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3 (¢yHAaMEHTaIbHUX MO3MIIH PIBHOBAXHOI TEPMOAMHAMIKM PO3IILJAIOTHCS IIEPCIEKTUBH  CHHTE3Y
rerepoa3HUX TYrOIUIABKUX MaTepialiB Ha OCHOBI ABYX- Ta TPbOX-KOMIOHEHTHHUX OKCHIHUX cucteM. HaBeneno, mo
o0opoTHi TBeprodas3Hi peakuii HodIn3y TemIiepaTypu o00pOTHOCTI 3a0e3nedyloTh HaHOCTPYKTYPH3allilo MaTepiaiy
32 PaXyHOK 3HMKHEHHS OJHMX 1 cuHTe3y iHmmX ¢a3. Haromomryerbcs MiJBHILEHA TEXHOJOriYHA 3HAYYLIICTH
000poTHUX TBeproGa3HUX peakuiii OOMIHHOro THIly, IO OOYMOBJICHAa MOXIMBOCTSIMH iX CIHOJIYYECHHS HpH
TeMIlepaTypax, IO BiIINOBINAIOTh CTAI[lOHADHUM CTaHaM — JIOKaJbHHM TEPMOIMHAMIYHMM piBHOBaraM Mix
OKpPEeMHMMHM peakiisMu. [IpUHIMIN HAHOCTPYKTYpHM3alii Ta BHCOKOTEMIIEPATYPHOrO 3MIIIHEHHS MaTepialloB
6a3yroTbCS Ha BCT@HOBJIEHHI TeMIepaTryp oO0OpOTHOCTI TBepAoda3sHMX peakIliif, aHamizi cXeMM IX CHOIY4eHHS i
BU3HAUCHHI TEMIIEpaTyp CTalliOHAPHHUX CTaHIB, 110 JIO3BOJISIE YIPABIATH TEPMIUHOIO €BOJIOLIE0 (Ha30BOro CKIaLy i
peanizoByBaTH edexTu: nedopManifHOro BHCOKOTEMIIEPATypHOTO 3MIIIHEHHS 3a PaxyHOK 00'€MHHMX peakliiHuX
3MiH; MIiIBUIIEHHS (i3UKO-MEXaHIYHUX XapaKTepHCTHK 3a pPaxXyHOK HAHOCTPYKTypHW3alii HpH TeMmepaTypax
00O0pOTHOCTI 1 CITONY4YEHHSI; BIUIMBH HOBOYTBOPEHb Ha BIACTHBOCTI KiHIIEBOI rerepodasHoi KoMOiHalli B MaTepiaii,
II0 CHUHTE3YEThCS; IOHIDKEHHS TEMIEpaTypu CHHTe3y LiNboBOI (ha3u 3a paXyHOK «00XOIy» TepMOIMHAMIUHOL
pIBHOBAry; BHCOKOTEMIIEPATYPHOIO 3MILHEHHS 3a PaxXyHOK €HAOTaKcii — NpyXHIH KoMIeHcalii Hey3roIKeHOCTi
[apaMeTpiB KPHUCTAUYHUX pEINTOK (a3, 10 YTBOPIOIOTHCSA IPH CIIHOZANBHOMY ()a30BOMY pO3MHali TBEPAUX
PO3UMHIB; ITiJIBUIIECHHS TEPMOCTIHKOCTI 3a paXyHOK camooprasizauii (a3 i CTBOPEHHS IMCHIIATHBHOI CTPYKTYPH IIPU
HepiogUYHOMY XapakTepi cronydeHHs TBepaodasHux peakuiii oOMiHHOro TUIy. [IpesicraBieHi npukiaau peanisanii
BiZMiueHUX e ekTiB mpu cuHTe3i MarepiatiB B cucreMax Al,O3 — SO,, ZrO, — Al,O3 — SO, 1 MgO — Al,O; — SO,

Cmamms nocmynuna 0o pedakyii 22.09.2008; npuiinsama oo opyky 15.06.2010.

BBenenue

TBepnodasHble peakuu C y4acTHEM OTHEYIOPHBIX
OKCHUJIOB HE SIBJISIIOTCS MCKJIIOUEHHEM M3 OOIIUX MpaBHII
XUMHMYECKUX B3aMMOJEHCTBUM, XOTS U HPOSIBISAIOT
olpe/ielieHHyI0 crieluuKy. B TeXHOIOTHH TYTrOIIaBKHX
HEMETaJNIMYEeCKUX MAaTepUaloB YCIEIIHO pealn3yloTcs
(PU3UKO-XMMHUYECKHE TIPOLIECCHI, B TOM 4Hciie U 3pderThI

TBeprodasHpix  peakiuit. OnmHako, 10 HEJaBHETO
BPEMEHHU HUCIOJIb3YEMbIE PEAKIIUM OTHOCWUJIUCH JIUIIb K
KJaccy MIPOCTBIX - CHUHTE3a W
JUCTIPONIOPIIMOHUPOBAHMSI, KOTOpPbIE TMPOTEKAIOT B

OMHAPHBIX OKCHJHBIX CHCTEMax. B TeXHOmoruueckoit
MPAKTHKEe aKTHBHO MPUMEHSIOT, HATPUMED, XUMHICCKHE
pEaKIMU CHHTE3a aMOMOMAarHe3HalbHON muHend (1) u
JICTIPOMOPIIMOHUPOBAHUS [IUPKOHA (2):

MgO + A|203 — MgA|204
2rS0, — Zro, + SO,

D)
2

[TonoOHbIe peakuyy MO3BOJISIOT od0ecneynTh ddexT
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nedopMaIMOHHOrO  YIIPOYHEHUs] Marepuajia 3a Cuer
00bEeMHBIX H3MeHeHUuH, 3¢dexT mnoBbiIeHUs (U3NKO-
MEXaHUIECKHX XapaKTEePUCTUK 3a cuer
HAHOCTPYKTYPUPOBaHMsI IMPHU HOBOOOpa3oBaHMU (a3 u
a3¢deKT BIMAHMS HOBOOOpa30BaHMN Ha CBOWMCTBA
KOHEYHOH reTepodazHoii KOMOMHAIIMK B CHHTE3UPYEMOM
Matepuaie (Ha TEIJIOMPOBOMHOCTh, TEIMJIOEMKOCTb,
TEPMUUECKHH KOI(PPHUIUECHT JMHEHHOro pacuIupeHus,
TBEPIOCTh, OTHEYIIOPHOCTH U T. IL.).

