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JRYPHAJI QJH3HTIEOROil XHMHH 

T. XLII 1968 ]ViS 

YAK 541.122.2:541.11 

E-4>A3A B ClICTEME Fe - Mn H BblCOrurn BCECTOPOHHlIE 

'y: r: <2~1\ovcu e ,. ~. ~)I"~~ !7~~" T. L.. A p~ 
T. II. Ep'tU06a, E. r. UOttJtm06CUUU, H. II. Anmeuapb 

IIpone1WH TepMO)l;HlIaMHlIeCKmI aHaJIH3 cTa6HJThIILIX H MeTaCTa6HJILHLlX 
rpaaonhlX panHOneCmI n CUJIanax )ReJIeso - MapraHen;, 60raThlX )ReJIeaOM. 
PaCC'IIiITaHLI JIlIHlW paBHoBecHii: a - 'Y, 'Y - e H a - e )l;JIH aTMocwepHoro 
)l;aBJIeHIDI iii )l;aBJIeHlIii: 30 H 40 r>6ap. IIocTpoeHa p;HarpaMMa MeTaCTa6HJILHhlX 
(6eaAHwwyaHoHIILIx) paBHoBecHii: H paCCMOTpeHO BJIHHHlile p,aBJIeHIDI Ha STY 
;rvxarpaMMY. JJoKaaaHO, 'ITO e-waaa, 06paSYIOID;alIClI n ClICTeMe )ReJIeao
MapraHen; UplI aTMOCWePHOM p;aBJIeHHIiI HBJIHeTClI TBepp;hlM paCTBopOM Ha 6a3e 
e-waaLl BhlCOKoro p;anJIeHliIlI 'IHCTOrO )ReJIesa H UplI aTMocwePHOM )l;aBJIeHHH 
MeTaCTa6HJILHa BO BceM HHTepBaJIe TeMUepaTYP H KOHD;eHTpan;:o:ii:. RaR nORa
aaJI paC'IeT, Ha'IIiIHaH C ~ 40 r>6ap Ha waaoBoii: )l;lIarpaMMe Fe - Mn UOJJB
JIlIeTClI 06JiaCTL cTa6HJThHoii: YCTOii'llIBOCTIiI e-waahl; STa 06JIaCTL pacumplIeTCJl 
C nOBLlmeHlileM )l;aBJIeHHH. 

B HeKoTopnIX cmIaBax B peaYJII,TaTe paaJI1ItlHbIX 06pa60TOK npR aTMOC<pe'p
HOM AaBJremm: 06paaYIOTCH <paanI, 0 npapOAe KOTOpnIX B mITepaType HeT ep;lI
Horo MHeHKH. Bo MHOrnx CJIY'IaHX OCTaIOTCH OTKPhlT1JM:H BOnpOCnI 0 TOM, 
HBJIHIOTCH IDI nOAo6Hhle <paanI cTa6lUlbHO lUlH MeTaCTa6IDIbHO YCTOH'IHBhlMH B 
KaKOM-IDI60 HHTepBaJ1Je TeMITeparyp R KOHn;eHTpa~ lUlR OHR COOTBeTcTByroT 
npOMe>KyTO'lRMM COCTOHHHHM, CBHaaHHbIM C KIfHeTBIKOR <paaOBbIX nepeXOAOB. 
He HaXOp;lIT 06'bHcHeHIDI TaIDKe BhlCOKaH 'IyncTBRTeJII,HOCTb KmIeTHKH 06paao
BaHHH TaKRX <paa K YCJIOBHHM TepM:H'leCKOR R MeXaHH'leCKOH 06pa60TKR 
CnJIaBOB. 

)JJIH pBIITeHHH 9THX BonpocoB BeCnMa nomeaEO lICCJIep;OBaHRe lPaaoBLIX paB
HOBeCRR B CITJIaoox H 'IRCThlX KOMIIOHeHTax npR BhlCOIUlX BC6CTOPOHHRX AaB
JImIIDIX. PaocMoTpRM C nOR TO'lKll apeRlIH Bonpoc 0 MeCTe E-<paa:bl B CHCTeMe 
meJIe30 - MapraHen;. 

