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1. MooeAbHbiU zaMUAbtiiOHuan Kea3u6uHapHou 
CUCtlleMbl 

Pa3BHTbiB all/ no~xo~ K TeopHH ynop.fi~O'IHBaiO~Hxc.fl 
6HHapHblX CHCTeM, OCHOBaHHbiB Ha npHMeHeHHH MeTo~a 

fllyHKllHB rpHHa H KOppeJI.flllHOHHbiX fllyHKllHB, ll03BOJI.fleT 

CTaH~apTHO paCCMOTpeTb H npaKTH'IeCKH Ba:>KHbiB CJiy'laB 

HaJIH'IH.fl o CTPYKType To'le'IHbix ~eflleKToo /oHe~peHH.fl H 

3aMellleHH.fl/ MaJIOB KOHUeHTpaUHH (c << 1). 3TO MO:>KeT 6biTb 

C~eJiaHO llpOCTOB nepefllopMyJIHpOBKOB pe3yJibTaTOB npH· 

MeCHOB 3a~a'IH B MO~eJIH I13HHra / 2 ,3 /. Pe3yJI~TaTbl TaKOB 

nepefllopMynHpOBKH ~aHbi B Haweii pa6oTe 
41 . O~HaKo 

npaKTH'IeCKOe HCllOJib30BaHHe llOJiy'leHHbiX fllopMyJI COllp.fl· 

:>KeHO C 60JibWHM 06'beMOM Bbi'IHCJieHHB H B ~OCTaTO'IHOB 

CTeneHH Tpy~OeMKO /CM. /
2

•
3

•5 / /. 

B 3TOB CBJI3H yMeCTHO OTMeTHTb, 'ITO MeTO~ KOppeJIJI• 

llHOHHbiX fllyHKllHB ~aeT B03MO:>KHOCTb o6cy~Tb KOHKpeTHble 

CBOBCTBa npaKTH'IeCKH Ba:>KHOrO KJiacca TaK Ha3biBaeMbiX 

KBa3H6HHapHbiX cnnaooo cocTaoa AB 
1 

c 161 . B noii -x x 
Mo~enH npHHHMaeTc.fl, 'ITO aTOMbi A -:iaii:H:MaJOT N A =X AN yJ-

noo peweTKH, a 34l4leKTHBHbiU aTOM, llOCTpOeHHbiB C oepo

.fiTHOCTbJO (1-x) H x H3 B H t: /KoaJHaToM BC /, 
-: npoH3BOJibHO JaHHMaeT ocTaBwHec.fl (1-xA )N yJnoo peweT

KH nponopuHoHaJibHO KOHUeHTpaUH.fiM aTOMOB B H C . EcnH 

KOHUeHTpaUHJO aTOMOB A C'IHTaTb flJHKCHpooaHHOB (xA =Con~t), 
To KOHUeHTpauHH B H C onpe~eJI.fiJOTC.fl no fllopMynaM 

/1/ 
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B /
6

/ Ha 6a3e :HOH MO,IJ;eJIH onpe,neneH C.D;BHr KpHTHqecKOH 
TeMnepaTypbl B npu,6niDKeHHH Bp3rra- Bum..s:.Mca. MeTo.n 
KOppeJI.HUHOHHblX ~YHKUHH n03BOJI.HeT He TOJILKO noJiyqHTL 
npOCTblM nyTeM COOTBeTCTBYIOIUHe ~OPMYllbl ,II;Jl.H C,IJ;BHra 
Te , HO TaiOKe pacc.MoTpeTL H MeHee TPHBHaJILHLie aonpocbl 
o noae.neHHH napaMeTpa .nanLHero nop.s:.nKa a ynop.s:,noqu
BaJOIUe.Mc.s: cnnaae, BJIH.HHHH Kone6aHHH peweTKB Ha napa
MeTp nop.s:,nKa u T.n. 

Pacc.MoTpBM KBa3H6HHapHw:ii: cnnaa cocTaaa ABI C , -x x 
KOHUeHTpaJl]IB KOMnOHeHT B KOTOpOM onpe,neJI.HIOTC.H COOTHO· 
weHB.HMB /1/. By,neM, KaK B B /I/ , cquTaTL, qTo onepa!OP 
n ( onBCLIBaeT qacTBULI copTa A B YJJie f. T~r.na (1-x)(1-n f) 
cooTBeTcTayeT qacTBUaM copTa B , a x(l-n 1 ) - qacTHUaM 
COpTa C. raMBJILTOHBaH B3aBMO,IJ;eHCTBB.H, eCJIB BOCnOJIL• 
30BaTLC.H npe,ncTaBJieHB.HMB pa60Tbl /I/, MO)I(HO JanHCaTL 
B BB,ne 

