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H3BECTHlI AKA.ll.EMHH HAYR CCCP 

METAJIJIbl 196.1 

Y,UK 669.1.5'74 

.lI.HArPAMMA «I>A30BbiX nPEBPAllI.EHUA CHCTEMbl 'Fe-MI'1 

nPH Bbl~OKHX BCEC~OP-9,HHH.;JI.~BJ]EHH~X (:.. r. t::. J (I "()";I.(/~ ~tcl. I . 
T. n. EPWOBA, E. r. nOH~TOBCK"R 

~ (A1ocKBa) 

PaBHOBeCHall .!\l1arpaMMa CnJlaBOB F e-Mn, 60raTbiX )KeJle30M, COCTOI1T 113 lUHPOKOii 
.!\1<yx¢a3I1oH 06J1aCTIl a+'Y, paCnOJlO)KeI1110H .Me)K.!\Y J1.BYMll OJl.HO¢a3HbIMH 06J1aCTllMH a 
II 'Y . HaHOoJlee .!\OCTOBepHoH paBHOBeCHOH ¢a30BOH .!\liarpaMMoH 60raTblX )KeJIe30M cnJl;)
BOB Fe-Mn B HaCTOlllll,ee BpeMll ClJ~ITaeTCll .!\HarpaMMa, nOCTp,oeHHall no 3KcnepllMeHTaJlh
IIb1M .!\aHHblM B pa60Te P] (CM. HH)Ke qmr. I, CnJlOlUHbie JlHHHH). 

B CB1l311 C BllJlOCTblO npoueCCOB .!\H¢¢Y3HOHHoro pacnaAa B CnJlaBaX Fe-Mn npH TeM
nepaTypax HH)Ke ~ 5000 C 'Y-<j>a3a ,llOBOJlbHO JlerKO nepeOXJIa)KAaeTCll H B 3aBHCHMOCTIf 
01' COCTaBa npeapalll,aeTCll pe3 H3MeHeHHll KOHueHTpaUHH (6e3AH<j><j>Y3HOHHO) B <j>a3bl a' 
H t, llBJllllOllI,HeCH nepeHaCbllll,eHHblMH TBepJl.blMH paCTBopaMH MapraHua B )KeJle3e. Ope
Bpalll,eHHll y -> a' H y-->e npOTeKalOT no MapTeHCHTHOMY MexaHH3MY. cI>a3a a' HMe~T 
06beMHoueHTPHpoBaHHYIO Ky6HlJecKYIO, a e-<j>a3a - nJIOTHeHlUYIO reKCarOHaJIbHYIO Kpli
CT;}JlJll1lJeCKYIO peweTKY. 

OPH 3aKaJlKe a'-<j>a3a 06pa3yeTcll B CnJlaBaX Fe-Mn, CO,llep)Kalll,HX Bcero 3-4 % 
Mn (1]. OPH 60Jlee BblCOKOM cOAep)KaHHI1 MapraHua MapTeHCHTHble npeBpalll,eHHfl npoTe
KalOT H npH MeAJleHHOM OXJla)K,lleHHH, a TaK)Ke B npouecce XOJIO,llHOfl ,lle¢OpMaUHH cnJI;)
BOO. Jl,JlH WHpOIWro I1HTepBaJla COCTaBOB npoueCCbl, npOHCXOJl.llIUHe B CnJlaBaX Fe-Mn, 
B 60JIl.WOH ~H~pe onpe.ueJlHlOllCll Te}YM~HHaMHlJecKHMH )'iCJIOBHlIIM'H .MeTa'CTaGHJlbllbIX <j>aaOBbiX 

paSHOBeCIiH npH HeH3MeHHOM COCTaBe <j>a3, T. e. ¢a30BOH J1.HarpaMMoH, 06pa3yeMofi JIll

tlHllMH To I JI.Jlll MapTeliCHTHblX peaKUvH ~a', ~e }! a'-+-e. B J1.aJIbHeHWeM TaKYlo 
ql:l30BYIO J1.HarpaMMY 6Y,lleM llJlll KpaTKocTH Ha3blBaTb npocTo J1.HarpaMMoH MeTaCTa6HJlbHbiX 
paBHoBOOHH. OOCTpoeHHe 3TOH J1.HarpaMMbl OOJlaBOB Fe-j\l\'n H llBHJIOCb O.D-HOH H3 3alla4 Ha
CTOlllll,eH pa60Tbi. 

H3BeCTHO, 'ITO BCeCTOpOl-lHee llaBJleHHe AOBOJlbHO CHJlbHO nOHll)KaeT TeMnepaTYPY 
a ~ y paBHOBeCHll lJHCTOrO )KeJle3a [2]. CJle,llOBaTeJlbI10, ,llaBJleHHe J1.0Jl)KHO 3aMeTHO BJlHHTb-
11 Ha JlHHHII <j>a30Bb1X paBHOBeCllfl a/y+a H y+a/y. KpoMe . Toro, MapTel1CIITHbie 'Y - a'- H 
'Y - e-npeBpalll,eHHH B 3TOH CI1CTeMe COnpOBO)KJl.aIOTCH 3HalJHTeJlbHblMH 06'beMHblMH 3¢¢eK
TlIMH, Ha OCHOBaHI1H 4ero MO)KHO 6blJLO O)KH,llaTb TaK)Ke 3aMeTHOrO BJIHllHHll AaBJIeHlill H Har 

MeTaCTa611JIbHbre <j>a30Bble paBHOBOCHll. BTOPOH 3alla4eH npeJl.JIaraeMOH pa60Tbi rulJIlleTCl'I 
paCCMOTpeHHe BJlll11HHll ,llaBJleHHll Ha paBHOBeCHYIO ¢a30BYIO ,llHarpaMMY 60raTbiX )KeJle-
30M CnJlaBOB Fe-Mn, a TaK)Ke Ha nOJlO)Ke~lHe JIHHHH MeTaCTa6HJlbHOrO paBHOBeClil'l 'Y - a', 
,\,-- e Ii a'-e. 

BJIHSlHHe )J,aBJleHHSI Ha JlHHHH a/a+v H a+v/v-paBHOBeCHH cTa6HJlbHOH 
ljJa30.BOH )J,HarpaMMbl Fe-Mn. TlPH TepMo,nHHaMI14eCKOM paC4eTe BJII1HHHH 
llaBJIeHH5I Ha JIHHI1I1 afa+v 11 a+v/v paBHOBeCHl1 3a OCHOBY 6epeM paBHOBec
HylO ,lI.HarpaMMY 60raTbIX )KeJIe30M cnJIaBOB Fe-Mn, rrOCTpoeHHYIO no 3Kcrre
pl1MeHTaJIbHbIM ]laHHbIM I[IJ, H nOJIY4eHlible B pa60Te [3] Bblpa)KeHH5I ,lI.mI 
«Ol'HOClfTeJIbHbIX» CBo60,lI.HbIX 3'Hep'fl1H a- H v-,q)a3. B pa'60Te {3] B pe3YJIbTaTe 
aHaJll13a TepMo,n:HHaMHlJeCKI1X CBOHCTB CnJIaBOB Fe-Ni 11 Fe-Mn BbIBe,n:eHbI 
aHaJIHTH4eCKHe Bblpa)KeHH5I ,lI.JIH «OTHOCHTeJIbHbIX» CBo60)I.HbIX 3HeprHH a- H 
y-cpa3 KaK CPYHKU.I1H TeMrrepaTypbl 11 KOHu.eHTpau.1111 HI1KeJI5I I1JIH :'IlapraHu.a 

f~e.Mn (T, C) = Cfj,H - TSK (C) 

He.Mn (T , C) = (1 - C) fj,n-:a (T) - TSK (C) 

(1) 

(2) 

To - TeMnepaTypa, npH K01'OPOH paBHbl TepMoAHHaMH4ecKHe nOTeHUHaJlbl COOTBeI
CTBYlOllI,HX <j>a3 J1.aHHOH KOHueHTpaUIiH . 
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r,ne T C- TeMnepaTypa, oK; G - KOHueHTpaUH5I paCTBopeHHoro MeTaJIJIa (Ni HJIH 

Mo), aTOMHble ,nOJlH; f').H - pa3HOCTb 3HeprHH, nOrJlOlll.eHHblX OpH paCTBopeHHH 

.e-amO.M.a BellleCTfla (Ni HJIH Mn) B a- H r->KeJle3e; SJ( (G) - KOHqmrypaUHOHHaJI 

3HTPOOH5I, paBHa51 (-) R {G 10 G + (l - G) 10 (1 - G)} H f').n;a (T) - pa3HocTb 
<CB060,nHbIX 3HeprHH r- H a-¢a3 'lHCTOrO >KeJle3a l{aK ¢YHKUIDI TeMnepaTypbl. 