E - <p a 3 aBC 11 C T e M e Fe - Mn. PaBHOBteCHaH JOffirpaMMa COCTOHHlIH 60-
raThlX meJIeaOM ICITJIaBOB meJIeao - MapraHen; [1] COCTORT Ha IITHpOKOR p;nyx
q,aaHoR o6n:acTH (a + 'Y), pacnOJIOmeHHOH MeiK}:{y 06JIaCTHMH a- H y-<I>aa. 
B CBHaH C BHJIOCT.bIO npO~ecCOB p;lI<p<PyaHoHHoro pacnaAa y-clIaaa JIefKO nepe
OXJIamAaeTCH, H HapHAY C paBHOBeClHhlM pacnaAOM, Ha6JIIOAaIOTCH p;na 6eap;lI<p
tPyaHoHHbIX MapreHCHTHbIX npeBpam;eHHH: y --+- la' B CnJ1laBaX, COAepmam;ax AO 
15% Mn, R y--+- e B CITJIaBaX C 7,5-32% Mn [2]. ITo9TOMY nOMHMO paBHO

BeCHOR ~arpaMMhl COCTOHHHH CHCTeMbI meJIeao - MapraHen;, AOnOJIHHTeJInHO 
YKaabIBaIOT KpHBble, COOTBeTCTBYIOJ::qHe TeMITepaTypaM (rum: HHTepBaJIaM) npH
MhlX R 06paTH.bIX y ~ a' H y ~ E MapreHCIlTHbIX npeBpam;eHElR. 

OTHOClITeJInHO Toro, 'ITO npeACTaBJIHeT C060H e-<paaa, lIMeerrCH p~ npOTll

BOpe'lHBbIX BbIOKaahlBa:UnH [3-9]. B nOCJIep;Hlle I'Op;nI 06HapymeHo, 'ITO 'IR
CToe meJIeao rrpR BbICOKllX AaBJIeHHHX nepeXO~T B HOByro e-MOp;ll<pHRa~RIO c 
reI«:arOHaJIbHOR ITJIOTHoynaKoBaHHOR CrpYKTYPOH [10-12]. OnpeAeJIeHO no
.JIO)I,eHlle JIlIHnH paBHOBreCHH a - 'Y, a - e H y - e-<paa B P - T-06JIacTH [13]. 
ECTb OCHOBaHHH YTBepJI\,AaTn, 'ITO reKCarOHaJII,HaH ITJIOTHoynaKoBaHHaH e-<paaa 
.B CRCTeMe meJIeao - MapraHe~ HBJIHeTCH TBepp;nIM paCTBopoM Mapfa~a B 
;8-MO..wr<pHKa,D;lIH JReJIeaa. 
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,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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.l(JIH paC'IeTa wasoBhlx paBHoBecri rrpH HaJIH1JHH ,B-WashI HeOOXOp;HMO 

F '1'-8 F a.-e '1'-8 
~lRaTh BeJIH1JHHhl 11 Mn (T) 1'1 11 Mn (T). I1FMn (T) MomHO onpep;eJIHTh, P;O-

rrYCTHB, l<al< II B c.lIJn:rae ./).F'M-;.'I' (T), 'ITO OHa HBJIHeTCH mmeruroH WYHIW,HeH 
"Tellmepa TYPhl: 

rp;e ki II k2 - ROHCTaHTI>I. li3 :mcnepllMeHTaJI1>EhlX llCCJIep;oBaRlIiI, npOBep;eH
HhlX B paOOT8 [14], CJI8.n;yeT, 'ITO .D;JUI CIIJIaBa IC 22,5 aT. % Mn TeMllepaTypa 

T'I'- E t:!: 
o MeTaCTauHJI1>HOrO paBHOBeCHH MapTeHCHTHhlX 'Y- 1'1 IB-was HMeeT SHa'IeHH6 

4000 K, a HaRJIOH RPHBOH TX-E R OCli p;aBJIeRlIiI npH aTOM paBeH 4,5 epafJ/1'Ooap. 
HCnOJIh3YH aTH p;aHHhle, 1'1 Y1JHT:bmaH, 'ITO Ha RPHBOH TX-E : 

G'I'-8 '1'-8 '1'-8 
11 Fe-Mn(Co, To,P) = I1FFe (To,P). (1- co)+ I1FMn (To,P)co+ 

v-e 
+ PI1 VFe-Mn(CO, To. Po) , (10) 

