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1. B«eoeuue 

nernposam1e CTaJieH a30TOM BMeCTO yrnepo):(a rrpiIBO/:(IIT K yJiyqllleHJIIO 

MexaHH'-ICCKIIX H Kopp03HOHHbIX CBOHCTB CTaJieH, a TaK)Ke 6oJibIIIeH CTa6IfJibHOCTII 

a30THCTOro aycTeHHTa II Apymx cpa3 [ l]. O1:(HaKO, HeCM0Tpll Ha 60JibllIOH IIHTepec K 

a30THCTblM CTaJ!llM, B HaCTOllLUee BpeMll Bee eme HeT o6merrpH3HaHHOro ofo,llCHeHII5I 

3THX npe11Mymecrn. 

Pa11ee B [2] 6bmo BbICKa3aH0 rrpe):(ITOJIO)KCHJie 0 cymecTBoBaHJIII CifJibHOll 

XHMW-ICCKOH CBll3H Cr-N B a30THCTblX CTaJ!llX, 'ITO, no MHeHJIIO aBT0pOB [2], /:(0JI)KHO 

npHBO):(HTb K o6pa30BaHHIO KJiaCTepoB 113 3THX aT0MOB, CifJibHO TOpM03llLUIIX, B 

11aCTHOCTH, IIJiaHapnoe CKOJib)KeHJie /:(HCJIOKaUJitt. 3To rrpe):(II0JI0)KCHJie OCHOBb!BaJIOCb 

TOJibKO 11a MO):(eJibllbIX pacqernx TepMO/:(JIHaMH'ICCKJIX BeJIJI'IIIH [1]. TepMO/:(JIHaMJI'leC

KHe ):(a~IHbie, KaK rrpaBJIJIO, OTHOCllTCll K Bb!COKIIM TeMrrepaTypaM, JI, llBJillllCh 

MaKpOCKOITH'leCKHMII xapaKTepHCTHKaMJI CHCTeMbl, He Moryr ):(aTh 0):(H03Ha'IHOH 

HH<pOpMaUHH Ha aTOMHOM ypoBHe. TaKJIM o6pa30M, TepMO):(JIHaMJIKa rrpe):(OCTaBJilleT 

JIIIIllb KOCBeHHbie MeTO/:(bl HCCJie):(OBaHHll MHKpOCKOIIJI'leCKIIX B3aJIMO/:(CllCTBJill. 

B OTJIII'IJie OT TepMO):(IIHaMJI'leCKIIX MeT0):(0B, Heyrrpyroe paccellHJie Heil:TpOHOB 

(HPH) lllJJilleTCll YHIIKaJ!bHhIM IIHCTpYMeHTOM rrpllMOfO MIIKpOCKOIIJI'leCK0ro 

IICCJie/:(OBaHHll nemecTBa, ):(alOLUIIM Ha):(e)KHYIO IIH<pOpMaUIIIO o Me)KaTOMHhlX 

B3aHMO/:(CHCTBIIllX. B qacTHOCTJI, B CIICTeMaX C T0'le'IHhIMII ):(ecpeKTaMII, r):(e 3Hepm1I 

JIOKaJ!bHhIX KOJie6aHJIH aT0MOB BHe):(peHIIll II 3aMemeHIIll orrpe):(eJilllOTCll CifJIOBhIMII 

B3aJIMO):(CHCTBIIllMII C 6J11I)KaU:IlIIIMII aTOMaMII pellleTKII, MeT0A HPH He3aMeHIIM. 3TIIM 

MeT0/:(OM C 1988 ro):(a na'laTO H3)'1IeHIIe CTaJieH C yrnepOAOM [3-5] II a30TOM [6-10]. B· 

ITOCJie):(HeM CJiyqae II3)'1IaJIIICh 'leThipex - .11 Bh!Ille KOMII0HeHTHhie CTaJIII, 'ITO CifJihHO 

3aTpyAHllJIO IIHTeprrpeTaUIIIO pe3yJibTaT0B. B HaCTOllLUeH pa60Te 6bIJIII myqeHhl HPH 

cneKTphI TpOHHbIX CIICTeM Fe-Cr-N II Fe-Mn-N, a TaK)Ke 61Inapnhrx coe):(1IHeH1Ili:: 

.H1ITpJIAOl3 xpoMa Cr2N II Mapranua Mn4N, 'ITO II03BOJIIIJIO C):(eJiaTh Bh!B0):(hl 06 0TJIII'IIIII 

II0Be):(eHHll a30Ta OT yrnepo):(a B CTaJ!llX Ha aTOMHOM ypOBHe. 