«OTHoCHTeJlbHble» cB060,nHble 3HeprHH OTJIH'laIOTC5I OT «nOJlHbIX» cB060,nHb1X 

·~meprHH TeM, 'lTO · B HHX onYllleHbI 'lJIeHbl, o,nHHaKOBble ,nJl51 06eHx cpa3: 'lJIeHbl, 

He 3aBHC5IlllHe OT KOHueHTpaUHH, H 'lJIeHbl, 3aBHC5IlllHe OT KOHueHTpaUHH JIHHeHHO. 

ABTOPbI pa60Tbl [3J nOKa3aJIH, 'lTO Bblpa>KeHIDI ,nJI5I «OTHOCHTeJIbHbIX» CB06011-

HbIX 3HepfHH MorYT 6bITb ycneUJHO HCnOJlb30BaHbl llJI5I pac 'leTa cpa30BbIX rpaHHll. 

-a/a + r H a + r Ir CHCTeM Fe-Ni H Fe-Mo. 

Y CJIOBIDIMH paBHOBeCH5I a- H r-cpa3 CnJlaBOS Fe-Mn npH HeKoTopoH TeMnepaType 

T 51BJISHOTC5I paBeHcTBa XHMH'leCKHX nOTeHUHaJlOB >KeJle3a I{ MapraHua B 3THX 
~~U . 

f f.l~e Ie = f.lFe Ie a y 

If.l~n lea = f.l~n ley 
(3) 

r,ne Ga - KOHueHTpaUH5I MapraHua Ha rpaHHue a/a + r , a Gy - KOHueHTpall.lU; 

Ha rpaHH.Ue a + r / r. YpaBHeHl{51 (3) cnpaBe,nJlHBbl H ,nJl51 «OTHOCl-ITeJlbHbIX» 

XHMH'leCI{I{X nOTeHUHaJlOH, oope,neJl5leMblX H3 «OTHOCHTeJlbHbIX» cB060,nHbIX 3Hep

~HH COrJlaCHO COOTHowe~HHM: 

, -f' f' (1 G) af~e_Mn f.lFe = Fe = Fe· Mn + - i ---, aC, 

i -fL fi G af~e-Mn 
f.lMn= Mn = Fc-Mn- '~ 

I 

(i = a, r) 

(4) 

(5) 

ABTOPbI pa60Tbl [3] B CBOHX paC'leTaX OOJlaraJlH, 'lTO f').H = 2700 KaJI.I.M.oAb 
1H He 3asHCHT OT TeMnepaTypbl. HaMil YllTeHa TeMoepaTypHaJI 3aBHCHMOCTb AH. 
BeJIH.'lHHbI f').H (T) H f').FF;:a (T) BbI'lHCJleHbI H3 ypaBHeHl:fH paBHOBeCH5I (3) npH 

{)ope,neJIeHHbIX TeMrrepaTypax H COOTBeTcTBYIOIII.HX HM KOHueHTpaUH5IX Ga H Gy , 

B3HTbIX H3 3KcnepHMeHTaJIbHO · nOJIYlIeI-IHOH )UlarpaMMbT paBHOBeCHH [1] (CM. 

"Ta6J1. 1). PacclIHTaHHble TaKHM o6pa30M 3HalleHHH f').FF-:a(T) HeCKOJlbKO OTJlH-

Ta6/1uL{a 1 

KOHl.\ellTpal.\lUI Mn. 3TOMHble y-a 
AOJlU no 3Kcn epl1MeUTaJlbllblM AH(T) . L'.FFe (T). KaJl / 2-amoAI 

A3HHblM [I] KaJl / 2·a mo,lI. 
T. OK 

I 
no HaWUM 
paCl(CTHblM 

no 113WliM pac-I no A 3 HHblM Ca Cy A3HlibIM 
lleTHblM A311ltbrM pa60TbI [4J 

1184 0 0 - 0 0 
1100 0.013 0.032 1969 42 22 
tOOO 0.023 0.075 2348 108 75 
900 0.032 0.127 2465 184 180 
800 0.033 0.195 2824 291 308 
700 0.034 0.266 2861 382 449 

QaIOTC5I OT ,naHHbIX pa60T [4.5] (CM. Ta6JI. 1). PaClIeT KpHBbIX pasHoBecJ.l5I ala +r 
Ii a + r Ir no 3Ha'leHHHM f').F;-; a. (T) [4.J rrpHBollHT K 3aMeTHoMY OTKJIOHeHHIO 

(WTpl1xoBble JIl1Hl1l1 Ha CPH.f. 1) OT 3KcnepHMeHTaJIbHblX KPUSblX (cnJIOWHble 
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JIHHHH), n03TOMY H B )l.aJIbHeHllIHX pac4eTax npH BblCOKHX )l.aBJIeHIDIX HaM 

HCTIOJIb30BaJIHCb BeJIH4HHbl /)'F~-;a (T), Bbl4HCJIeHHble H3 )l.HarpaMMbI Fe-Mn [1] _ 
113MeHeHHe «OTHOCHTeJIbHbIX» CBo60)l.HbIX 3HeprHH CG- H y-¢a3 B pe3YJIbTaTe 

rrpHJIOmeHHH )l.aBJIeHIDI paCC4HTbIBaeM no MeTO)l.Y l(aY¢MaHa [6] 

t~e-Mn (Ca , T, P) = Caf..H (T)- TS K (Ca) + 23.9 PV~e.MIl (Ca , T) (6} 

He.Mn (Cy , T , P) = (1 - Cy ) /).F;-;a (T) - TSK (Cy ) + 23.9 PV~e-Mn (Cy , T) (7) 

r)l.e P - )l.aflJIeHHe, K6ap; V~e.MIl H . V~e-Mn - MOJIHpHble 06beMbI CG- H y-¢as. 
Fe-Mn CTIJIaBOB KaK ¢YHKll,HH KOHll,eHTpall,HH MapraHll,a H TeMnepaTypbI; 23.9-

I<03¢¢Hl~HeHT, Y4HTbIBaJOlll,HH pa3MepHOCTb. 113MeHeHHHMH 06beMa, /).H H SK C

)l.aBJIeHHeM npeHe6peraeM. 

3aBHCHMOCTb Y)l.eJIbHbIX MOJIHPHblX 06beMOB CG- H y-¢33 CnJIaBOB Fe-Mn OT 

TeMnepaTypbI H KOHll,eHTpall,HH Y4HTblBaeTCH CJIe)l.Y!Olll.HM 06pa30M. AHaJIHTH4eCKHe 

BblpameHHH )l.JIH aTOMHbIX 06beMOB 3THX ¢a3 (A3) KaK ¢YHKll,Hii cO)l.epmaHHff 

MapraHll,a (R aTOMHblX nOJIHX) npH 20° C H3 peHTreHOBCKHX )l.aHHbIX pa60T [1,7-9] 
3aTIHCblBalOTCH B BH)l.e: 

V~m (Ca) = 11.703+0.780 Ca 

V;m (Cy) = 1l.334+ 1.115 Cy 

(8) 

(9) 

113 pe3YJIbTaTOB pa60TbI [10] CJIe)l.yeT, 'lTO K03¢¢Hll,HeHTbI JIHHeiiHOrO 

paCWHpeHHH CG-¢a3bl CnJIasoB Fe-Mn cJIa60 nOBblWaIOTCH C yseJIH4eHHeM CO)l.ep

maHIDI Mapr3Hll,a B CnJI3Be, 3 y-¢33bI )l.JIH WHpOKOrO HHTepBaJIa COCTasOB. 

OCTalOTCH npaKTH4eCKH nOCTOHHHbIMH. n03TOMY )l.JIH ynp0lll.eHHH p3Cl:JeTOB nOJIa-· 

raeM, 4TO K03¢¢Hll,HeHTbI TepMH4eCI<orO paCWHpeHHH CG- H y-¢33 CTIJIaBOB Fe-Mn, 

p3BHbI COOTBeTCTBYlOll~HM K03¢¢Hll,HeHT3M 'lHCTbIX CG- H y-Fe, T. e. 