MomHO onpep;eJIHTh ki II k2• IIPHMe!HHH R ypaBlleIDIIO (10) 'cOOTHOmeHllH (7) 1'1 
(8), orrpep;emrn 3Ha'IeHllH M~;:E (To) rrpH nOMOmH P;aHHhlX paOOThl [15] 1'1 
ypaBH8HllH (1), II nOp;CTaBJIHH iI1 V~;:':Mn, HS ypaBHeHllH (20), nOJIY'IaeM Bhlpa

)HeHHe P;JIH t:..F'lfnE (T) B BHJJj6 

V 8 • 
I1Fiin (T)[1\:a.n/MOollb] = 791 -1,07TA 

Terreph llMeIOTCH Bce p;aHHhle, HeOoXOp;HMhle P;JIH paC'IeTa rpaHHU; OOJIaCTeH 
g / B + 'Y 1'1 B + 'Y / 'Y. Pac'leT npOBep;eH P;JIH aTMoccpepHoro )l;aBJIeHHH P = 1 

= 0 1'06ap 1'1 p;aBJIeHHH 301'140 r;6ap (pliC. 1-3). 
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PHc.1 PHC. 2 

'PRC. 1. PaCC'lHTaHHbIe JIlIHHH paBHoBecIrli: a - 'V, 'Y - e H a - e B CHCTeMe melIeao
lrapraHBIl IIpH aTMoc<pBPHOM .o;aBlIeHHH: 1- rpaHHI\bI cTa6HJThlThIX <paa, 2 - rpaHHI\bI Me
-racTa6HlIblThIX <paa, 3 - .o;RarpaMMa MeTaCTa6HJThHbIX 6ea.o;H<p<pyaHoHHbIx MapTeHcHTHbIX 

paBHoBecIrli: 

PHC. 2. IIolIomeHHe JIlllI1tii paBHoBecIrli: rOi - 'V, 'Y - e H a - e B CHCTeMe mBlIeso - Mapra
Hell IIpH 1 aT~£ H IIO.o; .o;aBlIellHBM 30 n6ap : 1 - rpaH~I cTa6HJThlThIX <paa IIpH 1 aTM, 
2 - rpaHHI\bI Cra6HJThHbiX <pas IIpH 30 n6ap, 3 - rpaHHI\bI MeTaCTa6HJThHbIX <pas IIpH 

1 aTM, 4 - rpaHHI\bI MBTacTa6HlIbHbIx <paa IIpH 30 n6ap 
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/ 

PaoctlHTaHhl TaIDKe RplIBhle a I a + 8 K a +' 81 8 npH Tex me ,ll;aBJIemUIX 

(pHC. 1-3). Be.JlHT:l1IlHhl ~-;~ (T) H MM.-;/' (T), He06xo)l;HMhle ,ll;JIJI ::lTOrO 
paClJeTa, nOJIYlJeHbI CJIOJReHHeM COOTBeTCTBYIOm;HX pasHocTeH cB060AHhlx ::lHep
rn:iI )l;JIH a - 'Y H 'Y - 8-npeBpam;eHHM. 

BH,ll; paCC'IHTaHHOH .n;ruI aTMoccpepHoro ,ll;aBJIeHHH ,ll;HaryaMMhl a - 'Y paBHO
M CHH 6JIRSOK K BHAY :mcnepHMeIITaJThHOH )l;HarpaMMhl [1J. TIPH aTMoccpepHoM 
,ll;aBJIeHHH 8-cpasa He HMeeT OOJIaCTH CTaOHJIhHOCTH npH Bcex Te~mepaTypax H 
]lJIH Bcex COCTaBOB. TIpHJIOmeHHe BhlCOKoro BC€CTopOHHero ,ll;aBJIe.HHH C]lBaraeT 
IDmHH cpaSOBhlX paBHOBIeCHH. Ha plllC. 2 conOCTaBJIeHhl paCC'IHTaHHhle cpasoBble 
T - c-)l;HarpaMMhl IIpH 1 arM II 30 x6apax. JImIHH I(l/ a + 'Y II a + 'Y / 'Y sa
MeTHO CM8CTHJIRCh B CTOPOHy 60JIee HHSKHX TeMIIepaTyp H MeHhnIHX KOH~eHT
pa~HH MapraH~a. 

