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3 . H. 3crpwi, B. H. COUl.1iUK.OB I 

MarJll1TOMelIipH4eCKilM MeTD}J,DM H3Y4eHa KIlHenLKa y~a npeBpallleHHH B CllJlaBaX 
Fe---'Ni, CD}J,ep)l{alllflX DT 5 }J,D 20% Ni, npH HenpepblBHoM DXJla)l{}J,eH'HH 11 B H3DTepMH'IecKHx 
YCJlOBHHX npll rJlJlipOCTaTH4ecKHx }J,3'BJleHIIHX }J,D 20 K6ap. TeMne.paTypbl y~a Ii a~y npe
Bp alll€!H fill nD}J, }J,atBJl eHHeM CHH)I{aIOT,CH (tIIa 9,6 II 2,9 zpaa/K6ap CDD1lBerCraeHHD) . Y>CTaHDB
JleHD, tlTD y~a np eB.pameHHe B CnJIaJBax Fe-\Ni MD)I{eT n:pDI1 CXDJI.HTb TepMfl4ecKIl aKTHlBH
pyeMblM H «aTepMI14eCKI1M» (MapTeHc.HTHblM) nYTeM. TepMl1lJeCKI1 aKTHBHpYe1.lOe npeapame
Hl1e D6J1a.n:aeT Dco6eHHOCTHMH, DTJll1 lJalOlllfLMH erD DT «HDp'MaJlbHblx» nDJlI1Mop<PHbIX npeBpa
llleHflH H xapaKTepHbIMI1 .n:JlH 6 e HHI1THbiX H H3DTepMlilJeCK} IX MapTeHCHT.HbIX npeBpallleHlIH. 
BbLCKa3aliD npe.n:nDJID)I{e HHe 0, npDI1CXD)I{lleHHI1 3THX Dco6eHHDcTeii. YCTaHOBJIeHD, 'ITO B 3a
BI1CI1,MDCTI1 DT JlerHpOBa'H.I1H HJlII .n:aBJleHHH B3arlMHDe paCnDJlD)I{eHHe TeMnepaTy,pHblX HHTep
BaJlOB TepMl1'1eCKIl aKTIliBI-tpyeMDro II aTepMH4ecKDro ,'~a npeSpameHI1H MO)l{eT MeHHTbCH. 

I1cCJle.n:O'BaHH51, npOBe,ll.eHHble Ha 'CIIJla,BaX Fe-Cr C ,ll.06aBKaMH [1, 2], 
1I0Ka3aJlH, lITO 1I0Jl.HM,opCPlHoe y-r-a IIpeBpalll.eH'Ue MO)KeT .oCYIll:eC'TBJl5ITbC5J 

,UBY'M5I MexaHH3MaMH: «Hop'MaJlbHbI!M» -lIipH BbJ,COKHX TeM:llepa'Typax H 

Ma,pTeH'CHTHbIM - nplH 60Jlee HH3K'HX. TeMnepa1'YlpHble HWreplBaJlbl HOpMaJlb

IHoro H MapTeHIC'HTHOrO npeBpalll.eHlHl1 B 3TH X OnJlaBa.x 'leTKO pa3i)l:eJleHbI. 

Ua'BJleHH,e np'H'BO;U.HT K 3aKOHtOM,epHO:'lIY C.HH)KeHHIO MapTeR-CHT'HOM TO<IKH, 

y.MeHb'lUeH'HIO OKopaCTH H CY)Ke'HHIO TeMllepa1'ypHoro HH1'epBaJla HOp'MaJlbHO-

1'0 ,npeBpalll.eHlH51 [3]. 
Ha KtpHBbIX QXJla)K.ueHH5I CIIJla'B()IB Fe-Ni Ta.K)Ke ,HMe!01'CH ,n.Be TeMlllepa

TyplHbI.e OICTalHlO'BlKH [4--16]. TeMnepaTypa Inep'BoM OOTaHOBKiM OUl)Ka,eTC51 npli 

y.BeJlWI.J,eHliH C'KOpOlC1'H ,0XJI'a)K!,ll.etHHH, 'lTO OBH;1,eTeJlb'clIBye1' 0 TepM'HlI.JeCKH aJI{-
i) IT U THlBHpyeMoM xapaKTepe llJpeBpalll.eHlII5I. P'H .uOC'TH)KeHH.H oIl'pe;1.eJl,eH,HOH ,ll.Jl5I 

J{a~ooo lallJla,Ba 'dKlOPOC'I1H ,o xJI,a)!<UJ!elHlM51 IlItetplBa51 O,CTa'HOBKa IlIa IKlP,HlBbJ:{ 

OXJla,)K!U€lHM51 Jr:o'le3aeT IBiOIBioe. TetMITI'eparypa IB'J101POH' IO.C'TaIHO'B.K!H 'He ea'BlHlowr '01' 

.croOP'OiC'l1M OXJla)l<,.ueiHH51 (IBlnJlOTb ,1l!0 60000 epaa/ceK.) , '1JTO YIKal3bIIBaeT Ha 

«aTlep·MH'1Je'CK.HM», MapTeH'C'Hl1HbIH' xapa,KTep BTOPOI'O rnpeBipalll.etHH'H. 311H ,ll.a'H

Hbl'e 'IIOKa3bIBaIOT, I.JTO!If B CIIJlaBaX Fe-Ni nOJl'HMOp'(jmoe v-r-a. npeBpallll.e

HHe Ta!{l)!{e MO)!{eT peaJl'H1301Ba1'blC51 .u'ByM5I MeXaHil1l3'MaMH. 

K 'HHeTHKa M'apTeHCHTHor.o npeBpalll.'eHH'51 H CTPY'KTylpa npWl:Y<K'TOB v-r-a 

npetBpalll.'etHH·51 'B a ITJlCliBaX Fe- Ni Ipa3J1IH'IIHOrO COCTaBa 6bIJlH nlp~IMe'TOM 
MHOrO'1H>CJleHHbIX H .o6cTOH'TteJlbHbIX H'CCJleJ,.'I:0B8'HHiL Ua'BJlelHHe ,II\PIHBOIlI.H,T K 

CH,!1)!{eHMIO Map1'eH'CH11HOM TOI.J'KH B 3TH'X CITJla·Bax (ICM. 0630p [7]). B TO )I{e 

BpeM51 HMelOl'C5I JlHJlllb OTi,ll.eJlbHble ;1.aHHble [8] 0 K'HHe11H'Ke TepMHQeCK'H aKTH

B1Hp'YeMoPo IIpeBpam€ H'H5I. BJlH5IH.He COtC1'aBa CnJlaBa H .ua'BJleHH5I Ha I!{lHlHeTH

Ky 3.oro npelBlpameHH5I He paCCMa'Tp'H'BaJlOCb. 

