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B nocneaHue rogbl B Hawen cTpaHe n 3a pyoexom BedeTcsl MHTEHCUBHOE McCrieaoBaHne 6u-
HapHbIX cuctem Tuna Al-P3M B TBepooM M XUOKOM COCTOSIHUSX. [1OBbILLEHHOE BHUMaHME K 3TUM
obbekTam 06yCcnoBneHo Kak YNCTO HayYHbIM MHTEPECOM, TaK M BO3MOXHbLIM MPaKTUYECKUM UCNOSb30-
BaHMEM MofyvYaembIX B 3TUX CUCTEMAX aMOPMHLIX M HaHOKpUCTannuyecknx matepuanos. Ha cero-
AHSALWHWIA OeHb YCTaHOBMNEHO, 4To B cnnaBax Al-P3M B BecbMa OrpaHM4YeHHbIX KOHLEHTPALMOHHBLIX
uHtepanax P3M B6nuan 10 aT.% mMeTogom ObICTpOM 3akankv M3 pacnnasa ygaeTcs Mnony4vvTb
amopdHyto ¢asy, koTopas obrnagaeT NoBbILWEHHLIMU MEXaHUYECKUMM CBOMCTBaMU. B nocneaHue ro-
Obl B 3TUX CMNriaBax ctanu nonyyaTb 06beMHO—aMOP(HOE COCTOSIHUE C YHUKAlbHbIMU CBOMCTBaMW.
Kpome TOro, MHOrMe u3 aTux CnjaBoB, Aaxe B 00nacTax 6oraTbiX antoMUHUEM, NMPU KOMHATHbLIX TEM-
nepatypax aBnsTca deppomMarHeTukamum, He yCcTynawLwmumMm No CBOMM CBOWCTBaM CnriaBam Ha oc-
HOBE >Xenesa.

Cnepyet OTMETUTb, YTO (PUBNKO—XMMUYECKME CBOMCTBA 3TUX OOBEKTOB AOCTATOMHO XOPOLUO
N3yYeHbl B TBEPAOM COCTOSIHUW, @ B XXMAKOM COCTOSHUWN NMPAaKTUYECKU He nccrneaoBaHbl UM NMEKTCS
HEMHOroYncneHHble AaHHble Mo cnraBam OTAeNbHbIX COCTABOB.

[ns nccnegoBaHus ceoncTte pacnnaeoB Al-P3M, BbisIBlieHUst KpUTEPUEB Nepexoda MeTannu-
YeCcKUX pacnsaBoB B amopdHOe COCTOSIHME M NyTen nocrneayrwmnx npespaLleHnin Heobxogmmbl TOu-
Hble JaHHble O TEPMOXMMUYECKMX CBOMCTBaX has, BXOAALLMX B COCTaB 3TUX pacrnsaBoB.

HacTosilwas paboTta nocesuweHa nccnegoeaHunto cnuctembl Al—Ce. CornacHo gmnarpamme co-
crtosiHus [1—2], B aTon cucteme cyuwiectytoT dasbl AlCe, Al.Ce, Al;Ce, AlCe; n Al1Ce; (Al4Ce). AHa-
N3 nMTepaTypHbIX JaHHbIX Nokasan, YTo TEPMOXMMUYECKNE CBONCTBA YKa3aHHbIX ba3 U3y4veHbl He-

AOCTaTo4HO MorHo. Hanbonee nayyeHHOW SIBMSIETCA CTaHAapTHas dHTanbnus obpasosaHus AH,qq
[1, 3—7], ogHako nuTepaTypHble JaHHbIE CYLLECTBEHHO pasnuyaroTca mexay cobon (cm. Tabn.1). Uto
KE KacaeTcsi OcTalbHbIX CBOWCTB (3HTPONMM 06pasoBaHns S,qg , TEMMNEPATYPHON 3aBUCUMOCTU Ter-

noemkoct Cp(T), NpupalieHus aHTanbnun Hoge—H, SHTanNbNMM N 3HTPONWiA Ha3oBbIX Nepexo-

[A0B), TO B JOCTYMHOWN NuTepaType CBeAEHU O HUX OBHapYXUTb He ya4anochb.
MoaToMy uenbko HacTosilern paboTbl ABNSANCA aHanM3 U3BECTHbIX U pacyeT HEeU3BEeCTHbIX
TepMoxmmMmnyeckmx cesoncte coegmHeHmi AlCe, Al.Ce, Al;Ce, AlCe; 1 Al41Ces.