TIPII ,n;aBJIeHHH 30 x6ap paBHOBeOHhlMH no-npe,uHeMY OCTalOTCH TOJII>KO a
H 'Y-cpashl. O,ll;HaKo C nOBhlIneHHeM ,ll;aBJIeHlUI OTHOCHTeJThOOH TepMO)l;IlHaMHlJe
CKaH YCTOHlJlIBOCTh HaH60JIee nJIOTHOH 8-cpashl YBeJIHlJHBaeTCH. TIPH )l;aBJIeHHH 
40 x6ap (pHC. 3) Ha cpasoBoH )l;HarpaMMe npH co,n;ep}KaHHllX MapraH~a 
"" 43 -7- 50 aT. % H TeMIIepaTYPax 430-520" K nOHBJIJIe11CH OOJffi.CTh CTaOHJI])
HOH YCTOHlJlIBOCTH 8-cpashl. CJIeBa H cnpaBa OT Hee pacrrOJIO}I{eHbI ~yxcpaSHhIe 

1, OK 

aX~-r----4-----+-----~--~--~ 

-am%Mn . 
Pnc. 3. IIoJIomeHlIe 1IJfIDIii: paBHoBecBii: a - y. 
'V - e n a - e B cnCTeMe meJIeso - MapraHe~ 
npn 1 aTM H IIO)); ;u;aBJIeHneM 40 n6ap; 1-
rpaBlII\LI cTa6nm,m.Ix !flaa IIpH 1 aTM, 2-
rpa~ cTa6nJILm.rx !flaa npn 40 n6ap, 3-
rpaH~LI MeTaCTa6JIJIbffi>IX !flaa npK 1 aTJI', 
4 - rpa~ MeTaCTa6KJILm.IX !flaa npn 

40 n6ap 

oOJIacTH a + 8 H ,8 + 'Y. IIPH ,n;aJIl>
Heii:rrreM YBeJIHlJeHHH ]laBJIeHHH 00-
JIaCTh CTaOHJThHOH YCTOHlJHBOCTH 
8-cpaShl oy,n;eT HerrpephlBHO pacrrm
PHThCH, a npH ,ll;aBJIeHHH BhlITIe 
110 x6ap 8-l$aoo. B HeKOTopOM HlI
TepBaJIe TeMIIepaTYP oY,ll;eT CTaOHJTh
HOH H JJ;JIH lJIICTOrO }I{eJIesa. 

Pac 'I e T T - C - P - JJ; H a
rpaMMhI6es,ll;HCPCPYSHOHHbIX 
MapTeHcHTHhlX npeBpam;,e
HHH B CHCTeMe Fe - Mn. PaB
HOBeCHaH )l;HarpaMMa COCTOHHHM B 
CHC,TeMe JReJIeao - MapraIleu;, BBHAY 
BHJIOCTH ,ll;HcpcpyaHoHHhIX npOqecCOB 
B 'Y-cpase npH Te:r.mepaTYpax, Mem-

• nmx 600-7000 C,' COOTBeTCTByeT 
JIROO 'lpesBbIlJaHHO MeMemIoMY 
OXJIa.lK,ll;emno 'Y-cpashl, JIROO ,n;JIRTeJTh
HOMY OTnyCKY MapTeHCHTHbIX a' - H 
8-cpas. B CrrJIaBaX C cO,ll;epmaHHeM 
'Mapra~a OOJIhIIIe 3-4% )I,aJRe Me,ll;
JIeHHOe OXJIam.AeHHe He COnpOBOJR)I,a
.aT-CH paCna,ll;OM H npHBO)l;HT It nepe
OXJIaJRJl;emno 'Y-cpaShI. RaK yme yKa
ShlBaJIOCb, nepeOXJIamJl;eHHaH 'Y-cpasa 
c CnJIaBaX Fe - Mn B SaBHCHMOCTH 
OT COCTaBa npeTepneBaeT MapTeH

CHTHbI8 'Y --+ ,a' H 'Y --+ 8-npeBpam;eHHH KaK npH p;aJIbHeiimeM oXJIam)I,eHHH, TaI( 

H B npo~ecce XOJIOWlOH ,ll;ecpopMar\liH. 
CJIe,ll;oBaTeJIhBO, ]lJIH mHpoKoro HHTepBaJIa TeMrrepaTYP H COCTaBOB Haomo

