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OOJIO)!{eHHe KpHBblX pacna.lla paCTBOpoS Ha .ll.HarpaMMe onpe.ll.eJIHeTCH 

no paCt.IeTY (1-4): a) TeJlwepaTypaM H (TA Ii TB ) H 6) TenJIOTaMH nJlaBJle­

UHf! (QA H QB) lIHCTblX 1<0MnOHCHT, a Ta!OKe B) BeJlHt.IHHOH TaK Ha3blBae-

MblX 3HeprHH CMemeHHH B pa3JIHt.IHbIX cpa3ax ·(vb - B )!(H.llKOH V" 
, 0' 

UJII H T • .ll.. B TSep.ll.blX cpa3ax). ConOCTaBJIeHHe paClleTa C 3KcnepHMeHTOM 

6blJIO IlOI{a BblIlOJIHeHO (4) JlHlllb .llJlR lIeTblpeX .ll.SOHHbIX CHCTeM, HMelOlIJ,HX 
.llHarpaMMbI O.ll.HOrO THIla - C 3STeI{TI1-

'!eCI<OH T04KOH Ilpl1 nOJIHOM HepaCTSO­

PHMOCTH B TBep.llblX cpa3ax. H(1)!{e 

npHBO.llHTCR conOCTaSJleHl1 e C 20 OIlbIT­

Hbll'tlH .ll.HarpaMM3MI1 3 pa3J1HllHblX Hmos. 

1. ,LI.HarpaMMa TI1Ila nCHra -

p 3 ~. Y CJIOSI1R 06pa30SaHI1R Tal10H .ll.Ha­

rpaMMbI, COrJlaCHO paCt.IeTY, CJle.ll.YIOUll1e: 

a) CHCTeMa .llOJI)!<Ha 6bITb .ll.syxcjJa3-

II0H (06a I<OMIIOHeHTa B TSep.llOH cpa3e 

.llOJl)/{HbI 06J1a.llaTb KpHCTaJlJIHlleCKOH 

peweTKOH O.ll.HOrO THIIa, lleMY COOTBeT­

cTByeT B IlpH6JJ(1)!{eHHH paClleTa O.llH­

IIaKoBbIH CI{allOt{ 3HTPOIIHH IIpH nJlas­

JIeHHH 06eHX KOMnOHeHT QA / NkTA = 
= q = QB / N kTB. 3.ll.eCb k - nOCTORH­

H8f! 50JIhTUMaHa, q - CKaliOK 3HTPOIlHH 

B paClleTe Ha 1 llacTHUY). 
6) ,LI.OJl)!{HbI 6bITb BblnOJlHeHbI He­

paaeHcTsa; 

IWD 
1,'1Si 

IJOD 

1250 

Gil 10 20 30 40 50 50 70 80 90 Hi 

PHC. 1. Cu - Ni. 1 - 9KcnepHMeH­

TaJlbHan KpHBall, 2 - U~ = U b'= 0, 

3 - Uh = UbI = 3,1.10-18 9pr/ 'laCT. 

(1) 

(2) 

rile x 11 y - KOHueHTpaUHI1 )!{H.llKOrO H TB e p.ll.OrO paCTBopOB. 

rloCJIe.ll.HHe HepaseHcTBa MO)!{HO npaKTHlieCKH nl1CaTh B ¢opMe (4); 

. vb < 2kT, vb' -<, 2kT, (2a) 

Tal< KaK np0l13se.ll.eHHR x(l-x) 11 y(l-y) Scer.ll.a <1/4.. YpaBHeHI1R 

.J1HHHH x = X (T) H Y = y (T), orpaHHlIHSaIOlIJ,HX 06J1aCTb paCCJlOeHHR: 

ulr2
.- ugyl + kqTA ub (1_X)I- ubI (1· - y), + kqTB 

kT = . 1 _ x x (3) 
q - In 1 _ Y q - In y 

npH6JIH)!{eHHO MoryT 6bITb npe.ll.CTaSJIeHbl (nOCJIe pa3JIO)!{eHIUI Jlorapl1¢-
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I 
I 

MOB 3HaM~HaTeJIeii B PH,lJ,bl no CTeneHHM ~ 1'Yj Ii ~ 1 (1 - 'Yj), r)l.e~ =(y-x)/2 
Ii 1) = (y + x) 12), B BIi)l.e: 

kq (TB - TA ) + ('1 - 21) (Ub - U~I) 
2~ ,= kT I II 

l')(l-1)-(Uo+Uo) 