CG~-Fe= 14.5.10- 6_1-, ~-Fe =43.5.10- 6 _
1-

cp - epaa cp epaa 

CGtFe = 23 . 10- 6 _
1_, a;-Fe -'- 70 . 10- 6 _

1_ 
cp epaa cp epaa 

11CTIOJIb3YH Bblp3meHHH )l.JIH aTOMHblX CObeMOB CG- H y-¢a3 (8) H (9) H BeJIH-

4HHbl K03¢¢Hll,HeHTOB 06beMHoro paCllJHpeHHH 3THX ¢a3, Ebl)30)l.HM CJIe)l.YIOlll.He 

33BHCHMOCTH yneJIbHblX MOJIHPHblX 1 06beMOB CG- H y-¢33 OT Ter.mep3Typbl 11 KOH

ll,el1Tp311,H:H: 

V~e.Mn (Ca , T) = 6.959 + 0.464 Ca + 3.03 . lO-<lT +0.20 .1O-4TCu (10) 

(11 ), 

I10)l.CTal3JIHH BblpameHI1H .nJIH Va H V
y 

B ypasHeHI1H (6) 11 (7) H onpe.nemm 

no ¢OPMYJI3M (4) H (5) «OTHOC11TeJIbHble» XHM114eCK11e nOTeHll,HaJIbI meJIe3a H 

Mapr3Hll,a B CG- 11 y-¢a3ax K3K ¢YHKll,HI1 KOHll,eHTpall,11H, TeMnep3Typbl 11 .n3BJIeHHH_ 

C nOMOlll.blO yCJI9BHii p3BHoBecHH (3), nOJIYl:JaeM ypaBHeHHH p3BHoBecHH: 

C 
/).H (T) + 23 .9 P (0 .077-1. 91 . 1O-4T) + RT In ~ = 0 

Cy 

(12) . 

1 LI.JlH Bbl'lHCJIeHHH MOJlHpHOrO C6"b€Ma aTOMHblH 06"beM HY>KHO YMHO>KHTb Ha 'I HCJlO. 

ABoratJ,po (N =6.0228 . 1023 [9]) : 
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tJ.F~;a(T) + 23.9P(-0_270+ L65· 1O-4T)- RT In i-Ca = ° (12) 
1-Cy 

PelllaH COBMeCTHO ypaBHeIHfH (12) OTHOCHTeJIbI-lO Ca H Cy npM onpe.ll.eJIeHHbIX 

T Ii P Ii Y41iTblBaH, 'ITO R In N = 4.5751g N, nOJIY4aeM: 

r.ll.e 

H 

A (T, P) = tJ.H (T) + 1.84 P - 45.65 . 10-4TP 
4.755 T 

B T, P) = M~;a (T) - 6.453 P + 39.43 . 1O-4TP 

( 4.575 T 

(13) 

TaKHM 06pa30M, paCC4liTaHbl KOHueHTpaUHH Mapratlua Ca H Cy , COOTBeTCT

nYJOmHe cpa30BbIM rpaHHuaM ala + 'T H a + 'Tlr npH .ll.aBJINlHHX 10,20,30,40 

H 50 Kfiap, H nOCTpoeHbI llHarpaMMbI, nOKa3aI-lHble Ha cpHr. 2. TeMnepaTypbI 

a -7 r nepexona '1HCTOrO )KeJIe3a npH cooTBeTcTBYJOmHX nai3JIeHHHX B3HTbI H3 
pa60TbI (11) . 

l(aK Sl1nHO H3 cpHr. 2, C yseJIIFleHHeM naSJIeHI1H rpaHHUbI 06JIaCTH CTa-

6HJIbHOH YCTOH4HBOCTH a-:cpa3bI H nBYJGcpa3Hoi1 06JIaCTH a+ V CABHraJOTCH B 

CTOPOHY 60JIee HH3KHX TeMrrepaTYP H MeHblllHX KOHueHTpaUHH MapraHl.l.a. 

CJIenOBaTeJIbHO, rrOHH)!(aH KpHBble a/a+'Y Ii a+'Yh paBHosecHH, BceCTopOH

Hee naBJIeHIie rrpeIT5ITCTByeT paBHOBeCHOMY nHCPCPY3HOHHOMY pacrrany 'Y-TBep
noro pacTBopa, B CB513H C 4eM C yseJIHlIeHHeM naBJIeHHH HallHHaeT Bce 60JIb

IllYJO pOJIb HTpaTb nHarpaMMa MeTaCTa6HJIbHbIX paBHoBecHH TaK)!(e H nJI51 

CIIJIaBOS C HeBblCOKHM COnep)KaHHeM MapraHiua . 

.lI.HarpaMMa MeTaCTa6HJlbHbiX paBHOBeC"" CnJlaBOB Fe-Mn. rIPH IIOCTpoe

HHH nHarpaMMbl MeTaCTa6HJIbHbIX pasHoBecHH rrepecblmeHHblx TBepnbIX pac

TSOPOB V' la' H 10 HCrrOJIb30SaJIHCb cJIenYJOmlie naHHhre: 
1) 3Ha 4eH IiH «OTHOCHTeJIbHblX» cs0'6onHblx 3HeprHH a- H 'Y-cpa3, H3BeCT

Hble AJIH lllHPOKOH 06JIaCTH TeMrrepaTYP H KOHueHTpaUHH (3]; 
-2) TeMnepaTypHble HHTepBaJIbI rrpoTeKaHHH rrp5IMOrO v-re H o6panIOro 

e-r-y MapTeHcHTHbIX rrpeBpameHHH:, orrpeneJIeHHble B p5I,IT.e 3KcrrepHMeHTaJIb

HblX pa60T 1 P2 - 14]; 
3) H3BeCTHhie SeJIHlIHHbl cBo6onHoH 3HeprHH lJHCTbIX a- H v-Fe npM aT

Moc<:jJepHoM naBJIeHHH {4]; 
4)cpa30Sa51 P-T-.ll.HarpaMMa lIHCTOrO )!(eJIe3a ['5, 16]. 
':JT CJIOBHHMH paCCMaTpHBaeMbIX MeTaCTa6HJIbHblX pasHoBecHH r - a', r - 10 H 

a' - e HBJIHJOTC5I COOTBeTCTBeHHO paseHcTBa cBo6onHbIX 3HeprHH nepeCblmeHHblX 
v T a' y 

TSepnbIX paCTBOpOf3 naHHOrO COCTaBa: Fy= Fa"Fy= FeHFa, = Fe· <"PHBYJO 0-

MO>KHO paCClIHTaTb, 3HaH Sblpa)KeHH5I .ll.JI5l «OTHOClfTeJIbHbIX» cBo6onHbiX 3HeprHH: 

a- H r-cpa3 1<a1< CPYHKUHH: TeMnepaTypbI H KOHUCHTpaUHH [3). rIPHpasHHSa5l npyr 

npyry Bblpa)KeHH51 (1) H (2), nOJIyqaeM 

C otJ.H (T) = (1- Co) tJ.F}-;a (To) 

(14) 

I JT. C. E P III 0 B ll. ABTope¢. AHC., CBepAJlOBCK, 1962; B. <1>. E pro Jl a e B. AUTOpe,\>. 
ARC., CBepAn0BCK, 1965. 
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PaCCt!l1TaHHaSl H3 ypa!3HeHHSl (14) KplffiaSl ro-y = f (C), I(aK H CJIe)lOBaJIO O>KH

)laTb. npoXO)lHT Me>K)lY ::H<CnepIfMeHTaJIbHO nOJIYlIeHHbIMH KPIfSbIMH P 1 3aSHCH
MOCTI{ MapTeHCHTHbIX TOlleK (T M) )lJISl npSlMoro y --+ a' H 06paTHoro (J.' --+ y . ~ 

MapTeHCHTHbIX npesparn.eHHH If pacnOJIO>KeHa 6JIIf>Ke K KPIffiOH T M ..... 
Y )lJISl npes-

parn.eHlID npH Harpese (<plfr. 3). 

t, ·C 
T, 0t( 

fllJlJ ~~~--+----+----1 

<l>'Hr. I. Cra6HJIbHall cjJa30Ball ll.HarpaMMa 
60rarbIX )l{eJIe30M CrrJIaBOB Fe·Mn rrpl1 
1 aTA!: WTPHxoBble JIHHHH - pacclIHTaHHall 

