
,n;eilCTBHTeJIhHO, aRCTpanOJIH~HH JIlIH1IlI MeTacrn6HJThHoro paBHOBeCHH 

(1'6-~ ) Map11eHCHTRbIX 'Y- H e-cpa3 * H JIHHIDl ROH~eHTpa~HOHHO:H 3aBHCH

MOCTH yp;eJIbHOrO 06'1>eMa JReJIe30MapraH~eBhlX CllJIaBOB npH aTMOCCpepHOM 

p;aBJIeHHH K '1HCTOMY JReJIe3Y ,n:aIOT 3Ha'leoHHH T~-;E = 530° K H V8 Fe = 
= 6,73 CM3jMO.!tb [14]. 8TM p;aHRhle y,o;OBJIeTBOpHTeJIbHO COrJIaCYIOTCH C COOT

BeTCTByro~HMlI 3Ha'leHHHMH, nOJIY'leHHhIMlI IIpH aKCTpanOJIH~ K aTMoccpep-

HOMY p;aBJIiemno CBOHCTB '1HCTOI'O }I~eJIe3a B P - 1'-o6JIacTH (1'~;E = 4700K 
[13] HVeFe = 6,81 CM3/MO.!tb [12]. 

Pe3YJILTaTbI 1iIlCCJIep;OBaHHH npH BbICOKHX p;aBJIeHHHX p;aIOT B03MomHOCTb 

He 1'OJIbKO O1'om,o;eCTBHTb e-cpa3Y JReJIe30Mapra~eBbIX CnJIaBOB C e- Mo,o;HcpUI<a

~HeH }I<SJIe3a, HO H n03BOJIJJIOT onpe)\eJIHTb CB060JJ;HyIO aHepnuo e-cPaabI '11I

CTOI'O JReJIe3a FeFe (1'), 'ITO OTKpbmae1' nyTb ,o;JIH TepMOWIHaMlI'Iec.Koro anaJIli3a 

l' - C - P-cpa30BOH ,ll;HarpaMMbI CHCTeMbI meJIe30 - MapraHe~ C Y'leTOM 

e-tPa 3bI• 
C B 0 6 0 p; H a H a H e p r H H e - cp a 3 hI 'I H C Tor 'o JR e JI e 3 a . CBooo,o;HaH 

aHeprHH e-MO,ll;HcpHRa~HH '1HCTOr O meJIe3a onpe,o;emmaCb HaMH C rrOMOJJJ;bIO crre · 

~lIaJIbHO rrpOBe,o;eHHoro paC'IeTa l' - P-,ll;HarpaMMbI '1HCTOrO }KeJIea-a, peayJIbTa

TbI KOToporo Oy,o;YT IIop;p06HO H3JIOmelIlhI B OTP;eJIbHOH CTaTbe. B OCIIOBY pac 

'leTa 6bIJIH nOJIOmeHhI aRcnepHMeHTaJIbnaH l' - P-,ll;HarpaMMa "UI CTor u meJIe

aa [13], 3Ha'leHHH CBOOO,o;RbIX aneprH:il a- H 'Y-Mo,ll;HcpHKa~JlH meJIe3a }'aPe (1') 
H FVPe (1') [15], a 'J'aIOKe )l;Ony~enHe 0 He3aBHCHMOCTH of5'beMHblx acpcpeRToB 

a - 'Y, 'Y - e H ,a - e-IIpeBpaJJJ;eHHH meJIe3a OT TeMnepaTYPbI If )l;aBJIeHHH. IIpH 

aTOM HCnOJIb30BaJICH MeTO,o; pa30HeHHH CBo60JJ;HOH aHeprHJ1 Ha ,o;e6aeBcRYIO, 

MarHHTHyIO H aJIeKTpOHHYro '1aCTH [16]; MlarHH1'HaH '1aCTb CBOOO,lUlOH aHepnm 

e-Fe, KaK H B pa601'e [16], IIpHHHMaJIaCb paBHoH HYJIIO. HaH,o;eHHaJJ TaKIIM ny

TeM CBo60JJ;HaH aHeprHH e-Fe OIlHCbIBaeTCH BbIpameHHeM 
• ! 