Hi3YQ'etHlHIO KHIHeTH'K!M nOJlHMl{)pcj:JI-IrO'I'O y-r-u npaslpalll.elH,H5I B ICnJlalBaX 

Fe-Ni 'C ,OO;I,ep)KaHHe'M HHK€,J]51 OT 5 JlO 20% II'PM I'H;1.'pOCTaTWQeCKOM .ua'BJle

'lfHn ;1,0 20 K.6ap H n 'OldI3151me Ha HaIClI051lll.al51 pa60Ta. 

MATEPHAn H METOnHKA 

,ll,JlH Bbl60pa CTIJl a BDS .n:HJlaTDMe·PIH llJ8CKIlM MeTo..n:D ~1 (npH aTMoc¢epHDM .n:aBJleHI1.Il) on
pelle.qHJlH Cb TeMn e.paTypbl a~y H y~a n.peBpameHHfl B CnJlaBaX Fe.....! i C cO)lep)I{atiHeM 

OT I .n:o 25% Ni B YCJlDBllHX lHenp epbl1l<tlOrD HarpeBa ,H OXJJalKJleH l1H ICo. CKOpo.CTHMH 50-
100 epaaj,lfuH (CM . HI1)1{e, Pl1c. I). Ha OCHo.BalHHB 3THX .n:aHHbIX .n:JlR H3YlfeHHH KHHeTH~H 
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y-+a npeB,paw.eHHH nO,ll. ,lI.aBJIeHlleM 6hlJIH Bbl6paHbi CnJIalBbl C CO,ll.ep)!{aIHlIeM HI1KeJlll 5,0; 8,1; 
10,1; 12,1; 14,2 11 20,0% (KOJIH'leC'fIBO yrJlep0,ll.a B CnJlaBaX 0,01·5-0,02%). 
• l1CCJIeJlOBamie I npOBO,ll;HJlOCb MarHHTOMe1'pH1.!eCKHM MeTO·,lI.OM B annapaTe BblCOKoro ,lI.a
BJIeJIHll Tl1na l.(11J1H111AP--nopweHb C BHyTPeJlHHM 'HarpeBoM. B KaqeCTBe nepeAalOw.efl ,lI.aBJle
HHe Cpe,ll.bl HCI10Jlb301BaJlaCb KpeMHHftopraHH'leCKall )!{JoL,lI.KOCTb. TeMnepaTYlpa 06pa3l.(a !-I3Me
pHJIaCb XpOMeJlb-aJIIOMeJIeBOH Tepr.>\OnapoH, pa60'lHi'1 cnaft KOTOpoil BBO.lHlJICH B 01'Bep·cTHe, 
n,p.oCBepJH~iHHOe B,lI.OJIb O.CH l.(HJII1IHAPH"leCKoro o6pa3ua (,lI.HaMtnp 06pa3l.(a 3 .MAt, ,lI.JIHlHa 20 "Ut) 
,lI.O ero Cepe)IJHHbl. .lJ.aa'lJleHl1e H3MepHJlOCb MaIHraHllHO.BbIM MafIO.MeTpOM conpoT·HBJIeIUill. 
B npol.(ecce onblTa CHrnaJIbl H3Mepl1JTeJlbHOrO TpaHc¢opMaTopa, Tepr.lOnapbl H MaHoMeTJpa 

a 

CoiJeplfl.aHUe HUKeI1R, 0/0 

PHC. 1. a~y npeBpaw.eHHe B 
CnJIaBaX Fe-Ni npH Henpephl13-
HOM OXJIa)!{,lI.eHI1l1 H Harpese no 
.ll.aH'HbIM HaCT. pa60Tbl (a) H 

.ll.pyrHx aBTopOB (6): 
• - HaqaJlO 'I' - a npeSpall\enHSi 

(T ~-a); T~-+a_ KOHeu '\' - a lIpe-

spaw;eHHlI; X - HaqaJlO CG - 'V n,pe

IIpall\eHHlI (T~-'\'); T~-'I' - KOHeJ..\ 

a-,\, npeBpall\eRHlI; 1, 5 - rpaHHubl 
Jl,SYX!jJa3HO!i (a+,\, ) -o6J1acTl! PallHO

'BecRol! )!.HarpaMMbl COCTOHHHH CH
CTeMbl Fe-Ni [II]; 2. 3 - Ha"aJlO 
'I'->a npeSpall\eHHlI npH HenpepblB
HOM OXJla)f()!.eHIH! no AaHHblM [9] Ii 
[10] COOTBeTCTBeHHO; 4 - Ha'laJlO 
MapTeHCIi'l1HOrO npeBpall\eHlIlI npH 

6blCTPOM OXJla)K)!.eHIIH [4- 6] . 

HOOpepbla'lHO perl1lC11pHpO.BaJlHCb Ha TpeX Ca'MOnHlllYll.(.HX 3JIeK1iPOHHblX nOTeHl.(HOMe11paX 
KCTI-4. fP3JI.Yl1ipOllKa nOKa3a~Hft H3MepI1TeJII;HOrO TpaHC¢OpMaTQpa npOBO,ll.I1J1aCb npH CHH
TtIH Ka)!{.ll.oii HgOrepMbl: ¢HKCHpOBaml'Cb nOKa331H.HH 1'paHC¢QPMaro,pa, COOT.BeTcTBytow.lle 
o H 100% a-¢a3bJ. 

PE3ynbTATW 3KCnEPHMEHTOB 

Pe3YJIbTaTbI 'orrpe)l;eJIeH'lllH TeMlnepaTYP a=<±'Y npeBpameHIHH B CnJIaBaX 
ge-Ni (np-H IHenpepbrBHlOM OXJIaiK.UeHH'H IH HalI1peBe .np:H'Bev.I,eHbI Ha pJHC. 1. 
JJ.a'HIHbI'e 0 Te<M'nepaTypax a.-+y npe&pameHHH OOTJIa'ClYlO11CH 'C pe3YJIbTaTaMH 
p'aJ60T [9, 10]. CJIe.lI.Ye'T O'T,M,eTHTb, '1''1'0 TeM'nepal'I'ypbI a-+y rrpeBpa'meH'H5I np'll 
Henpepbl'B-HOM Hampe!B'e npa,K'r.U'1eCKH COBna;nalOT .C Bep.X'Heli rpaHH'l~eH: JI.IBYX
cP al3:HOH: (Ia + y) -o6JI alC'llI1 ,p alB HlOiB emilO H: )I;H a rp a MlM bI ·OOIC'I'O mIlH 51 CH'C'f'eM bI 
Fe-Ni U 1]. TeMnepaTy,pbI HaqaJIa y-+a np'e'B~ameFl'HH corJIa1cYIoTCH C .n:aH
HbIM.H Ka)'icp'MalHa IH K09Ha [l{)] 'H pa'anOJIO)f<e!HbI 'HeiOKOJIbllW HH)!{e TeMn:epa
TYP, nOJIYlJeHHbIXB pa'60T,e [9]. np'H MaJIbIX OQJI.ep)KaHHHX HHI<eJJ51 TeMll'epa
TYPbI, Ha'tJaJIa Malpl'eHcHT.Horo ~a npe'Bpame'HH51 (InpH O'lJe<Hb 6bI,CTPOM ox
JIa)l(:,!T.eHm1 {4~6)) pacnOJIO)!{eHbI 3Ha'QH"l'eJIb:H'0 'HI1)!{e TeiMnepaTYP Ha'lJaJIa 

