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B nocnegHee Bpemsi B TEXHUKE BCe Yalle HaxoAAaT NpUMMEHeHMe OKCUAbl TakMX MeTannos, Kak Ti,
Zr v Hf. OgHako B nuTepaType MMelTCs A0BOSNbHO OrpaHUYEHHbIE CBEAEHMSI O TePMOANHAMUYECKMX
CBOWICTBaX CTEXMOMETPUYECKMNX OKCMOOB ITUX METANNOB, AaHHbIE e N0 CBOMCTBAM UX HECTEXMOMET-
pUYecknx okcuaoB KparHe 6edHbl. MoaTomy npeacTasnsieT uHTepec onpenenexne C, 3TMX OKCUAOB

nyTem TEOPEeTUYECKOro pacyeTa.

B pa6otax [1, 2] ons onpeneneHnsa ctaHgapTHBIX TENSIOEMKOCTEN HECTEXMOMETPUYECKUX COeamn-
HEeHWI npegrioxeHa MaTeMaTu4eckas Modernb. JTa Mogeslb OCHOBaHa Ha HaZleXXHO NPOBEPEHHON Me-
TOAMKe pacdeTa WHTerpanbHOW BenuuuHbl (OObIYHO 3KCMEpUMEHTaNbHO M3MEPEHHOW), UCXOoAs M3
AnddepeHumanbHbIX 3Ha4Y€HWUIM KOMMOHEHTOB CUCTEMBI.

OcHoBoM B 3TOM Ccriyqyae fIBMseTcs TO, YTO ANA BCeX napannenbHO NpoTeKarLwmx MnpoLeccoB
(BCTpeyHble npouecchl Takke SABMASAIOTCA NapannenbHbiMW) crnpasegnvea agavTUBHOCTE OBpaTHbIX
BEMWYUH. VIHbIMM CrioBamn, 3TO NUHEHas KoMOuHaums obpaTHbIX BENUYMH, TO eCTb runepbonuye-
CKasi B3aMMOCBS3b.

TuTaH, unpkoHui n racdoHum Haxogates B IVB rpynne Nepuognyeckon cucTembl U SBASIOTCA NOS-
HbIMW 3NEKTPOHHBbIMW aHanoramu, 4to 0BycnoBnNMBaeT CXOACTBO MX XMMUYECKUX U (PU3NKO—XMMUYE-
ckux csoncTB. Tak, Ti, Zr n Hf npu ctaHgapTHbIX YCMOBUAX KPUCTaNMMU3yHTCS B rekcaroHanbHOM
ctpyktype (Mg), nx Huswme okecnabl MeO — B ctpyktype NaCl, Me,O3 — B rekcaroHanbHOM CTPYyK-

Type Tuna a—Al,O3, a MeO, — B TeTparoHarnbHOW CTPYKType unu B cTpyktype CaF, (cdriroopur).
[na kaxgon CTPYKTYpbl CBOMCTBEHHA reomMeTpuyeckas xapakrepuctuka — CTPYKTypHasi nmocTo-
AHHasA, ONS CrOXHbIX 06pa3oBaHMii — nponsBogHasa (KOMOBUHaALKMS) YacTHbIX KOHCTaHT [1, 2]. B atom
cnyvae anga nepsow obnactn TBepabix pactBopoB Me—O o606LieHHas CTpyKTypHasi NOCTOsIHHaS,
1
—F=0,697831.
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ABNASICb KOMOUHaUMen KOHCTaHT anst cTpykTypbl MY n MUK, coctaenseTt k =

B astoin obnactu TBEepAblX pacTBOpOB KpI/ICTaJ'IJ'IOO6pa3OBaTeJ'IeM ABIAETCA MeTarsns, cnegoBaTernbHO,
YpaBHeEHNE ONA TENITOEMKOCTU NPpUHUMaET BUAO:L

1 1 X
puy - 1 °
Cp(MeOy)  Cp(Me) Cp(Me)+  C,(0z) +KC,(MeO)

(1)

PeweHve yp. (1) oTHocuTensHo C,(MeO) npu x =1 no3sonseT onpeaenuTs HEU3BECTHbLIE BENK-

4nHbI Tennoemkocteit okeuaos MeO, un C,(MeO).
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lMocrne noAcTaHOBKM YMCMOBLIX 3HAaYEHUN B (1) HAXOAMM ypaBHEHUS s TENNTOEMKOCTEN OKCMA0B

B 1 obnactn TBepabIxX pacTBopos [3, 4, 5]:

1

=0,039807 -0,014768x,,

(2)

Cp(TiOy)
S 0,039413 -0,014653x, (3)
Cp(ZrOy)
1 ~0,038836 -0,014475x (4)
C, (HfOy)

Bo BTOpon obnactu TBepAbiX pacTBOPOB KpucTannoobpasoBaTenem ABnsieTcs Hanbonee ycTomn-
unBbIn okeup MeOq 5. CoueTaHme rekcaroHarnbHbIX U TeTparoHasibHbIX CTPYKTYPHbIX MOCTOSIHHbIX Aa-

eT k1:

33

8

1

1

2-X

Q2 = 2,177324 . YpaBHeHne Ons TENSIOEMKOCTU B 3TON obriactn nmeet Bug;

C,(MeOy)  C,(MeOy) C,(MeOys5)+Cp(Oz)+kCp(MeOy)’

()

Pewwetve yp. (5) otHocutensHo C,(MeOq5) npu x =1 no3sonsieT onpeaenuTb BENUYUHBI TEMTOEM-

kocTen okcnpos MeOy n C,(MeOq5).