(1 ) 

IIpH CJIe,n;yIOJJJ;HX 3Ha'leHHHX napaMeTpOB: aHTaJILIIHH e-Fe npIf a6coJIIOTHoM 

HyJIe Heo = 1053 lW.n.jJotO.n.b, p;e6aeBcRoH TeMnepaTYpe 8e = 3880 K, RoaCPCPH

~HeHTe aJIeKTpOHHOH TenJIOeMROCTH 'Ve = 12 .10-4 Xa.n.jMO.!tb· epa8; f[8 e j 1'] -
TaoYJIHpyeMaH )l;e6aeBcKaH CPYHR~HH CBOOOPJHOH aH8lp1'HH [17]. 

BbIIlOJIHeHIlbIH paC'IeT n03BOJIllJI TaKms onpep;eJIHTb ycpe,o;neHIlbIe no 1'eM

I1epaTYPaM H p;aBJIeHHHM 06'1>eMHbIe acpcpeRTbI a - 'Y, I' - e H a - e-npeBpa

~eHHH '1HCTOrO meJIe3a: 

~v;;;-e= - 0,164 CM3/MOJlb, 

~V~;;-e= - 0,302 CM3/MOllb , 

(2a) 

(26) 

(2B) 

Pac'I e T l' - C - P-)l; H a r paM M bI C H C T eM bI }I< e Jl e 3 0 - Map r a

H e~. IIpoBe,o;eM B IIpH6JIHffieHHH COBeprneHHbIX paCTBOPOB paC'IeT IDIHHH cpa-

30BbIX paBHoBecllH IIpH aTMoccpepHoM ,o;aBJIeHHH H HCCJIe,n;yeM BJIllHHHe ,o;aBJIe

HHH na nOJIomemre a1'lIX JIllHHH. 
TepMo,o;HnaMH'IeCKHH I10TeH~IIaJI G i-cpa3hI (i-a, 1', e) CIIJlaBOB meJIe30-

MapraHe~ RaK CPYIIK~HH KOH~eHTpa~HH MapraH~a c, TeMnepaTypbI l' H ,o;aBJle

HHH P 3aIlHCbmaeTCH B npHHHToM npH6JIHllieHHH CJle,n;yIOJJJ;HM o6pa30M: 

GFe-Mn(C, 1',P) = GFei(1'.P). (1- c)+ GMni(T,P)c-

-RT[(1-c)ln(1-c)+clnc], (3) 

* '3a TeMnepaTYPY MeTaCTa61IJThHOrO panHoneCRH MapTeRCRTHhlX v- R 8-<I>aa n CRCTe
Me meJIeao - MapraHe~ npR6JIH}!{eHHO IlJl'lIHHMaJIH Cpel\lllOIO TelmepaTYPY Me)I{lIY Te:l.me
paTy'paMll npHMoro It 06paTHoro npenpam;elIlI1'i:. 
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rAe 
Gi (T, P) = F i (T, P) + PVi (T, P). (4) 

n arnx ypaBHeHIDIX R - ymmepcaJI.bHaH ra30BaH nOCTOHHHaH, Fi H Vi - CBO

OOWIaH aHeprJIUI H OO'.beM i-cpa3hl. 

. HCnOJI.b3YH OCHOBHoe YCJIOBHe cpa30BhlX paBHoBecJrii - paBeHCTBO XHMH'Ie

CKHX nOTeHD;HaJIOB p,aHHoro KOMnOHeHTa B cpa3ax paBHOBeCHoro COCTaBa H Tep
MOp,HHaMH'IeCKHS COOTHOIl]eHHH 

i 
. i oGFe-Mn(Ci,T,P) 

J.LFe l (Ci' T, P) = G Fe- Mn (Ci, T, P) + (1 - Ci) (5a) 
OCi 

nOJIY'IaeM ypaBHeHIUI paBHoneCHH i- H j-cpa3 B BI:[)J;e 

i-j Cj i-j 
tlFMn (T,P)+RTln-·+PtlVMn (T,P)=O. 