I J3 pa60rre np.WlHMllJIa Y'laCTl1e H. A. KYJlaKOBa. 
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y-+a n'peBpaUl.eHlH5I, nOJIYLleJHHbIX npH YMepeHHbIX CKOPOCT5IX OXJIa)l{:!leHH·51 B 
Ha'CT05lUl.eH paOOTe .H B [1,0]. ilPH KOHueHTpaUHIH HHKeJI5I , npe'BbII.lIaIOUl.eJ[ 

15 %, Te:vmepa1'ypbI Ha''1aJIa y-+a. 'npeSpalll.eHH5I nplH YMepelHll blx C)WPO'CT5I X 

OXJla)K,neHH5I (Ha'cT. paooll'a H [10]) COBrra,nalOT C TeMlnepaTypaMIi, YCTaHO!3-

Jl'eHHbIMH npH ()'L[eHb BbI'COKHX CKOQOICT5IX OXJIa)l{,lI.eHH5I [6]. 3TO Yll{a3bJIBaeT 

Ha T'O, '-ITO B 'CnJlaBaX C OQ..'I.ep)l{alHHeM H.HKeJl'51 Bblme 15 % npH Bcex IHCCJIe;J:O-

°c 
800.---r--'---.--'r--'-~ 

600 

liDO 

200 

600 

liDO 
-----. --. __ .__ Ta(p) ---.. --

200 

y-a 
o 8 12 /6 20 

4a6/ieHUe, Kliap 

Pltc. 2. 3aBllcHMoCTb OT AaBJIemtSf TeMnepaTYP 
HalJaJIa 'V-+a Ii a-~-v npeBpameHHli J1,PH Jienpe
PbLBHOM OXJIa)f{,neHrfH H H3Il"'peBe B CnJIaBaX, 

cOll.ep)f{amHX 8 (a), 12 (6) 'l1 14% Ni (8). 

100 r---,--r--;;-:;;c;;-r-;;;;-;;-.-----, 

a~~~J~8~2~O~J5~8~~J~2~7~~~ 

lIJII 

JOO 281 21./2 

387 3811 

J80 
395 

o 8 12 /6 20 
BpeMR,MUH 

PHC. 3. 1130TepMJ.I'IeCKOe v-+a npeBpame
HlIe B CnJIaBe C 10% Ni npll AaBJIeHIHIX 

5 (a). 10 (6) H 15 K6ap (8). 

BaSHblX ,CKOPO:C1'51X DXJla)l{')J,e<HH5I CPIHI<!OHpyeT,Ct51 Ha'laJIO M1a1pTe<HCHllHOno y-+."j, 

In p eB p atUl..eHH 51. 

TeMtnepaTYlpbl KOHua y-+a n.peBpalll.eHtH5I, nOJl)'l'-leHHbl'e B HaCT05llll.eH pa

aOTe, pa,anOJIO)l{eHbI 3Hal:!H'reJIbHO BbII.lIe HYf)KlHeH rpaHHIUbl ,lI.Byxcpa31H0H 

(a+y)-.oOJlaICTH 'paJBIHOIBe.OHoH ,n.1'1atppaM'MbI OOIC1'05l'HlH'H CHOTeMbI F te-Ni til]. 
3a'BIfClHM,OCTb OT .!I.'aBJleH'H5I TeMnepa1'YP -Ha"llaJIa y-+a. H a-+y npeBipa'lll.e

HHH mpH HenpepbfBHO'M OXJIa)l{,lI.eHIHIH }! HarpelBe CO CKOPOCTblO 160 cpaiJ/MUH. 
.lJ.JI5I Tpex C'ITJIa.BOB rrOK33alHa Ha p tHC. 2. TaM )l{e nlpH"Be,i{eHbl To-p JI.HarrpaM

Mbl y~a npeBpalll.eHH5I anJIaBOB (mnul11 MeTa.c-raOIiJIbHOrO palBHoBeCilfH a- H 

y-<pas O,!l!HOrO '11 Toro )l{e COCTa'Ba), TIO'cTlpoeHHbIe Ka,K 'c.pe,n,HHe Me}!{o.lJ.Y JIHHH-
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HMIH Haqana y-+la H a;-+y npeBpameHHlI. .II.a'BJIeHHe 006Y'CJIO'Bn'HBa'eT CHlUKC

HIHe 1'eMlnepaTYP Ha'IaJla y-+a H ~-+y npeBpaw.eHHH: H T,Oqel{ To. Cpe.!J.HI1H: 

(.!J.JI5I I'flp ex Inipie.n:cT31BJIleHHblx H,a \PIHIC. 2 ;CnJIaIBOIB) IHalKJIOH C00l1B'e'l'CllB1YIOW.11X 

,1HHHH: COCTa'BJl5\oeT, 2paiJ/K6ap: (dT/dPh_a =9,16± 1,2; (dT/dP)a~y =2,9± 

± 1,0; dToldp=6,3±'l,1, lf1'O corJIacyeT;C5I .C lfMeIOw.H'MIIPC5I Jl.aoH'HbIMH ( 'cM.t[7]). 

H30TepMHlJeCKOe v-+a npeBpalIJ,eHHe 'HGY''Ia,JIOCb B onJI aBax. C 10 H 14 % Ni 

fIP,H Tpex 3Ha"leHHIS1X .n.aBJIe>H'I1S1 (5; 10 H 115 K6ap .n.JIH ,cnnaBa C 10% Ni oM 4; 

6,SH 11,5 K6ap - 1.LI.JI5I 'CnJIa'Ba 'C 14% Ni) ,B 'CnJIaBaX ,C 5; 8; 12 H 14% Ni npH 

O,J.HOM 3Ha'lfeHHIH .!J.RBJIeHII1'H (J 0; 11,5; 8 11 6 K6ap COOTBe'TlCT!BeH'Ho) . nepe.II. 

perl11CTlpallJ,HeH: 1f30TepM o6pa3UbI BbIJl.ep)!{)HiBaJIIH,Cb 'B Te'IeHHe 5 MUH B 06n3'C'TI'1 

y-cpal3bI (np'H 720°C ,J.JI5I Bcex crnJIalBOB 1 KJpOlM'e 'onJI31B'a ,C 5% Ni, H n 'pH 800" 

