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E. r. nOHSlToBCKHA 

o KPHTHLJECKOA TOLJKE HA KPHBOA nOJIHMOP<I>HOrO 
nPEBPAmEHH5I UEPH5I 

(Jlpeacma6AeHO aKaaeMUKOM H. B . EeAo6blM 22 III 1958) 

DOJII1Mopq>HOe npeBpaJIJ,eHHe U.epHH HBJIHeTCH e,QHHcTBeHHbIM B HaCTOHIII.ee 
:speMH H3BeCTHbIM cpa30BbIM npeBpameHHeM nepBoro pO,Qa, npH KOTOPOM npoHc­
XO,QHT pe3Koe YMeHbllIeHHe nocToHHHOH KpHCTaJIJIHqeCKOH pellIeTKH, a cHMMeTpHH 
pellIeTKH He H3MeHHeTCH. 

DOJIHMOPCPHoe npeBpameHHe u.epHH npH CBepXBbICOKHX ,QaBJIeHHHX 6bIJIO 
'BnepBble 06HapY}KeHO opH,Q}KMeHOM (1). JIaYCOH H lOaH (2) npOBeJiH peHTreHOB­
CKoe HCCJIe,QOBaHHe MO,QHcpHKau.HH u.epHH, 06pa3YIOIu.eHCH npH BbICOKOM ,QaBJIe­
HHH. DOPOIliKOBbIH 06pa3eu. nOMeIII.aJICH B 6epHJIJIHeBYIO 60M6y H nO,QBepraJiCH 
~aBJIeHHIO B 15000 Kr ·CM-2• DPH .9TOM ,QaBJIeHHH C Hero CHHMaJIaCb ,Qe6ae­
'rpaMMa. OKa3aJIOCb, qTO u.epHH npH 15000 Kr 'CM- 2, TaK }Ke KaK H npH aTMO­

oCcpepHoM ,QaBJIeHHH, HMeeT Ky6HqecKYIO rpaHeu.eHTpHpoBaHHYIO peIIIeTKY. Do­
oCTOHHHbIe peII!eTKH npH ,QaBJIeHHHX 1 H 15000 Kr 'CM- 2 paBHbI, COOTBeTCTBeHHO, 
5,14 H 4,84 A. 06III.ee H3MeHeHHe 06'beMa npH C}KaTHH u.epHH ,QO 15 000 Kr • CM- 2 

oCOCTaBJIHeT 16,6%. JIaycoH H lOaH npe,QnOJIO}KHJIH, qTO npOTeKaIOIII.ee npH BbICO­
KHX ,QaBJIeHHHX npeBpaIII.eHHe H,QeHTHqHO npeBpaIII.eHHIO, 06HapY}KeHHoMY He­
·CKOJIbKO paHee TPOM6oM H <I>OKCOM (3) npH aTMoccpepHOM ,QaBJIeHHH H HH3KHX 
'TeMnepaTypax, H qTO .9TO npeBpameHHe CBH3aHO C nepeXO,QOM 9JIeKTpOHa H3 
4 /-COCTOHHHH B 5 d-COcToHHHe. IIIyx H CTYP,QHBaHT (4) HCCJIe,QOBaJiH KpHCTaJIJIH­

oqeCKYIO crPYKTYPY u.epHH npH HH3KHX TeMnepaTypax. 11MH 6bIJIO nOKa3aHO, qTO 
npH TeMnepaType -179° 06pa3eu. u.epHH npe,QcTaBJIHeT C060H CMeCb BbICOKOTeM­
nepaTYPHoH H HH3KoTeMnepaTYPHoH MO,QHcpHKau.HH (6Y,QeM 0603HatJaTb HX B 
~aJIbHeHllieM a-Ce H a' -Ce). 06e MO,QHcpHKau.HH HMeIOT Ky6HqecKYK2 rpaHeu.eHTpH­
pOBaHHy'IO pellieTKY. DOCToHHHble pellIeTKH: a-Ce a = 5,14 A, a'-Ce a = 
=4,82 A. 06'beMHbIH .9qxpeKT COCTaB./IHeT 16,5% OT a-Mo,QHcpHKau.HH. 

JIHxTep, P5I6HHHH H BepeIII.anm (6) HCCJIe,QOBaJiH qaCTb P - T-,QHarpaMMbI 
nepH5I B HHTepBaJIe TeMnepaTYP OT -71 ,QO +94,5°. Onpe,QeJIemle ,QaBJIeHHH 
a -+ a'-npeBpameHHH npOH3BO,QHJIOCb no CKaqKY C}KHMaeMOCTH. DOKa3aHo, qTO 
~aBJIeHHe a -+ a'- npeBpameHHH u.epHH nOBbIllIaeTCH C YBeJIHqeHHeM TeMnepaTypbI, 
a 06'beMHbIH .9cpcpeKT npH YBeJIHqeHHH TeMnepaTypbI npeBpaIII.eHHH 3aMeTHO 
YMeHblliaeTCH. BeJIHqHHa 06'beMHOrO .9qxpeKTa npH KOMHaTHoH TeMnepaType 

()u.eHeHa B 8 %. 