OOMeHHBIE TBepAO(A3HbIE XMMUYECKHE PEaKInH, B
T. 4. u oOpaTuMBbIe, MPOTEKAIOIINE B
MHOTOKOMITOHEHTHBIX ~CHCTEMaX, HauOoyee CIOXKHBI.
Hapsiny ¢ MOBBIIIEHHBIM YPOBHEM CIIOKHOCTA OOMEHHBIX
B3aMMOJEHCTBUI  OT WX  pealu3allii  MOXXHO
MPOTHO3UPOBaTh  Oonbliee  KoaumdecTBO  3(dekTos,
CHOCOOHBIX  ()OPMHPOBATH  YHUKAJIBHBIA  KOMILIEKC
LIeJIEBBIX CBOMCTB MaTepuanoB. [loaTomy mcciienoBanus
3aKOHOMEpPHOCTEH u 0coOeHHOCTEH pa3BuTHs
TBepA0(a3HbIX peakiuii OOMEHHOI'O THINA aKTyaJIbHBI U
COCTaBJISIFOT (DYHIaMEHTAaJIbHBIE OCHOBBI HAIIPABJIEHHOT'O
¢dopMupoBaHUsT B Marepuasiax 3apaHee 3aJaHHOTO
(hazoBoro cocraBa, CTpYKTYpPbI U CBOHCTB.
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Lens pabotsl — 0000mIEHHE 3aKOHOMEPHOCTEH
MPOTEKaHUsl TBEPAO(PA3HBIX XUMHUYECKUX peaKkuuii B
OWHApHBIX M TPOWHBIX OKCHIHBIX CHCTEMax W aHaJu3
0COOEHHOCTEW TMPOTEeKaHUsi OOpaTHMBIX TBepAO]a3HBIX
peakuuii ¢ peanu3anueil MO3UTHBHBIX 3((EeKTOB B
CHHTE3UPYEMbIX MaTepHanax Ha ocHoBe cucteM Al,Oz —
SiOZ, ZrOZ—A|203—SiOzI/I MgO—A|203—S|Oz

|. TBepnoga3snbie peakuuu B
OMHapPHBIX CHCTEMAX

JIro6oe XUMHYECKOE B3aUMOJICHCTBHE
OCYIIECTBIISICTCS TIPH  OJHOBPEMEHHOM  COOJNIOACHUU
MHHUMYM  TpeX  YCIOBUi:  TepMOTHHAMUYECKUX,
KHHETHYECKUX U cTepuueckux. CTepudyecKhe yCIOBHUS
MpEnonaraloT  OTCYTCTBHUE OPENATCTBUA IS
obecreueHns] HEMOCPEACTBEHHOI0 KOHTAKTa PEarcHTOB.
KuHeTHYeCKUMH YCIOBUSAMHU TPEIYyCMAaTPHBAETCS, YTO
CKOPOCTH MAacCOOOMEHHBIX MPOIECCOB O00ECIeUnBarOT
MpOTEKaHWEe B3aMMOJCHCTBHS pPEArcHTOB 3a BpeMs
9KCIIEPUMEHTA. TepMoHAMHYECKHE YCITOBHUS
COOJIOZIAIOTCS, €CNH W3MEHEHHE CBOOOJHOW SHEPrHU
I'u66ca (A G) mast XUMHYECKOHW peakiUh HMEET
OTpHUIIATENbHOE 3HaYCHHE. TepMoauHaMUYecKast
BEPOSATHOCTh B3aMMOJICHCTBHUSI TEM BBIIIE, 4eM OOJIbIIe
MOJIYJIb OTPUIATENBHON BeTH4nHbI A G, 4TO OmpeeneHo
ero  MPUYHUHHO-CICNCTBEHHOW  B3aUMOCBA3BI0  C
KBAaHTOBO-MEXaHHYECKUM  CTPOCHHEM DPEareHTOB U
MPOAYKTOB  peakiuu. TepMOTMHAMHUYECKHI —aHANU3
XUMHYIECKHUX PEAKIHil SIBISIETCS OCHOBHBIM KPUTEPHUEM U
€TMHCTBEHHBIM TEOPETUYECKUM METOIOM
MPOTHO3UPOBaHUS  TBepPAOGhAa3HBIX  B3aUMOJCHCTBUI
oOMeHHOro THma. B aroil pabore paccMmaTpuBaroTcs
TOJNBKO TEPMOJMHAMHUUYECCKUE YCIOBHUS B3aUMOJCHCTBHIMA
MPU HOPMAIBHOM JIABJICHUH W 0€3 y4acTHs B PEaKIusx
ra3oBoi (a3bl U paciuiaBa.

DOyHKIMOHATBHAS 3aBUCUMOCTD AG OT TemIepaTypbl
(T) He mMeeT pa3phIBOB U CKAYKOB, HO MOXKET MEHSThH
CTeNeHb KPUBH3HBI, HANPUMED, NPH HATHYHH (Ha30BBIX
MEePEXOI0B Y KOMITOHEHTOB PEaKIIMOHHOM cucTeMbl. Kak
mpaBwio, Juis  TBepAoGhasHbIX  peakuuit  Mexmay
TYrOIUIABKUMHU OKCHIAMH OTMEYaeTcsi He3HAUUTENbHas
kpuBu3Ha 3aBucumoct AG = f(T) B TexHOJIOTHYECKH
3HAYUMOM HHTEpBaje TEMIIEPATyp, YTO OOYCIOBHIO UX
anMpOKCHUMAIIMIO MPSAMBIMK B JaibHelimeM aHanuze. C
yIETOM  BBINICYKA3aHHOTO, AHAIUTHYECKasl —3allkCh
peakimit (1) u (2) mpencrasisercs B Gopme (31ech u
nanee TpuHATH cokpamienus: A — Al,Oz, S— S0, M —
MgO, Z - Zr0Oy):

M+A—>MA
/S—Z7Z+S

3
(4)

I'eomeTpuyeckast HHTEPIPETALIHSI
TEPMOJMHAMUYECKUX YCIOBHI TpoTeKaHus peakimii (3)
u (4) npencrasnena Ha puc. 1 u 2, cootBercTBeHHo. Ha
puc.1 u 2 Hag COOTBETCTBYIOIIUMHU BETBIMH
sapucumocteit AG = f(T) ykasansl ¢asbl, cTabHIbHBIC B
HHTEpBaJax TeMIepaTyp coriacHo peakimsam (3) u (4).
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Jnst ymoOcTBa ompezeneHus ctabWibHOCTH (a3 Ha
puc.1 W 2 T[YHKTHPOM MPOBENCHBI  3ePKAJIBHO
0TOOpaXXeHHBIE OT OCH T TOJOXHUTENbHBIE YYACTKU
3apucumocteit A G = f(T), uro oTBe4aeT MPOTEKAHUIO
COOTBETCTBYIOIICH PEAKIUU B OOPATHOM HANpPAaBJICHUH B
JMAHHOM HHTEpBajie Temmepatyp (00O03HaYeHa MITPHUX-
JMHHEH).

+AG

Vi MA

—4AG

s
S18) (#

Puc. 1. 3aBucumocts A G = f(T) misa peakimu

cunresa (3).
+AG

z5

- AG

Puc. 2. 3aBucumocts A G = f(T) misa peakimu
paznoxenust (4).

HCH60006pa3HOCTI) TAaKOro IoCTpOCHUA BO3paCTacT

npu aHaJIn3¢ HCECKOJIBKHUX PECAKIMOHHBIX
B3aUMOJICHCTBUN B CUCTEME, TaK KakK CaMbIC HHU3KO
PacCIIOJIOKCHHBIC OTPE3KH 3aBUCHUMOCTEH
HEMIOCPCACTBCHHO YKaxyT Ha Hanbomee

TEPMOIUHAMHYCCKH CTaOWIbHBIC KOMOWHamuu (a3 B
KOHKPETHBIX TEMIICpPAaTypHBIX UHTepBayiax. Puc. 1 u 2
TCOMETPUUYECKH MOMO0HBI U (HaKTUYECKU OTOOpaKaroT
00paTUMOCTh MPOIECCOB CHHTE3a — PA3JIOKCHU.