V AA ~ ~ VBB 2 ~ ~ 
H = - - I n c I n - --- (1- x) I (1-n ) I (1-n )-

2 f ~~ 2 ( '~ ~ 

v 2 ~ ~) _ _gx I (1-n
1

) I (1...:..n -
2 f ~ ~ 

-VA fl-x) I ~f I (1-~ )-vAex In f I (l-0 )-
B f ~ g t g g 

-v
8

ex(1-x) I (1-n 
1
) I (1-n ), 

f ~ ~ 
/2/ 

r,ne V ij - 3HeprBB B3aHMO,IJ;eHCTBB.H COOTBeTCTBYIOJUHX 
nap aTOMOB /Mbl nonaraeM, qTo BH,neKc g Hy.MepyeT 
6JIB>Kaiiwux coce.ne:H YJJia f /. raMBJILTOHHaH /2/ HeCJIO>K
HO npeo6pa30BaTL K BB,IJ;y 

H = E 0 - z v I n f + vI I n ,n ~ , 
( (~( 

ZN 2 2 
Eo =- T (vee x + voo<1-x) + 2 v8 e x(1-x)), 
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.. 

2 2 
v = -veex - v88 (1-x) -2v8 e x(1-x)+ vAex + v AB(1-x), 

vI = x 
2 

woe +wAD- x( woe+ wAD- w Ae)' 

wa{3 
v aQ _ v aa + V {3{3 

1-' 2-~. /3/ 

TaKHM o6pa3oM, Mbl nonyqaeM raMHJILTOHHaH, anonHe 
aHanoruqHblH no caoe:H onepaTopHoii CTPYKType raMBJILTo
HHaHy 6HHapHOH CMeCH pa60Tbl /7/, C Te.M OTJIHqHeM, qTo 
TenepL napaMeTpbl E 0 , v , vi Jaauc.s:T He TOJILKO oT 
napaMeTpOB B3aHMO,IJ;eHCTBH.H (v ij ), HO H OT KOHUeHTpaUH~ 
npHMe cu C, a TaiOKe BJaHMo.ne:ii:cTBB.H C c A H B . Ecnu 

noCTYJIHpOBaTL VI <0, TO /3/ MO>KHO HCnOJIL30BaTL ,IJ;JIB OnH
CaHHB paCCJiaHBaiOIUHXC.H KBa3B6HHapHblX CMeCeH ju,neaJIL
HLie ·. 6HHapHble CMeCB paCCMOTpeHLI B / 7/ /. 0TMeTHM 
O.D;HY B03M0)1(}{0CTL HCnOJIL30BaHBB raMHJILTOHBaHa /3/. 
flpH H3MeHeHHH KOHUeHTpaUHH X B onpe,neneHHOM Bb16ope 
napaMeTpOB W ij napaMeTp VI MWKeT MeHBTL 3HaK, 
qTO nepeBO,II;HT CHCTeMy H3 o6JiaCTH, r,ne HaJIBUO noae,ne
HHe, xapaKTepHOe ,IJ;JIB paCCJiaHBaiOIUHXCB CMece:ii:,B 06JiaCTL, 
r.ne oHa o6Hapy>KHBaeT caoucTBa ynopB,noquaaiOJUHXCB cuc
TeM: npHMeCL "C "B pa3HOH o6JiaCTH KOHUeHTpaUHH MO>KeT 
,neHCTBOBaTL ynopB,noquaaiOIUHM H paJynopB,noqHBaiOIUHM 
o6pa30M. J,neCL MLI OCTaHOBHMCB Ha npHMeHeHHH raMBJIL
TOHHaHa /3/ K TeOpHH ynopB,noqHBaiOIUBXCB CnJiaBOB. 

KaK H B 111 , pa36HBaB KpHcTannuqecKyiO peweTKY Ha 
.nae no.npeweTKH, a H {3, nonyquM raMHJILTOHBaH 

H=E0 -zv~~a-zv~n13 +v 1 ~anan{3+v 1 ~a~f3na; v > 0, 141 
1-' v 1 >0, 

COBna,naiOJUHH no BH.D;Y C raMBJILTOHBaHOM, HCnOJILJyeMblM 
B/l/. JaMeTBM, qTo B ,naHHOM CJiyqae Mbl, TaK >Ke KaK H 
B /I/, paccMaTpuaaeM cnnaBbl c paBHblM qucnoM a -H 
{3-yJJIOB. ITpaKTHqecKH o6blqHo KOHUeHTpauu.s: aTOMOB He
aenuKa, n03TOMY 3TO Tpe6oBaHHe 03HaqaeT, qTO TaKOH 
KpBcTannuqecKo:ii: peweTKoii o6na.nan cnnaa AB. 
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2. YpaeHeHue <)A.R napaMellpa ()aAr.Hezo nop.II<)Ka 

