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BJIJilHHHE lJ:ABJIEHHH HA MArHHTHbIE llPEBPA~EHHH 
B iKEJIE30-PO HEBOM CllJIABE 
V I I leuoY'l) SrI alJ e 

T. T. /{y6o(ma I 
_ ,"Du..bov L. 

Ha cmraBe lReJIeao - pororii: 3KBnaTOMHoro COCTRBa IICCJIeAOBaHO Bmrmm:e AaBJIeHJiIII 
Ha TO'lKY RroplI T c II TeMrrepaTYPY q,aaOBoro rrepexoAa lIS aHTlIcPepPOMarHJiITHOrO B q,ep
POMarIDITHOe COCTOHHlIe To. IIOCTpoena q,aSOBall T-P-AIIarpalllllla crrJIaBa AO AaBJIeHJiIK 
120 ,,6ap n TeMrrepaTyp 7000 K. IIpn aTMoc<PepHoM AaBJIenlIll BeJIlI'llIHhl To n T c paBHhl 
365 n 7600 K. Ao AaBJIeHJiIK ""30 ,,6ap TeMIIepaTypa To paCTeT, a TO'lKa l\roprr rraAaeT 
C naKJIOnaMlI, paBHhlMII COOTBeTCTBenHO dTo/dP=4,7 apao· ,,6ap-l, dTc/dP=-1 apao· 
·,,6ap-l. IIplI Aam,neii:meM yneJIlI'leHlIll AaBJIeHJiIH BeJIII'lIIHbI dTo/dP H dTc/dP CTpe
~HrTCH K nyJIIO. TpoKnan TO'lKa coc~eCTBOBaHJiIlI aHTlIq,eppoMarnHTHoK, q,epPolllarHHT
HOK H rrapaMarHJiITnoii: cPaa pacrrOJIOmeHa B nHTepBaJIe AaBJIenJidI 75-80 ,,6ap. CDasoBI,m 
rrepexOA lIS aHTHq,eppOMarHJiITHOrO B rrapaMarHIITHOe COCTOlIHJiIe, KOTOPLIH peaJIHsyeTcJI 
rrpn AaBJIeHHHX, rrpeBhlIIIarom;lIX 80 ,,6ap, JlBJIlIeTClI rrepeXOAOM rrepBoro pOJla, n TeMlIe
paTypa SToro rrpeBpam;eHliJl He saBlICHT OT AaBJIeH1IJI. 

MarHHTHbIe HCCJIe~OBaHHH ynopHAoqeHHhlX iEeJIeaO-pOp;KeBbIX CnJIaBOB, 

6JIHaKHX no COCTaBY K 3KBHaTOMHOMY, nOKaaamr, 'ITO OHH pealw YBeJIH'lHBaIOT 

CBOIO HaMarHH'leHHOCTb npH HarpeBe BLIITIe HeKoTopoil: Te~mepaTyphl To, aaBH

CJIIIJ;eH OT COCTaBa [1-."1]. RYDen H XapTeJIHC [3] HaMepHJIH HaMarHH'leHHOCTh

CnJIaBa Fe - 52 aT. % Rh B nOJIe 5 1'i,f} H TeMnepaTypax 77-770° K. IIMH 6LIJI() 

nOJIyqeHo To=350° K, Tc=675° K (TO'lKa KIOpH). 

PeHTreHoBcKHe [4] H HeihpoHorpaqlH'leCHHe [5] HCCJIep;OBamm YCTaHOBH

JIH, "ITO npH TeMnepaType To npOHCXOp;HT q,a30BbIH nepexop; H3 aHTHq,eppOllmr

HHTHoro B <peppoMarHHTHoe COCTOHITHe H 'ITO Bblme H HHiEe TeMnepaTyphl ne

pexop;a CnJIaBbI HMeIOT ynopRp;O'leHHyIO 06'beMHOu;eHTpHpOBaHHYIO Ky6H'lecHyro 

CTPYHTYPY THna CsCL Te1trnepaTypa To CHJIbHO aaBHCHT OT MaI'HHTHOrO nOJIJI 
[6] H BceCTopOHHero ~aBJIeHHR [&-11]. 