Jlst  MBYXKOMITOHEHTHBIX CHCTEM TBepAOGha3HbIC
peakii ~ OOMEHHOTO  THIIAa  HEXapaKTEePHBI |
paccMoTpeHHbIe Bhilie peakiu Bua (3) u (4) sBistoTes
HauOoJiee THUIMUYHBIMU. [IpW HamTuUMu B OWHAPHOM
okcuaHol cucreme aByx coemunenuii (DE; u D3E,
HapUMep) MOXHO HpeacTaBuTh peakimio (5), koropas
0 CBOeH (hopMe SIBIISIETCs] OOMEHHOM

D+DE2—>D2E+E (5)

VYuureiBast MIPABHJIO ¢a3 T'u66ca, B
JIBYXKOMIIOHEHTHON CHCT€ME MOTYT COCYIIECTBOBATh
Tpu Ga3bl, uemy nporuBopeuntT ypaBHeHue (5).
[pocredimmii  THO  conpsbkeHWs JBYyX U Oonee

AJIEMEHTAPHBIX B3aMMOJCHCTBUH HEOOMEHHOTO THIIA B
JIByXKOMIIOHEHTHOW CHCTEME MOXKET HaONIoJaThCs MpH
crabmwibHOCTH coequHeHuss DE, B  ompeneneHHoM
unrepsaie remnepatyp (ot To no Ty Ha puc. 3):



[IpuHIUITEI HAHOCTPYKTYPUPOBAHUS M BBICOKOTEMIIEPATypHOI'O YIPOUYHEHHS MaTEpUAIIOB. . .

D + 2E — DE,
2DE2 — DzE + 3E

(6)
(")

Anrebpanyeckoe CYMMHPOBaHUE ypaBHEHHHA
peakuuit (6) u (7), dopmansHO 0becmeunBaroIiee
B3aumojeiicteue (5), NPOM3BOMMTH HENb3s H3-3a
Pa3IHYHBIX TEMIIEPATYPHBIX HHTEPBAJIOB ux

nporexkanus. Ha puc. 3 orMeyeHa Touka mepecedeHust Z
3apucuMocTeil (6) u (7), oTBewarolias CTalHOHAPHOMY
COCTOSIHHIO M CONPSDKEHHOCTH — COOTBETCTBYIOIIUX
NPOIIECCOB IpU TeMneparype Tg.

+AG

—AG

Puc. 3. Conpspkennocts  peakmuit (6) u (7)) B
JBYXKOMIIOHEHTHO#  CHCTEME ¥  YCTaHOBJICHHE
CTallMOHApHOTO cocTosiHUSA (a3 mpu Temneparype T,

Teepmodasubie peakiu OOMEHHOTO THMA, B T. 4.
obpatuMble, B OHHAPHBIX  OKCHAHBIX  CHCTEMax
BO3MOXHBI JIMIIb C YYACTHEM TBEPIBIX PACTBOPOB — TO
MEPUTEKTOUTHBIC B3aUMOJCHCTBHS, B KOTOPHIX OJHA W3
da3 mis peakuuu Buma (3) wim (4) sBusercs He
CTEXHOMETPUYCCKUM  COCAMHEHHEM, a  TBEpPAbIM
pactBopom.  IlpumepoM  Takoro  B3aUMOJCHCTBHS
SIBJISICTCSl OOHAPY)KEHHAs B HAIIUX HcciaenoBaHmsx [1 —
4] nepurexToMAHAA B3aMMOCB3b MymiuTa (A3S,),
cwumanuta (AS) u TBepJoro pacTBopa 3amerieHus (B
3amucy oomero BUAa A 1.mySm):

(5M—-2AS+ (1 -2m)AsS; > Ar-mSm (8)

rme M — mapamMerp HECTEXHOMETPUU TBEPAOro
pacTBopa, CTpOro B3aUMOCBSI3aHHBIN co
CTCXHOMETPUUCCKUMHU KOI(P(PHUIIMECHTAMH pPEarcHTOB |
n3Mensronuii 3uavenne or 0 no 1.

3nak obparumoctu peaknuu (8) ompenessercs He
TOJIKO KOHKPETHOW TEMIIEpaTypoi, HO M 3HAYCHUEM
nmapaMmeTpa HECTEXUOMETPUH M
m=>05 (5M-2)AS— AumSn+ (2m-1AsS, (9

04<m=<05

(5m - Z)AS + (1 - 2m)A3SZ — A(l_m)Sm (10)
m=<0,4

(1-2m)AsS, — (2—5M)AS+ Ag.mSn (11)

IMoctynupoBanHoe B pabore [1] mepUTEKTOHIHOE
B3amMoeiicTBre (8) 0ZHO3HAUHO CIIEAOBAJIO U3 aHANU3a
TEPMOJMHAMUYECKUX PACUCTOB JJIS PEAKIUH C yIacTHEM
CTEXHOMETPHICCKUX COCTUHCHMUIL:
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AsS+S— 3AS
IAS+ALIBTK _a s

(12)
(13)

Pa3BuTHeM  MEPUTEKTOMIHOTO  B3aMMOIEHCTBUS
(puc. 4) nmeTepMUHHUPYETCS CTPOEHHE CYOCONUIYCHOM
obmactu gumarpammsel  coctosuus Al,O; — SO, [2],
KOTOpasl ~ CHHMaeT  JUCKYCCHOHHOCTh  XapakTepa
IUIABJIEHHS MYJIJIMTa, 00pa30BaHus 00IacTel Ta0HIbHBIX
TBEPIBIX  PacTBOPOB B KPEMHE3EMHUCTOM U
TJIMHO3EMHUCTOM 00JacTAX CUcTeMbl. JlaHHas cucTeMa
MPOBEPSIACh IKCIEPUMEHTAIBHBIMU  HCCIEIOBAHUIMU
Ha aJIeKBaTHOCTH [3, 4].

OTMeTHM, 4YTO IIONIy4EHHBIE 3aKOHOMEPHOCTH
pasBUTUS TBepAO(A3HOU 00OpPaTUMOM IMEPUTEKTOUIHOM
peaxImu (8) MIPEICTABJISIOT HE TOJILKO

(dbyHIaMEeHTAIbHOE 3HA4Y€HUE, HO M JAlOT TEXHOJIOraM
Ba)XHbIE IIPAKTHYECKUE CBEICHUS O TEMIEePaTypHBIX
peKMMax, TO3BOJSIIOMIMX OOECIIEYUTh ITOBBIMICHHYIO
CTENIeHb MYJUIMTH3alluM MaTepuaia | pealn3oBaTh
BBICOKOTEMIIEpAaTYpHOE 1e(hOpMalMOHHOE YIPOYHEHHE,
B T.4. 32 CYET HAHOCTPYKTYPHUPOBaHHUS  MpHU
TemIepaTypax oOpaTHMOCTH MEPUTEKTOUIHOU peaKIuu
(8).

B pabote [4] maHbl TeopeTHuecKhe MPOTHO3BI IO

TMOBBIIIICHUIO MYJUTATHA3AIIH KaOJIMHUTA npH
CHeLUaIbHBIX peKUMax TepM00OpabOTKH,
MPeyCMATPUBAIOIINX ~ HU30TEPMHUYECKYIO  BBIICPIKKY

BOmm3u 914 °C wmim crymeHuaTblii pexuM OOXura ¢
n3orepmudeckumu Boiepkkamu nipu 1100 °C u 1250 °C
W TOCIENyIOHMUM  TOJABEMOM  TEeMIlepaTypsl 10
OKOHYATEJILHOr0 3HaYeHus — Temreparypsl 1390 °C.