OueHka HEU3BECTHbIX TEPMOANHAMUYECKUX XapakTepUCTUK (AH,qq,Ssgq, TEMNEPATYPLI U 3H-
Tanbnuu gasosoro nepexopa (Tgpn- M AHg n) Cp(T) n Cp npu T >Tg, 1) NpoBOAMIACH C MOMOLLbIO
pacyeTHbIX METOAMK, NpeacTaBneHHbIX B [8, 9] M onncaHHbIX HUXE.
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CranpapTHas aHTanbnust obpasoBaHus (AH298) — OfHa M3 BaXXHENLLINX TEPMOXUMUNYECKUX Xa-

pPaKTEPUCTUK BELLECTBA — OMnpeaensnach C NoMOLLbI YHUBEpPCArbHbIX NPaBuil JIMHENHON annpoKcu-
mauun (YTJ1A) n npoueaypsbl cornacosanus (INC), CywHOCTb KOTOPLIX NPeAcTaBneHa Huxe.
YMNA. CtaHgapTHylO 3HTanbnmMio o0pa3oBaHuA Ana MeTannvMaoB B pacyeTe Ha OOUH aTtoMm

(H,:(J)) npeacrasnsnu B Buae

H,i(j)=AH,95(j)/n; , kx/(r—aTom), (1)
rge nj — YUCJI10 aTOMOB B MoneKynej—ro MeTannumaa. ﬂanee nccnegoBsasniuCb 3aBUCUMOCTN.
Tan(i)=F(x;), 2)
H ()=f(x;), (3)
Tan(i)=f (Ha (1) (4)

AN POACTBEHHbLIX COeANHEHUN B DMHAPHBLIX cUCTeEMaX, rae Hat(j) A4 NPOCTbIX BELLECTB PacCUNTbI-

Banu no (1); x; — aTtomHasa gons i—ro anemMeHTa B j—M NpocTom BewecTtee; Thn(j) — TemnepaTtypa

KOHIPYSHTHOIO MnaBfieHus1 j—To coeauHeHus. [nsa nayvyeHunsa 3aBucumMmocTten (2)—(4) Gbinm BbINOSTHEHDI
rpacpnueckme noctpoeHus. Mpu aHanuse (2) n (3) Nno ocn abecumce oTknagpiBanu X;, No ocn opauHaT —

H_+(j), kbx/(r—aTom) n Thn(j) K, cooTBeTCTBEHHO. 3aTeM AN COOTBETCTBYIOLEN CUCTEMbI Onpefe-

NANN XapakTep 3aBMCUMOCTEN B NIMHENHOM NPUGAMXKEHNN, PaCcCYNTbIBANM YMCHIEHHbIE KO3 dULMNEH-
Tbl YPaBHEHUN NMHENHOW PETPeccum, OTKIMOHEHUSI PACCUUTaHHbIX AaHHbIX OT nuTepaTypHbiX, d(H,;)

n (Thn). Mpn aHanuse (4) no ocu abcuncc oTknapbiBanu 3HaveHus H_.(j), kx/r—atom,

no ocu opamHat — Tqn(J), K. Mocneayowme npouenypbl aHanorm4yHbl onncaHHbiM angd (2) n (3).