CoxpaHeHHe cHMMeTpHH pellIeTKH H YMeHbllIeHHe pa3HOCTH Y,QeJIbHbIX 06'be­
MOB a- H a'-cpa3 B,QOJIb KPHBOH n03BOJIHeT npe,QnOJIO}KHTb CYIII.eCTBOBaHHe KPHTH­
'tJeCKOH TOqKH Ha KPHBOH nOJIHMOPCPHoro npeBp"aIII.eHHH u.epHH. ,lJ,JIH npOBepKH 
"9TOrO npe,QnOJIO}KeHHH npOBe,QeHO ,QaJIbHeHllIee HCCJIe,QOBaHHe P - T-,QHarpaMMbl 
U.epHH C nOMOIII.bIO MeTO,QHKH TepMorpacpHqeCKOrO aHaJIH3a (6), n03BOJIHIOmeH 

npOBO,QHTb HCCJIe,QOBaHHe cpa30BbIX npeBpaIII.eHHH BeIII.eCTBa npH ,QaBJIeHHHX ,QO 
35000Kr ·CM- 2 H TeMnepaTypax,Qo >650°. 11cCJIe,QoBaHHe npoBo,QHJIOCb Ha u.epHH, 
<co,Qep}KameM (B %) < 0,75 Nd, <0,75 Pr, 0,01 Fe, <1.10-4 Pb. rH,QpOCTa­
THqeCKOe ,QaBJIeHHe C03,QaBaJIOCb KOMnpHMHpOBaHHeM CMeCH H30neHTaHa C HOP­
MaJIbHbIM neHTaHOM B MYJIbTHnJIHKaTOpe cBepxBbIcOKoro ,QaBJIeHHH. ,lJ,aBJIeHHe 
.H3MepHJIOCb MaHraHHHOBbIM MaHOMeTpOM C TOqHOCTbIO'+ 100 Kr .CM-2

, TeMne­
paTypa - TepMonapoH }KeJIe30 - HHXpOM C TOqHOCTbIO + 1,5°. 
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TOtIKH OC -+ OC'·npeBpar.u.eHH5I onpe,n;eJI5IJIHCb ,n;BYM5I pa3JIlftIHbIMH cnOC06aMH . 
ITPH nepBOM cnoc06e ,l(aBJIeI-IHe n O,l(HHMaJIOCb ,n;0 onpe,n;eJIeHHOil BeJIHtIHHbL 

H npH nOCT05IHHOM ,l(aBJIeHHH 06pa3eu, HarpeBaJIC5I H 0XJIa)K,l(aJIC5I C pa3JIHtIHbIMH 

CKOPOCT5IMH. IToKa3aHH5I a6COJIIOTHOH: H ,l(H¢¢epeHu,HaJIbHOH: TepMOnap' peru­
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CTpHpOBaJIHCb C nOMor.u.bIO nHpOMeTpa 

KYPHaKOBa. 113 TepMOrpaMM oripe,l(e­
JI5IJIHCb TeMnepaTypbI OC -+ OC' - HOC' -+oc­
npeBpar.u.eHHH:. ITPH BTOPOM cnoco-
6e BbI~ep)KHBaJIaCb nOCT05IHHOH: TeM­

nep!'lTypa 06pa3Il,a, a ,n;aBJICHHe TIJIaB­

HO nOBbIllIaJIOCb H nOHH)KaJIOCb B. 

HY)KHbIX npe)J,eJIax. ITPH 06pa60TKe 

tepMorpaMM BBO,l(HJIHCb He06x o,n;HMble 

n0l!paBKH Ha HeKOTopoe nOBbIllIeHHe. 

. ,l(aBJIeHH5i: B npou,ecce HarpeBa 06pa3' 

Il,a . H H3MeHeHHe TeMnepaTypbI 06pa3-

u,a npH H3MeHeHHH ·,n;aBJIeHH5I. ITo 

nOJIYtIeHHbIM ,l(aHHbIM nOCTpoeHa P - ­
T -,n;HarpaMMa Il,epH5I, npe,l(CTaBJIeHHa5I: 

Ha pHC: 1, 3a JIHHHIO paBHoBeclln 

-200 L,~_.....L _ _ .....L-_ ..J....,_..--J .YCJIOBHO npHH5ITa , JIHHH5I, paBHoY,l(a-
o 10000 20000 kC'CM-2 JIeHHa5I OT BeTBeH: oc -+ oc' H oc' ->- IX 

. P _ (0603HatIeHa nYHKTHpOM). . 