(4a) 

UI UII 

T=TA+'Yj(TB-TA)+ o~ 0'1)(1_'1)). (46} 

OPIi V~ = vbl = Vo OHIi COOTBeTCTBYIOT "cHI-ape, CIiMMeTpli'lHoit OTHO­
CHTeJIbHO npHMoit, COe)l.liHHIOllI.eJi 

(fiOO TO'lKH nJIaBJIeHIiH KOMnOHeHT: 

1500 
NOD 
1300 
{200 

a 
.?': 

% .' 
.%'.,/ 

:/.' .,./ . ./ 
./:: ./., 

·% . ./20flI 2l 
.~./' 'IOO~ 

~,=-,--,---Oj,--O.....:, 3~ l!!-. a7 as 
Ag 10 20 30 40 ,f0 fiO 70 80 90 Pd 

20 30 40 50 fiO 70 80 90 AIL 

y-x=2~= 
kq (TB - TA ) 

kT 
1) (1 -1) - 2Uo 

T= TA + X1 Y (TB - TA ). (5), 

PaC'IeTHaH )l.HarpaMMa )l.JIH CH­
CTeMbI Me,lJ,h - HHKeJIb, Bbl'lHCJIeH­

HaH no ypaBHeHHIO (5), nOKaaaHa; 

Ha pHC. 1. 

50 ~/riiOoo fa . 
roOO 1_ us-us. "(f-'/ I 
1500 - kf/ I " 

1400 
1300 
f20/) 
ffOO~~~ 

6 

mWL-~~~~~~~~ 
Cu 10 20 30 40 50 60 70 80 90 pd 

ub- ulI 

PHe 2. a-Ag-Pd,,6-Ag-Au, 6-Cu-Pd. I-T=cp(1), 2-cp= 01)(1-1), . ~ 
UI-U II 

3-cp= S S 1)(1-1) 
kq 

B CIiCTeMe HliKeJIb - KOJIb6aT 3KCnepHMeHTaJIbHO H3BeCTHO, 'ITO llIHPH­
Ha 06JIaCTH paCCJIOeHIiH BO BCeM HHrepBaJIe KOH~eHTpa~IiH npaKTIi'leCKIi 

I II -
paBHa HYJIIO. ECJIIi npliHHTh Vo = Vo = 0, TO paC'IeTHaH lllHpliHa 06JIaCTH 
paCCJIOeHHH B 3TOit CHCTeMe, BbI'IHCJIeHHaH no <POPMY JIe (5), He DpeBbl­
CHT 2~ = 6 ·lO-5, 'ITO corJIacyeTcH C peaYJIbTaTaMH 3KcnepHMeHTa. 

YnOMHHYTbIe )l.Be )l.HarpaMMbI OTHOCHTCH K CHMMeTpH'IHbIM "CHrapaM". 

KOI",lJ,a vb +Vbl 
H BbmOJIHeHhl HepaBeHcTBa (4) H ' (2), 06JIaCTb paccJIoe­

HHH, COrJIaCHO <popMYJIe (4), ' ,lJ,OJI)!{Ha HMeTb <P0PMY HecHMMeTpH'IHOH, 
"H30I"HYTOH clirapbI", npH'IeM Cpe)l.HHH JIIiHIiH "clirapbI" T. e. T= T(7J), 
06pameHa BbmYKJIOCTblO K OCH a6C~HCC npH VJ < ubi H BorHYTOH CTOpO-

U Vi> u," HOIi, eCJIH 0 o. 
OOJIhaYHCh 3KcnepHMeHTaJIhHO YCTaHOBJIeHHbIMH )l.HarpaMMaMH H no­

CTPOHB Ha HIiX JIHHHH T = T ('1)), MO>KHO npOBepHTb COOTBeTCTBHe 3THX 

JIHHHH <p0pMYJIe '(46), a TaK)!{e onpe)l.eJll1Tb, no OTKJIOHeHHIO OT JIHHeHHO­

ro XO)l.a, BeJIH'IHHY !1U 0 = vb - vbl 
• . 
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BeJIH4HHbI 
.(),05 H )l.JUI 

JlJIH BC 
llU 

~= kiJ'Yj 
paccMaTpH 
rHii CMew 
'IeTe npHc 
)l.aHb! )l.Har 
peHHhlx Clie 

B JIHTep 
)l.aHHbIe 0 
30JIOTO - n 

pacna)l.a p 

.aYIOT "acH 
Pac'Ier Bel 
HeHHIO KpH 
)l.aeT )l.JIH 
=0,85.10-1 

-<>)l.H8KO, He 

-paBeHCTBO . 