.lI.JIS1 3Toro CmJIa'B'a), InOCJIe 'Iero nYTeM H3MetHeHHS1 110Ka nalr.peBaT'en'5I 6blCrp{) 

(ICO CKOPOIOTbIO 300 2paiJ/MuH) OXJIa)!{JJJ.aJIH'Cb ',no TeM'nepary,pbl H30TepMIH"IeC

KOH: Bbl,nep)!<JUI. l1.30TepMbl y-+a npeBlpamelHH5I B 'CJnna,Be C 10% Ni npIH'Be',[(e

Hbl Ha pH'C. 3. 
Pe3YJIbTa'Tbl IHI3Y'lJ:eH'HH y-+a 'nperapameHHS1 B w30Te,pMHqeCKHX Y'CJI'OBHS1X 

nQIKaaan'H, 'I1'0 B ,CiITJIla'BaX Fe-Ni, B nOJIHOM 'COOTIBeTCT,BHH C ,[(a'HHbl'MIH, 'noJIY-

P HC. 4. 3aJlj~LCHMOCTb KOJllH;tJeC11Ba a-<jJa3bl, B03HH1<lalOllleH B OIlJla'BaX Fe-Ni K Ha4aJlY 
aOT H B XOJT.e all , 1130Te p MH'leCK,oi1 BblJT.ep>KKH, OT TeMnepaTy pbl : 

/ _ 20% i, p=5 K6ap; 2 - i4% Ni, p = ll K6ap; 3 - t4% Nt, p=4 K6ap; 4 - to % Nt, 
• p = 5 K6ap; 5 - 8% Ni , p = 4 K6ap . 

'IeH'HbIMH .TIlpH HenpepblBHOM oxnal)KJleHIHoH [4-6], y-+a n.peB-pa'meoHH'e JJlpOHC

XO;:I.HT TepMH"lec.KH aIKTHB'Hpye)lbIM nYTeiM :npH BbrCO]{IHX TeMinepaTYlpax ,Ii 

aTepMIH'qeC%HM (MapT'enCWI'Hbll)() nYTe'M - 'nlp'H 6oJI'ee IHHI3~HX TeMnepary,pax. 

BlHa'tJaJl'e, n!ptH -MalllblX n~p'e'oxnaiKtll:eHIHS1X, rrp'euJ!p,ameHlH<e 'R-OOlT 'lHiCTO W310Tep

MH"IeOKHH: xapaKTep, ,K lHa'tJ'aJIY H30Tep,Mbl COXlpa'H5Ie'I'CJ5I 100% y-cpa,sbl. 110 

Mepe yBeJIH~leHHS1 'nepeoxJIa)!{.II.{~'Hli'H CKOP,OiCTb H30TepMHltle'CKJOTO npeBpame

H'II5I BO.3lpaC'raeT, O',[(HaKO IIlO-'Ilpe)!{HeiMY ;npeBpameHH-e HI,[(eT OT 0% a-!cpa'3bl. 

I1plH ,lI;OC'I1H)!{eHlHH oITIpe.n.eneHHolDonepeOXJIa)!{J.!l;eH.H'5I K MOM,eHTY Ha"IaJIa '1130-

TepM'H"l'eCJK'OH: Bbl)l,ep')!(KH B03HH'KaeT HeKOTopoe 'KOJIHI'IeCTBO a-icpa3bl. Co'[(ep

)KaIHHe 370M aTepMHllleC'K'OH: a...-1cpal3bl 3'aIK0IH01Mep'HlO Y1BeJIH'lHBa'eT'Cl1 no 'Mepe 

YBenl1'lJeHH5I IIlepeOXJIa)!(:J,ffillHI (P'Hc. 4) , IKOJIIH'I·eC'TIBO ,H'30TepMIH"l{!IC.KOM a-cpa-

3bl npM 3TOM YMeHbUmeTC5I . TeMnepaTYPHal1 3a'BIHlOH,MIO'CTb IKOJIH''IeCTBa aTep

MH''leClKJOH: a.-¢'aI3bI, B0i3HHIKaIOmeM 1'[(0 Ha"laJIa ,H30TepMH'leC'KOII'O npeBlpame

HHS1, onHlCblBael'C5I IK'PHBOH, xap'a'K'J'e pHOH !llJJ5I MalpTeHc.HTlHbIX npe8pameHliH: 

(OM. pIHC. 4). TOIT cpaKT, 'lTO aTep l\1'l1"leiCKOe npeBp'a'meHHe 'Ha6JIIO'AaerCS1 3 

CnJIaBaX Ka'K C HHGKHM 'c o,[(ep)KaHHeM ,I-I1HXeJ]'S1, B KOTOPblX CJKOPOCTb <H30Tep

M,Hl'IeOKoOI'O npeBlpam'eHH5I BeJI,HlKa , TaK H IC BbFCOIKWM, r,[(e H30T.epMIH'leDKOe 

v-+a flIpem-pamelHI1'e a.n.eT IC O'leHb MaJIbl.MH CKOPOCTS1'MH, 'Il'OKa3bllBaeT, 'tJTO 
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al'epMllllq'eOKlOe 'nipeJB'p 1a lll.eI!-mI'e 51,BJl5Le'I1C51 Ica'MOIC'T051TeJlbHbn:'l1 nlpoiU'e.OC<OIM iI1 He 

o6ycJ1CJBJlerlO 6bI'CTPblM IIIp01'eKaHIHeM Ii30TepMH'leCK0I10 'Y-ru npeB.palll.eIHH51. 

I130Tep'MH'leCKOe v-ru npeBpalll.eHHe BO BCeX 113Y'leHHbIX CnJlaBaX Fe-Ni 

06J1~.!l.aeT ''lepTaMH, OTJloM''laIOlll.l1WH ero aT HOpMaJlbHOIrO ,mpeBpalll.eHH51, yCTa

HOBJIeHIHOro B 'CIlJlaBaX Fe-Cr: 'MaKCH'MaJII~Ha51 ctl{OPOCTb HI30Tep'MHltieCKOrO 

npeBpa'lll.eHH5I HaI6mo,u.aeTC5I Ha HaLIaJlblHblX ·ero CTaJl.lH5IX (B 'OTJlR'lHe OTKJla'C

CHJlIeJCKoro HOIP'M aJlb'H0110 TIlpeB,p a lll.eHH5I , D.!l.e M a KOHMaJlbH a 51 CKOPOCTb ',!l.OCTH

raeT,C5I rrpH o6paI3'OIBaHHH ,..,. 50% HOHOM ¢a3bl); B 'l130'l'epMH'le'OK,I1X 'Y'CJJ,OBll51X 

'Y-rU 'llpeBpa'lll.eIHHe B CIlJla'BaX Fe-Ni .6bl'CTPO 3aTyxaeT H rrpeKpalll.aeTC5J 

rrpH HaJJ.YIltJ'HIH 'Y-:¢aI3bJ 2; KOJl'lIQeCTBO u-¢aabI, 'KoO'l'OipOe MO)l{eT oopa30BaTqCH 

B 1130T,e,pMIH''le'C'K:HX YCJlOBH5fX, 3a'BHOHT 0'1' nepeOXJlam.neHHH /If YBeJlH'liHBaeTlC51 

npl1 ero YIBeJll1"-l'eHHlH (BlrrJlOTb ~O lHarqaJla aTepil1IH'leCK'Oro ,tI,peBipalll.eH'IHI.). 