Mocne noACTaHOBKM YMUCMOBLIX 3HA4YeHUn B (5) MoNyyum ypaBHEHUs AONs TennoemKOCTeN
BO 2 06nacTu TBepablX pacTBOPOB:

1

=0,028276 -0,005060x,

(6)

Cp(TiOy)

1 _0,027408 -0,004920x, (7)
C,p(ZrOy)

_ 1 _0,025975-0,004687x. (8)
C,(HfO,)

CoBmecTHOe pelueHne ypaBHeHun (2) n (6), (3) n (7), (4) n (8) no3sonsieT onpegennTb COCTaBbl

OKCWMAOB, COOTBETCTBYIOLLUMX rpaHuuam obnacten TBepAblX pacTBOpPOB, a ypaBHeHus (2)...(8) —
BENUYMHBI TENSIOEMKOCTEN 3TUX OKCcMAoB. KoopAuHaTbl ToYek paBHOBecust X(1—2) COCTaBnsoT:
Ti—1,188; Zr— 1,233; Hf — 1,314.

PesynbTaTtbhl pacyeToB npuBeaeHbl B Tabn. 1—4. B BepxHMX CcTpokax npuBeAeHbl 3KCNEpPUMEH-
TanbHO onpefdeneHHble 3Ha4YeHUsl, B HWKHUX CTPOKax — paccymMTaHHble TeopeTudecku. Ha puc. 1
npuBedeHbl gaHHble ansa cuctembl Ti—O. Ons cuctem Zr—O n HF—O 3aBucuMocTn MMeT aHarno-
rMYHbIN BUA,

Tabnuya 1
TennoemkocTtn okcupoB Ti, Zr n Hf (Ox/monb -K)
Me MeO MeO1 5 MeQO1 75 MeO- MeOx(—n)
. 39,984 + 0,209 | 48,324 + 0,209 | 51,500 = 0,209 | 55,078 £ 0,209 —
1) Ti| 251210084 39,938 48,342 51,491 55,078 44,912
— — 53,172 + 0,084 | 56,920 = 0,293 —
2| 2r | 25372£0,209 40,387 49,928 53,197 56,923 46,861
— — 56,271 + 0,209 | 60,240 £ 0,419 —
3| Hf | 25,749+0,126 41,049 52,787 56,266 60,237 50,463
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Pacyem cmaHdapmHbIx mennoemMKkocmel Hecmexuomempu4yeckux okcudos Ti, Zr, u Hf
Tabnuuya 2
TennoemkocTtn okcupoB Ti (Ox/monb -K)
X 0,1 0,2 0,3 0,3333 0,4 0,6667 0,8
Co N - - o B - _
26,089 27,135 28,267 28,666 29,499 33,377 35,724
X 0,9 1,01 1,1 1,2 1,22 1,25
c — 40,193 + 0,419 — — — —
P 37,713 40,175 42,441 45,037 45,243 45,556
Tabnuuya 3
TennoemkocTn okcupos Zr (Ox/monb -K)
X 0,079 0,16667 0,201 0,3333
Co 26,140 27,049 27,422 28,961
Tabnuua 4
TennoemkocTtn okcupoB Hf (Ox/monb -K)
X 0,104 0,119 0,152 0,255
Co 26,788 26,944 27,296 28,454
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Puc. 1. 3aBucMMOoCTb CTaHOapTHOM Kenmxn (0bpaTHOWM BENMMYNHBI CTaHAAPTHON MOJSISIPHOW TEMITOEMKOCTM)

OT COCTaBa oKcuaa, OTHECEHHOM K OQHOMY MOJIHO MeTasnna
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3aknoyeHue

1.

MaTemaTnyeckass Mofenb pacyeTa TEMnfOEeMKOCTM NPOBEPEHA HA CTEXMOMETPUYECKMX OKCcUaax
TUTaHa, UMPKOHMS U racdpHus. Habniogaetcs xopollee cornacue aKCnepuMeHTarnbHbIX U pacyeT-
HbIX BENNYUH.

Mony4yeHbl ypaBHEHMS ANA pacyeTa TENNOeMKOCTeN HECTEXMOMETPUYECKMX oKemaoB B 1 1 2 06-
nacTsix TBepAblX pacTBOPOB.

OnpepeneHbl cocTaBbl OKCUMAOB, COOTBETCTBYIOLUMX rpaHMLaM obnacten TBepabiX pacTBOPOB Ha

anarpamve Cg — X 1 HANAEHbI X TENNOEMKOCTH.

Mcnonb3oBaHne mogenu no3sonuno npeackasaTb HEM3BECTHbIE BENUYMHBI CTaHOAPTHbLIX TEnso-
emMkocTten B cuctemax Ti, Zr, Hf — kncnopog.
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