Ci 
(Sa) 

i-j 1- Cj i-j 
tlFFe (T,P)+RTln +PtlVFe (T,P)=O. 

1- Ci 
(66) 

i-j i-j i-; i-j 
B aTHX COOTHOmeUHHX !!.FFe ,tlFMn H tl VFe' H tl VMn - pa3HOCTH CBOOOA-

HhlX aHeprJrii H yp;eJIhHhlX OO'he:M:()B a-, V- n e-cpa3 meJIe3a H BHpTyaJI.bHhIX co

CTOHHHH MapraHD;a, HMeIOID;HX CTPyKTYPY a-, 'Y- H 8-cpa3 meJIe3a coorneTCT
BeHHO. 

AHaJIH3 p,aHHhIX pa3JI1I"IH.bIX aBTopOB 0 nepno}J;ax pemeTOK a-, 'Y- H e-clla3 

CITJIaBOB JI<le.n:e30 - MapraHeD;, npoBe}J;eHHhlH B paoOTe [14], nOKaaaJI, 'ITO 

V 
a,-y fL-8 '1'-8 u 

tl Fe-MIlJ tl VFe-Mn H tl VFe-Mn apH IKOMHaTHOM TeMITeparype npaKTH'IeCKH He 

aaBHCHT OT CoC'I1aBa. )l;onycKaH, 'ITO aTOT BhlBOP; cnpaBe.n;mIB }J;JIH Bcex TeMne

paTYP H }J;aBJIeIIHii Momno npmmTh, 'ITO 

i-j i-j i-j 
tl V Fe- Mn ~ tl V Fe ~ tl VMn • (7) 

1.- • 
Ha OCHOBiiHHH 3TOrO B COOTHOmennn (6a) BeJIlI"lHHY tl VMri MOmnO aaMe-

HHTh BeJIlf'IlfHCilH tl vtJ • IIOCKOJIhKY 3aBHCHMOCTH ,tl vtj 
OT TeMITepaTYPhl 

H }J;aBJIeHHH P;JIH BCeX Tpex cpa30BhIX npSBpa~eHJrii 'IHCTOrO meJIeaa (a - V, 
V - e H a - e) He HaBeCTHhl, npHillJIOCb p;onYCTHTb TaKme, 'ITO Avtj 

OT T 
H P He aaBHCHT, H B paC'IeTe }J;HarpaMM.bI Fe - Mn HCnOJI.baOBaTL YiCpeAHeHH.bIe 

3Ha'IeHHH 06'heMH.bIX acpcpeKToB [CM. (2a), (26) H (2B)]. 
IIoCKOJIhRY M.bI He yqHThIBaeM ORHMaeMOCTH cpa3, HMeIOT MleCTO COOTHome

HHH 

(8) 

rp;e K - aTO Fe rum Mo. Bhlpamenne (8) AaeT B03MOmHOCTh HCnOJI.baOBaTh 

npH paC'Iere 3Ha'iennH pa3HocTeH cBo6oP;HbIX 3HeprJrii paaJIJI"IHbIX cpaa meJIe

aa, onpep;eJIeHHhle npH aTMoccpepHoM p;aBJEeHHH [15]. 
IIpHHHMaH, 'ITO AF!.ln'l' HBJIHeTCH mmeHHOH cpyHKD;HeH TeMIIeparyphl, H, 

~CIIOJI.baYH p;aHH.ble, BaHThIS Ha PaBHOBecHOH )lHarpaMM.bI CHCTeMhl Fe - Mn 
[1], nOJIyqHM 

fL-'I' / tlFMn (T)[l£aJt MOJlb] = - 4550 + 2,25T. . (9) 

PaCC'IHTaHHhle IIpH nOMoID;H COOTHomeHnH (2a), (3), (4), (6), (7) H (8) 
H p;aHH.bIX }J;JIH AF'F;'I' (T) Ha pa60ThI [15] JImnIH la I a + Y H a + V I y paB

HOBecJrii npH P = 1 aT.Irt, 30 n: 40 1£6ap nORaaaHbI Ha pHC. 1-3. 
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