]l,aeMble npeBpa.rn;emm B meJIe30-lIIaprarr~eBbIX CnJIaBaX orrHChIBaeT He paCClJH
'faHHaH BhlITIe paRHOBeCBia.H )l;uarpa:r.nm COCTOHHHii, a )I,HarpaMMa Me'IaCTaOHJIh
mIX Oe3]lHCPCPY3HOHHhIX panHOBeCHii, KOTopaH oopaSOBaHa JITIllIUIMlf 

T~-j (P, c) q;asoBoro paBHOBeCHH Me}K)I.Y a-, 'Y- H 8-cpasaMU rrpH O'ICYT(;TB~m 
npo~eCCOB rrepepacrrpep:eJI()HIUI KOUrrOHetHTOB. B AOJIb KpHBhlX T~-j (P, c) 
YAOBJIeTBOpHeTCH YCJIOBUe 

i-j 
ilGFe-Mn(co, To,P) = O. 
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llonapHO npHpaBHHB Bhlpamemm .D;IDI TepMO~aMH"leccrrnx nOTeHnHaJIOB a-, 
Y- H e-<iJaa (CM. ypaBHeHHe (3» npH aa;o;aHHhlX PH To, MomHO onpe;a;eJIHTb. 

ROHIJ;eHTpan;HIO Co, H nOCTpOJITb JIHHHH T~-j (Co).D;IDI paaHhlX ;o;aBJIemr.iI. Pac

C'lHTaHHhle JIJIHHH T~-j (co) npH aTMoc<iJepHoM p;aBJIeHIDI HaHaceHbI Ha pHC. 1 
nYHRTH:poM. Ha pHC. 4 nORaaaHO CMem;eHHe JIHHHH ,n;HarpaMMbI MeTaCTa6HJIb
HbIX 6ea~<iJ<iJyaHoHHhIX paBHoBiecHH no;o; BJIHHHHeM ;a;aBJIeHHH B 30 -,;,6ap. 

l1a pHC. 1 H 4 BHp;HO, 'ITO e-<iJaaa npH aTMoc<iJepHoM p;aBJIeHIDI llMeeT 06-
JIaCTh MeTaCTa6HJIbHOH YCTOH'lHBOCTH, npocTlIpaIorqyIOcH OT '" 20;0;0 '" 36 aT. % 
Mn. 8TOT BhlBOP; xoporno COrJIaCYeTCH C JIHTepaTYPHhIMH ;o;aHHhl1l1H. B CllJIaBaX 
YRaaalJIHOro HHTepBaJIa ROHn;eHTPan;HH Ha6moAaIOTcH TOJIbRO npeBpam;eHIDr 
'Y -+ e HJlH a -+ e, B TO BpeMH RaR B CllJIaBaX, cop;epmam;:a:x MeHee 20 aT. % Mn, 
HMeIOT MeCTO npeBpaIlliemUI THna 'Y -+ a H e -+ a [18]. PaC'IeTHaR MeTaCTa-
6HJIbHaH )l;HarpaMMa 6eap;H<iJ<iJyaHoHHbIX paBHoBecHH nORaahlBaeT TaIORe, B . co
OTBeTCTBHH C peaYJIbTaTaMH OllhlTOB, 'ITO e-<iJaaa MomeT 6hlTb npOMemYTO'lHhIM 
aBeHOM B a -+ 'Y-npeBpam;eHl'IH TOJIbRO ;o;JIH CnJIaBOB C CO;a;ep}l,aHHeM MapraHD;a, 
MeHbIllHM 20 aT. %. B 06JIacTJI me MeTaCTa6HJIbHOH YCTOH'IHBOCTll e-qJaahl npo
MeJRYTO'lHOH npH 'Y -+ e-npeBpam;eHl'IH 6y,n;eT 'a-<iJaaa. TaRHM 06paaOM, TO 06-
CTOHTeJIbCTB0, 'ITO npH ROMHaTHoi1: TeMllepaType meJIeaO-MapraHn;eBhle CnJIaBhl 

" Ox 
B aaBHCHMOCTII OT COCTaBa H pe
)RHMOB npe;a;mecTByIOm;Hx TepMH
'1ecIDIX lI/ MeXaHJIlIeCRHX 06pa60- 1200r---t---r---+---~---+-l 

