
BmIHHJ![e }l;aBJIeHIHI na MarmITIIhle npeBparqeUJ!(SI 

JhlHeMHIJe yqacTlUI: Ha RpHBbIX p (T), COOTBeTCTBYIOm;He cI>aaoBOMY nepexo

l1.Y nepBOrO POl1.a, npH TeMnepaType To em;e )1;OCTaTO"<IHO HCHO BHl1.Hhl npH l1.aB

JIeHHHX 68 H 81 r.6ap. 11PH )1;aJIbHeJ1:meM nOBbImeHHH )1;aBJIeHHH aaBHCHMOCTb

p (T) CTaHOBHTCH 60JIee nJIaBHoH. Ha RpHBbIX p (T) 60JIee TOJICTbIMH JIHHHHMH 

BbIl1.eJIeHhl yqacTI{H, ROTOPbIe B HCCJIel1.0BaHHOM HHTepBaJIe l1.aBJIeHHH COOTBeT-

CTBYIOT cI>aaoBoMY nepexol1.Y rOK 
nepBoro pO)1;a. 8RcnepHMeH- 7/]0 ~-~--~--~--'-----"T---' 
TaJIbHhlH lfJaRT, "<ITO I{pHBbIe 

p(T) npH )1;aBJIeHHHX 81 r.6ap 
H Bhlme CTaHOBHTCH oOJlee 

nJlaBHhlMH, He HCI{JIIO"<IaeT Boa

MOilmOCTH Toro, "<ITO npH )1;aJlb

He:funeM pOCTe )1;aBJleHHH lfJaao

Boe npeBpam;eHHe npH TeMne

paType To CTaHeT nepeX0l1.0M 

BToporo pO)1;a. 

Mhl He oOHapymHJlH TeMTIe

paTypHoro rHCTepeaHca nepe

XO)1;a npH )1;aBJIeHnHX CBbIille 

68 r.6ap; eCJlH OH .cym;ecTByeT, 

TO BeJl1?[qIIHa ero He npeBbI

maeT 1,50 
C. 

Ha RpllBbIX p (T), COOTBeT

CTByIO~X )1;aBJleHHHM 81 /'i,6ap 
H Bhlme, OTCYTCTByrOT HSJlOMhl, 

OTHOCHm;HeCH I{ TO"<IRa¥ I{ropH, 

JML---~---L--~----~---L--~ 
flO 80 /20 

P. K(jap 

PHC. 3. <l)aaoBaSI T - P-}l;RarpaMMa meJIeao-pO}l;J![e
Boro crmaBa. l.JeplThIMJ![ TO'IrtaMH 0603HaQeIIhl }l;aH
Hble J![3 pa60TbI [7), IIOJIY'IeHHhle nplil rJ![}l;]?OCT.aT.Jl.-

QeCRRX }l;aBJIeHHSlX 

HaOJIIO)1;aeMhle npH )1;aBJIeHHHX 68 /'i,6ap H HHme (pHC. 1, 2). 110 Bcell BepOH'r

HOCTH, npH )1;aBJleHHHX 81 r.6ap H BbIme lfJaaoBhlH nepeXOl1. nepBoro pO)1;a HB

JlHeTCH npeBpam;eHHeM Ha A<l> COCTOHHHH B 11 COCTOHHHe. 

110 ::mcnepHMeHTaJIhHhlM l1.aHHhlM )1;JlH p (T) npH paaJlH'IHbIX l1.aBJleHHllX 

nOCTpoeHa lfJaaoBaH P-T-)1;HarpaMMa CnJIaBa FeRh, Haoopa/ReHHaH Ha p:uc. 3. 
,il;HarpaMMY MomHO paal1.eJIHTb Ha TpH OOJlaCTH: 

P<28 /'i,6ap, 28<P<80 -,;,6ap, P>80 /'i,6ap . 

11PH P<28 /'i,6ap TeMnepama To npeBpam;eHHH A<l>-<l> JlHHeRHO CMem;aeTCH 
C )1;aBJleHHeM (dToIdP=4,7±O,1 epaa·r.6ap-i). TO'IRa RlOPH TaRme JIHHelIHO' 

CMem;aeTCH C AaBJleHHeM (dT cl dP=-O,9±O, 1 epaa· r.6ap-t). B OOJIaCTH 28< 
<P<80 r.6ap BeJI1?[qHHbI dTcldP H dToldP CTpeMHTCH R HYJIIO . 11PH P> 
>80 -,;,6ap To He aaBHCHT OT ,u;aBJleHHH. 

3. 06cym;n;eHHe peaYJIbTaTOB ::lRcnepJUfeHTa 

B nOJIbSY npe)1;nOJlOmeHHH, 'ITO cI>aaoBhlH nepeXOl1. npH ,u;aBJIeHHHX 81 1£6a[T' 
H Bhlme HBJIHeTCH cI>aaoBhlM rrepeXOAOM nepBoro pOl1.a Ha A<l> COCTOHHHII B 11 

COCTOHHHe, MomHO npHBeCTH CJIe)1;YIOm;He cooopamemm. 