[lo pe3ynbraraM SKCIIEPUMEHTAIBHOW MPOBEPKU Ha
oOpasiax w3 orHeymopHod riuHbl Mapku JH-O stm
TIOJIOXKEHHS MO TBEPIKACHBI. AHaTU3UPOBAIUCH
mudpakrorpaMmbl - 00pa3loB MaTepuana M3 TIIHHBI,
00O0MOKEHHBIX TI0 PEXHMY C MOHOTOHHOHW CKOpPOCTHIO
mogbeMa  Temmepatypel g0 1100-1390°C wm
N30TEpPMHUYECKUMH BblIepkkamMu oT l-ro 1o 3-x 4, a
TaKke 000MOKEHHBIX TI0 BBILICYKa3aHHBIM PEeXUMaM TpH
aQHAJIOTUYHOW CKOPOCTM TIOABbEMa TEeMIIepaTypbl |
JUTNTENBHOCTH HM30TEPMUYECKUX BBIJCPIKEK B TEUCHHE
OJTHOT'O yaca Ha Kaxaoi cryneHu. CrienuaibHbIN pexxuM
¢ Beigepxkkoit ipu 910 °C addexTuBHEE 0OecneunBaeT
MYJUTUTH3AIMIO TIPH TeMIiepaTypax ooxwura qo 1250 °C ¢
(bopMupoBaHuemMm 3HAYUTEIHHOTO KOJIMYeCTBa
KPHUIITOKPUCTAJUTMYECKOH (a3l M OYeHb  MaJlbIM
coJIepKaHHEM CBOOOIHOTO KBapIia. Pexxum
cTymeH4aToro o0)kura obecrieuynBaeT oOpa3oBaHHE
MaKCHMaJIBHOTO KOJIMYECTBa MYJUIUTa B MaTepHaie
00pa3IoB O CPAaBHEHHIO C MOHOTOHHBIM PEXKHUMOM JIaXe
npu 3-x 49 u3oTepMuueckoi Beiaepkku (94 ortH. %).
Cnenyer OTMETHTb, YTO IIPH CTYNEHYATOM pPEXHME

o0paslpl HAXOMATCS B 30HE BBICOKHX TeMIEpaTyp
MEHbIlIee  BpeMs,  T.e.  CTYICHYATBIA  PeXUM
3HeprocOeperarouii u obecrieunBaeT npu
OKOHUarenpHOW Temmneparype obOxwura 1390 °C wu

BbIIIepKKe 1 4 KOA(PUIIMEHT KPUCTAIUIMYHOCTH MYJITHTA
1,25 1o cpaBHEHHIO CO 3HAYCHHEM 3TOr0 KodhGUIHeHTa
1,23 u 1,32 npu Beigepxkkax 1 u 3 94 Mpu MOHOTOHHOM
PEeKXHMeE C aHAJIOTMYHOMN TeMITepaTypoi o0Kura.
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Puc. 4. YcnoBHas BeKTOpHAs AUarpaMMa pa3BUTHUS TIEPUTEKTOHIHOIO
B3aumoeiicteus (8) B cucreme Al,O3 — SiO,.

Il. TBepnoga3Hubie peakuu B TPOHHBIX
cucremMax

C YBEJTUUCHUEM qHciIa KOMITOHEHTOB B
PEaKIMOHHON CHCTEME YBEIMYMBAETCSI YUCIIO CTeleHen
CcBOOOIBI B KOJHMYECTBE BApUAHTOB TBEPIO(a3HBIX
peakuuii. Hampumep, cuHTe3 TPOHHBIX OKCHIOB MOKHO
MIPEJICTAaBUTh PEAKITUSIMHU:

dD + €E + gG — D4E-Gy (14)
DgEe + 9G — DyEGy (15)
DdEk + GgEt — DdEeGg, rree=t+k (16)

B peasnbHBIX CHCTEMAx CTATHCTHYECKAS BEPOATHOCTD
[pPOTEKaHWsT B3aUMOJEHCTBHA 10 Mexanusmy (14)
Ype3BBIYAMHO MaJia U JIMIIb HE3HAYUTEIHHO BO3pPACTaeT
i Mexaunusma (15), Heckosbko Oombine — s (16). Ha
NPAaKTHKE CUHTE3 TPOMHBIX OKCHIOB OCYIIECTBIISETCS 10
formee  CIOXKHBIM ~ MEXaHH3MaM, KOTOpPBIE  4acTo
HAYUHAIOTCA C IIPEJBAPUTENHHOrO 00pa3oBaHMs Ha
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OCHOBE JIBOMHOT'O OKCH/Ia TBEPIOT0 pacTBOpa BHEAPEHUS
(c IPOCTBIM OKCHIIOM, HE YYaCTBYIOLIMM B 0Opa30BaHUH
OMHAPHOTO COEIMHEHUS). B MOCIEAYIOIEM
B3aMMOJICHICTBUM TaKOH TBEpABI pPacTBOp BHEAPEHUS
pearupyer ¢ ApYruM JBOWHBIM COEIMHEHHEM U 00paszyer
CIOXKHBIA, TpolHON TBepablit pacTBop. B mporecce
JTANBHEHINET0 B3aUMOJICHCTBHS OH TPOXOAUT CTaJHUU
0o0pa3oBaHUsi ~ TOMOTEHHOTO  TBEPJIOrO  PacTBOpa,
HACBHIICHHE €ro 0 OTAENbHBIM KPUCTALUTHYECKUM
MOZIpeIeTKaM, TOCTH)KEHHE TIpeesia pacTBOPUMOCTA U
¢dazoBeli  pacmag ¢ 0o0pa3oBaHWEM  TPOIHOTO
CTEXMOMETPUYECKOTO COCIAMHEHUS B KOMOWHAIMU C
Ooyiee MPOCTBIMU OKCHIHBIMH COCIMHEHHSMH. Takoi
MeXaHM3M XapakTepeH sl oOpa3oBaHMs canUpUHA U
kopauepura B cucreme MgO — Al,O; — SO, [5-8], B

YCTQHOBJICHMH  KOTOPOTO  BaXXHYI0 pOJIb  HUMENH
pE3yNbTATH aHaymm3a  TBepAO(A3HBIX  peakIui
OOMEHHOTO  THIA  MEXIy  CTEXHOMETPHYECKHMHU

okcugaMu. Takue peakid IS TPEXKOMITOHEHTHBIX
OKCHJIHBIX CHCTEM XapakTepHsl B cuctemax CaO —MgO
— S0, [9], CaO — MgO — Al,05 [10], ZrO, — AlL,O5 —
SO, [11], BaO — Al,0O; — SO, [12]. Pa3noobpasue
OOMEHHBIX peakiii B TPOHHBIX CHCTEMax, B T. U.
00paTUMBIX, JHUKTYETCS BO3MOKHOCTSAMH peaH3aIiiu
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MEXaHU3MOB.
KN, + pP > Kka + nN (17)
KNy + NoP, > KP, + 2N (18)
Kan + Nan <~ KXPp + K(k—x)Nn (19)

KiNn + NpPy > KyPp—x) + K-y)Nin-p) + N+ p)Pc (20)

