4.

2. ®azoBbic paBHoBecws B cucteMe Fe — Fe;04 ~ FeSiOy) A.A. Kumsiuos,
MB. Esrymienxko, C.B. IlItun, A.A. Jleikacos/ Bectauk IOYpI'Y. Cepus
«Meranmyprusp. —2010. — Ne 13(189). — Boin. 14.-C. 11 - 13.

3. JIpikacos, A.A. Ycnosus $hazoBbix paBHoBecHil B cvicteme Fe—Si—OB uHTepBa-
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