. , 

Ky)l.a CJIe)l.) 
)l.OJI>KHa cy 

y=X=O,b 
'ITO paCXOJ 
H3MepeHHl1, 

'CDJIOWHOit 
HOH - pac'I 

.pa~IiH, 6 
B HHTepB3JI 
-qaT B)l.OJIb 

2. Jl H 3 
'ypaBHeHHH 

xo=Y~ 

CHCTe.la 

.Fe -Pd 
Fe-V 
Rb-K 
Ni-Pd 
Fe-Cr 

, Sb-As 
·Au-Cu 
Au-Ni 
'Cs-K 
Cs' - Rb 

B 3TO C 
THH CMemel 
.npe>K)l.e BC(j 

,UaHHble 
j)aBHbIx KO 

.JIHCb no (8) 



· one ~ =(y-x)/Z 

(4a} 

(46} 

_ TPI1'1HOH OTHO-

coe,nI1H5I1O lll.eil 

OMnOHeHT: 

q(TB-TA ) 
j • 

kT ' ,---2Uo .1 -l}} 

TB - TA}. (5)· 

. paMMa ,nJI5I CI1-
eJIb, BbI'mCJIeH-
10 (5), nOKa3aHa 

tJ 

50 60 70 80 90 pd 

:THO, 'ITO nmpl1-
H npaKTI14eCKH 

nmplma 06JIacnr 
(5), He npeBbl­
~pI1MeHTa. 

HbiM nCHrapaM". 

6JIaCTb paCCJIOe­

eCHMMeTpH4HoH. 
T. e. T= T('1), 
orHYTOH CTOPO-

rpaMMaMH H no­

OTBeTCTBHe 3THX 
HIO OT JIHHeHHO-

BeJIl-l'JHHbi ~u=(ub- ubi) .1013 3pr/'JaCT.: ,nJI5I Ag-Pd 0,57; ,nJI5I Ag-Au 
-0,05 H ,nJI5I Cu-Pd 0,54. 

,llJI5I Bcex Tpex CHCTeM I<pHTepHl1 (1) BblITOJIHeH H paC'leTHa51 KpHBa51 

<p= 1~ '1) (1-'1) XOPOIllO COBna.naeT C 3KCnep11MeHTaJIbHoJ1, 'ITO MO>KeT 

paCCMaTpI1BaTbC5I KaK CBH,neTeJIbCTBO He3aBHCHMOCTH pa3HOCTH 3Hep­
rllM Cl\rellleHH5I OT KOH11.eI-ITpa11.HH (T.e. ,nOCTaTO'lHOCTI1 B3HTOro npl1 pac­
'JeTe npH6JIH)!(eHI151). Ha pHC. 2 
,naHbi ,nHarpalV[Mbl Tpex paccMoT- IBOa 
peHHblx CHCTeM. . 

1580 
..._---,1540 

B JIHTepaType ony6JIHKOBaHbi (5) 
,naHHbie 0 ,nHarpaMMe paBHOBeCHH 
30JIOTO - naJIJIa,nHl1, r,ne KpHBbie 
pacna,na paCTBopOB TaK>Ke ' 06pa­

.aYIOT naCHMMeTpH'lHYIO cl1rapy". 
PaC'le't BeJII1'IHHbi t1Uo no OTKJIO­
HeHI1IO KPHBOH T = T ('1) OT npHMOH fOOO 
..naeT ,nJIH .:noH CHCTeMbI ~Uo = AL..II.-"~,[]--:l~'fJ-J,+',?:--:60':""'.-:!'iO:~~~~<l!...J.~ 
= 0,85. lO- l:Japr /'lacT.; KpHTepHtt (1), 

-o,nHaKO, He BblITOJIHeH. HMeeT MeCTO Puc. 
kq (TB - TA ) 