BJIHHHHe ~aBJIeHHH Ha TeMnepaTypbI MarHHTHhlX npeBpa~eHHH To H T c 
BnepBhle HayqaJIOCb B pa60Te [7]. BbIJIO nOHaaaHO, 'ITO 06JIaCTb <I> <paabI1) 

CYiEaeTCR C nOBhllleHHeM ~aBJIeHHR: H 'lTO BOaMOiEHO nepeCe'leHHe JIIIHHH 

To=To (P) H T c=T c (P) B TPOHHOH TO'lKe npH P:::::50 1'i,6ap. IIpH ~aBJIeHHR:X. 
60JIbllHX 50 1'i,6ap, A<I> <paaa ~OJIiEHa Henocpe~CTBeHHO nepeXO~Tb npH TeM

nepaType HeeJIH TN B II <paay. Mhl npe~OJIOiEHJIH, 'lTO 3TO ~aBJIeHHe MOiEHO 

YMeHbllHTb, ~o6aBHB H CnJIaBY He6oJIbllOe HOJIli['leCTBO HpH~HH. IIocJIe~HHH 
CHJIbHO CYiEaeT o6JIacTb <I> <paabI [12]. . 

IIy6JIHKan;HR pa60TbI (7] npHBl[eHJIa BHHMaHHe }{ HHTepeCHhlM oco6eH

HOCTRM T-P-~HarpaMMbI CnJIaBOB pO~H, H aa cpaBHHTeJIbHO He6oJIbllOH npo

MeiEYTOI{ BpeMeHH B ne'laTH nOHBHJIaCb n;eJIaR cepHH cTaTeH no 3TOMY Bonpo

cy. BJIHHHHe ~aBJIeHHH Ha To H T c B TPOMblX CnJIaBax H8yqaJIOCb B pa6o

Tax [8, 10, II], B HOTOPhlX, no MHeHHIO aBTopOB, 6bIJIH nOJIyqeHbI TpOIDIhle TO'lHH. 

JIeiEe H ~p. [10] coo6~aIOT, 'lTO <paaOBbIH nepexop; A<I>-II HBJIR:eTCH <paaOBhlM 

I) B CTaTLe IICrrOJILsyroTClI COKpam;eHHbTe 060aHaQeHJiIll ACD, CD II II COOTBeTCTBeHB6 
JlJUI aHTIIcPepPOMarHHTHOH, cPeppOlllarHlITHOH H rrapaMarHHTHOH cPaa. 

.• 
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nepeXO)1;OM nepBOrO POfW, H BeJUPlHlIbl dTo/dP H dTN/dP B TpOiffiOIT T01JI{e CO

Bna)1;aIOT. B pa60Te BlffiOKYPOBOH [11] YTBepm)1;aeTCH, 'ITO )1;aHHhIH «paaOBblH 

IIepeXO)1; - nepeXO)1; BTOpOrO pO)1;a, H B TPOHHOH TOlJI{e npOHaBO)1;Hble dTo/dP 
H dT N/dP pa3JIH1JHhI. XlIMlI'IeCKHe COCTaBbI 06pa3D;OB B 3THX )1;BYX pa60Tax 

6blJlH 6JIH3KHMH. TalillM 06pa30M, HMeIOm;rreCH B JIHTepaType )1;aHHble IIO T-P
)1;HarpaMMe meJIe30-pO)1;HeBbIX CnJIaBOB llMeIOT npOTHBOpe~IHBblH XapaKTep. 

B HaCTOHm;eH pa60Te Mbl npO)1;OJImHJIH Hanrn HCCJIe)1;OBaHHH no T-P-)1;Ha
rpaMMe CnJIaBa meJIe30 - pO)1;Hf[ 3KBHaTOMlIoro COCTaBa. 

2. PeaYJlhTaThl 3KcIIepHMeHTa 

l1allfepeHHH npOBO)1;IIJIHCb lIa 06pasD;ax 3KBHaTOMHoro COCTaBa, rrCCJIe)1;OBaH

HblX paHee [6, 7]. Ao )1;aBJIeHHH P~60 /'i,6ap HCnOJIbaOBaJIaCb )1;BYXCTyneH1JaTaH 

I<aMepa T12I1Ia noprneHb - D;HJIHII)1;p. Kamr6poBKa KaMepbl npOBO)1;IIJIaCb no 

«pa30BbIM nepeXO)1;aM B BHCMYTe npH )1;aBJIeHHH 25,5 /'i,6ap H TaJIJInn IIpH )1;aBJIe

lIHH 37,6 /'i,6ap . AaBJIeHHH CBblrne 60 /i6ap C03)1;aBaJIHCb B HaKOBaJIblllIX BpH)1;m