OKoQIPOCTb JI30TepMHJlIe'OKoro rrpeBpaUI:eHH5I H KOJlIHQeJC11BO H30'TeJpIM'H'leCKH 

B03IHHKalOlll.eH u-l¢a3bI BeJIHI<H :B 'OrrJIa'BaX C MaJlbIM 'CO)l.ep)l{aHHeM H'HIK'eJlH 

(IBbTiOOKOM To) 11 3aKoHoMepHO yiM€HblJlaIOTC51 'no 'M e p 'e pO'CTa KOI-I,~eH'l'paIl:Ti ~1 
HH'KeJl51 B 'CrrJIaB'e HJIH 1l0BhJIlJleHHM .!l.aBJIeHH'51 · (aHlH)KeHHH To), TaK "11'0 B 'C'IlJIa

'Be C 20% Ni OKQPO'CTb 11 3¢'¢eiJ<T 'H301'epMH"-leOKono 'IIpeBlpalll.eH'HfI HO BceM 

l1H1'epBaJle TeM'II'epaTYP, r,u.e OHO 'Ha,6J1IO.n.ae'J1CfI, Y)l{e Orqeol-Jb MaJIbl. TeMnepa

T)'Ipa Ha'laJIa 1H30Tep.MHQe'cKoro IlpeBpalll.eHHfI o()H'H)I{a'eTCfI no Mepe 'C:H1H)J{eHlH5I 

To 6bJICTpee, LIe!M TeM'llepa'Typa HaJllaJla MaplTeHOHTH0I10 III pe!Blpalll.eHHfI, ,H B 

tC'IlJla'Be C 20% Ni OK'a3bliBaeTOfl ,mJ)I{e Map'TeHCHTHoM 'TO(Y'LKH (CM. 'pHC. 4). 

06CY)I(JI.EHHE PE3YJIbTATOB 

Ta~M 06paGO'M, B CIlJlaBaX Fe-Ni pa.cC'MoT,peH'HOIrO CO'CTaBa nOJlHMOp¢

Hoe 'Y-rU .fip'e'Bpalll.eHlHe MO)l{eT TlPO'l1ICXOInHTb .!l.BY,MfI rryTflMIH: Tep'l\1'H'leC.Kl1 

alK'1'HBlHlpyeMbIM oM aTepMI1'le'C'K'HM (IMap'l'eHCl1THbIM). TepMHlI'eJctl<H aK'TH'B'l1pye

Mooe IlIpeBpalll.eHHe ,06J1'a.!l.aeT 0006eJHHO'CT51'MH, OTJlH''lalOlll.JH1MIH ero OT HO,p'M'aJIb

HblX 'rrOJll1IMOP¢I-lbJX ITIlpeB'palll.eJHl1M ,Ii xalpaKTepHbIM'l1 .!l.JIfI 6eHH11THbIX l1 1130-

TepMHJlIeCK'HX MapTeH'CliTtHbJX Ilpe'BpameHoMM. Hpe'Bpa'lll.eHlHe iHOpMaJlbIH0f10 

TH'lla B 311HX CTIJIaiBaX He HaI6JIIo,uaeTtC'fI . 

B03HIH.KaeT Bonpoc, C 'l'eM IClBflI3aHhI oc0'6eH·HO,CT.H TepMJIl'-le'DKH aWI'HIBl1lpye

M,oro'V--+,u Ilpe'B'palll.eHHfI B 'CIlJIaBaX Fe--Ni 'H nOl.!eMY B H.HX He 'HaI6J1fOlAaeI'

C51 HOp,MaJIbHolro 'V--+,a, 'npeB'palll.eHHfI, 06Ha'PY)I{e'HHIOro B 'OIlJl'a'Bax Fe.--,Cr. 

B03~oQ)KH'O, "11'0 oc06eHHOCTH ,H30'l'epIMrHI'leCJ{ODQ y--+a, 'IIpeBpalll.eIfHfI B cnJIa

Bax ,fe--Ni (6)11CJlO'BJle'HbI 'B'3aIWMO.!l.eMC'I'BHeM IJ{PIH'CTa JIJIt(1B B03IHH,KalOlll.e}I 

a-'¢a3bI C MaTp.HueM, xapalKTepHblM .!l.JI5I I/l'peBlpalll.eHHH B TBep1.!l.'OM 'CO,CTOH'HHI1 

~ 1 2--1 1 4]. O:.l1.H'aKO TOT ¢a,KT, "1110 3TH OClo6eHHO'C'J'IH 'He 'IlPOflBJlflIOTCfI Il'prr 'Y-ru 

npeBipame'fl'liH ,B 'ClTIJIa'B'ax Fe-Cr (npli 'COIlOCTaBHMbIX TeMllepaTypax npe

Bpalll.eHHH), TI0'3BOJI51eT 3 a,KJI lO'llIHTb, tITO oco6eHHOCTH H30T·epM1l1'le<CKoro 'V-ru 

I/llpeBlpameHBfI .B CIlJIaBaX Fe-Ni HOCflT IHHylO IIIIPFfpOi.lI:Y H, 1l0-IBH!.II.J1IMOMY, HtB 

JlfllOTCfI 'llpOfl'BJleHHeM TeOpe'PHlJe<CKH npe~CKa3a'HlHOM Jl. E. TeM1l<H'l-IbI.M {I5] 
C'lle~lJ'¢HK'l1 InOJIlifiMoOIP¢IHOI"O Ilpe'Bpalll.eHHfI, 'npOH,CX'O.!l.fllll.ero B J1,ByX'¢a3HoJ"I 

06J1aC11H ~H'alDpaM'MbI CO'OT05lHH5I , - 6bJC'TtpOlno 'Y'MeHl>lJleHHfI 'OKOIPOCTH :rrpe

iJ3'p 'a 'meHIHlfI 'B 3TtHX Y'CJlOBHflX BO 'BpeMeRH. TaK'OM Il<X!I.Xo)l'. 1l03,BOJIfleT 06b'51C