-paBeHCTBO I II = 0,81, OT-uo- Uo 
Ky,na c.ne.nyeT, 'ITO Ha ,nHarpaMMe 
)lOJI)!(Ha CYlll.eCTBOBaTb TO'lKa paBHbIX KOH11.eHTpa11.HH (CM. HH>Ke) npH 
y = x = 0,905. no 9KcnepHMeHTaJlbHOH ,nHarpaMMe JIerKO YCTaHOBI1Tb, 
'ITO paCXO)!(.neHl1e B .naHHOM CJIy'lae MO}KeT 06bHCHHTbCH HeTO'lHOCTblO 
H3MepeHHH, 1160 06JIaCTb paCCJIOeHHH B6JII1311 x = 1 O'JeHb Y3Ka. Ha PI1C. 3 
CllJIOIllHOH JIHHHeH nOKa3aHa 3KCnepl1MeHTaJIbHaH ,nHarpaMMa H nyHKTl1p­
HOH - pac4eTHaH. Ha 9KcnepHM~HTaJIbHOH .nl1arpaMMe B 06JIaCTH KOH11.eH­
Tpa11.HH, 6JIH3KHX K e,nHHH11.e, Bo06lUe He ,naHa 06JIaCTb ' paCCJIOeHHH; 
B HHTepBaJIe KOH11.eHTpa11.l1H ~ 15% TBep,nblH H >KH,nKHH pacTBopbI rpaHH­
"'IaT B,nOJIb JIHHIHl, 'ITO, KaK H3BeCTHO, HeB03MO>KHO. 

2. .ll H 'a r paM M bI C TO 'l K 0 H' P a B H bI X K 0 H 11. e H T P a 11. H H. 113 
JpaBHeHHH (3) CJIe,nyeT, 'ITO B T04Ke paBHblX KOH11.eHTpa11.HH 

1 [ kq( T B - T A) ] ul _ ull 

Xo =Yo = '2 1- u~- ubI . ' T= T7Il = TA - 0 kq 0 x5' (6) 

.Fe- Pd 1801 1827 
Fe-V 1801 1988 
Rb-K 312 338,5 
Ni-Pd 1725 1827 
Pe-Cr 1801 2103 
Sb-As 903 1103 
Au-Cu 1336 1356 
Au-Ni 1336 1725 

" Cs-K 299 338,5 
Cs-Rb 299 312 

x, 

0,485 
0,350 
0,340 
0,450 
0,230 
0,240 
0,430 
0,400 
0,44 
0,42 

Ta6JlHua 1 

1'1 m pac'!. 1 T m aKen• 

1593 1583 
1726 1743 
' 301,5 305,6 
1519 1510 
1806 1783 
885 878 

1310 1162 
1025 1223 
237,4 233 
284,7 278 

KprlTepHH 06pa30Ba­
HHH ,nHarpaMMbI 9Toro 
THna: 

I kq ~B~~~A) I < ,I (7) 

(HapH,ny C BblITOJIHeHHeM 
HepaBeHCTB (2) I1JIH (2a». 

·Cor JIaCHO (6) B TO'llte 
paBHbIX KOH11.eHTpa11.HH 

(8) 

B 9TO COOTHOllleHHe Me>K.ny T"I H Xo He BXO,nHT HeH3BeCTHble 9Hep­
THI1 CMelUeHHH, n09TOMY npaBHJIbHOCTb paC4eTa MO}KeT 6bITb npOBepeHa 
Jlpe)!(.ne Bcero no BblITOJIHeHHIO COOTHOIlleHHH (8). 

naHHble ,nJIH 10 ,nBOHHbIX CHCTeM, 06pa3ylOlUHx ,nl1arpaMMbl C TOqKOii 

:paBHblx KOH11.eHTpa11.HH, npHBe,neHbI B Ta6JI. 1 (Tm pac4eTHble onpe,neJIH­

·JIHCb no (8) C nOMOlUblO 9KcnepHMeHTaJIbHbiX 3Ha4eHHH xo). 

( 
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I ' 
I 

I 
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PaCt.(eTHble H 9KCne pHl\!eHTaJIbHbIe 3Hat.(eHH5I Til, XOPOlIlO cOrJIacYIOn:sr 

,nJl51 Bcex paccMaTpHBaeMblx CHCTeM, KpoMe ,nBYX: 30JIOTO - Me,nb H 30-

JIOTO -HHI{eJIb, r,ne HMeeT MeCTO H3H60JIblIlee OTJIH'me aTOMHbIX pa,nHYCOB 

I<OMTIOHeHT H, CJIe,nOBaTeJIbHO, MaKCHMaJIbHa .3HeprHH HCKa>KeHHH pemeT­
KI1" (2). OTKJIOHeHHH OT COOTHOlIleHHH (8) ,nJIH CHCTeMbI Au- Cu H Au­