2. llpu2omoa;ze11ue o6pa31JOB u npoaeoeuue 3Kc11ep1ute11111oa 

Xn11,mqeCKI1ii:° II cpa30Bbll1 COCTaB CTaJieH II HHTPHllOB, H3y<IeHHblH B HaCT051Uleii 

pa60Te, 11pI1Be,ueH B Ta6JI. 1. Om1 6bmI1 11pI1roTOBJieHb1 B l1HcTIITyre MeTaJIJIOile,uemrn 

EonrapcKoi1 AH rro,u ,uaBJieHI1eM a3oTa ,uo 50 an1 B mme CJIHTKOB ,uo 10 Kr. 113 

CJIIITKOB Ha TOKapHOM CTaHKe nape3aJIIICb waiI6bT TOJIUlHHOii 3 MM H ,unaMeTpOM 50 

MM .[(JI51 11ei1TpOHOrpacpnqecKHX H3MepeHHH. O6pa3Ubl ayCTeHl13HpOBaJIHCb rrpn 

_Tet.mepaType 12so0c B TeqeHHe 45 MHHyr, H 3aKaJIHBaJIHCb B BO,Ue. ct>a30Bb!H COCTaB 

CIIJiaBOB orrpe,UeJI51JIC51 HeHTponorpacpw1ecKH Ha rropOWKOBOM ,uncppaKTOMeTpe peaKTOpa 

BBP-U (r.O6HHHCK). I1paKT11qecKI1 see o6pa3llhI rrpeJ.lCTaBJI51JIH co6oii o,unocpa3Hbie 

aycTeHHTbl. 11CKJI!O'IeHHe C0CTaBHJia CTaJib, X24A2 c oqeHb Bb!COKHM co,uep)KaHHeM 

a30Ta (2.35% Bee.), B KOTOpoii, O,UlfaKO, rrpHMepHO 0,UHa TpeTb Bbma,uaeT B BH,ue Cr2N, 

H CIIJiaB fl 7 A C MaJiblM CO).lep)Kal!HeM a3oTa, KOTOpblH COCT051JI 113 aycTeHHTa H 

HHTpH,ua. B IIOCJie,UHeM HHTeHCHBHOCTH JIHI!Hi'i HeiiTpOHOrpaMM HHTpH,ua He COBIIa.[(aJIH 

C IIHTeHCHBHOCT51MH 6mrnpHOro HHTPIIJ.la Mn4N, XOT51 HMeJIH Ky6wqecKylO CHHrDHHIO. 

Ilo3TOMY MhI rrpnrrIIcann 3Toii cpa1e cocrns (FeM11)4N. Cnnan Xl8Al.3 nocne 

aycTe11113aun11 o,uHocpa1e11. Ilocne OT)KHra rrpn 800°C B Teqe1111e 1 qaca ayCTeHHT 

0 

IIOJIHOCTh!O pacna,uaJIC51 Ha cpeppllT C rrapaMeTpOM peweTKH 2.872 A H rrpeUHIIHTaT 

Cr2N C napaMeTpaMH peweTKH, He OTJIHqalOIIlHMHC51 OT fornapnoro HHTpH,ua xpoMa 

(Ta6n. l). CIIJian 100H25, H3MepeHHhIH s 3TOii pa60Te, npe,ucTaBJI51JI co6orr 

0 

O,UHOqJa311bIH aycTeHIIT C rrapaMeTpOM peweTKH 3.62 A . 

CneKTphI Heyrrpyroro pacce51HH51 Hei1TpOHOB (HPH) 6hmn H3MepeHbI Ha 

npeM51rrponeTHOM crreKTpOMeTpe c o6paTHoii rem1eTp11eii KJJ:COf-M, ycrnHoBJieHHOM 

Ha peaKTope HEP-2 (r.JJ:y6Ha, Pocc1151), 3HeprernqecKoe pa3pewenne KOToporo B 

o6nacTH rrepe,uaq 3Hepm11 70 M3B cocTaBJI51eT 5 M::iB. JJ:a1111b1e HPH no 3Hepm51M 

JIOKaJibllblX MO,U (ITM) a30Ta H HX IlIHpHirnM co6paHbl B Ta6n.2. JJ:n51 y,uo6crna B 3Toii 

Ta6JIHlle rrp1rne,ueHhl H Jil!TepaTypHbie ,Ual!Hhle no ITM .[(JI51 yrnepo,ua B TpOHHbIX , 

CHCTeMax. 
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3. 3KC/ll'JJll.Ate1l11lllJll,l/bte JJe3JJll,lllllllll,t IIPH 

I. (/)011011111,tc CIICK/1I/J/•I ,Af{'/11(/JIJll/l/CCKIIX .AW/11/JIII/. JJ:m1 ncex Il3y<!aeMbIX cIIJiaBOB 

61,1m1 110.TlY'lellbl <pOIIOIIHhie ClleKTpl,I ~leT,UlJlll'leCKIIX MaTpllU B HeKorepeHTHOM 

11p116JI1t)KCIJIIH. O1rn xapaKTepmy10T l\,ICT,lfl.Tlll'ICCKYI0 CB513b B ,uaHIIOM CllJiaBe H BJIIl51HHe 

11a 11ee nernponamrn. B c11cTel\,tC Fe-Cr-N 1111. yBcJ11t'Iem1e co,uep)KaHll51 xpoMa OT 15 J.lO 