IIpn 5TOM Ba)KHO, 4YTO BO3pACTaeT BEPOSTHOCTH
conpsbkeHust  TBepaoda3HbBIX ~ peakuui  3a  cuer
BO3MOXXKHOCTH WX OJHOBPEMEHHOI'O MapalIelbHOro
MPOTEKaHUsI MEXIY COSAWHEHUSIMH Pa3HBIX IOJCUCTEM
TpoiHON cucTeMbl. Bo3pacraeT M KOIMYECTBO THIIOB
BO3MOXKHOT'O COMNPSDKEHHS, CIEIOBATEIbHO, CYMMapHBIH
MpollecC B3aUMOJEHCTBUSL OyZeT oOToOpakaTbcsl Ha
rpaduueckoit 3apucumoct AG = f(T) nomanoit kpuBoi
U3 Hambojee HHU3KO PACHOJIOKEHHBIX  YY4acTKOB
3aBUCUMOCTEi AG =1(T) TUTSt napajuieIbHO
pa3BUBAIOUIMXCS  peakuuii. OTHM  ONIpenenseTcs
Haubollee  TEPMOIMHAMHUYECKH  BBITOAHBIA  MYTh
sBOMIOLMH (ha30BOTO COCTaBa CHUCTEMBI. TOUKM H3IIOMa
COOTBETCTBYIOT CTAallMOHAPHBIM COCTOSIHUSIM, Tl HpHU
COOTBETCTBYIOIIMX TeMmmeparypax (a3oBblii cocraB
CHCTEMBI H3MEHSIeTCs u peanuzyercs
HAaHOCTPYKTYPUPOBaHHE CHHTE3MPYEMOI'0 Marepuaia 3a
CYET MCYE3HOBEHUsI OJIHUX COCIMHEHHH W 0Opa3oBaHUs
npyrux. B kadecTBe mpumepa Ha puc. S5 mpeacraBieH
BapHaHT CONPSDKEHUs TOJNBKO JBYX TBepAo]a3HbIX

+4G

+
Kt Kall + N

(17 {18y

-AG

Puc. 5. Conpspxenue nipu temrnepatype T, peakiuu
(17) B npsiMOM HAampaBlICHUH NPOTCKAHUS U
peaxkimu (18) — B 06paTHOM

peaxkimit oomMennoro tuna (17) u (18).

U3 puc. 5 BuaHO, uTo 00€ aHATM3HpYyEeMbIe peaKkiuu
B TEXHOJOIMYECKH 3HAYMMOM HHTEpBaJe TeMIeparyp
(ompenmensieTcss Ha PUCYHKaX TeMIlepaTypaMu Hadana H
OKOHYaHus rpaduyeckux 3aBucumocreit AG f(T))
HeoOpaTtuMbl, a mpu Temmepatype T. (ompenensercs
KOOpJMHATOH ToukH Z — niepeceueHne 3aBucumocreit AG
f(T) mma »TUX peakiyil) CONPATAIOTCSA, 4YTO
00YCIIOBIIBAET HAHOCTPYKTYPHBIE N3MEHEHHS B CUCTEME
u3-3a u3MeHeHus komOuHammu ¢a3 KPP, + N Ha
TepMmoanHamMuuecku 6osee Berognyro KN, + NPy, Ilpu
obpatuMocTH OIHOW W3 peakuuit (Hanmpumep, (17)) Ha
MyTH TEPMOJUHAMHUYECKOH DBOIIOIMHA PEaKIMOHHON
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+AG

Ko+ M

D {18y

—AG {17 S, Kl +P

Puc. 6. ConpspbkeHne IBYX peakUuil Ipu JABYX
TemnepaTypax.

CHCTEMBI ~MOTYT OTMEYaThCsi yXe JIBe
craronapaoro coctostaust (puc. 6): Ty u Teo.

W3 puc. 6 BHAHO, YTO H3MCHECHHE CTAOHIBHBIX
koMOWHAIMH (a3 B TEXHONOTMYECKH 3HAYMMOM
HHTEpBAJe TEMIICPATYp peau3yercs JBaX[Ibl B
COOTBETCTBYIOIMX TOYKaX compsbkeHus Z; u Z,. Ho B
MAHHOW CHUTyallud Ba)KHee OTMETHTh, YTO €CIH B
CHHTE3UPYEMOM  MaTepHaie  [eJNEeBbIM  SIBISIETCS
coemuuaenne KN, — mpoaykr peakiun (17), To ero
o0Opa3zoBaHre MOKHO OOECIIeUWTb HE IPH TeMIlepaType
ee ooparumoctu Ty, a mpu Oonee HU3KOM TemIlepaType
Tcy ¢ TIOMOIIBIO BBEACHHUS B HCXOAHYIO PEAKIMOHHYIO
CMECh JIOMONHUTENIHHOIO KOMITOHEHTa (B YaCTHOCTH,
NnPp), 00ycioBnuBaroIero napajlelbHOe pPa3BUTHE
OOMEHHOTO  B3aMMOJCHCTBHSA,  COMNPSHKEHHOTO  C
OocHOBHOW peakuueid. Takoil >¢Qekr peann3oBaH B
CHCTEME Z2rO, Al>,O4 SO, ioit:
HHU3KOTEMIIEpAaTYpHOTO CHUHTE3a MYJUINTAa B MYJUIHTO-
[MPKOHUEBBIX MaTepuaiax U3 I[IMPKOHOKOPYHIOBBIX
cMeceil B PUCYTCTBUH JIOTIOTHUTENFHOTO KOMIIOHEHTA —
cwmnmanuta [11]. Tlpu sToM o00pa3oBaHHe I[ETIEBOM
koMmOuHanmu (a3 gukcupoBanocs He npu 1615 K, a npu
1448 K. DT0 BaxkHbIH dPdeKT, OTBEHUAIOUMN «O0O0XO0IY»
TEPMOTMHAMHUYECKOTO PABHOBECHS M OH B OWHAPHBIX
OKCHIHBIX CHCTeMaxX He mporuosupyercs. OTMeueHHOE
00CTOSTENLCTBO TOATBEPKIAET HEOOXOAUMOCTD 3HAHUS
TEMIIEPATYp COMPSDKCHUS PEAKIMii ¥ BOSMOXHOCTH HX
obpatumoctu. Ecii B paccmarpuBaBieMcst cirydae obe
peakuun (17) u (18) oOpaTuMmbl, TO MOSBJISETCS €Ile
OJIHA JOMOJHUTEIbHAS BO3MOKHOCTh X COMPSUKCHHS B

TOYKH

TEXHOJOTHYECKH 3HAYMMOM HHTEpBaje TEMIEpaTyp
(puc. 7).