Ni Kat.(eCTBeHHO corJIacYloTcH C O>KH,naeMbIMH npH Yt.(eTe YKa3aHHoH 3Hep­

fHH HCKa>KeHHH. 
3. )l H a' f paM M bI C 3 B T e K T H 'l e C K 0 H TOt.( K 0 H. B 061I1.(!M cny-

t.(ae Tpexcpa3HbIe (HanpHMep, o,nHa )J{H,nK3;H H .nBe pa3JIHt.(Hble no Cl-IMMeT-

\, 

'" 150 

100 

50 

.' I 
\ " 

, " 
\ " 

\ 
\ 

' A (] , 
, \ 

a: 

20r---------~----~ 
10 , 

240 

\ , 
\ ' ... -, l 

'- 2 
\ . J 

'< 

5 

\ 
Sn fO 20 30 40 5080 70 80 80 Co. 

220 

200, , 

Cd /0 20 ;}o /0 50 5'0 70 BO 9'0 Tl 

PHC. 4. a-Sn-Ga, Us = 0,85 ·1Q-13 3pr/tJacT.; 6-Cd-TI. Uo =1,28.10- 13 , 3prjQaCT_ 

, 1 - 3KcnepHMenT3J1bllafl KpHBall, 2 - pactJemaH KpHBaH, 3 - Uo = ° 
pIHI KPHCTaJTJIHt.(ecKHe qJa3bI) H OTIHCblBalOTCH t.(eThrpbMH ypaBHeHHHMH ((3), 
ypaBHeHHH ("17)). OPH nOJIHOM OTCYTCTBHH' pacTBopHMOCTH B KpHCTaJIJIHIJe­

CKHX cpa3ax JIHHHH .JTHKBH,nyC" onHChl­

BalOTCH ypaBHeHHHMH 
Ta6J1Hua 2 

\ I, UI.IOU~ ~kT'IO"~ , "aCT. \~ qaCT. 

COOTBeTCTBHe ypaBHemII1 (9) OnbIT­
HbTM ,naHHbTM HaMH npOBepHJIOCb .LIJIH 

lIeTbTpex CHCTeM *: OJIOBO - raJIJIHJ1, aJIIO­

MHHHH - fepMaHHH, Ka,nMHH - TaJIJIHH, 

Sn-Ga 
AI-Ge 
Cd-Tl 
Au- Sb 

0,85 
-0 .. 56 

1,28 
-1,4 

0,85 
1,~3 
1,32 
1,7 

30JIOTO - cypbMa (CM. pHC. 4). B Ta6JI. 2 CBe.neHbJ ,naHHhIe 06 3Hep­

rHHX CMe:meHHH. 

COf JIaCHe paclieTa C 9KcnepHMeHToM MO>KHO C'IHTaTh y.noBJIeTBopJ.!­

TeJIbHhIM. Ta6JI. 2 nOKa3bIBaeT, t.(TO KpHTepHH U~ -<, 2kT BhITIOJIHHeTCH. ' 

<PH3HKo-TeXHHQeCKHH HHCTHTYT 
AK3J(eMHH naYK YCCP 

XapbKoB 

U11TI1POBAHHA5J JII1TEPATYPA 

nOCTynHJlo 
26 VI 1950 

1 6. 51. n H H e c, )KT3<1>, 13, 11-12 (1943). 2 6. 51. n H H e c, 113B. ceKTopa $»3.-' 
XHM. aHaJlH3a, 16, B. 1 (1943). 3 6. 51. n H H e c, )K<I>X, .M 5 (1949). 'B. 11. II a H H­
nOB H n. C. 1< a M eli e U K a n, )K<PX, .M 1 (19/.8). & M. X a II cell, CTpYKTYPbI 6»lIap· 
HblX CnJlaBOB, M.-JI., 1941. 

• npH pactJt!Te ,nHarpaMMbl Ka,nMHH - TaJlnHH npene6peraJlH pacTBopHMOCThlO Ka,nMHR 
B TaJlJlHH; na ,nH3rpaMMc 30JIOTO - CyphM3 npOH3BO)lHJlII JlHWb paclieT JleBoH BCTBlt 
"nHKBH,nyC" H nOJlO}KeHHll 311TCI{TH1!eCKOII TOQKH. ' 
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