MNC. Tlpouenypa cornacoBaHUsi OCHOBaHa Ha WCMNONb30OBAHUN HENUHENHbIX YpaBHEHWI
perpeccun. [N Kaxaoro j-ro poACTBEHHOro coednHeHus AyB, B kakol nubo cucteme BBOAUTCA

XapaKTepucTuka:
0j=(x/y);, (5)

roe x u y aBnalTCa Yncrnamm aToMoB (NPOCThIX BelecTB) copta A n copta B. Vcnonb3yem ee ans
3HEepreTMYEeCKOro onMcaHnsl 3Toro CoeaAMHEHNs B BUAE:

, [Hat]j , 1
V= e [Hat |, =v(i)o; . ki (r—arom)”", (6)

roe y(j) aBnseTca ctaHOapTHOM SHTanbnven obpas3oBaHUSA B pacyeTe Ha OOUH YCMOBHbIA aTOM j—

TOro coeuHeHus.
3aBUCMMOCTb

v(/)=f(ej), (7)
B KOOpAMHATaX «yj — ¢ » ONUCbIBAETCA MOHOTOHHOM KPUBOW. YuuTbiBas (6), MOXHO nonaratb, 4To

3HaveHne H, . (j) Bcex coeauHeHun B cucteme B koopauHatax «H . (j) — X(i)j» MOXHO Takke

onucaTb e4UHCTBEHHOW MOHOTOHHOWN KPUBOW.
B kadectBe o00WeN OnNS pas’fMYHbIX CUCTEM HEINMMHENMHOW MaTeMaTMYeCKOM 3aBUCMMOCTH,
onucbiBatoLlen (7), npegnaraeTcsa NCNONb30BaTb 3aBUCUMOCTb TUNa

lgw(j)=Ff(9;), (8)
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T. K. IPU 3TOM 41151 TOYHbIX U COrMacoBaHHbIX 3Ha4YeHnn Igwy(j) HabnogaeTca NMHeNHas 3aBUCMMOCTb:
lgy(j)=P+Qq; , kx-(r-aTom) ™", (9)

rae P n Q yncneHHble KOadhdULNEHTbI, XapakTepHble ANsl Kaxaon cuctembl. OCHOBHOM npobnemon
aBnsaeTcs BblI6Op M3 n3BeCTHbIX Igy(j) AocToBEpPHbIX BeNUYMH. O4eBMAHO, YTO, ecrnv 60MbLUMHCTBO
3HayeHw Igy(j) B koopamHaTax «Igy(j) — ¢;» Gnu3kM K NMHENHOW 3aBUCUMOCTU, TO OHW Npu-

HMMAaIOTCS 33 JOCTOBEPHbIE M C UX Y4aCTUEM CTPOUTCS YMCreHHasi 3aBUCUMOCTb (9), KO3 PULMEHTbI
KOTOpOW onpeaensitoTcs MeToA0M HauMeHbLUMX KBaapaToB. 3aTeM Mo 3aBUCUMOCTY (9) U N3BECTHBLIM

3HAYEHVSIM @; K&XOO0T0 COeAVHEHUsI HaXoAsT cornacoBaHHble 3HaveHus y(j) U BenuuuHbl H_.(j).
B koopauHatax «H_.(j) — x()» cTposTca 3aBucumocTn (3) AN UCXOAHbBIX W COrNacoBaHHbIX
BenuuuH H_.(j), onpenenseTcs ux pacxoxpaeHue. 3a pfocToBepHble H . (j) (cnepoBaTensHo,
n H_(j)) npuHumatoTcsi cornacoBaHHble BenuunHbl. B Tabn.1 npeacrasneHbl nutepatypHble AaHHble

W paccuuTaHHble 3HavYeHusa vy, ¢, Igy, H_,, AH,qq, @ Takke NorpewwHocTn pacyeTa d.

at’

Tabnuua 1
PeaynbTatbl npumerenus YA n TC ans pacyeTa (AH,qq ) coeauHeHuit B cucteme Al—Ce
—H.,, —Hy,
N I IR (N T R e ot i
(nuTepaTypHble AaHHbIE) (paccuuTtaHo Hamw)

AlCe 46,9+1,8 [4,7] 1 46,9 1,67 45,71 91,42

Al,Ce 50,2+2,3[3—7] 2 251 1,4 52,60 157,8

Al;Ce 47,1+ 0,8 [7] 3 15,7 1,2 45,4 181,63
Aly1Ce; 38125 [3,4,7] 3,7 10,3 1,01 38,30 536,2

[ns oueHkn cTaHgapTHOW SHTPONUK (8298) MeTannmooB Obinu mcnonb3osaHbl YIJA, TC

N agauTUBHBIA MeTod, T. €., SHTPONUS CoeaMHeHus Obina npeacTaBrneHa B BUAe agauTUBHOW CyMMbI
€ro cocTaBnsALMX.