Ms pHC. 1 BH)1;HO, "<ITO R )1;aBJIeHHIO :::::::60 1£6ap TellmepaTYPHbIM HHTepBaJI 

cym;ecTBoBaHHH <l> OOJIaCTH CHJlbHO CY}RaeTCH H paBHHeTcH 400 
C. CI{a~IOI{ co

npOTHBJIeHHH npH nepexo,u;e A<l>-<l> coxpaHHeT aJ:Ia~IHTeJIbHyIO BeJlH'IJilHY H 

COCTaBJlHeT :::::::30 % OT Clia~lRa conpOTHBJIeHRH npH aTMoclfJepHoM )1;aBJleHHH. 

11pH TaROM yaRoM TeMnepaTypHOM HHTepBaJle <l> oOJlacnr H CJIaOOR aaBHCH- . 

MOCTH 3J1eRTpOConpOTHBJleHHH OT TeMnepaTypbI B CD (paae, MOilmo C~rHTaTb, 
"<ITO ~p HBJIHeTCH paaHlm;eR conpOTHBJleHHM A<l> H 11 cI>as . 110CJle)1;Hee OOCTOH

TeJIbCTBO YRaabIBaeT Ha TO, "<ITO lfJaaoBhlH nepexol1. A<l>-11 l1.0Jl}ReH ObITb ne

peX0l1.oM nepBoro pO)1;a. 



2286 r. T. Ay60BKa 

TeMnepaTypa To <pa30Boro nepeXOAa A<D-II npH P>80 K,6ap He 3aBHCHT 

OT JWBJIeHHH (pHC. 3). COrJIaCHO ypaBHeHlIIO RJIaneMpoHa ;)TO 03Ha'IaeT, 'ITO 

IIpH npeBparqeHHH A<D-II /). V =0. TaKliIM 06pa30M, <pa30BhlH nepexo.n; A<D

II conpOBom.n;aeTCH 3Ha'lHTeJIbHhlM H3MeHeHHeM aJIeRTpOCOnpOTHBJIeHHH H 

HyJIeBhlM 06beMHbIM a<p<peRTOM. IIo BceH BepOHTHOCTH, .n;aHHhIH CRa'IOR aJIeRT

pOCOnpOTHBJIeHHH npH HYJIeBOM CRa'IRe 06beMa 06H3aH TOMy, 'ITO B pe3YJIh

TaTe <pa30Boro npeBparqeHHH A<I>-II IIpOHCXO.n;HT nepeCTpOHRa 30HHOH 

CTPYRTYPhl CnJIaBa, 'ITO H 06YCJIOBJIHBaeT nepBhlH po.n; <pa30Boro nepexo.n;a. 

<Da30Boe npeBparqeHHe <D-II HBJIHeTCH nepexo.n;OM BToporo po.n;a H npOHC

XO.n;HT 6e3 H3MeHeHHH 30HHOH CTpyKTypbI. CJIeAOBaTeJIbHO, <D H A<D <pa3hl B 

TaROM CJIyqae 6y.n;YT OTJIH'IanCH He TOJIhRO opHeHTaIl,HeH MarHHTHhlX MOMeH

TOB no.n;pemeTOR )l<eJIe3a, HO H 30HHOH CTPYI<TYPOH. 
MarHHTHble <pa30Bhle nepeXOp;I.I nepBoro pOlla 06HapymeHhI B pH.n;e Be

m;ecTB. HaH60JIee nOJIHhle .n;aHIThIe no aToMY Bonpocy c06paHhl B 0630pe 
Tpam.n;aHI<ImOH [13 ]. RaR IIpaBlJJIO, aTH <pa30BhIe nepexo.n;hI conpOBom.n;aIOTCH 

60JIhmHMll 06beMHbIMH a<p<p.eRTaMH. AaHHhlH aRcnepHMeHTaJIhHhlH <paRT Ha

meJI OTpameHlIe B TeopHH RHTTeJIH [14], 06bHCHHIOlII,ei[ nepexo.n;bI Tlma no

pH.n;OR - nopH.n;OR, H B TeopHH BHHa H POA6eJIa [15], nocBHrqeHHoH nepeX'O

. .n;aM THna nopH.n;OR - 6ecrropH.n;OR. B 06eHX TeopHHX R MarHHTHhIM <pa30BhlM 

nepexo.n;aM nepBoro po.n;a IIpHBOAHT CHJIhHaH 3aBHCHMOCTb 06MeHHoro B3aH

Mo.n;eHCTBHH OT Me}RaTOMHoro paCCTOHHHH. IIocJIe.n;Hee 06CTOHTeJIbCTBO orrpe

.]l;eJIHeT H 3Ha'IHTeJIhHOe cMerqeHHe TeMIIepaTyp nepeXOAOB C H3MeHeHHeM 

)l;aBJIeBHH. 