HH'Tb pa:3JIIIfltIIFIe KHlHeTH]{II1 ll,peBpalll.e'H'HfI B CITIJIaBaX Fe--Cr H lIX aHaJlOraX, 

T1.!l.e 'Y-06JIaICTb 3aMKI-I'Y'Ta H 'Y-ru IIJpeBpalll.eHHe peaJIH3ye'TCfI B O.!l.'1-I0I¢a3JHoii 

06JIa,CTH, III B CTIJlaBaX Fe-Ni H aHaJIOrHrqlHbIX 'BM OIlJIaBaX ('B TOM LJHCJJe, B 

OIlJlaBaX F ,e-C) , TeM'llepaTypa 'Y--+'u npeBpalll.eHHfI ;S J{ompbIX npH JI'erHIPIQ

BaHlHH 'OHl1)1{aeT'CfI ,H 'Il'OJIIHMOp¢noe 'Y-ra, TJ.peBpa'lll.eH.He npOHCXIQ.!l.H'T BHyTtpn 

J{IBYXi¢a3HOH 06JIaICTH. J13Y'tIeHiHe KHHeTHlKIH InOJIHMO'p¢IlWro y-ru 'npeBpalll.e-
I 

2 AHaJlOfl1lII'lble oco6elHlOCTI1 '\'-+u npeBpa w.eRI151 B CnJlaBe C 16% Ni onllcal-Ibl 
M. n. IT€lpKaCOM H B. M. I\ap.noHcKlolM [8] . 
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HlIH B CllJlaBaX )"Ka3aHIHblx ,UByX TI1ll0B 'MOrJl'O 6bI nOKa3arrb, 'B ,KaRoM Mepe 

CJf1IpaBe,!I.JII1'BO 31'0 Ilipe,!WOJIO}({e~II1e. 

OC06eHHO'CTI1 KIIIHel'l1'({'11 6eHHHTHOrO 'npeBlpameHl1fl Tal({}Ke MoryT 6bITb 

CJIe.JI.Cl1BHeM Toro ,o60T.osneJIbCTBa, 1.J1'O nOJIIH'Mopq:nIOe v-+a llpeBpameHI1'e B 

anJIaBaX Fe-C llPOIH'CXO.l!.I1T B JI,BYXlcpa3IHOM 06JJa,OTI1 '11 '.l!.OJl}KHO 06JIa,UaTb 

TeM,11 }Ke ()I006mmOCT5I'MH, 1.JT,O '11 y-+;a np'eBpameHHe 'B 'CllJIalBaX Fe-Ni. 

Oco6eHlH{)IC'rH KI1HeTJ1K'H H'3O'I'epMl1l1.JeCKOrO V-+a, [lIpeBpa'meHI1H ,B C'llJIaBaX 

Fe-N i a'H aJIOfoH" IHbI ,0'C'o6eHHOCT5I<M '1{'I1iHe1'l-IKII1 11130Tep MH1.J'eCKOrO M a p'TeHlDHT

Horo 'IlIpeBpameHHH. B CBHI3'H C 3THM ,lnpe'.LLCTa'BJI'HeTCH BepOHTHbIM, ~"I10 B30-

TepMI11.J·eCKoe MapTeH'CH1'HOe v-+a llpeBpameHl1e, 06HapY}KeHHOe 130 MHOJ'lHX 

T 

PI pz P 
("IoNi) 

PHC. 5. 3aBlwHMocTb TeMnepa11YIP H8lfaJla repMH4ecK¥. 
aKTHlBHpyeMono T D3 [16] 'H aTepMH4eOKQrO TbI npeBpa , 

ll.\eH,HH OT Jl.aBJleJ!IHl! ~cxeMa). 

CnJIaBaX IRa O'C'HOBe }KeJIe3a, HBJlHeTCH HI1I3KOTelMllepa11Y'p:HbIM :npO,LLOJ1)!(eH'I1-

elM TepMH1.JeCKlH aIKTHBH,pyeM'OI'O llpeBpameHlI1H, aHaJIIOIrHl1.J'HODQ mpeB!pameHIHIO 

IE 'C'I1JIaIBaX Fe-Ni. 

EOJIee 6bI'C1)pOe ICHH'}K,eHBe TeM,nep,aTy'pbI Hal1.JaJI'a TepMl:Il1.JeCWH aKrrH'BIHp,ye

MOI'O l1,pespalll.'eHHfl 110 cpa:BlReHHID 'c Ma'pTeH'CH'NIOM 1'QI1.JiIWM llO 'Mepe 'Bo'3pa,c

TaHHfl 'oo,Uep}KaHll1fl fHlHlKeJIfl H yBeJJ!H~eHHfl ,Ua'BJIe'HHH (110 Mepe OHJH}KeH'HH 

To) HBJIfleTCfl o6meM 3alKO'HoM'ep1wcTbID JI,JIfl 1',ep,M'Hi1.J6C1KH aIKT'HBH:pyeMblx IIJIPO

IJ,eJC'CO'B (16]. BCJJe,UIC'1'BHe 3'1'0,1'0 B'3alHMHoe palC'110JI'O}KeHH'e 'I'eMnepa,l'YlpHblX 

HHTepBaJIO,B 1'epIMIfItI'eCKH aK1'lH'BHpyeMO'l'O H aTepMIH'tIe<CJ<tOlro IIlIpeBlpameHHH 

'MO}!{'eT MeI-nHTb'CH: IH3'orrepM,H'1.JeCKOe ,l1peBpamelHiHe MO}KeT H<a1.JJHHaTbCH mpH 

TeMneparryp,ax KaiK 6o.Jlee BbIICOKH'X, 1.JeM TeM'm~pa'Typa Hal1.JaJIa a'PepMJl11.JeCKO

ro I1peBpameHHfl TM (npH P<Pl, pHC. 5), KaK Ha6JIID,QaeTcfl B CI1.TJaBaX 

Fe-Ni C BblCOKHMH To, TaK H 60JIee HH3KHX, qeM TM (I1PH P>PI CM. pHC. 5) . 
IT pH eme 60JIee HH3KiI1X3Ha'1.J eH,I1HX To (66JIbmeM cO)l;ep}!{aIHHJH JIeiflH'PYIOmax 

.3JIeMeH1'OB, 66JIb1lI6M ]l.a'BJIe'HIm), HanpHMep, I1PH ,p> P2 ('OM. PI1,c. 5) .H30-

TepMH"I-eQKQe TIpeBp'aIlI!€!IDIe MIO}KeT B'OB,ce OT'CYTCTBOB,aTb. 