MeHa C nO)1;)1;epmaHHblMH IWIIH1JeCRIIMH 1JaCTHMII 1I C HapymHI.IM HarpeBOM Ha

KOBaJIeH. KaMepa I{aJI1I6poBaJIacb IIO HSBeCTHhIM (paSOBbIM npeBpam;eHHHM 

B B1ICMYTe npH )1;aBJIeHHHX 25,5 H 77 /'i,6ap 1I meJIese np1I )1;aBJIeHnn 126 r.6ap. 
T01JHOCTb onpe)1;eJIeHlffi )1;aBJIeH1IH B I{aMepe T1Ina noprneHb - D;1IJIlffi)1;p H B Ha

I{OBaJIbHHX 6b1JIa COOTBeTCTBeHHO ±1 H ±2,5 /'i,6ap. B 06eHx KaMepax B SOHY 

BbICOI{OrO )1;aBJIeHHH Mbl MOrJIJ1[ BBO)1;1ITb )1;0 rneCT1I 3JIeHTpOBBO)1;OB. 

KpHBble saBHCHMOCTH 3JIeKTpOConpOTHBJIeHHH p 06pasD;oB FeRh OT Tellme

paTYPbI, nOJIyqeHHble B KaMepe THna noprneHb - D;HJIHH)1;p, nOKasaHbI Ha 

p1IC . 1. 06m;HH B1I)1; 'I{P1IBbIX xoporno COBna)1;aeT C npHBe)1;eHHbIM1I B pa60Te Ky

BeJIa H XapTeJIHCa )1;JIH anroc«pepnoro )1;aBJIennlI [3]. 
C POCTOM TellIlIepaTypbl 3JIeKTpOCOnpOT1IBJIeH1Ie paCTeT. 11pn HelWTopOH 

TeMnepaType To OHO Cl{a1JIWM YMeJ-IbrnaeTCH. lIs HeITTpOHorpa«pH1JeCI{ 1IX [5] 
n MarHHTHbIX HaMepeHHIT [1_3,6 ] CJIe)1;yeT, 1JTO npH )1;aHHOIT TellmepaType npo

HCXO)1;1IT «paSOBbIH nepeXO)1; nepBoro pO)1;a Ha ·A<P B <P COCTOHH1Ie. 06'beMHblH: 

3«p«peI{T np1I npeBpam;eH1I1I A<P-<P 6blJl H3MepeH HaM1I B pa60Te [7] 1I COCTa

B1IJI ~ V/V=(0,75±0,03) .10-2
• B <P COCTOHH1IH C nOBblrneHHeM TeMnepaTypbI 

3JIel{TpOCOnpOTHBJIemre npO)1;OJImaeT paCTH, npeTepneBaHH3JIOM B T01JI{e KIOplI. 

3a TeMnepaTYPY To paBHOBeCHH «pas A<P-<l> npHHHMaJIaCb Cpe)1;HHH TeMnepa

Typa npeBpam;emIlI npH HarpeBe H OXJIam)1;eHHH. 

11PH HH31{HX )1;aBJIeHHHX npeBpam;eHHe A<l>-<P npo1ICXO)1;1IT peaHo. aJIel{

TPoconpOTHBJIeIfHe paCTeT BnJIOTb )1;0 Ha'laJIa «pa30Boro nepexo)1;a. 11 pH BblCO

I{IIX LJ;aBJIenHHX (P>40 /'i,6ap) na I<P1IBOH p (T) nOHBJIHeTCH yqacTol{ B A<P 06-

JIaCTH B6JIH3H nepeXO)1;a A<P-<P, r)1;e 3JIeI{TpOCOnpOTHBJIeHHe nO'lTH He aaBH

CHT OT TeMnepaTypbI. BeJIH'Ilffia CKa1Jl{a ~p npH nepexo)1;e A<P-<P YMeHbrnaeT

CH H npH P~60 /'i,6ap COCTaBJIHeT 0,35~po, r)1;e ~Po Cl{a1JOH conpOTHBJIenHH np1I 

P=O /'i,6ap (pHC. 1). rHcTepe3Hc nepeXO)1;a COCTaBJIHeT 7° npH P=O 1I CTpe

MHTCH I{ Hymo np1I nOBblrneImH )1;aBJIeHHH. 