JlHarpaMMa rrpH /),.F~-;a (T). B311TblX H3 pa· 

60Tbl [4] ; GIlJIOWHbIe JIHHHH - 3KorrepHMeH' 
TaJIbHaH ll.HarpaMMa (I] 

r. oJ( t:c 

"1J1l H--\----j----t-----I 

BIJIJ 

y 

blJll 

IJ IIJ 

, , 
, , , 41J1J 

211 Mn,om. % 
<l>Hr. 2. BJIHHHHe .u,aBJIeHHH Ha JIHHHli 
a/a+v H a+v/v paBHosecHH Cra6HJIbHOil 

cjJa30soti ll.HarpaMMbI Fe·Mr-

K CO>KaJIeHIiIO, )laHHble 0 3aBHClfMOCTH CS060)lHOH 3HeprHH e-<pa3bI OT TeM

nepaTypbI H KOHueHTpaUIfH oTcyrcTBYIOT, H npHMOH paclIeT KPIfSbIX T~-e H T~ -8 
HeB03MO>KeH. D03TOMY JIIfHHSl MeT.aCTa6IfJIbHOrO paBHOSeCIfSl y - If e-<pa3 6bIJIa 

npOBe)leHa Ha OCHOBaHHH HMeIOllI,HXCH 3J(CnepHMeHTaJIbHbIX )laHHbIX 0 TeMnepa

TypHblX HHTepBaJiax y --+ e- H e --+ y-npeSpallI,eHHH. TeMnepaTYPHble HH TepBaJi bJ 

y --+ e- H e --+ y-npel:lparn.el-mH R cnJIasax Fe-Mn pa3JIH'lHOrO cocTasa, nOJIY'leHHble 

PH.llOM aSTOpos, HaHeceHbI Ha .lllfarpaMMY, 1f306pa>KeHHYIO Ha <pHr. 3. KaK BH.llHO 

H3 <pHr. 3, .llaHHble OT)leJIbHbIX aSTopos .llOSOJIbHO CIfJIbHO OT JIlf'lalOTCSl npyr OT 

npyra, 'ITO 06bHCHHeTCH, nO-I:lIf.llHMOMY, SbICOKOH 'IYSCTSHTeJIbHOCTblO y - e

npespaw,eHIfH K npe.llSaplfTeJIbHOH 06pa60TKe cnJIasos. TeM He MeHee Bce 3Ha'Ie

HHH TeMnepaTypHhIX HHTepSaJIOB npHMoro H 06paTHoro npeBpallI,eHHH 06pCl3YIOT 

.llse umpOKHe nOJIOCbI, He HaJiaralOllI,lfeCSl .llpyr Ha .llpyra H OTneJIeHHble Y?Kl1M 

HHTepSaJIOM S 20-400 C. 
ECTecTseHHo npe,iUIOJIO>KHTb, 'ITO KpHBaSl Tri-e 

JIe>KIfT SHYTPH nora IfHTepSaJIa. 

HaH60JIee BepoSlTHoe nOJIO>KeHlfe ee 0603HalleHo Ha <pI1T. 3 wTpmmYHKTlfpHOH 

JIIfHlfeH. 3KCTpanOJIHUHSl JIHHIfH Tri-e 
K 'IIfCTOMY >KeJIe3Y .llaeT Ha OCIf TeM

nepaTyp TO'lKY 5300 K. 3TO -- TeMnepaTypa MeTaCTa6lfJIbHOrO pasHoBecHSl y- H 

e-MO.llIf<pHKauIfH 'mcToro >KeJIe3~. KaK H3seCTHO, e-<pa3a B lllfCTOM >KeJIe3e B03-

HIfKaeT KaK cTa6HJIbHaH Monlf<pHKaulfSl npH BblCOKIfX BcecTopoHHHX • .llaBJIeHIfHX . 
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I1cCJIe,UOBaHI110 <pa30BOH ):umrpaMMbl qHCTOrO )l(eJIe3a B nOCJIe,UHl1e rO,UbI 

nOCB5Illl~eH p5l,U pa60T (CM., HanpHMep, [15-17]), B KOTOPbIX onpe,UeJIeHO nOJIO)l(eHHe 

KpHBblX paBHOBeCI151 a - r, a - e H r - e B P - T-06JIaCTH. I1HTepecHO, qTO 

3KCTpanOJIJIH.I1SI KPHBOH paBHOBeCI1SI r - e ,UJISI ql1CTOrO )l(eJIe3a, nOJIyqeHHOH B 

t,"c 

#I!I! 

11/1/1/ 
---I 
-·_··-2 

0 J 
0 4 
/::, f 

• Ii 
0 7 

MI! 

iiI/I! 