HalKoH'elJ" KpaRIHe Ba)!{lHbIlM H13JIHeT,CH BOIlJPOC 0 BJI'HHH.I1H 'Ha 'KHHe'nH,KY 

repMH'Ie'CKlH aKTIHIBJ1lpYe'Moro v-+a npeBpameHHH MaJIbIX I1pHMeC'eM, H IE llep-
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BylO 04epEl,'J.b }'1rJI.epOJI.a. f1peJI.'CTaIBMleT HHTepeC 'BbI510HH'Tb, IB KaKOH Mepe 

o6H'afp'Y)KeH'Hbl e ,B HCiCJI·e..Ll:O'Ba'HHbIX 'OnJIaB.ax (oo.rr:epJl(aw.HX O'KOJIO 0,.02 % C) 
OC06eJ-IHOIOT'11 y-+ia 'ITpeBpaw.eHH51 CB513aHbl ·c InpwcYTtCTBHeM B CnJIaBe ytrJIepQ
)l,a . 

BblBO,ll,bl 

1. B ,CnJIaBaX Fe---.. iNi C KOHIJ:efITpalIJ:HeH HlI1KeJI51 ,01' 5.Ili0 20% y-+-a npe'Bpa

w.eHHe MO)KeT .nPOI1'CXOJI.HTb JI.ByMI51 iTIyT51MH: 1'epMlli4em<IH aIKTtI1IBH'P'YeMbI!M H 

al'ep'M}jI4eCKH'M (fMa1pTe.H'CHTHbIM). 

2. TepMI1'4eCiK'H aWI'HB'HlpyeMoe (,HBOTepMJ11lI'eexoe) v~a ITpe.Bpame'HHe 06-
/ 

JIa)l,aer 4epTaMH, OTJII}jItIalOw.IH:vI.H ero 01' IHOplMaJIbHbIX n'OJII1MoP<PHbIX 'upe!Bpa-

w.:eHI1H H xapalK'TepHbIMl1 JI.JI51 6eHHHTHbIX H 1130T,epM,J1I4eCKHX M(1jP TteaOI1TH bIX 

npeBlpaw.eH'HH (3aTyXaeT 'B 1130TepMII1"-IeClKHX Y'CJIOB1151X 'np:11 'HaJIiJ14IHH 'H'CXOk 

HOH '<paI3bI; KOJII1'4'eCTBO a-<pa3bI, 0I6pal3YlOllleHcH 'B ,HI30TepMH4e10Kl1X Y'CJIOB,H51X, 

YBeJI'l1ftJI1BaeTC51 np.l1 ,OHlI1)Ke~mH T,eMlITepa'l'J'1pbI !I1'30TepMbI Jf '.llJp.). . 

3. ·OKOpOCTb ,H ~<p<peKT H30Tep'MIH4.e'CK'OII'O y-+;a rr.peBtl?aw.eHH51 YMeHbIlIa

lOl"C51 no 'Mepe YBeJIlJ1ltIeHHH cO,'J.ep)KaHHH HI1KeJIH ,11 nOBbNlIeHH51 JI.a'BJIeHlH51 (TO 

eC'Tb no Me.pe CHII1:t)!<'eHHIH To). 
4. TeMlnepaTYlpa Ha'tIaJIa H30TeplMlH4le'oKoro y-+-a 'npeBfpaw.eHH51 IOHH)Kae1'CH 

npH O I H)KeH'I1H To 6blcl1pee, 'tIeM 'TeM'nepaTJ'1pa Ha'llaJIa aTepMH1tI·ecK0I10 [Ipe

Bpaw.eH,H51. B 'CB5ll3H ,C 3THM ·B 3aBI1'ClfM'o.C'T.l1 01' JIerHlpOlBaHH51 !I1JIH JI.aBJIeHHH 

B3a,I1MHIOe pacnOJIO)K'eHHe TeMnepaTypHbIX HHl'epBaJIOB Tep,MI1'tIeCKtI1 aKTI1'B'H

pyeMOO'O.l1 aTepMH'tIeCKOPO y-+-a :npeB'pameHIHH 'MO)KeT 'Me'H51Tb'C51, o6a 'l'Hna 

npeBp,aw.e.H'H51 MoryT HaI6JIlOJI.aTh'C51 B «'lIHCl'OIM» BHJI.e HJI,H HaKJIal).l,bfBa'Tb'C51. 

5. Oco6eHHOIcTii ]{'I1HeTHKH nOJIfH'M'Op<pHor.o y-+ia IJllpeBpaw.eHH51 B onJla'Bax 

Fe--iNi, Ta,K )K:e ,Kall< H ·oo06eHIHOCTH 6eHHlI1THbIX JllpeBpaw.eHHH, 'C'B513aIHbI. 

nO-BIJ11JI.I1MOMY, .C n.pe..'l!CII<al3alJ-iH'oli n. E. TeM,KH'HbIM cneIJ:,H1<pJ1IKOH 'nlpOT·eKaHH51 

6e~H<p<p}'13'HOHHbIX IIlpeBpa,w.e.HI1H B'HyTpIH 'JI.'BYXl<p'a3HoH 06JIa1ctrH pa'BHOBeCHOH 

.lHatnpaM'MbI OOC1'051'HHH. 
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TOM 35 1973 

y J!.K 669.35'71: 536.424 

)1.E~OPMAI..I,IUI H BOCCTAHOBJlE HH E ~OPMbl 

nPH MA PTEHCHTHOM nP EBPAlU EHHH B CnJlAB E 
ME)1.b- OJlOBO 

BblIl.6 

11. A. Ap6Y30Ba, 10. H. KOBaAb, B. B. MapTblHOB, JI. r. XaHOpOC 

B HHTep,BaJle Ter,mepaT,y ,p npllMoro MapTeH'CH'I1HOro npeBpaw.e.HHll tia6J110.ll.aJlOCb nOBbl' 
We.Hfle nJIaC'J1H'IH~TH II OnJlaBe Me.ll.b-0J10110, Bb13BaHliOe B03.HI1KJ1OBeHl1eM Kpl1CTaJIJIOB Map

TeHCrlTa C npefl'Myw.eCTBeHHOH OPHe.HTI1POBKOH. ITpH Ot'ipal1HOM MapTeH:CliTliOM npeBpaw.eHl1H 
npOI1CXO)l.HT B03BpaT cjlOPMbI, o6YCJloBJleHHblii BOCCTaHOBJle1tl1eM I1CXO)I.HbLX KpH.CTaJlJlOll iBbI
COKOTe~mepaTYp,HMI cjla3bl. PeJlaKCaL\l111 HanpllmeHHH npH H30TepMlt'leCKOH IBbI.ll.epmKe mime 
A. cMew.aeT Te~1TIepaTypHblii I1HTepBaJI 06paTHoro MapTeHCI1THOrO ,n'PeBpaw.eRHll 11 CBH3all
Hblli C HJI,M B03BpaT cjl.opMbl B CTOPOHY 60Jlee Bb~COKI1X TeMnepaTYIP. 