EcJIB C'IHTan., 'ITO I<OH~eHTpa~HJI I<OMDoHeHTI.J: C Mana 

DO CpaBHeHHIO C X A H X B , TO DapaMeTp ~am.uero DOpJI~a, 
O'leBH~HO, MOlKHO BBeCTH DO OTHOWeHHIO I< aTOMaM A H 
B auanorH'IHO To My, I<ai< :no c~enauo B II I: 

<i~ A(a)>-<NA<m> 0 a - 0 f3 /5/ 
DpH X A< XB S = N = 2 x A , 

A 

<No ({J) >-<~(a)>_ 0a -n{J /6/ 
npH xA>x 8 S = No - 2(1-xA) 

DpH'IeM B DOCJie~HeM paBeHCTBe HCDOJih30BaHO COOTHOWe

HHe /1/. B DepBoM cJiyqae see cllopwynw, DOJiy'leHHWe 

B/1/, OCTaiOTCJI DO cllopMe 3aDHCH Dpe)I(HHMB, Ha~O JIBWh 

C~eJiaTh B HHX 3aMeHy 'L-+ v, V-+ v 1 , Xo-+Xu+Xc.Tai<, B DpB-

6JIH)I(eHBB lip3rra- BBJihJIMca ypasHeHae ~· DapaweTpa 
~aJihHero DOpJI~I<a BWrJIJI~HT CJie.ztYJOII(BM o6pa30M< 

O+SXxu+Xc+ xAS) 

4xAS =:vi In (1-S)(xB+XC-xAS) 
0= kT, /7/ 

a I<pHTH'Ieci<aJI TeMDepaTypa oDpe~eJIJieTcJI B3 cooTuowe
HHJI 

kTc = 2zv1 x A (x 8 +xc> . 
/8/ 

B I<Ba3HXBMH'Ie CI<OM DpH6JIB)I(eHHH ~· I<PBTB'Ieci<ol TeMDe
paTypw DOJIY'fHM ypaBHeHHe 

2 2T {3 
Yc=e 1 c 

2 
xA(x 8 +xc)z 

(xAz-1) [ ( x o+ xc)z-11 

llposo~• yi<a3aHHYIO 3aMeHy B ypasHeHHH ~· Tc B DOJIH
HOM_HaJihHOM pac~eDJieHHH /OHO paCCMOTpeHO B II!/, MW 

DOJIY'IHM auanor COOTBeTCTByiOII(ero ypaBHeHHJI ~JIJI I<Ba3H-

6Buapuoro CDJiaBa. Tal< )l(e non~aiOTCJI ypaBHeHHJI, I<OTO-

6 

' I 

I 

pwe MLI 3~eCL He DpHBO~HM, MJI DapaMeTpOB DOpJI~ICa 

B I<Ba3HXHMH'IeCI<OM DpH6JIH)I(eHHH H DOJIHHOMHaJILHOM pac

~eDJieHHH. O~Hai<o, DOCI<OJILI<Y caMa aDDpOI<CHMa~JI ue

H~eaJILHoii CHCTeMLI AB1 C I<Ba3H6Huapuoii cHcTeMoii 
-I I 

HMeeT csoeii Do~ocuosoii sse~eHHe Hei<oeroycpe~ueuuoro 
BJIHJIHHJI I<Ba3HaToMa BC ua aToM A , To HCDOJIL30BaHHe 

3THX DpH6JIH)I(eHHii, y'IHTLIBaiOUUIX 6JIH)I(HIOIO I<oppeJIJI~IO, 
~JIJI ODHCaHHJI CBOBCTB I<OHI<peTHLIX coe~HHeHHB Tpe6yeT 

~ODOJIHHTeJihHOrO 06Cy)l(~eHHJI, H MLI orpaHH'IHMCJI 3~eCL 
HCttOJIL30BaHHeM DpH6JIH)I(eHHJI Jip3rra-BHJILJIMCa. 