PeaYJIbTaTbI H3MepeHHH 3JIel{TpOCOnpOTlIBJIeHlIH 06paaD;oB FeRh B HaI{O

BaJIbHHX nOI<aaaHbl Ha p1Ic. 2. 06m;HH BH)1; HpHBbIX COBna)1;aeT C HpllBblMIil 

p1Ic. 1. 11PH )1;aBJIeHHH 68 /'i,6ap )1;OCTaT01JHO HCHO BH)1;eH JIHHermbIH yqacTOI{ IIa 

3aBHCHMOCTH p (T), cooTBeTcTByrOIn;Hi nepeXO)1;Y A<l>-<P npH TeMnepaType To. 
C )1;aJIbHeirnHM POCTOM TeMnepaTypbI nOHBJIHeTCH H3JIOM, IWTOPbIIT COOTBeT

cTByeT T01JHe KroPH. 

YMeHbmeHHe 3JIeHTpOColIpOTHBJIeHHH C YBeJI1I1JeHHeM TeMnepaTypbI npH 

T>To CBHaaHO C MeTO)1;H1JeCI<HMH oc06eHHocTHM1I H3MepeHHH B HaHOBaJIbHHX 

1I Ha6mo)1;aJIocb npH nepBblx (IIocJIe «pHI<CaD;HH )1;aBJIeHHH) D;HHJIaX HarpeB -

OXJIam)1;eHHe. 11PH nOBTopHblX D;HHJIaX nO)1;06Hoe na)1;eHHe He Ha6mo)1;aJIOCh. 

(HalIp1IMep, np1I P=98 w6ap). 
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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. 
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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-
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sa BbI3hlBaeT 3Ha'IHTeJIbHOe 3<p<peRTHBHoe nOJIe Ha Y3JIaX, 3aHHThlX P0ft.lileM, 

ROTopoe npHBO)J;HT R HaBep;emno MarHHTHoro MOMeHTa !J.Rb. Ty H p;p. [16] H 

MaR-RHHoH H )];p. [17 ] Cql[TaIOT, 'ITO MarHHTHhle MOMeHTbI Ha HOHax POft.lilH 

B <D L:OCTOHHllH C03p;aIOTCH CHCTeMOH ROJIJIeRTHBH3HponaHHhlX 9JIeInpOHOB. 

CYMMapHbIH MarHHTHhlH MOMeHT nop;pemeTRH iKeJIe3a paCilIenJIHeT d-nop;30-
RbI POp;HH, 'ITO nplffiop;HT R nOHBJIeHHIO MarHHTHOI'O MOMeHTa Ha HOHax 

pOp;HH. 
IIpHBep;eM opHeHTHpOBO'IHhle OD;eHRH aaBHCHMOCTH HaMaI'HH'IeHHOCTH iKe

.JIe30-pOp;HeBbIX CnJIaBOB OT p;aBJIeHl'lH, IWTopble nOHap;OOHTCH HaM P;JIH OO'bHC

HeHHH BHp;a I{PHBbIX To (P) H T c (P) . 
RyneJI [12] nop;pOOHO paCCMOTpeJI BJIHHHHe JIeI'HpYIOilIHX 3JIeMeHTOB, Ta

KHX RaH naJIJIap;HH, nJIaTHHa, HPHp;HH, Ha To, Tc H BeJIll'IHHY HaMarHH'IeHHO

{lTH HaCblilIeHHH a, B iKeJIe30-pOp;HeBblX cnmrnax COCTaBOB, OJIH3RHX R 3RBH

aTOMHOMY. JIeI'HpyIOilIHe 3JIeMeHTbI, nop;ooHo BblCOIWMY p;aBJIeHHIO, H3MeHH

lOT To H a. Y HCCJIep;yeMblx CnJIaBOB. TaR, P;JIH CTIJlaBa FeRh1•08, no p;aHHblM 

KyneJIa, Tc=668° K, LlaA<l>-<l>=115 CGSMle, a P;JIH TPOHHOI'O CTIJIaBa 

FeRhl ,osPtO.056 - COOTBeTCTBeHHO Tc=636° K, LlaA<l>-<l>=105 CGSMle. TaRHM 

,oopa30M, TeMnepaTypa T c npH p;OOaBJIeHlIH TIJIaTIDThI YMeHbmHJIaCb Ha 32°. 
Ha 3Ty iKe BeJIJIlOIHHY T c H3MeHHJIOCb ObI npH YBeJIH'IeHHH p;aBJIeHHH p;o 
~30 n6ap (no p;aHHhlM MHOI'O'IHCJIeHHbIX HCCJIep;OBaHHH dT cl dP~O,9..;
";-1,1 epao · n6ap-1 P;JIH CnJIanOB C COCTaBaMH, OJIH3RHMH I{ 3RBHaToMHoMY). 