B cnyuae mnapannenpHOro pasBUTHS B TPOHHON
OKCHIHOW  CHCTEeME TpeX peakimuid  KOIUYECTBO
BapHaHTOB MX COMpPSHKEHUI 3HAYUTENBHO Bo3pacTaer. K
BBIIIIEYKAa3aHHBIM ~ Bapuantam (puc. 5—7) criemyer
n00aBUTh  MPOM3BOJHBIE OT  HHUX, I[ONyYCHHBIC

HPOM3BONBHBIM PA3MEIICHHEM EIIe OJHOI0 OTpe3kKa
MPSAMOM C COOTBETCTBYIOIUM BO3MOXKHBIM 3€PKAaTbHBIM
otpaxkerreM ot ocu T (3aBucumocts AG = f(T) mua
Tpetbeit peaknuu). COOTBETCTBEHHO, YBEIMYHUBACTCS
KOJIMYECTBO CTAI[MOHAPHBIX COCTOSHUI, KOTOPOE MOXKET

ere BO3pacTH pu HaJAYUH B CHUCTEME
JIUCTIPONOPIIUOHUP YIOIIIUX CTEXHOMETPUYECKUX
coenuHeHuil. Hamuume B peaknMOHHONW CHUCTeMe



C.M. Jlorpunkos, I'.JI. Cemuenko, I'.H. [1labanoBa u np.

+AG A

-AG

Puc. 7. BapuaHT conpspkeHus ABYX 0OpaTUMBIX peakluii B TPOHHOH cUcTeMe
npu detbipex temmepatypax (Tc; —Tes), B T. 4. 32 CYET AUCTIPOMOPIUOHUPOBAHUS
KaKoro-im0o coeiMHeHus! Win (a3oBbIX MepexomoB mpu Tcg
(nmu peanpHOM KpuBU3HBI 3aBHcHMocTeit A G = f(T)).

+AG,
KO/ monb
20 |
(21)

10 | | — | |

1200 1300 7 I%00 1800 1900
0
-0
-G, 7 (23)
KO/ monb

Puc. 8. Cxemarnueckue 3asucumoctd AG = f(T) ams peaxnmii (21) — (23).

MHO>XECTBAa BO3MOKHBIX HyTeﬁ TepMH‘IeCKOﬁ 9BOJJIIOIUU

¢azoBoro cocraBa MIO3BOJISIET Marepuany
ananTUpOBaThCd K U3MCHCHHUSAM TeMIlepaTypbl 0e3
W3MEHCHUS  CTPYKTYpHOW  1enmocTHocTH.  Dddekr

BETBJICHUSI ITyTH TEPMHYECKOH O3BONIOIMU (pa3oBoro
COCTaBa 3a CYET MHOXKECTBA TOUYEK CTallIOHAPHBIX
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COCTOSIHUI  BakeH I CO3JaHus
KepaMHUYeCKHX MaTepuaioB. FEme 0Oonee BaXHBIM
OKa3BIBAETCS BO3MOKHOCTb MIEPUOIUIECCKOTO
COMPSDKEHMSI TPEX TBEPAOPA3HBIX 00PATUMBIX PEAKIHMil B
YeThIpeX BO3MOXKHBIX BapuaHtax: | + 1, [1 + 11, [11 +1, 1
+ 1l + l1l. Ha npumepe peaknuit B cucreme MgO — Al,03

TEPMOCTONKUX
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— SO, HmWKe T[OKa3aHO, YTO TEPMOTMHAMHYECKH
HEBBITOMHAS [0  ONpEHCNCHHON  TeMmIepaTrypbl
koMOuHamumsi (a3 craOWibHa 3a CUET pa3BUTHUS

comnpsbKeHusT TBepAo(a3HbIX OOpaTUMBIX pEaKlui B
OJIHOM M3 YEeThIPEX OTMEUCHHBIX BapuaHTOB. [10mM0OHBII
TUI Ppa3sBUTHS TBEPAO(a3HBIX peakiuii (paKTHIEeCKH
O3HaYaeT «yMHOe» IpuciiocobieHne ($Ha3oBoro cocrapa
PEAKIMOHHOW CHCTEMbI 6e3 HAPYIIICHUS €€ I[ETTOCTHOCTH,
C KOTEPEHTHBIM M B3aMMOCOTJIACOBAHHBIM TOBEJCHHEM
BCEX €€ CTPYKTYPHBIX OIIEMEHTOB. TemmeparypHbie
W3MCHEHHMs TpH HArpeBe  MarepHana  YacTUYHO
KOMIICHCHPYIOTCSI B TaKOM ClIydae pPacXO0J0BaHHEM
TEIUIOBOM  JHEPTUM Ha TMPOTEKAHHE CYMMAapHOTO
B3aUMOJICHCTBHS B TEPMOJMHAMHYECKH HEBBITOIHOM
HaIpaBICHUH «B TOpY», 4epe3 peanu3aluio
TIEPUOUIECKOTO COTIPSKEHUST <«QIIeMEHTAPHBIX»
peakimii B pa3IMYHBIX KOMOWHamusX. CTpyKTypy
MaTepHasoB, (bopMHUPYIOIIHXCSI B YCIIOBHUSX
TEPMOTMHAMUYECKOTO U MAacCOOOMEHHOIO COMpPSKECHHS
a3, Ha3pIBAIOT JMCCHMATHUBHOW. [nsa cucrem U3
OTHEYIIOPHBIX OKCHJOB HMEHHO TaKoi xapakrtep
MEPUOIUIECKOTO, OCIWJITHP YIOIIIETO,
CaMOOPTaHU3YIOMIETOCS  COMPSDKEHUs]  TBepaohasHbIX
peakimii Hamu BriepBbie oOHapyxeH B cucteme MgO —
Al,O; —SiO, [13 - 15]. B aroii cucreme otmeuaercs [15]
BO3MOXHOCTh MPOTEKAHUS TPEX TBEPAO(PA3HBIX PEaKIHil
O0OMEHHOr0 THIIA, BE U3 KOTOphIX (21, 23) 0OpaTHMBI B
TEXHOJIOTHYECKH 3HAUNMOM HHTEPBaJe TeMIIePaTyp:

AzS, + 2M,S=3A + 4AMS (21)

AMA + 4MS = 2M,S + MJALS, (22

M4ALS, + 16MS = 8M,S + MJALS)o (23)

[IpencraBicHHBIC peaxIuu, B KOTOPBIX

CTEXHOMETPUYUECKUE Canl(pUPUH U KOPIAMEPHUT OTBEYAIOT

(hOopMYITBHBIM 3aMMUCIM MJALS, i M4A4S,

COOTBETCTBEHHO, = MOTYT  CONPATAaThCA  YCTHIPHMS

JMOIMYCTUMBIMH ~ KOMOWHanussMu  (yKa3aHbl — 3HAKOM
TOXJIECTBA):

AMA + 20MS = 10M,S + M4A:S1o

AMA +AsS, = 3A + MAS,
AASS, + MALS, = 12A + MALS  4-(21) + (23)°© (26)
AMA +5A;S, = 15A + MoALSy  5:(21) + (22) + (23)
= 5(21) + (24) = (25) + (26) = (27)

(22) + (23) © (24)
(21) + (22) © (25)

Ananus rpapuueckux 3apucumocteit AG = f(T) (puc.
8) st «onmeMeHTapHBIX» peakuuit (21) — (23) npuBoauT
K BBIBOAY O TEPMOAWHAMHYECKONH CTaOMIBHOCTH
kopauepura nuiib Boime 1589 K mo peakimu (23).