TOR MOryT HaXO;a;HTbCR B 0p;H0-
<iJaaHoM, ]:Q3yx<iJaaHoM H Tpex<iJaa
HOM COCTOHHHHX, COOTBeTcTByeT 
peaYJIbTaTaM Hamero paC'IeTa. 
llPH aTOM B pH.n;e CJIY'laeB pac
'1eTHaH )l;HarpaMMa ;o;aeT BoaMom
HOCTh npe;o;clJ{aaa T1> RaR <iJaaoBhm 
COCTaB, TaR H O'lepeJJ;HOCTb nOHB
JIeHHH <iJaa npH Tex HJIH HHbIX 06-
pa60TRax. 

l1a pHC. 4 BHARO, 'ITO npOTH
}I,eHHOCT1> 06.llaCTH MeTaCTa6HJIh
HOH YCTOH'IHBOCTH e-<iJaahl O'leHb 
'IYBCTBH;TeJIbHa R ,n;aBJIeHHIO H npH 
30 -,;,6ap ' aHa'IHTeJlbHO paCIllHpH
JIaCh no TeMIlJepaTYPe H COCTaBY. 
lloaTOMY \CJIe.n;yeT OmHp;aTb, 'ITO B 
YCJIOBHHX BhlCORoro ;o;aBJIBHHH 
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e-<iJaaa 6yp;eT 06paaOBbIBaTbCH H PRC. 4. ,[(RarpaIDfa lIIeTaCTa61IJIhR1>IX 6eaARcPcPY-
B CllJIaBaX C COAep}RaHHeM Map- aROHHLIX (MapTeIIcRTHhlx) panfIonecHH n CRCTe-
MHn;a, npeBbnnaroUVlM 36 aT. % . Me }KeJIeaO - MapraHen; I1pH 1 ar,l£ II nop; p;anJIe

H1IeM 30 n6ap. CnJIOlllThle JIllllIDI - rpafIlIIl;hI 06-
PJIp; CJIe;a;CTBHH, BhlTeRaIOID;HX JIaCTen YCTO:ihnnOCTll MeTaCTa5uJIbHhlX cPa3; 

na npoBep;eHHbIX Bhlrne paC'IeTOB, nyHKTl'IpHLIe JIl'IIIHlI - npOJ(OIDHerrl'le mumn pan-
nO;O;TBepJJ;HJICH npH aRCnepHMeH- IIOBeclUI aa TOq.Kl'l TpoHrroro panHonecHII 
TaJIbHOM 1'IiCCJIe;O;OBaHHH BJIHHHHH a - y - e 
BoecTopoHHero ;o;aBJIeHHH H nJIaCTH'IeCROH ;o;e<iJop1l1an;rur na <iJaaoBhIH COCTaB 
CnJIaBOB CHCTeM:h1 meJIeao - MapraHen; [19]. 

l1a npOBeAeHHoro Hal\m HCCJIe;a;OBaHHH CJIe.n;yeT, 'ITO e-<iJa~a, JIerRO 06pa-
3YIOm;aHCH B CnJIaBaX meJIeaO - MapraHen; npH aTMoc<iJepHoM ;o;aBJIeHHH, HBJIH
eTCH TBep)l;bIM paCTBopOM Ha 6aae e-MOp:H<iJHRan;HH BblCORoro ;o;aBJIemm '1HCTOrO
}I\e.lleaa. JIernpOBalIHe meJIeaa MapraHn;eM nOBbllllaeT TepMO;a;flHal\fH1IeCKYIO 
YCTOH'IHBOCTh e-<iJa3hI. I\poMe cnCTeMhl meJIe30 - MapraHen;, aTO HMeeT MecTO, 
HanpHl\1ep, B cnCTeMe meJIcao - HPH,llIDf, B I\OTOPOH e-<iJa3a nOHBJIHeTCH He 
TOJIhKO B peaYJIbTaTe MapTeHCHTHoro npeBpaIlliemIH [20], HO n npH llIDITeJIb-
1I0M oTnyCI\e [21]. CJIe;O;OBaTeJIhHO, HeCMOTpH Ha TO, 1.ITO Y HpHp;HH HeT e-1I10-
)J.H<iJHKan;nH npH aTMoc<iJepHoM ;o;aBJIeHHH B CHCTe1l1e meJIe30 - HpHp;HH, e-e))aaa 
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B HeKOTOpoii OOJIaCrn TeMIIepaTyp H COCTaBOB MOiKeT OhlTh AaiKe cTatnuIbHOH. 