Mcxop;H H3 3THX p;aHHbIX, MO}RHO OD;eHHTb BJIIIHHHe p;aBJIeHHH Ha HaMarHH'IeH

ROCTb CnJIaBOB TIpH TeMnepaType nepexop;a A<D-<D. MMeeM: as -lda.ldP~ 
~-O,31·10-2 n6ap-l. 8TO 3Ha'leHHe MOiKHO HCnOJIb30BaTb P;JIH OD;eHRH BJIHHHHH 

.n;aBJIeHHH Ha ao npH 0° K. ComaCHO RYBeJIY H BHJThCOHY [18 ] 

~-0,18 · 1O-2 n6ap-l. 

1I3 paooTbl RYBeJIa a,-lda.ldT~-2,5 .10-3 epao- I
• AJIH dTcldP THnH'IHbI 

.3Ha'IeRHH ~-1 epao· n6ap-l. IIpHBep;elIHbJe OD;eHJ{liI nORa3bIBaIOT, 'ITO HaMaI'

JIH'IeHHOCTb CnJIaBOB iKeJIe30 - pOP;HH npH yneJIH'IeHllH p;aBJIeHHH p;omRHa no

.HHiKaTbCH. 
8RCTpanOJIHD;HH To H3 OOJIaCTH BbICORHX p;aBJIeHHH Jl;aeT npH P=O n6ap 

'3HaQeHHH To=599° K - nyHRTHpHaH HpHBaH Ha pHC. 3. IIpH P>80 "K,6ap 
-ooe <pa3b1 II H A<D HMeIOT paBHble CiKHMaeMOCTH H Ll VA<l>-n=O. ECJIlI ObI 3TH 

'CBOHCTBa COXpaH.lIJIHCb H TIpH CHHTHH p;aBJIeHHH, TO npH P=O "K,6ap A<D <pa3a 

npH nOBblmeHHH TeMnepaTypbl HerrOCpep;CTBeHHO nepeXOp;HJIa ObI B II COCTOH

lIHe. Ho B p;eHCTBHTeJIbHOCTH npH nOHHiKeHHH p;aBJIeHHH MbI HMeeM CJIep;yIo

In;He HBJIeHHH: nOHBJlHeTCH <D <pa3a, ft.Iilana30H CYTIIeCTBOBaHHH ROTOPOH CHJIb

HO pacmHpHeTCH B OOJIaCTH HH3RHX p;aBJIeHHH; CRa'IRH OO'beMOB Ll V <l>-A<l> H 

{liKHMaeMOCTeH LlK<l>-M> CTaHOBHTCH OTJIH'IHblMH OT HYJIH [7]; 3Ha'IHTeJIbHO 

paCTeT RaMaI'HH'IeHHOCTb. B03HHI{aeT Bonpoc, C 'IeM iKe CBB3aHbI p;aHRbIe 

JIBJIeHHH? 
Byp;eM C'lHTaTb, 'lTO MaIHHTRbIE: MOMeHT nop;pemeTOR iKeJIe3a He MeHHeT

-<lH C p;aBJIeHHeM. IIop;p;epiKRoE: TaIWMY YTBepll{p;eHHIO MOiKeT CJIyiKHTb <paRT, 

'ITO P;JIH 'IHCTOI'O meJIe3a [19] a.-lda.ldP~-3·10-· "K,6ap-l. lA3 HeHTpoHorpa

<pH'IeCHHX H3MepeHHH [5] CJIeAyeT, 'ITO BRJIaA POAHH B OOilIYIO HaMaI'HH'IeH

HOCTb COCTaBJIHeT 25 %. OTHeceM nOJIY'leHHble HaMH opneHTHpOBO'IHhle OD;eH

RH AJIH H3MeHeHHH HaMaI'HH'IeHHOCTH HCCJIeAyeMOI'O CnJIaBa C p;aBJIeHHeM 3a 

C'leT H3MeHeHHH MaI'HHTHOI'O MOMeHTa Ha HOHax POP;HH H rrOJIOmHM, 'ITO 

.£laol dP He 3aBHCHT OT iWBJIeHHH. TOI'p;a npH P~100 "K,6ap BeJIH'IHHa ao YMeHb

mHTCH npHMepHO Ha 25 %. I1pHBeJIeHHbIe OD;eHRH CBH.p;eTeJIbCTBYIOT B nOJIb3Y 
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Toro, 'ITO IIOP; p;eHCTBHeM BLICOKHX p;aBJleHHH MarHHTHLle MOMeHTLI, CBHSaH