1/ 

~~~------7,M~------~ry'/J~----~~--~ 
" JI/ Mn, am. % 

<1>Mr. 3. KpMBble a' ~v H v~e npeBpallleHMH B CMCTeMe 
F e-Mn; KpMBble v-+a' M a'--+-y npeBpallleHMH nOCl'pOeHbI no 
,!l.aHHbIM pa60TbI [I] ; KpMBble 'Y-+e M e-+v npeBpallleHI1I1 ItO
cTpoeHbl riO ,!l.aHHbIM paooTbl (eM . 0603Ha4eHHlI 1-7) : 
(12]- 1, (13] - 2; (1]- 3, [14] - 4, EPWOBOH n. C.- 5, Epro-

JlaeI~a B. t1>.- 6, HaWH ,!l.aHHble - 7 

pa60Te [1:'], K aTMoc<pepHOMY ,UaBJIeHI1IO TaK)I(e JIaeT TeMnepaTYPY, 6JIH3KYIO K 

530 0 I(. B TO )l(e BpeM5I B pa60Te [16] npI1BO,UHTCSI 60JIee HI13KOe 3HaqeHI1e TeM

nepaTypbI (r - e)-paBHOBeCI1SI ,UJIfi ql1CTOrO )l(eJle3a npl1 aTMoc<pePHOM JIaBJIeHI1H, 

paBHoe ~ 470° K. 
TOQKa nepeCeQeHI1f1 Kpl113blX T~-Y = f (C) 11 T~-e = f (C) Ha ,Ul1arpaMMe 

MeTaCTa611JIbHOrO paBI-IOBeCI1SI ,UJISI CnJIasoB Fe-Mn cooTBeTCTByeT pasHoBecHIO 

Tpex <pa3: r - e - a'. CJle,UoBaTeJIbHO, Qepe3 3TY TOQKY ,UOJI)I(Ha npOxOJIHTb 

TpeTbSI Kpl1BaSI - KpHBafi MeTaCTa611JIbHOrO paBHOBeCI1f1 a' - e. fIOJlO)l(eHl1e JII1HHH 

ro'-e = f (C) onpe,UeJleHO He3aBI1CHMO no 'uBYM TOQKaM, KOOpJII1HaTbI KOTOPbIX 

nOJIYQeHbf cJIe,UYIOlll.I1M 06pa30M. fIpHMeM, QTO JIJlSI <pa30Boro paBHoBecHSI a' - e 
MO)l(HO 3amicaTb ypaBHeHI1SI «OTHOCHTeJIbHbIX» cB060,UHbfX ::meprHH a- H e-<pa3 B 

TaKOM )l(e BHJIe, KaK 3TO 6bIJIO c,UeJIaHO [3) ,UJISI <pa30Boro pasHoBeCI1f1 a - r: 

fa(C, T) = Ci1Hu- e-TSK (C) 
I' 

fe (C, T) = (1 - C) i1F~-;e (T) - TSK (C) 

(15) 

(16) 
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r,ne I1Ha- e - pa3HOCTb TerIJIOT paCTBOpeHlf51 npI1 ,no6aBJIeHI1H 1 2-amOMa Map

raHua K ex- 11 e-Fe. C'lI1TaeM, 'lTO I1Hu
-

e = I1HU
-

Y = 2700 KllA/2-amOM [3], 
I1F~-;8 (T) -pa3HOCTb CBo6o,nHbIX 9HeprHH ex- 11 e-<pa3 'lI1CTOrO )KeJIe3a KaK <PYHK

UI1Sl TeMTIepaTypbl. 1l0CKOJIbKY e-Fe npI1 aTMOC<pePHOM ,naBJleHI1H He CYIUecTByeT, 

CBo6o,nHa5I 3HeprI1Sl ero KaJ{ <PYHI{UI1Sl TeMnepaTypbI He onpe,neJIeHa. TeM He 

MeHee 3Ha'leHI1Sl ,nJISl ,nBYX TeMnepaTYP MorYT 6bITb HaH,neHbI. 
KaK YKa3bIBaJIOCb BbIIlle, 9KCTpanOJISlUHSl K 'lI1CTOMY )KeJIe3Y KPHBOH 

T~-8 = f (C) nepexo,na r - e CnJIaROB Fe-Mn 11 9KCTpanOJISlUI1Sl K aTMoc<pePHOMY 

,naBJIemno KPHBOH (r - e)-nepexo,na llI1CTOrO )KeJIe3a [15] ,naIOT TeMnepaT-YPY 

(r - e)-npeBpaIUeHI1Sl 'lI1CTOrO )KeJIe3a npI1 1 amM, pasHYIo 530 0 K. TIPI1 9TOH 

TeMnepaType cBo6o,nHaSl 9Heprl1Sl r-Fe pasHa CBo6o,nHOH 9HeprHI1 e-Fe. F~e 11 F~e
npoTa6ymrpOBaHbT ,nJIH Bcex TeMnepaTYP [~ . 6]. OTKy,na, I1F~-;8 (5300 

K) = 

= I1F'f,;Y (5300 K) = - 693 KaA/MoAb [4]. Pa3HOCTb CBo6o,nHbTX 9HeprI1H Me)K.ny 
(X- 11 e-<pa3aMJ1 'lHCTOrO )KeJIe3a MO)KHO oueHHTb TaK)Ke 11 ,nJIH KOMHaTHOH TeM

nepaTypbI. 113 pa60T [18.19] I13BeCTHO, 'lTO npH KOMHaTtTOH TeMnepaType (a - e)
npeBpruueHI1e Ha6mo,naeTCH npI1 .naBJIeHI1I1 130 K6ap. Pa3HocTb cBo6o,nHbIX 9Hep-

rHH (a - e)-npeBPruueHHH 'lHCTOrO )KeJIe3a KaK <PYHKUI1Sl TeMTIepaTypbI 11 ,naBJIeHI1H 

3anI1CbIBaeTCH CJIe,nYIOIUHM o6pa30M: 

I1n;e (T, P) = I1F~;8 (T) + 23.9 P 11 V~;e (T, P) (17) 

TIPI1 P = 130 K6ap 11 T = 3000 
K I1n-;8(T, P) = 0 11 

I1n;e(300° K) = - 23.9 . 130 . I1V~;e(300° , 130 K6ap) (18) 

TIO,nCTaBJIHH B ypaBHeHI1e (18) 3Ha'leHI1e I1V~;8(300° , 130 K6ap) = 0.20 CM3/MOAb 
[15] , nOJIY'laeM .nJIH 3000 

K I1n;e (3000 
K) = - 621.4 KaA/MoAb. 

TIo I13BeCTHbIM BenWlHHaM /)'F~;e ,aJIH ,nBYX TeMnepaTYP 300 11 530 0 
K C 

nOMOIUblO ypaBHeHHH (15) 11 (16) MO)KHO HaHnl cooTBeTcTBYIOIUI1e 9THM TeMne-

To. OK 

300 
530 

1 

AF~;e(T). 
/Cali / MOAb ' 

. 1 
-621.4 
-693 .0 

Ta6AUtja 2 

Co, 3TOMHble 
,AOJlH Mil 

0,1871 
0.2042 

paTypaM KOHueHTpauHH MapraHua rIa KpH

BaH T~'-e = f (C). 3Ha'leHI1Sl HX npHBe

.neHbl 13 Ta6JI. 2. TIpoBe.neHHa5I 'lepe3 

. 9TH TO'lKH npSlMaH JII1HI1H T~'-8 = f (C) 
npoxo,nI1T llepe3 TO'lKY nepeCeqeHI1Sl KpI1-

BbIX T~'-Y 11 T~-e. YllHTblBa5I rpy6ble 

,nonYIUeHI151, npHHHTble KaK npH paCqeTe 

COOTBeTCTBYIOIUHX TOlleK, TaK 11 npa 

npOBe,neHHH KPHBOH T~-e = f (c), r:e3YJIbTaT MO)KHO C'lHTaTb OlleHb XOpOWHM. 

JI T a'-Y T Y-8 TU'-e 
HHHI1 0 , 0 11 0 . ,neJISlT T - C-nJIOCKOCTb Ha TpH 06JIaCTH MeTa-

,cTa6I1JIbl-!o.if YCTOHQI1BOCTH ex' -, r - 11 e-<pa3. ECJII1 9TI1 JIHHHI1 npo,nJII1Tb 3a TPOH

.HYIO TO'lKY (WTpHXOBble KpHBble Ha <pHr. 4), nOJIYllI1M KpHBble MeTaCTa6HJIbHbIX 

,p,rulHoBecHH B a' -, r" H 8-o6JIaCTSlx. CnJIOWHble H IllTPHxoBble JlI1HHI1 ,neJISlT ,nHa

[paMMY Ha IlleCTb ?O.JIaCTeii:, ~ Ka}K,noii: 113 KOTOPbIX MO}KHO paCnOJIO}KHTb Bce 

.TpM ¢a3bI B I10pSl,nj<e, yaeJII1QeHHSl I1X TepMo,nHHaMHQeCKoii: YCTOHllHBOCTH (OOIm

:lKeHl:lSl CBQ6~4HOif " 3I;lepnm). BBepxy 0603HaQeHa caMaSl TepMo,nI1HaMHQeCI)H 

,l:l,eYC1:0HQ~a5I ,n~ ,naItHOH 06JIacTM $a3a, 06JIa,naIOIUa5I HaI16oJIbIllI1M 3Ha~eHI1eM 
C'B060,nH0I1 3HeprHH, HI1}Ke - 60JIee YCTOH'lHBa5I, a BHI13Y - HaI160JIee TepMO,UH

H,!MI1'leCKI1 YCT~H'lHBa5I 113 p'!-CCMaTpHBaeMbIX Tpex MeTaCTa6I1JIbHbIX <pa3 . 