IIpH HH3HHX .n;aBJIeHHHX B CrrJIaBe meJIe30 - pO.n;HH npeBparqeHHe A<D-<D 

<conpOBom.n;aeTCH 3Ha'IHTeJIhHhlM CHa'lROM 06beMa /). VIV=0,75 % H CHJIhHOH 

:aaBHcHMOCTbIO TeMrrepaTyphl npeBparqeHHH To OT AaBJIeHHH: dTol dP= 
=4,7 8 pao . K,6ap-l. Ra3aJIoch 6hI, 'ITO AaHHhIH cpa30BbIH nepexoA MomBO 06b

HCHHTh CHJIbHOH 3aBHCHMOCThIO 06MeHHoro B3aHMo.n;eHcTBHH OT MemaTOMHoro 

paccToHHHH. Ho H3 aHCrrepHMeHTOB IIpH .n;aBJIeHHHX, Ha'IHHaH C P;;':80 K,6ap 
BH.n;HO, 'ITO npH rrepexo.n;ax A<I>-<D H A<D-II BeJIWIHHa /). V~O H dToldP=O . 
CJIe.n;oBaTeJIbHO, HH TeopHH I{HTTeJIH, HH TeopHH BHHa H Po.n;6eJIa He 06bHC
:HHIOT npHpo.n;hl MarHIITHhlX npeBparqeHHH B CnJIaBe meJIe30 - pO.n;HH. TaRHM 

()6pa30M, Ha aTOM rrpHMepe BH.n;HO, 'ITO Ha.n;o C OCToponmOCTbIO OTHOCHTbCH R 

.o6bHCHeHHHM MarHHTHhlX cpa30BhlX nepexo.n;OB nepBoro pOAa B MeTaJIJIaX H 

-crrJIaBaX, HCnOJIb3YIorqllM npeACTaBJIeHHH 0 CHJIbHOH 3aBHCllMOCTH 06MeHHoro 
.B3allMo.n;errCTBllH OT MeiI<aTOMHOro paCCTOHHHH. . 

AmI 06bHcHeHHll BHAa cpa30BoH .n;HarpaMMhl, 11306pameHHoH Ha pHC. 3, 
:HH)l{e 6y.n;eT paCCMOTpena pOJIb rrOHOB pO.n;HH npH npeBpam;eHHHX A<D-<D. 

B ynopH.n;O'IeIIHbIX meJIe30-po.n;HeBhlX CnJIaBax C ROHIl,eHTpaIl,HeH pO.n;HH 

·<50 aT. % HORb! ,ReJIeaa p acnOJIaraIOTCH B BepmHHax 06beMHOIl,enTpHpoBaH

}lOY Ry6H'leCIWY H'IerrKK (OCHOBHaH n03MII,HH F er) H B II,eHTpe Ha MeCTax 

POAHH (n03HII,HH Fell) p]. illHpaHe H .n;p. (5] rrpOBeJIH HeHTpoHorpa<pH'Ie

Clme nCCJIe.n;OBaHHH CrrJIaBOB meJIe30 - pO.n;HH B IDHpOIWM .n;Hana30He COCTa

BOB. AJIH ROHIl,eHTpaIl,HH 35, 40 H 48 aT. % Rh 6bIJIH HaHAellbI aTOMHhle Mar

.HHTHble MOMeHTbI B cpeppoMarHHTHoM .n;Hana30He npH 2980 K: 

!J.Fe1=3,1 !J.8, !J.FCIl=2,5 !J.B, !J.Rh=1,O !J.B' 

]J,JIH cnJIaBa c 50 aT. % Rh, HOTOPhlH aRTH<peppoMarnHTeH rrpH 2980 K, Mar

HHTHhIH MOMeHT !J.Fe1=3,3!J.B' 'ITO HeCROJIhHO BbIIIIe !J.Fe1 B <peppOMarRHTHOH 

.qla3e. B pa60Te P] 6hlJIO OTMe'leHO, 'ITO pO.n;HH B A<I> .n;Hana30He 06JIa.n;aeT 

M;OMeHTOM, 3Ra'IHTeJIhHO MeHbmHM 1!J.B. 
RYDeJI [ 12 ] H3 OIl,eHOR pemeTO'lHOro BHJIa.n;a B 06rqlIY CRa'IOR '\:)KrponmI 

ilIpH npeBparqeBHH A<D-,<D H H3 H3MepeBHiiI MarHHTROH BOCnpHHM'lHBOCTH B 

AcD 06JIaCTH npHmeJI R BhlBO.n;y, 'ITO B A<I> ;!l;Hana30He HOllbI pO.n;HH He llMeIOT 

.JIORaJIH30BaHHoro MarHHTHoro MOMeHTa. B cD COCTOHHHH rro.n;pemeTRa meJIe-