KaK BH,l(HO H3 ,l(HarpaMMbI, npe­
PHC. 1. a --: AaHHhIe 5pHA~MeHa , (1,7,8);6 - Bpar.u.eHHe Il,epH5I, npH TeMnepaTypax , 

" AaH~ble JIHxTepa, P1I6HHHHa H Bepem;arHHa, 6JIH3KHX K KOMHaTHOH: npOTeKaeT C' 
e - HaUIH AaHHble ' . 

. ., ' , 60JIbllIHM rHCTel'e3HCOM. fHCT pe3HC 

npeB-par.u.eHH5I C nOBbIlIIeH'HeM TeM:nepaTypbI YMeHblliaeTC5I C~OOO Kf· CM-2 npH 20°' 
,l(0 HYJI5I tIpH ~280~. C nOBbIlIIeHlleM TeMnepaTypbI YMeHbllIaeTC5I H TenJIOBOR 

3¢¢ekT oc -+ oc'-npeBpar.u.eHH5I, a npH TeMnepaTypax BbIllIe 2800 H COOTBeT­

ctBeHI-IO ,l(aBJIeHH5IX IibIllIe 18 500 Kf· CM-,2 OH CTaHOBHTC5J HaCTOJIbKO MaJIbIM , 

t 
&350 

1350 

PHC, 2 

tITO' iIa TepMorpaMMax, CH5ITbI X npH 60JIee BbICOKHX ,l(aBJIeHlf5IX, He 3aMeTHO 

KaKHX -JIH60 OC06bIX TOtIeK. KaK oc --;,. oc', TaKH oc' -+ oc- npeBpar.u.eHHe npOTeKaeT 

npH' nOCT05II-lHOH: TeMnepaType B 3HatIHTeJIbHOM HHTepBaJIe ,l(aBJIeHHH:. 

,UJI5I onpe,l(eJIeHH5I KOJIHtIeCTBa 06pa30BaBllIeH:C5I a' -¢a3bI KaK ¢YHKIl,HH ,l(aB­

JIeHH5I 6bIJIH npOBe,l(eHbI cJIe,l(YIOr.u.He OnbITbI. TIPH KOMHaTHOH: TeMnepa:rype 

,l(aBJ.IeHHe, HatIHija5I C 5000 Kr 'CM- 2, nOBbIllIaJIOCb cTyneH5IMH B ~300 Kr 'CM-~ 
C naY30H: nOCJIe Ka)K,l(oro nOBbIllIeHH5I B 5 MHH. B HHTepBaJIe ,n;aBJIeHHH:, Kor~a 
n peBpar.u.eHHe erp,e He}IatIaJIOCb, cBeTOBOH: 3aH:tIHK ,l(H¢¢epeHIl,HaJIbHOH: TepMOnapb! 

npH nQBbIllIeHHH ,n;aBJIeHH5I CTOHT Ha MeCTe . B HHTepBaJIe ,l(aBJIeHHH:, COOTBeTCT­

BYIOr.u.HX ,n;aBJIeHH5IM a -+ a'-npeBpar.u.eHH5I, npH Ka)K,n;OM nOBbIllIeHHH ,n;aBJIeHH5I 

npOHcxo,n;l:n : OTKJIOHeHHe CBeTOBoro 3aH:tIHKa ,l(H¢¢epeHIl,HaJIbHOH: TepMOnapbI. 
O,l(Ha H3 n OJIYtIeHHbIX TaKm.i cnoc060M TepMorpaMM npHBe,n;eHa Ha pHC. 2. 
TIJIor.u.a,l(H OT,n;eJIbHbIX nHKOB Ha TepMorpaMMe nponopIl,HoHaJIbHbI KOJIHtIeCTB-Y 

BbI,l(eJIHBllierOC5I npH npeBpar.u.eHHHTenJIa, a CJIe,n;OBaTeJIbHO, KOJIHtIeCTBY 06-

pa30BaBllieilqI npH Ka)K,n:OM nOBbIllIeHHH ,l(aBJIeHH5I a'-¢a3bI . 
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Do .n.aHHbIM TepMorpaMM nOCTpoeHa KpHBa5I KOJIH'leCTBO a,'-cpa3bI - .n.aB, 

JIeHHe npH TeMnepaType 200 (CM. pHC. 3). DpeBpameHHe a, ~ a,' Ha'lHHaeTC5I npH; 

.n.aBJIeHHH, 6JIH3KOM 7000. Kf· CM- 2, H KOH'laeTC5I npH 10000 Kf· CM- 2
• B HH ... 