HaH60JIbIllHI1 I1HTepeC C 3TOH TOQKI1 3peHI1Sl npe,UCTaRJISlIOT o6JIacTH, npHMbI

,KaJOIUI1e K KPHBOH T~ -8 = f (C). CJIeaa OT 9TOH KPHBOH HaI160JIee YCTOHQHBOH 

<pa30H SlBJISleTCSl ex' 11 e-<pa3Y MO)KHO paCCMaTpI1BaTb KaK nepeXO,UHYIO Me}K,UY r 
..... " 
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H ct': r -'> e -'> a' _ TaKHM 06pa30M, rOBopHTb 06 e-cpa3e KaK 0 nepeXOJlHOH 

CTpYKType Me)KJlY r 11 ct' MO)KHO TOJIbI<O JlJIH onpeJleJIeHHOH 06JIacTH TeMDepa

Typ . ~ COCTaBOB, a He JlJIH Bcex CnJIaBOB Fe-Mn, KaK neJIaJII1 B pa60Te F°]' 
TaKol1 xapaKTep npeBparn.eHHH 'Ha6JIIOnaJICH pHnOM aBTopOB B Fe-Mn-crrJIa
Bax 1[1, 21, 22] H B CrrJIaBaX Fe-Ni 1[23]. 

CnpaBa OT KPHBOH To a'-£ HaH60JIee YCTOHl)HBOH HBJIHeTCH e-rt-.a3a - B :noit 

6 
I 't' , 

o JIaCTI1 e He MO)KeT nepeXOnHTb 'B a -cpa3y. KaK Bl1nHO 113 qiHr. 4, K'pHBaH 
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<l>l1r. 4. ,UHarpaMMa Meracra611J1bHbIX 
paBHOBeCI1H 'CnJlaBOB Fe-Mn npH 
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<l>Hr. 5. BJIlUH!I1e .naBJleHHH Ha AHarpaM
My Meracra611J1bHblX cpa30BblX paBHOBe

CHH CnJlaBOB Fe-Mn 

Toa'-£=j(C) rrOl)TH napaJIJIeJIbHa OCH TeMrrepaTYP 11 COOTBeTcTByeT COnep

)KaHHIO "" '20% Mo. n09TOMY B OTJIHl)He OT ('Y~a') -.J1 ('Y~e) -npeBparn.eI!.I1H 

(a-e) -rrpeBparn.eHHe 06bI'IHO MO:>KIHO Ha6JI1onaTb TOJIbKO npH necpopMaurm, 
a 'He rrpH H3MeHemm TeMTIepaTypbI. A eCJIH OHO H rrpOHcxonHT npH H3MeHe

HI'1I1 TeMrrepaTypbl, TO TOJIbKO B O'leHb Y3KOM HHTepBaJie KOHlJ:elHTp a UI1H 

OKOJIO 20 % Mn. 
,UHarpaMMa MeTaCTa6HJIbHbIX paBHOBeCI1H n03BOJIHeT 06'bHCHHTb npHl)R

HY oc06eHHocTeH BJIH5I'HHH IIJIaCTI1LJeCKOH necpOpMa[J:11I1 IHa cj:Ja30BbIH 'CO<:TaB 

60raTblx )KeRe30M cnJIaBOB Fe-Mo. Pe3YJIbTaTbI pa3JIHl.!HblX pa60T B 3TOM 

HarrpaBJIeHHH Ha rrepBbIH B3rJIHn KaiKYTCH HeCKOJIbKO npoTHBOpeLJI1BbIMH. 

HarrpHMep, B pa60Tax (1, 24] I1CCJIenOBaHbl CrrJIaBbI, COnepiKarn.He no 20 % Mn, 

H rrOKa3aHO, l)TO B pe3YJIbTaTe rrn"aCTHLJeCKOH necpopMaUHI1 11 rrOCJIenYIOrn.ero 

OT)KHra rrpH 100-200° C e-cpa3a nepexo)J.HT B a-'cpa3Y. Ha OCHOBaHl.:rH nOJIy
LJeHHbIX pe3YJIbTaTOB aBTopbI HCCJIe)J.OBaHI1H [I, 24] C)J.eJIaJIH BbIBO)J. 0 TOM, LJTO 

e-cpa3a HBJIHeTCH rrpOMe)KYTOl)HbIM COCTOHHl1eM B peaKUHHX, H BbICKa3aJIH 

)J.a)Ke rrpenrrOJIO)KeHHe, lITO e-cpa3a Bo06rn.e He HMeeT 06JIacnrcTa6l1JIb

HOCTI1. 
B pa60Tax )Ke [10 , 24- 30] H )J.p. nOKa3aHO, LJTO e-cpa3a B pHne CrrJIaBOB, CO-

nep)Karn.Hx 60JIee 20 % Mn, YCTOHLJHBa rrpH )J.ecpopM aUHH H KOJIHl)eCTBO ee 

MOHOTOHHO B03pacTaeT C YBeJJHl)eHHeM CTerreHl1 )J.ecpopMaUHI1. 113 Bcex 3TM·X 

pa60T CJIenyeT, 'ITO cpa30Bble rrpeBparn.eHHH, 'rrpOTeKalOrn.He rro;rr, B03)I;eH

CTBHeM XOJJO)J.HOH rrJIaCTWleCKOH necpopMaUHH, orrpe)J.eJJHIOTCH XHMH'IeCKH-M 

11* 
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COCTaSOM HCCJIe.uyeMblx Fe-Mn cnJIa"BOs. BrrepBble Ha 3TO OOCT05ITeJIbCTBO 

OOpaTHJIli BHHMaHHe JI. C. Epwosa H 11. H. BOra'IeB 1. DpOaHaJIH3HpOBaB 

HMelOw.HeC5I JIHTepaTypHble .uaHHble 0 BJIH5IHHH XOJIO.uHOH rrJIaCTH'IeCKOH .ue

¢Op 1 aUHH Ha q1a30BbIe rrpeBpaw.eHH5I B Fe-Mn CrrJIaBaX, OHH rrpHWJIH K 

CJIe.uYlOw.HM BbIBO,lI.aM: 

a) B cnJIasax, co.uep)Kaw.HX OOJIbllie 20% Mn, r,lI.e ('Y~a) -rrpeBpaw.eHHe 

rrpaKTH'IeCKH rrO,lI.aBJIeHO, .ue¢opMaUH5I oJIarOrrpH5ITCTByeT o6pa30BaHHlO 

e-¢a3bl; 
0) B crrJI!'lBaX C cO,lI.ep)KaHHeM MapraHua, He rrpeBblwalOw.HM 20%, B HC

XO,lI.HOM cTpyKType KOTOPbIX Hap5I,lI.y C e-¢a30H H aycTeHHToM, CO,lI.ep)KHTC5I H 

HeKoTopoe KOJIH'IeCTBO a-TBep.uoro pacTBopa, .ue¢opMaUH5I cnocoocTByeT 

oopa30BaHHlO a-¢a3bI. (B TaKHX CnJIaBaX a-¢a3a OKa3bIBaeTC5I 60Jlee YCTOH

'IHBOii, 'IeM e, rrOCJIe,lI.H5I5I no,lI. B03,lI.eMCTBHeM ,lI.e¢OpMaUHH rrpeBpaw.aeTC5I B 

a-TBep.ubJM pa·CTBOp.) 
113 CKa3aHHoro CJIe.uyeT, 'ITO rrpe,lI.rrOJIO)KeHHe 0 MeTaCTa6HJIbHOCTH 

e-¢a3bI B CHCTeMe Fe-Mn rrpH aTMoo¢epHO'M ,lI.aBJIeHHH npH JIlO'ObIX KOJiueHT

paUH5IX MapraHua, c.ueJIaHHOe B paOOTe [I], MaJIO OOOCHOBaHO, TeM 6oJIee, LITO 

OrrblTbT npOBO,lI.HJIH TOJlbKO Ha CnJIaBaX, co.uep)Kaw.Hx 10- 20 % Mn, a ,lI.JI5I 

3THX COCTaBOB e-¢a3a 5IBJI5IeTC5I, ,lI.eMCTBHTeJIbHO, MeTaCTa6HJIbHOM ¢a30M. 

KaK BbJrJI5I,lI.HT CTaOHJIbHa5I ¢a30Ba5I ,lI.HarpaMMa Fe-Mn rrpH COCTaBax 60Jlb

llie 20% Mn H TeMnepaTypax, OJIH3KHX K KOMHaTHoM, H eCTb JlH Ha HeH XOT5I 

.Obi Y3Ka5I 06JIaCTb cTa6HJIbHOM YCTOM'IHBOCTH e-¢a3bJ - HeH3BeCTHO. 

8TOT Bonpoc OCTaeTC5I OTKpbITbIM H TpeoyeT ,lI.OrrOJlHHTeJIbHoro HCCJIe

p,OBaHHfI. 
TaKHM oopa30M, H306pa)KeHHa5I Ea ¢Hr. 4 ,lI.HarpaMMa MeTaCTa6HJIbHbIX 

paBHoBecHM xopowo corJIacyeTC5I C HMelOw.HMHC5I 3KcnepHMeHTaJIbHblMH ,lI.aH
HblMH H ,lI.aeT B03MO)KHOCTb Inpe,lI.CKa3aTb rrOBe,lI.eHHe CnJIaBOB Fe-Mn rrpH 

pa3JIHLIHbIX B03,lI.eMCTBH5IX. 
BJUUIHl1e Jl.aBJleHI1S1 Ha Jl.l1arpaMMy MeTaCTaOI1J1bHblX lJ!a30Bblx paBHoBecHH 

CnJlaBOB Fe-Mn. 3HaH H3 paooTbi [3J Bblpa)KeHH5I «OTHOCHTeJIbHbIX» CSOOO.uHbIX 