EcJIH xA> x 8 H DapaMeTp ~aJILHero DOpJI~I<a oDpe~eJIJieT
cJI COOTHOWeHHeM /6/, TO, B Df;HH~HDe, Ha~o DOBTOpHTL 
BCe BLII<Jia~I<H, Dpo~eJiaHHLie B I I, C y'leTOM HOBLIX COOT

HOWeHHii, ODpe~eJIJIIOIQHX iia H n {3 qepe3 s. O~ai<o, I<ai< 

HeTpy~HO BH~eTh, cllopMyJia /6/ OTJIH'IaeTCJI OT cllopMyJILI 

/5/ JIHWL TeM, 'ITO BMeCTO X A B Hee BXO~HT 1-xA. ll03TOMY 

MLI MO)I(eM BO BCeX COOTBeTCTBYIOUUIX cllopMyJiaX, DOJiy'leH

HLIX ~JIJI CJiy'laJI XA < XB , DpOCTO 3aMeHHTL X AHa 1-xA H 
Hao6opOT, T.e. BMeCTO /7/ 6y~eM HMeTL 

4{1-xA)S= _O_ln (1+S)(xA +(Xp+Xc )S) 
zvl {1-S)(x -(x +X )S) 

A B C 
/10/ 

YpasHeHHJI )l(e, oDpe~eJIJIIOUUie I<PHTH'IeCI<YIO TeMnepaTypy, 
OCTaiOTCJI, O'leBB~HO, Dpe)I(HHMH. 

B I<a'leCTBe HJIJIIOCTpa~HH paccMoTpBM DPHMeueuue Do

nyqeuuwx cllopMyJI I< I<OHI<peTuol cucTeMe ~12 Ag1/i: I Allx, 
3I<CDepHMeHTaJILHO H3y'leHHOI B IBI. CorJiaCHO r HMeeM 

WAC = 0,029 3B, W; AD = 0,0135 3B, WBC = 0,008 3B, 
Z = 8. ,l);JIJI C~BHra I<pHTH'IeCI<OB TeMDepaTYP.LI, HCDOJIL3YJI 

cllopMyJiy /8/. H cllopMyJiy, ODpe~eJIJIIOIQYIO TJO) . B CDJiaBe 

Zn 112 Ag1 12 , uaii~eM 

Tc 

;:<or c 
__i_. 

WAD 
/13/ 

3Ha'leHHJI Tc ,Donyqeuuwe ~JIJI pa3uwx I<o~eHTpa~Hii aToMoB 
30JIOTa DPH T ~O) = 550 °K, DpHse~eHLI B 111a6Au11e. 
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Ta6Aut~a 

--
XA Tc Tc 

0,02 561° 568° 
0,03 570 ° 585° 
0,04 574° 608° 

Ha pucyHKe npe~cTaaneHa KPHBaH JaBHCHMOCTH napa
MeTpa ~anhHero nopH~Ka S oT TeMnepaTypbi, nonyqeHHaH 
3KcnepHMeHTanbHO H Haii~eHHaH H3 ypaBHeHHH /7 I ~H 
X A =3 0,03. 
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St ------------- --- 3HCnep . 

............. 

O,LI 

0,2 

0 373 I.J73 

Jlumepamypa 

', ', 
\ 
\ 
\ 

' ' I 
I 

573 T ox 
I 

1. O.P.CywKoea, B.K.cpeo.RHUH. OH.JIH, P4-8953, ,4y6Ha, 
1975. 

2. C. B. T.R6AuKoe, B.K.cpeo.RHUH. cpMM, 23, 6/1967/. 

8 

3. B.K.cpeOJJHUH. Me11oo KoppeA.RIIUOHHbiX fPYHKt~uii 6 MooeAu 
H3uHza.. B c6. "C•a•ucJIU'lecKa.R fPU3UKa u K6aHJI06a.R 
11eopu.11 noAJr". M., "HayKa", 1973. 

4. 0.0.CywKo6a, B.K.tPeO.JIHUH. OHHH, .P17-9359, 
,4y6Ha, 1975. 

5. B.K.tPeO.JIHUH. ,I!AH CCCP, 191, 6 /1971/. 
6. G.B. Taggart. J.Phys. and Chem.Solids, 33, 2287 

/1972/. 
7. O.O.CywKo6a, B.K.tPeO.JIHUH. OH.RH, P4-8952, ,4y6Ha, 

1975. 
8. L.Muldawer. J.Appt.Phys., 22, 663 /1951/. 
9. M.A.Kpu6ozAa3, A.A. CMupH06. Teopu.11 ynop.JIOO'lU6aJO

JIIUXC.JI cnAa6o6, tPM, MocK6a, 1958. 

PyKonucr. noc•ynUAa 6 U30alleAr.cKuii o1110eA 
2 OeKa6p.R 1975 ZOOa. 

9 