HLle C HOHaMH POp;HH, HC'IeaaIOT. 
RaK H B paOOTax [t6, 17], MarHHTHLle MOMeHTLI, CBHsaHHJ,Ie C HOHaMH 

POP;HH, oyp;eM paCCMaTpHBaTl) C TO'lKH speHHH sORRoro MarneTH3Ma. B (lJ <pa

se IIpH aTMOC<pePHOM p;aBJleHHH d-IIOP;SOHLI POP;HH IIOP; BJIHHHHeM 3<p<peKTHB

Horo IIOM, OOpaSOBaHHOrO IIop;pemeTKOH meJIesa, paCm;eIIJIHIOTCH, IIpHBOP;H K 

(<HaBep;eRROMY» MarHHTHOMY MOMeHTY /-tRh H K IIOJIOmHTeJIbHOMY OO'beMHOMY 

3<p<peKTY IIpH npeBpam;eHHH A(lJ-(lJ. YBeJIH'IeHHe p;aBJIeHHH npeIIHTcTByeT 

p;aRROMY IIpon;eccy. IIocJIep;Hee OOCTOHTeJIJ,CTBO H OO'bHCHHeT TOT <paKT, 'ITO 

C POCTOM p;aBJIeHHH CHJIbHO cymaeTcH <peppOMarHHTHaH OOJIaCTb; 11 V A I%> - I%> 

CTpeMHTCH I, HYJIIO, H IIO HamRM On;eHKaM IIap;aeT HaMarHH'IeRROCTb. 

B CBHSH C npOp;eJIaHHbIMH BLIme On;eHKaMH OLlJIO OLI nOJIeSHO npOBeCTH 

Henocpep;CTBeRRble H3MepeHHH BJIHHHHH p;aBJIeHHH Ha HaMarHH'IeHHOCTb me

JIeSO-pop;neBLlX CnJIaBOB npH HHSKHX TeMrrepaTYpax, ocooeHHO P;JIH COCTaBOB, 

OJIHSKHX K 3KBHaTOMHOMY, HO COXpaHHIO:I:qHX (lJ <pasy BTIJIOTb P;O 0 oK. 
B SaKJIIO'IeHHe aBTOp C'lHTaeT CBOHM npHHTHbIM p;OJIrOM nooJIarOp;apHTb 

E. r. IIoHHToBcKoro, M. JI. AIITeKapH H B. It IIoHoMapeBa sa IIJIOP;OTBOP

HLle P;HCKYCCHH. 

HHCTHTYT q,H3HKH TBepp;oro TeJIa 
AKap;eMHH HayK CCCP 
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BJlHHIIBe ~aBJIeHllH Ha lIfaI'llHTKhle npeBpam;eHHH 

EFFECT OF PRESSURE ON MAGNETIC TRANSFORMATIONS 
IN AN IRON-RHODIUM ALLOY 

G. T. Dubovka 

2289' 

The effect of pressure on the Curie point T c and on the phase transition t!::mpera
ture from the antiferromagnetic to ferromagnetic state To is investigated for an equiato
mic iron-rhodium alloy. The phase T-P diagram of the alloy is plotted for pressures 
up to 120 kbars and temperatures up to 7000 K. The values of To and Tc at atmospheric' 
pr~ssure are 365 and 7600 K. Up to pressures ,.,,30 kbars the temperature To increases 
and the Curie poine decreases, the slopes being dTo/dP=4.7 degree·kbar- t and dTc/dP= 
=-1 degree·kbar-t respectively. On further inc,rease of pressure the quantities dTo/dP 
and dT c/ dP tend to zero. The triple point of coexistence of the antiferromagnetic, fer
romagnetic and paramagnetic phases is located at pressures between 75 and 80 lwars. 
The phase transition from the antiferromagnetic to paramagnetic state, which occurs 
at pressures exceeding 80 kbars, is a transition of the first kind and the temperature 
of the transformation is independent of pressure. 
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