AHaNn3 COOTBETCTBYIOIINX 3aBUCHMOCTEH UIS BCeX
TBepmoGa3HbIX peakuuii ooMenHoro Tuma (21) — (27)
6omnee cnoxker (puc. 9) M MOKa3BIBAET MHOTOYPOBHEBBII
MEXaHU3M aJanTandd (asoBOro COCTaBa MAaTEPHUAIIOB
paccMaTpuBaeMOW  CHCTeMbl K Temmepatype. He
BJaBasch B TOAPOOHbIA aHamm3 [15], ormerum
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BO3HUKAIOIIYIO CIHOCOOHOCTh K TEPMOIWHAMUYECKOH
CTa0MJIBHOCTH KOpJAWEpUTa B HHU3KOTEMIIEPATYpPHOM
unrepBane g0 1489 K mo peakiuu (27), 3arem — 1o
peakimu (24).

Bonee Hu3ko sexamme BeTBU  TpadUUEcKHX
3apucumocteit s peakimii  (23)¢ (25) u (22) He
OIIPOBEPTalOT d3TOT BBIBOA, T.K. OOpa3yromuiics B
MPOAYKTaX WX B3aHUMOJCUCTBHS CTEXHOMETPHUYECKUI
cangupuH TepMOAMHAMUYeCKH HecTabmieH 10 1489 K u
JIMCTIPOIIOPIIMOHUPYET IO HIMMHETN W KpeMHe3eMma (Ha
puc. 9 wis ynpouenus 3apucumocti AG = f(T) peakuuu
JIICTIP OTTOPIIMOHUPOBAHUS CTEXHOMETPUUECKHIX
canpuprHa U Kopaueputa He mpuBomsarcs). Ha puc. 9
UMEIOTCS  XapaKTepHble TeMIeparypsl 0OpaTHMOCTH
TBepAO(Pa3HbIX  peaKIuid W  MHOXECTBO  TOYEK
CTallMOHAPHBIX COCTOSIHWM, B TOM 4Ymclie Touka Q st
YeThIpeX pPeaKIui.

Temneparypa 1489 K  sBisercs  dpe3BbIUANHO
3HAYMMON Il TEepMHYECKOW o3Bomonuu  (azoBoro
cocraBa Matepuanos cucremsl MgO — Al,Os; — SIO,, Tak
Kak IpH OTOH TeMIeparype OTMEYaeTCs: HalIndue
MHO)KECTBA CTal[IOHAPHBIX COCTOSIHUM, B TOM YHCIIE

otBevaromux Touke Q (puc. 9); obpatumocTh
TBepAo(a3HOi  peakiuu  obMmeHHoro Tuma  (21);
TEepMOAMHAMHYECKAS HEBBITOTHOCTh
JIICTIP OTTOPIIMOHUPOBAHUS CTEXHOMETPHYECKOTO
candupuna; HU3MEHEHHE MexaHH3Ma
JIICTIP OTTOPIIMOHUPOBAHUS CTEXHOMETPHYECKOTO

KOpJMEepUTa Ha INMUHEIh B KpemHe3eM jo0 1489 K u Ha

canppuH W  KpPEeMHe3eM TMpH 0ojJee  BBICOKOM
TeMIieparype.

OmpezensieMble  OpH  TpapUIECKOM  aHAIH3E
sapucumocteii  AG=f(T) ToukM  cTalMOHAPHBIX

COCTOSIHUH, B KOTOPBIX OCYILIECTBISIETCS BETBICHUE ITYTH
TEPMHUUYECKOH HBOIIONUH (Pa30BOro cocraBa, Kak M TOUKH
obpatuMocTH TBepAo(ha3HBIX PEaKIMi, OTHECEHbl HaMHU
K 0COOBIM TOYKaM. 3HaHHE TeMIlepaTyp U KOJIHYeCTBa
TaKUX TOYEK IO3BOJISET HAIPaBJIECHHO BO3ICUCTBYS Ha
PEaKIMOHHYIO  CHCTEMY pa3iMYHbIMH  (haKTOpamu
(HampuMep, CKOPOCTHIO HarpeBa) Hawbolee TOYHO U C
MUHHUMAaJIEHBIMH SHEPreTUYECKUMHU 3aTpaTaMu
BUJIOM3MEHATh (Pa3OBBIH COCTAaB M MHKPOCTPYKTYPY
CHHTE3MpYyEeMOro MaTepuana, B T.4. oOOecreunBas
HOBOOOPA30BaHUSIM HWIIM METACTAOMIIBHO COXpaHIEMBIM
¢dazam HaHOpa3Mmepbl. HaHOCTPYKTYpHUpOBaHHE MOXXHO
obecrieuuTh ¥ TPU BBEACHHUM B HCXOIHBIH COCTaB
TEPMOINHAMHUUYECKH HECOCYIIECTBYIOINX KOMIIOHEHTOB,
U OTrpaHHYMBAsl TEMIIEPATypy CHUHTE3a ONpEAETIeHHBIM
3HAYCHUEM.

Jna  ompeneneHus MaKCHMAlbHO — BO3MOXKHOTO
KOJIMYeCTBA OCOOBIX ToueKk (j) MO  KONHYECTBY
conpsiratoruxes  peaknuit  (R) HamMu  paccMoTpeHa
KOMOMHATOPUKA  TEPECeKarolMXxcss  MpAMBIX  Ha

IUTOCKOCTH. BBbIsfBIIeHA MaTeMaTHuecKas 3aBHCHMOCTb,
UMEIOIass KBAJPATHYHBIA XapakTep, OMpeaessrorias
B3aUMOCBSI3b MAaKCHMAIIbHO BO3MOXKHOI'O KOJHYECTBA
TOYEK TMEepeceyeHus MpsAMbIX Ha Iwiockoctn (t)
kosuuecTBa npsambix (f):

t:(f—l)%; (29)

VYuureiBasi aHanoruio { U j, a Takke BOZMOXKHYIO
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+ AG, (26) = (23) + 4(21
KN/ mon
20
‘\_l |
-\_1\700\-\. 1800
10 T2
. |
23
— AG, oy (24) = (22) + (23) 23)
KN/ mon (23)

Puc. 9. Cxematuueckue 3apucumoctt AG = f(T) mns peakiuit (21) — (27)

00paTUMOCTh CONPSATAIONINXCS PEaKIyi, MpPH KOTOPOH

KOJIMYECTBY mepecekaroruxcst mpsameix (R = f + 1),
ypaBHenue (28) uMeer BUI:

j=Rx——; (29)

B cootBercTBUMM ¢ BbIBeAeHHOH (opmyroi (29)
MOKHO ~OXHJATh JJIS CIy4aeB. COMNPSDKEHHSI JABYX
peakimii — oOpa3oBaHHS Tpex OCOOBIX Touek (IBe
OTBEYAIOT TEMIIepaTypaM oOpaTUMOCTH KaXIoi U3
peakimii W oJHA TeMIepaType  yCTAaHOBIICHHSI
CTAI[MOHAPHOT'O COCTOSIHHUS), COMPSDKEHUSI CEMH PEaKIUit
— obpasoBanust yxe 28-MH 0co0bIX Touek (CeMb
OTBEYAIOT TeMIIepaTypaM 0OpaTUMOCTH U IBA/IIIaTh OJHA
— TeMIiepaTypaM CTaI[MOHAPHBIX cocTosHuit). Ha puc. 9
gumb 18-Tb 0COOBIX TOYEK (M3 HUX IISTh OTBEYAIOT
TeMIepaTtypamM 00paTHMOCTH), YTO COCTABISIET JuUIlb 64
% OT MaKCHMAJILHOT'O KOJTHYECTBA.