B ::lTOM OTHomeHHH AHarpaMMa CIIJCTeMhl iKeJIeaO - HpI:l,lQrii: IIpH 1 arM COOT

BeTcTByeT JumrpaMMe CHCTeMl>I iReJIeao - MapraHeIJ; IIpH IIOBhlIIIeHHbIX AaBJIe

HIDIX, RorAa Ha Heii IIOHBmIeTCH OOJIaCTb CTaOHJIbHOH e-waahl (CM. pHC. 3). 
MeTaCTaOHJIbHaH e-cpaaa oopaayeTcH TaRiKe B CHCTeMe iKeJIeaO - yrJIepo,n: Y 

CIIJIaBOB C 3,5-4,5 % C IIpH peaRoii aaRaJII(le Ha iR:ow<oro COCTOHIDlH [22]. EiCTb 

'OCHOBaHHH CQHTaTb, 'ITO ::lTO He e-RapoH,ll;, a waaa, BeAYIIJ;aH CBoe IIpOHCXO)l~Ae
HHe OT e-MOAHWHRa~ iReJIeaa. 

B IIpHHIJ;Hne e-waaa AOJIiKHa nOHBmITbCH IIpH COOTBeTCTBYIOID;HX AaBJIeHHHX 

Y Bcex CnJIaBOB Ha OCHOBe iReJIeaa, HO, RaR MbI BHAeJIH, ::lTO MOiKeT npOHCX()

»ITh H npH aTMocwePHOM ,n:aBJIeHHH. HaJIHqHe e-MOAHWHKaIJ;HH y BTOporo ROM

II01reHTa ,n:OJIiRHO OOJIer'laTb nOHBJIeHHe e-waabI B }ReJIeaHOM yrJIY )J;JmrpaMMbI, 

RaR ::lTO HMeeT MeCTO B iCHCTeMe iKeJIeaO - PYTeHHH [16]. 
BhlHBJIeHHe waahl BhICORoro Jl,aBJIeHIDI rryTeM JIerHpOBaHHH npHcym;e, n()-BH

~OMY, H CllJIaBaM Ha oaae THTaHa H IJ;HpROHHH, Y ROTOPhlX 'laCTO nOHBJIHeT

-CH HeRaH (<HenOHHTHaH» MeTaCTaOHJIbHaH HJIH rrpOMeiKYTO'lHaH <U-<Paaa, HMeIO

'IIJ;aH, O,n:HaRO, Ty iRe CTPYRTYPY, 'ITO H ffi-MOAHWHRaIJ;HH THTaHa H IJ;HpROHHlI 

npH BhICOI{QM AaBJIeHHH. 

B Aamroii paOOTeI ,IlJIH OlllIcaHHH e-waahl B CnJIaBaX Fe - Mn MbI HCnOJIb

aOBaJIH AaHHhle, OTHOCHIIJ;lleCH R e-MOAHWHRau;rur )I~eJIeaa H T - P-AHarpaMMe 

iKeJIeaa. BoaMoiKHo, O,n:HaRO n IIpOTHBOIIOJIOiRHhlii: IIYTh, Ror,n:a AaHHhle, noJIY

'leHHhle AmI CnJIaBOB, BlCnOJIbayIOTcH Jl.IDI OllHCa!HHH nOBeAeHHH ROMllOHleHTOB 

nOA AaBJIeIDlleM. IIo-B1'l,l\l'IMoMY, TaRoH nOAxoA MOiReT ObITh llJIOAOTBOpeH AJIH 

aHaJIHaa TepMowmaMHlJeCRHX CBoiicTB lJj BoaMOiKHOCTH nOJIyqeoHHH nOA AaBJIe

mreM e-MOAffWHKaIJ;HH HpHAHH c, nOMOm;bIO AaHHhlx 00 e~aae B CHCTeMe ,ue>
..JIeao - HpH,IlHii:. 

~eHTpaHLHbrft HayqBo-HCCHe~oBaTeHLcKHH 
HHCTHTYT 'lepHOH MeTamryprHH 

HM. 11, II. BapAHHa 
11HCTll'TYT <pll'3llKK T1lep~oro Terra 
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