TepBaJIe .n.aBJIeHHH 7700-8350 
Kf'CM-

2
06pa3yeTC5I 70% a,'-Ce. %,---,---.------.--="l:J""".-,---, 

KOHeu npeBpameHH5I 5IBJI5IeTC5I 100 
60JIee pa3MbITbIM. YBeJIH'leHHe BbI- t 
.n.ep)KKH nOCJIe Ka)K.n.oro nOBblme-

HH5I .n.aBJIeHH5I (BnJIOTb.n.o HeCKOJIb- 8 50 
KHX 'lacoB) He.BJIH~eT CYmeCTBeH- '~ 
HO Ha .n.aJIbHeHllIHH XO.n. npeBpa-

1 
meHH5I. 3a .n.aBJIeHHe npeBpame-

HM5I npHHHMaJIOCb .n.aBJIE!HHe, COOT­

BeTcTBYIOmee MaKCHMaJIbHOH HH­

TeHCHBHOCTH npoTeKaHH5I npeBpa­

meHH5I. AHaJIOrHllHO onpe.n.eJI5I-

cc 

6000 

ee' 

{JDDO 10000 krCM-z. 
P ---<.-
Plfe. 3 

JIaCb H TeMnepaTypa npeBpameHH5I npH HarpeBe H oXJIa)K.n.eHHH 06pa3uoB . 

KaK BH.n.HO H3 pHC. 1, C nOBblmeHHeM .n.aBJIeHH5I TeMnepaTypa paBHOBeCH5I 

a,- H a,' -Ce nOBbIllIaeTC5I no JIHHeHHoMY 3aKoHY. TaHreHc yr JIa HaKJIOH'a np5IMOH 

paBHOBeCH5I a, - a,' KOCH .n.aBJIeHHH paBeH 0,0225 rpa.n.lKf. CM- 2
• B.n.OJIb KPHBOH 

paBHOBeCH5I C YBeJIH'leHHeM .n.aBJIeHH5I npOHcxo.n.HT YMeHbllIeHHe BeJIH'lHHbI Ten­

JIOBOrO, a CJIe.n.OBaTeJIbHO, M 06'beMHorO 3cp¢eKTa npeBpAmeHH5I. DOCT05IHCTBO , 

yrJIa HaKJIOHa KPHBOH paBHOBeCH5I KOCH .n.aBJIeHHH CBH.n.eTeJIbCTByeT 0 TOM, 

'lTO TenJIOBOH H 06'beMHbIH 3cp¢eKTbI YMeHbllIaIOTC5I no 06meMY 3aKOHY. 

YKa3aHHble BbIllIe napaMeTpbI 2800~18 500f* Kf· CM- 2 eme He 5IBJI5IIOTC5I 
,. ""u l(i!" • 

napaMeTpaMH, onpe.n.eJI5IIOmHMH nOJIO)KeHH TO'lKH Ha KPHBOH nOJIHMopcpHoro 

npeBpameHH5I uepH5I. 1I.JI5I 60JIee TO'lHorO onpe.n.eJIeHH5I nOJIO)KeHH5I TO'lKH, B KO­

TOPOH 06'beMHbIH H TenJIOBOH 3cp¢eKTbI 06pamaIOTC5I B HyJIb, He06xo.n.HMO .n.aJIb­

HeHllIee HCCJIe.n.OBaHHe P - T-.n.HarpaMMbI lI,epH5I C nOMOmbIO 60JIee 'lYBCTBH­

TeJIbHOH MeTo.n.HKH. 

DOJIara5I, 'lTO TenJIOBOH H 06'beMHbIH 3cp¢eKTbI npeBpameHH5I uepH5I npH 

nOBbIllIeHHH .n.aBJIeHH5I .n.eHCTBHTeJIbHO CTpeM5ITC5I K HyJIIO, MO)KHO c.n.eJIaTb CJIe­

.n.YIOmHe npe.n.nOJIO)KeHH5I 0 .n.aJIbHeMllIeM xo.n.e KPHBOH paBHOBeCH5I a,-Ce H a,'-Ce: 
1. KpHBa5I cpa30Boro npeBpameHH5I nepBoro po.n.a nepexo.n.HT B KpHByIO 

cpa30Boro npeBpameHH5I BToporo po.n.a, npH'leM pa3JIH'lHe B cHMMeTpHH a,-Ce H 

a,'-Ce npOHcxo.n.HT He 3a C'leT pa3JIH'lH5I B CHMMeTpHH KpHCTaJIJIH'leCKHX pellieTOK, 

KaK 3TO 06bI'lHO 6bIBaeT, 3a C'leT pa3JIH'lH5I B CHMMeTpHH 3JIeKTpOHHbIX 060JIO'leK. 

2. KpHBa5I cpa30Boro npeBpameHH5I nepBoro po.n.a KOH'laeTC5I B KpHTH'leCKOH 

TO'lKe. Bblllie KpHTH'leCKOH TO'lKH HeT HH cpa30Boro npeBpameHH5I nepBoro, BIot-:­

cpa30Boro npeBpameHH5I BToporo po.n.a. ; :::. 
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