l1i3MeHeHl1e <pOpMhI 06JIa'CTeH, InpeTepn'eBalOw.'I1X 'MapTe1HOI1THOe lJIpe~pa 
llI,eHl1e 11 UOCJI-eJ)l.'YIOw.ee BOOCTa'HOBJIeHl1e <pOP'MhI Wpl1'CTaJIJIOB ,M!CXO,mHOH <pa-

3bI ,n,pl1 o6.paTHoM nepexo:rr.e B'IlepBble 6bIJI,O ,o6Hap'Y){(eHO <Ha CmJIa'BaX lM'e)l.b

OJIOB'O [1]. OIHO 'COOTBe11cT,ByeT H'31MeHeHlJ-lIO <pOPMbI .:meMeHl'alpHOH '5PleHK11 C 

YlleTOM aK'KO,MOO],a~HI1 np'H 6e<3~J1I<p<py3.H'OHHOH K'oOmepaTH'BfHOH TIepeCTlpoi1tK~ 
pemeTKlH. OO'CKOJIbKY IB nOJI'I1KpJ1lCTaJIJI,I1"leCKI1X o06pa3u.ax Bee opHeHTHp0J31K1i 

paBHOBep05I11HbI 11 'npH MapTeHC1I1THbI'X TlpeBpaw.eHI151X B ,Ka){()l.OM ,KlpHCTaJIJIe 

HC.X'OA'HOiir <pa3bI o6Jpa'3yeT'C5I onpe)l;eJIeHHOe 1tj,I1'CJIO OIp'l1eHTHlpO'BOK, IOCOTB'eTC'!'

ByIOllJ.Il1X IKpJ1lCTaJIJIWpa<pH'lJeOKI1'M B3a'HMO'ClB5I35J1M, pal3MepbI o6pa3u.a ,M3MeH5I

IOT'C5I TOJIblKJO 3a 'OlleT 06be!M'HblX 113'MeHeH'I1H. B 1'ex CJIy,qa5lX, KOfAa MapreH

OH11Hoe ,IIpeBipameHl1e ,rrpOH'CX'O.!I,1I1T .nOll. B03<)l;eH'CT,BH<eM BlHellIHHX Ha'np5I){(eHI1H, 

H03H'I1'KaeT n peI1MYlll,eC'fIBelHHa'51 o P,I1eHT,11 pOBIKa K'pI1CTaJIJIOB. 3TO TIipHlBO)l.I1T 'K 

lMaKlp0oQlWnHlJeC.KOH JI;e<p'OP,M a U.'HII1 , ICOCT,05l11J:eH: lil3 ,CYMMbl CO'CTaBJ151IOlll.HX \Ue

<popMall,l1H rrpeBpaUl,eHHbIX a6JIaCTeM. 

OJIaIC'l1Hlqe.cKa'51 :rr.e<popMalu.HH ,06pa'3u.a, peaJIl1i3CYBaBllli'a5l'C5I B pe3YJ1b'PaTe 

MapTeHOIITHODO npe'Bipaw.eHI151, 'MO)KeT 6bJ'I'b 'CHJI'Ta HaJ!1pelB'OM ,rr'pI1 a6p,aTHoM 

lIIepelwAe Map'!',eHClfTliOH l<pal3bI B ,HCXO,1I:HytO, 1II0CKOJIhKY ~a.)K)l.a}l rrpeBpaw.eH" 

'Ha51 06JIaic'!'b BO'C'C1'aJHa,BJltHBaeT .HICXO:rr.HYIO <pOIPIM'Y. TaJ{foe ,Bo'oc'!'aHOBJJelll'He 

rrpli Ha'rpeB'e nOCJI,e i.lI.e<pOip'Ma'u.H'li IB 'l-IlITep'BaJIe TeM'nep,at1'YP MapTeH'CH1'HOfO 

rupeHpa'w.,eHH5I, 'nOJIytlI1BllI'ee Ha3'BaIH'He «'3<p,<pelITa naM5ITH», B TIiQCJIaAHee Bope

MI5I 'Ha[6JIIOAaJI'OCb ,Ha ,p5lo)l.e ,MeTaJIJIOB IH ,OrrJIa'BOIB 1[,2-5]. Oco6eHHo OTllJeTJII1BO, 

C ll'OJI'HbFM BOCCTaIHOBJIeHH,eM IHCXO:rr.HOH: <p,OPMbI, 6TOT 3<p<peKT Irrp05lIBJiHe11C5I B 

'CnJIa.Bax 'C Y'.n,PYl1HIMH [Kp'HlC11aJIJIa'MH 'MapTell'CIl1'!',a ([6, 7]. B c:nJIaBaX C 60JIbIllHM 

Ter.mepa'TY'pHbPM IDHoTepe3'HooM 'BOCCTa'HOBJIeHHe [<POPMbI 'MO){(,eT 6bl''I'b HenOJI

HbIM [8]. 
Ha6JI'IOJI.aIO'TIC5I ICJI'Y'llal1, IK,o,r.rr.a i!1.€l<pIOlPIM'al1.lH5I 06IP<:J.BU.a, IHaXlOiJ1.51IUJ.!e1l1OC5I B 

M3ipTeHCHTHoM COCT05lHHH, InpHB'O)l.IHT K aHaJIOl'tH'qHOMY 3,<p,<peKTY {3, 9]. XOT5I 

MeXCliHH'3M 311afO 51BJIe<HH5I H'e 'BO Blcex 'CJIY'qa5lX 'WeeH, <Ha OCHOBalH.HH 'HiMeIOw.I1X

,C5I iJl.aHHbIX MO){('HO 'Cq'HT,a'!'b, 'lJTO OH CB5I3aH 'C H3'MeHeHlH<e'M 3JIeMeHTOIB a'KK,O

M'Q.!I.au.'HH (.'l.'BOHHHIKIH, .rr.a<peWI'bI ynaKOBIK'H, 'nepeOlpHeHTall,H5I '011,lJieJIbHbIX Y"la

CTKOBMa'pTeJHCHTHOM <pa'3bI). IlipH n,pHJI,O){(e<H'HH Ha1np5l)!(.eHHM H 11'0CJIe)l.YIOmeM 

BOOCTa'HOIBJIeJHH,H HCXO.rr.HblX. Kp'HCTaJIJIOB B 'npou.ecce o6paTHODO rrpeBpallle

HH5I. 

TaK, Ha'npHMeJp, ,B ClrrJIalBaX Cu-AI-Ni IH Cu-AI-Mn nM [,ll;eH'CTBlHeM 

Harrp5l){(eHHM B Map'!'eHICI1THOM cpa3e !npOWCXO)l.HT IHBMeHeH.He IOYl6C'I'PY'KTY:PbI-
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