TeXHONOTHYECKHE MEPCICKTUBBI MPU COMPSKCHHH
peaknuii B cucteme MgO — Al,O3 — SO, nononusroTes
YCTAHOBIICHHBIMA ~ KOHIICHTPAIIMOHHBIMH ~ TPAHHUIAMH
obOmacteit  (asoBoro pacmamza IO CHHHOAAIBHOMY
MEXaHU3MYy [UIS CAl(UPHUHOBBIX W KOPIUEPUTOBBIX
TBepabIX pacTBopoB [16]. TlocnenHee 0OCTOATENHCTBO
MO3BOJIAIIO  CO3JaTh  MaTepHaibl  JUCCHIIATHBHOMN
CTPYKTYpBI c KOPYH/IOM yJUTHTO-KOPTUEPUTOBBIM
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TeEMIIEpaTypHad OCb IOJKHA OBITE NpUu4rcCiI€Ha K

(ha30BBIM COCTaBOM H, KOTOpBIE 00JIaal0T MOBBIICHHOMH
BBICOKOTEMIIEPATYPHOI MIPOYHOCTHIO 3a cuer
peanuzanuu ddpdexra sumoTakcuu [17]. DT1oT 3dhdexT
obecrieunBaeTCss HAHOCTPYKTYPHUPOBAHHEM B MOMEHT
¢dazoBoro  pacmajga = TBEPABIX  pacTBOPOB IO
CIIUHOJATIBHOMY MEXaHH3MY, KOrJa KPHUCTAIMYECKHE
pemieTkn HoBOOOpa3yromuxcst (a3 HEKOTrepeHTHBI U
KOMIIEHCAIMSl  PacCOrJIaCOBAHMS OCYIIECTBIISIETCS
BO3HHUKHOBEHHEM YIPYTUX HATPSDKEHHUH B reTepodasHoM
MaTepuae.

Dddexkr  sHIOTAKCHU HAMH B
9KCTIEPUMEHTATIBHBIX MaTepHanax
KopauepuroMysuutokopyaaoporo (Ne 1 wa puc. 10) u
KOPIHEPUTOMYJLTUTOBOTO cocTaBoB (Ne 2 Ha prc. 10).

N3  pesympratroB  (puc. 10) criemyer, 4TO
BBICOKOTEMIIEPATYpHOE  YNPOYHEHHE, HeXapaKTepHOoe
JUTSL TPaUIIMOHHOM KOpANEpUTOBOM KepaMuku Mapku K-
2 (r. Bennepsl, 3A0 «Dnexrpodapdop»),
obecrieunBaeTcst JUTst HCCIIEeyeMBIX COCTaBOB
MaTepHaloB B TemneparypHoM mutepBane 1073 — 1273
K. TIpumepno 30 %-Hblii pocT 3HaueHWH mpenena
npovHOCTH mpu u3rude (d,) B OTMEYEHHOM HHTEpBase
TEMIIEPATYp COMPOBOXKAACTCS MHUHHUMAIBHBIM CIIAJI0M
3HaueHWd  gedopmanmii  mporuba  00pa3loB U

peann3oBaH
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Puc.
9KCTIEPUMEHTAIBHBIX COCTaBOB (1 " 2)
kepamukn K — 2 OoT  Temmeparypsl.
YerpipexToueunbiii u3rud obpasios (10x10x70 mm)
nipu 6aze Harpyxenus: 20x40 mm.
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CKa4yKOOOpa3HbIM HW3MEHEHHEM CTaTUYECKOro MOJYJIs
yopyroctd  (E.;) mpu coxpaHeHWH CTaOMIBHOCTH
3HAYECHHUH COOTHOIICHHS JTIMHAMHUYECKOTO u
cratuueckoro momyieid ympyroctd (Eum / Ee). Y
kepamukn  K-2  peskas  merpajgaumusi  [POYHOCTH
npoucxomut npu 1173 — 1373 K, a skcriepuMeHTaNbHBIC
o0paslpl  COXpPaHSIOT  MaKCHMAJbHBIE  3HAYCHUS
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npounoctd a0 1423 K u uMeroT TeMriepaTypbl Haudaia
nedopmarmu on Harpyskoi 0,2 MIla — 1753 u 1693 K,
40 — COOTBETCTBEHHO, I cocTaBoB Ne 1 u Ne 2, uro BbIlIE
h 5 JIYYIIAX UMIIOPTHBIX aHAJIOTOB.
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Boinonnenubie 0000IIIeHUS 3aKOHOMEPHOCTH
MPOTEKaHUSA TBEPAO(A3HBIX XUMUYECCKUX pEaKIUil B
OMHAPHBIX U TPOMHBIX OKCHIHBIX CHCTEMAaX ITOKa3bIBAIOT
BO3MO)KHOCTH TEXHOJIOTMYECKON peann3anu 3PQPeKToB
yrpaBieHus: (a3oBBIM COCTAaBOM U CTPYKTYpOH MpH
CHHTE3¢ HOBBIX TYrOIUIABKUX M  OTHEYIOPHBIX
MatepuanoB. OCOOCHHOCTH CONPsDKCHUS TBEPI0(a3HBIX
peaxiuii 0OMEHHOTO THIIA MPEIOCTABJISIOT TEXHOJIOraM
JIOTTOJTHUTEITBHBIC MTEePCIICKTUBBI HAIPaBJICHHOTO

. peryanupoBaHus B C03/1aBa€MBIX MaTepuaax

B3aMMOCBSI3H «COCTaB — CTPYKTypa — CBOICTBa» H

08 1 COCTaBIISIIOT ~ KOHIIENTyaJbHbIE IMPUHLUIBI  HOBOI'O

HAay4HOI'O HANpaBJIEHHUS B TMOMYYCHHU KEpaMUUYECKUX

| MaTepuasioB C  JAWCCUNIATUBHOM  CTPYKTypoH W
CaMOOPTaHU3YIOIIUMCS (ha30BBIM COCTABOM.
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On the fundamental positions of equilibrium thermodynamics the synthesis prospects of the heterophase
refractory materias on the basis of two-and three-oxide systems are viewed. It is shown that invertible solid reactions
near the reversihility temperature provide nanostructuring of the material by the disappearance of some phases and
synthesis of other phases. The heightened technological concernment of the invertible solid reactions is marked.
These reactions can interfit at temperatures which are responsible sationary states — local thermodynamic
equilibrium between individual reactions. Nanostructuring and high-temperature strengthening principles of the
materials based on setting temperatures of solid reactions reversibility, analysis of their coupling schemes and
determining the temperatures of stationary states. That alows to manage the therma evolution of the phase
composition and redize effects. deformation high-temperature strengthening through the voluminous reactionary
changes; improving physical and mechanical characteristics by nanostructuring at temperatures of reversibility and
coupling; influence of new formations on the properties of the heterophase combination in the materid; synthesis
temperature pulldown of purposeful phase a the expense of "detour" the thermodynamic equilibrium; high-
temperature strengthening through endotaksis — dastic compensation parameters’ inconsistencies for phases
crystalline lattices, which formed during the phase dissociation of solid solutions; improve the thermal resistance
through phases self-organization and the creation of dissipative structures with the periodic nature of the coupling
invertible solid reactions. Exemplary embodiments of such effects at the synthesis of materials in the Al,O; — SIO,,
ZrO, — Al,O3 — SIO, 1 MgO — AlL,O3 — SO, systems are presented.
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