9HeprHH ex- H r-¢a3 WJIaSOB Fe-Mn [yp3BHeHH5I (1) H (2)] H Y'IHTbJSa5I HX 33BHCH
MOCTb OT )l.aBJIemrn [ypasHeHHH (6) H (7)], MO>KHO TepMo.uHHaMHlIecKH pacclIHTalb 

KpI1Bble 'J"lo-y KaK CPYHKUHH co.uep>KaHHH MapraHua npH pa3JIHlIHbIX )l.3nJIeHHRX. 

npHpas H5IB Me>K.uy C060M Bblpa>KeHHfI «OTHOCHTeJIbHblX» cBo6o.uHbIX 3HeprHM 

(j.- H r-cpa3 KaK CPYHKUHH C, T H P 

l1e-MI1(C, T) +23.9PV~e_MI1(C, T) = He-Mn(C, T)+ 23.9PVfe-MI1(C, T) (19) 

rro.uCTaBHS S 3TO ypasHeHHe Sblpa>KeHH5I (1) H (2), (10) H (11) .uJIH r, r, Va 11 

VY 
H npose.uH ynpow.eHH5I, Haxo.uHM KOHu.eHTpaUHlO MapraHua Co, COOTseTCT

BYIOW.YIO onpe.ueJIeHHbiM To H P 

C 
_ M~;-a (Tol - 23.9 (0.270-1.65 . 10-4 To) 

0-
I'lH (Tol + M~-;a (To) -23.9 P (0.213+ 0.26 . iO-4To) 

(20) 

TarUlM crrOCOOOM paCC'lHTaHbI H nOCTpoeHbf KpHBble T~-Y = f (C) .lI.JI5I ,lI.asJIeHHH 

10, 20, 30, 40 H 50 map (¢Hr. 5). TeMnepaTypbf 'lHCTOrO )KeJIe3a rrpH YKa3aH
HblX Bbiwe .nasJIemmx S3RTbI H3 pa60Tbl [11]. 

KaK nOKa3aJI rrpose.neHHbIH paC'leT, C rrOSbIweHHeM .n3BJIemm YCTOH'lHBOCTb 

r -¢33bf YSeJIH'll1BaeTC5I, TeMrrepaTypbf (r - ex')-rrpespaw.emrn CHH>KaroTC5I K 60JIee 

HH3KHM TeMnepaTypaM, 'ITO H CJIe.uosaJIO O>KH.naTb, rrOCKOJIbKY (r - (j.')-rrpespa
w.eHHe rrpOHcxo.uHT C yseJlH'lemreM OObeMa. 

I JI . C. E pill 0 B a . .nIlC., CBepAJl OBCK, 1962. 
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BBHny TOro, tITO naHHhle 0 cB060nHOH 3HeprHH e-cpa3b! KaJ{ CPYHKUHH TeM
neparypbI H KOHueHTpaUHH OTCYTCTFlYlOT, HeJIb3H TepMO)J.HHaMHtJeCKH paCCtIHTaTb 
BJIHHHIi5J )J.aBJIeHIi5J Ha JIIiHHH T~-e H T~-". 

J1HHHH T~-e = f (C, P) MO)KHO npH6JIH)KeHHO npOBeCTH no nByM TOllKaM
TeMneparypaM (r - e)-npeBPruuemlH lIHCTOrO )KeJIe3a H CnJIaBa C 22.44 aT. % 
Mn npH cooTBeTcTBYlOmHX naBJIeHHflX. KaK YKa3blBaJIOCb BbIllJe, 3KCTpanOJIflUH5I 

t, "I: 

filII I A-¥//////>r~><;.1 

x I 
V/>~r 16.2 

oJ 

• 4 
I ! 

IJ I III 11l fl, /foujJ 

<I> Hr. 6. BJIHHHHe )J.aIBJIeHHH Ha V-+B 11 B-+y npeBpallleHHH 
CnJIaBa >KeJIe3a c 22.44 aT. % Mn; 1.2- o6pa3Ubl H3 KO
BaHblX npyTKoB; 3,4 - o6pa3ubl H3 ,npyTKos. nO.L\SeprHYTblx 

TepMHQeCKOA o6pa6oTKe 

naHHbIX 0 (r - e)-npeBpamemIH lIHCTOrO )KeJIe3a npH BbICOI<OM naBJIeHHH [15] K 
aTMOCcpepHOMY naBJIeHl1l0 naeT TeMnepaTYPY 5300 K. CI<OPOCTb nOBbIllJeHHH ee C 
naBJIelmeM dT IdP Pa.BHa 2 ± 1 cpaoltWap [15]. 

TeMnepaTypa T~-e npH aTMOCcpepHOM naBJIeHHH nJiH CnJlaBa C 22.44% Mn. 

onpeneJIeHHaH no KPHBOH T~-e = f (C). paBHa ~ 420 0 K (cpHr. 3). CnJIaB C 
22.44 % Mn Bbl6paH BBHny Toro, liTO Ha HeM ynaJIOCb 3KcnepHMeHTaJIbHO 
HCCJIenOFlaTb BJIHflHHe naBJIeHH5J no 25 K6ap Ha npHMoe (r - e)- H 06paTHoe 
(e -> r)-npeBpameHH5I. yicnOJIb30BaH MeTon nHcpcpepeHUHaJIbHOrO TepMHqeCKOrO 
aHaJIH3a C cpOT03anHCblO [31] B YCJIOBHHX BblCOKHX nlJlpOCTaTHlIeCKHX naBJIeHHH. 
TIpHMeHeHHe 3Toro MeTona K CnJIaBaM C 60JIee BblCOKHM (29.54 H 36.7 o~ Mn) H 
60JIee HH3KHM (14.7% Mn) Conep)KaHi'!eM MapraHua He yseHlIaJIOCb ycneXOM. 

3TaJIOHOM CJIY)KHJI CnJIaB Fe-Mn C 10.3% Mn, B KoropOM B HccJIenyeMoM 
TeMnepaTypHOM HHrepBaJIe npeBpameHHe He Ha6J11onaJIOCb. ,UaBJIeHHe C03-
naBaJIH C)KaTlieM H30neHraHa HJIH CHJlHKOHOBblX )KHnKocTei1 (,Ng 5, 
TIMC-1,5). ,UaBJIeHHe H3Mep5lJIH C nOMomblO MaHraHHHOBoro MaHOMeTpa C 
TOllHOCThlO ± 150 aTM. TeMnepaTYPY - TepMonapOH XpOMeJIb-aJIIOMeJIb C 
~'OllHOCTblO )J.O ±2° C; nonpaBKY Ha BJIli5lHHe )J.aBJleHH5I Ha TepMO 3.)J..C. He 
iJBO)J.HJI Ii. 



1.66 T. Il. Ep£u08a, E. r. IlOltflT08CK.Uii. 

06pa3UbI H"CCJIe.a:OBaJIH B ,QBYX pa3JIHtIHbIX HCXO,QHbIX COCr05IHH5IX: 

1) BbITOtIeHHble H3 KOBaHbfX rrpYTKoB - (orrbITbI 1, 2); 2) 'BbITOtIeHHble 

¥f3 npYTKOB, nO,QBeprHYTblx ,QH¢¢Y3HOHHOMY rOMoreHH3HpYIOIUeMY OT)KHry 
npH 1l00°C B retIeHHe 10 t{.ac C OXJIa)f{,QeHHeM Ha B03.ll,yxe H 3aTeM OT)f{Hry 

UpH 1100° C B TetIeHHe 20 MUfl TaK)f{e C OXJIa)f{.ll,eHHeM Ha B03)1.yxe (,QJI5I CH5!

:H5I Hanp5I)f{eHHH: OT MeXaHHtIeCKOH: o6pa6oTKH o6pa3uoB) - OnbITbI 3, 4. 
TepMoo6pa60TKH npYTKoB H ,o6pa3uoB npOBO.ll,HJIH B aTMoc¢epe aprOHa. 

Pe3YJIbTaTbl HCCJIe.ll,OBaHH5I nOKa3aHbI 'Ha ¢Hr. 6. TeMnepaTypbI npeBpa

meHHH .ll,JI5I ' 06eHx rpynn 06pa3uoB .(He3aBHcHMo OT HCXO.ll,Horo COCT05IHHH) 

JIO)f{aTC5I B nOJIOcy IllHPHHOH: OKOJIO 15° - npH HarpeBaHHH (npeBpaIUeHHe 

e-+')I) H 30-40° - npH OXJIa)f{.ll,eHHH (npeBpaIUeHHe (V-+e)). KaK BH,QHO H3 

rra¢HKa, TeJ\imepaTypbI np5IMOro H o6paTHoro rrpeBpaI..UeHHH rnOBblillalOTC5I 

C YBeJIH4·eHHeM ,Qa'BJIeHH5I. Ha'KJIOH KpHBbIX (1'-+e) - H (e-+')I) -'npeBpa.IUeHHH 

K OCM .ll,aBJIeHYIH npH'MepHO O.ll,JlHa'KoB· M 'COCTa'BJIHeT 4.5 zpaajK,6ap. JIPH npH

MeHHBIlIHXOC5I CKOPOC1'HX Harpe-Ba H -OXJIa)l{.ll,eHH5I rrOpH.ll,Ka 20-30 zpaajMufl 
(y~±e)-npeBpaIUeHHe npoHcxo,QHT C rHcTepe3HcoM OKOJIO 140°, BeJIHtIl1Ha 

KOToporo B npe.ll,eJIax 25 K,6ap He 3aBHCI1T OT ,QaBJIeHM5I. 

J1I1HI1I1 T~-e = f (e, P) nOCTpoeHbl .ll,JI5I .ll,aBJIeHI1H 10, 20, 30, 40 11 50 KfJap 