TemnepaTypHyo 3aBUCUMOCTb TEMMOEMKOCTM KPUCTaNIMYeCcKmMxX BELWECTB 0ObIMHO NpeacTaBnsoT
Kak

Cp=a+b1073.T-c10°.T2 (10)

CyLecTBYIOT pasnuyHble mMeToabl Ans onpegenexHus 3asucumoctu (10), koTopble noapobHo
onucaHbl B [8] 1 ncnonb3oBaHbl HAMMW.

PacueTtHble meToabl OLEHKM 3HTanbnum asosoro nepexoda (AHgn) OBbIMHO OCHOBaHbI Ha
MCMONb30BaHUM M3BECTHOIO COOTHOLWEHMS [8]:

AHgp n(J)=ATep nASq.n(J)- (11)

3HaueHusi aHTponuu hasoBoro nepexopa (ASg ) onpedensloT C WUCMONb3oBaHWEM NPUGNK-
YXEHHOW 3aBUCMMOCTMU:

ASep.n(J)=ZnjASe n(i), (12)

A€ Nj — YNUCIMO MOSEN —r0 3IeMEHTa B COEANHEHUN, ASy, r(/)— M3MEHEHME IHTPOMUM COEANHEHMS

npw ero nNnaeneHnn (pasnoxeHun).
MpocTenwmm cnocobom OLEeHKN BENNYUHDI AH,4g —H, siBNsieTCst ucnonb3oBaHue ypasHeHws [8]:

AH.gg —Hy~0,5C;298,15. (14)
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TennoemkocTb Npu T>Ty, n CYUTANV NOCTOSIHHON U ONpeaensinu no ypaBHEeHWHo:
Cp (T>Tq,_n)=Cp(j)ch_n +0,25ASg n, DoK/(K-Monb), (15)

PesynbTatbl pac4eToB npeacTtaBneHbl B Tabn.2. MNMonyyeHHble AaHHble OblMvM UCNOMb30BaHbI NpU
TepMmoguHammyeckoM mogenmposanum (TM) pacnnaeos cuctembl Al—Ce.

Tabnuua 2
TepMoxumumyeckmne cBoncTBa coegmHeHunmn cuctemol Al—Ce
s Coma+b103T-¢10°T72
dasa —AH298, 298 H298 —Ho: T(b_n, K A»I(_/Icp-n, lu)K/(K'MOJ'Ib) Cp»l('l/pl/l TZTnn,
kk/More | Ow/monb-K | kx/mornb Kibk/mone a b c Pox/(K-morb)

AlCe 91,42 97,95 7,64 1118 18,50 67,29 | 47,37 | -2 4.81

Al,Ce 157,8 126,28 11,27 1753 | 49,08 90,65 | -3347| -3 8.17

AlsCe | 181,63 154,61 14,89 1408 55,55 122,97 | -67,76 | —4 11.53
Ali1Ces | 5362 520,49 51,94 | 1508 | 213,00 | 428,68 |-216,55| —14 41.32

AlCes 87,40 273,19 15,67 853 22,85 152,72 |-144,22| -4 7.7
3akntoyeHue

C ncnonb3oBaHMEM Pa3fMYHbIX PACYETHbLIX METOAMK (KaK M3BECTHbIX, Tak U pa3paboTaHHbIX aB-
TOpamu cTaTbK) NPOBEAEH pacyeT TeEpMOXMMUYECKNX cBorCTB coeamHeHmnin AlCe, Al,Ce, Al;Ce, AlCe;
n A|11CG3.

Pa6oTta BbinonHeHa npu omHaHcoBoun nogaepxke PO®U npoekt Ne 04—03-96110—ypan.
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