(CM. ¢Hr. 5). C YReJIH4eHHeM .ll,aBJIeHH5I nOBblillalOTCH TeMnepaTypbI (r-e)-npeB

pameHI15I, YMeHblllaeTCH HaRJIOH JII1HMH: T~-e KOCH KOHueHTpaUHH 11, Bep05ITHO, 

npH .ll,OCTaT04HO BblCOKOM .ll,aSJIeHHH 3HaK HX .ll,OJI)f{eH H3MeHHTbC5I. 

lITo KaCaeTC5I JIHHMH: paBHOBeCH5I T~-e = f (e, P), TO, C O.ll,HOH: CTOPOHbI, 

H3-3a OTCYTCTBH5I Bblpa)l{eHH5I CB060.ll,HOH 3Hepnm .ll,JI5I e-¢a3bl HeB03MO)f{HO npOBeCHI 

TepMO.ll,HHaMH4eCKHH paC4eT, C .ll,pyroH: CTOPOHbI, He y.ll,aeTC5I HenOCpe.ll,CTBeHHO 

Ha6JIIO.ll,aTb ¢a30Boe (ex. ---? e)-npeBpameHHe B nOM HHTepBaJIe .ll,aBJIeHHH:. TI03TOMY 

JIHHHH T~-e = f (e, P) Ha ¢Hr. 5 YCJIOBHO n pOBe.ll,eHbI tIepe3 TpoHHble TOtIKH, 

Tn- e 
napaJIJIeJIbHO JIHHHH 0 .ll,JI5I aTMoc¢epHoro .ll,aBJIeml5l. 

113 nOCTpoeHHblX .ll,HarpaMM BH,QHO, tITO C nOBbIllIeHHeM ,QaBJIeHH5I 06-

JIaCTb YC1'OH:tIHBOCTH a-¢a3bI CY)I{aeTC5I KaK no TeMnepaType, TaK H no COCTa

By, a 06JIaCTb OTHOCHTeJIbHOH: cTa6HJIbHOCTH e-¢a3bI, Hao6opOT, paCIlIHp5IeT
CH. TpOH:Hble T04KH CMeIUaIOTC5I K 60JIee BbICOKHM TeMnepaTypaM H 60JIee 
HH3KHM CO.ll,ep)f{aHHHM MapraHua. 

113 3TH X )l{e .ll,HarpaMM CJIe,QyeT, tITO JIerHpOBaliHe )f{eJIe3a MapraHueM 
CHH)!{aeT .ll,aBJIeHHe 06pa30BaHH5I e-¢a3bI. 

ABTOPbl 6JIarO.ll,apHT n. c. KaMeHeUKYIO H 11. J1. AIfiTeKapH 3a HHTepec 
]{ pa6ore, ueHHble COBeTbI H 3aMe'laHHH. 
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ynpYfH E CBOACTBA EHHAPHblX CnJIABOB HHOEHSI 
C BOJIb~PAMOM, MOJIHE)l,E HOM, )l(EJI E30M H HH KEJI EM 

H. M. HEAIOXA, B. r. qEPHblR 

(KueB) 

B03pOCllHte Tpe60BaHHH K MaTepHaJ1aM. Bbl3BaHHble pa3BHTHeM HOBOH TeXHIIKH, o6yc
liJ11l lllHpOKHH Kpyr HCCJ1en.oBaHHii, nOCBHLueHHblX H3YQeHHlO CnJ1aBOB Ha OCHOBe Tyro

RKliX H Pe:LI.lJ<itlX MeTaJ1J1013: BOJ1b<ppaMa, MO\1JH6JleHa, TaHTaJ1a, HJlo6HH, peHHH H JlP. 3Ha
J1bHblii HHTepec npen CTaBJ1HeT H3Y'leHHe <pH3HKO-MeXaHH'IeCKHX xapaKTepHCTHK CnJ1aBOB 

MeTaJ1J10B H, B 4aCTHOCTH, ynpyrHx CBOHCTB, n03B0J1HlOlllHX npOH3BO.ll.HTb Ou.eHKY 
n BOB KaK KOHCTPYKUHOHHblX MaTepHaJ1OB, a TaKlKe .ll.alOlllHX CBe.ll.eHHH 0 npO'IHOCTH IlX 

(n.yaToMHoH CBH3H H ee H3MeHeHHH npH J1erHpOBaHHH. 
B HaCTOHlllerl pa60Te 1I3Y4eHbl ynpyrHe nOCTOflHHble CnJ1aBOB HlI06HH C BOJ1 b<ppaMOM 
100 aT. % W), M0J1H6.ll.eHOM (0-100 aT. % Mo), lKeJ1e30M (0-45.4 aT. % Fe) H HHKe-

0-40.4 aT. % Ni) . CnJ1aBbl CHCTeM Nb-W H Nb-Mo BO BceM KOHueHTpaUHoHHoM HH-
a olle 06pa3ylOT HenpepblBHblH pH.ll. TBepAblx pacTBopoB (1 , 2]. )l(eJ1e30 Ii HHKeJ1b 06J1a .!J,aIOT 

QHTeJ1bHOK paCTBopHMOCTblO B HH06HH npH nOHHlKeHHblX TeMnepaTypax [3. 4]. BblJll! 

eJ1eHbl CJ1e.ll.YlOllllle xapaKTepHCTHKli: MOn.YJ1H HOpMaJ1bHOH ynpyrocTH E, C.ll.BHra G, 
."i:~'OU1b~M HOr.o ClKaTHH Q, KOs<P<PHUIieHT TIyaccoHa Il, xapaKTepHCTHQeCKaH TeMnepaTypa e 1f 

'"e'IIl:!lHelman.paTli4Hble OTKJ10HeHHH aTOMOB OT n0J10lKeHHH paBHOBeCHH B Y3J1aX KpHCTaJ1JIil-

H peweTKH V~. 

CnJIaBbI 6bIJIH: npH:rOTOBJIeHbI B H)l.eHTH:lIHbIX YCJIOBH:HX B )l.yroBoH 3JIeK

elJH B aTMoccpepe aproHa. B KalJeCTBe lIlHXTOBbIX MaTepHaJIOB 6bIJIH: 

-."v"""",OBaHbI MeTaJIJIbI lJH:CTOTOIO: HHo6mi- 99.4 %, BOJIbcppaM - 99.95 %, 
J.- ..... v.< ... H/p.oc;n-99.9%, )KeJIe30-99.99% H HHKeJIb-99.8% . Bce CflJlaBbl H:C

)l.OBaJIl1Cb B JIHTOM COCTOHHHH. 111l1xToBKY CnJIaBOB npOH:3BO)l.H:JIH C ylJe

yrapa MX COCTaBJIHIOlIl,HX B npouecce BbInJIaBKH:. DpHMble H KOCBeHHble 

QJl.bI onpeJl.eJIeHHH XI1MHlJeCKOrO COCTaBa nOKa3aJIH, tITO MeTO)l.f1Ka Bbl

BKM 06eCnetIHJIa nOJIY'leHH:e OnJIaBOB, OTJ1H'laIOlIl,HXCH OT 3a)l.aHHOrO co

a Ha He 60JIee, tIeM Ha 0.1 Bec. %'. 
Ynpyme CBOHCTBa onpeJl.eJIHJIH Jl.HHaMH'leCKHM HMnYJIbCHblM MeTOJl.O~ 
YCTaHoBKe, aHaJIOrH'lHOH onHcaHHoH B pa60Te {5]. MOJl.YJIH ynpyrocHI H. 

3CPCPH:UHeHT DyaccoHa paCC'lHTbIBaJIH no H3BeCTHbIM cpopMyJIaM [6. 7]. 
Y'leTOM B03MO)KHbIX 01IlH60K 3KcnepHMeHTa TOtIHOCTb H3MepeHHH ynpyrHx 

xapaKTepHCTHK COCTaBJIHJIa 1-2%. 
XapaKTepHcTHlIecKYIO TeMnepaTYPY BbI'lHCJIHJIH C HCnOJIb30BaHHeM Jl.aH

HblX 0 MOJl.YJIHX ynpyroCTH: {6, 8]; BeJIHtIHHY ,CpeJl.HeKBa)l.paTH'lHblX OTKJIOHeHH}1 

OT nOJIO)Ke'HHH paBHOBeCHH BbIIJHCJIHJIH: H3 COOTHOlIleHHH ,Ue6aH - BeJIJIepa. 

Ha cpHr. 1 npHBe)l.eHbI KpHBble H3MeHeHHH E, 0, Q, /J., 8 H V ~ CnJIaBOB 

Nb-W H Nb-Mo B 3aBHCI1MOCTH OT cOJl.ep)KaHHH BOJIbcppaMa H MOJIH6)l.eHa . 

113 3THX Jl.aHHbIX BH)l.HO, tITO YBeJIHqeHHe B CnJIaBaX cOJl.ep)KaHHH BOJIbcppaMa 

H MOJIH6)l.eHa npHBO)l.HT K YBeJIHtIeHHIO HX MO)l.YJIeH HOpMaJIbHOH: ynpyrocnl, 

CJl.BHra, 06'beMHOro C)KaTHH, xapaKTepHCTH'leCKOH: TeMnepaTypbI, YMeHblIle

HlfIO K03CPCPHUHeHTa DyaccoHa H cpe)l.HeKBa)l.paTH'lHblX OTKJIOHeHHH: aTOMOJ3. 

OT nOJIO)KeHHH paBHOBeCHH. 

CJIeJl.yeT OTMeTHTb, 'ITO B CnJIaBaX CHCTeM Nb-W H Nb-Mo MO)l.YJIb HOp

MaJIbHOH: ynpyrocTH H cpe)l.HeKBa)l.paTH'lHble OTKJIOHeHHH aTOMOB OT nOJIO

.m:eHHH paBHOBeCHH aHaJIOrH'lHblM 06pa30M xapaKTepH3YIOT H3MeHeHHe npo'l-
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