24% np11 npm1ep11_0 0,UIIIIaK0Bml C0llCp)KaIIIIII a30Ta 0KOJI0 I%, HH yneJIH'leHIJ:e 

co,uep)Ka111111 a10Ta B nonTopa pa1a 11p11 qmKc11pona1111m1 co,uep)KaHIIII xpoMa - 24%, He 

npIIB0,USIT K 3aMCTHmty 113~1CHCIIIII0 rt1011m111oro CllCKTpa l\,leTaTIJill'ICCKOii MaTpI!Ubl. Ha 

P11c. l ,2 11p1me,ue111,1 rpo1101111b1c cncKTphl Mapramwm1cThIX rI 7 A, f22A, f35A (PHc. l), 

xpoM11cn1x X35A I, XI SA I, · X24A2, XI 8A 1.3 (Pnc.2) aycTem1rnn c BhICOKHM 

co,uep)KallllCM a10Ta 11 061,1,111oii ucplKanc1011i:eii CTa1111 X l 8H9T 6e1 a10Ta. l13-3a 

·paCTBOpc1111oro a30Ta napaMeTphl pCIUCT0K aycTCHIIT0B C a30T0M 11.6e3 uero CIIJibH0 

0 0 
pa3JIH'IaHlTCSI (3.640 A H 3.587 A), 0JlHaK0 B cmrnsax, nernpoBaHHb!X a30T0M, no-

llll,UHM0MY, npoHCX0JI}IT TaKHe H3Me11emrn ll 3JICKTp0111JOii 110).lCIICTeMe, K0T0pble 

K0MI1eHCllpy10T ee orna6ne1me 3a C'ICT aTmtoB lll!CllpCIIIISI, 'ITO ua6mo).laT10Ch ll paHee 

191. 

2. JloKaJ1bH1>tc KoJ1e6a1111J1 a3011w 6 pa3J111•1H1,1.r 111po1i111,1x aycmcuumax 11 

cpa611c1111c 11x c JIM y21wpoda. nM a3oTa ncex 113Y'ICIIHhIX cnnanon H mnp11,uon 

xopomo 0ITHCb!BaJIHCh O,UIIII0'lllblMII raycc11a11aMII, 311epn111 II IT0J!Hb!C umpHHbl 

KoropbIX npHBe).leHbI B Ta6n.2. Ha Pac.3 np1mellCllhI TllllH'lllhIC ITM a3oTa )J.)151 

xpoMIICToro n Mapra11uonncToro aycTc1111Ton. OT.UCJlhll0 np1me).le11a nM c1mana X24A2 

C 0lJeHh llhlC0KHM C0llCp)Kal!llCl\,f a30Ta (P11c.4). J,b-3a Bhl,UCJICl!llii HIITplLU0B II BbICOKOii 

Km1ue1rrpainrn a10Ta B 3T0M cnmme ero JlM IIMCCT 6onec CJ10)KHy10 cTpyKTYPY, 

npHp0).la KOTOpoii He Bll0JIIIC Il0IISIT!la, 0).lllaK0 a30TY Tl pcmeTKC aycTeHl!Ta, 110-

BH,UHM0MY, npnmUI,flC)KJIT llllK C 311cpn1eii 78.0 M3B H 11111p1moii J 1-15 M3B. 

311cpnrn KOJie6am1ii H IIX Illllpllll!,I (Pnc.3, Ta6JI.2) CIIJ!hll0 pa3Jill'!alOTC51 Il 

3aBIICHM0CTll OT aT0Ma llllCJ.lpCIIIIII II J1cmpy10111cro l\,ICT.UIJill'ICCK0ro Kmmo11e11Ta: 
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a) 3ueprm, JJM a30Ta B xp0MHCThlX aycTe1111rnx CJia6o 3aBHCIIT OT 

KOl!UeHTpa1mi1 Cr H N, HO cymecTBeHH0 Bhlllle, qeM B MapraHU0BHCT0M (Ha 9 M3B). 

6) 3Heprm1 JJM yrnepo.ua npaKTw1ec1rn 11c 1an11cm OT JiempyJOmero MeTaJIJia 

Cr, Mn, Ni B )KeJie1e. Ecm1 y,-1ecn, "ITO yrnepo,u Jie~re a1orn, TO B nepec,1eTe 11a 

aTOMHh!li nee a30Ta B 1130TOllll'IeCKml np116m1)KCHIJH cpe,umrn :mepnrn 77.0 M3B .um1 

yrnepo.ua coorneTcrnyeT 71.3 M38 .umr a10Ta, TO ecn np116m1)KaeTC5! K ::itteprm1 JJM 

a30Ta B ~iapraHUOBMCTOM ayCTeHHTC. TaKHM 06pa10M, :mepnrn JJM a30Ta B CHCTeMe 

Fe-Cr-N cymecrnem10 Bhlllie, 'ICM B 0CTaJII,HblX H3)'1-!CHHbIX CHCTe1.iax C a30TOM H 

yrnepO.UOM. C1mona51 K0HCTaHTa CB5!3II Cr-N Ila 30% BhIWe OCTaJibHblX CB5!3Clf MCTaJIJI

npnMeCb BHe.apeHH5!. 3n1 3KCI1Cp11MCHTaJibHb!C qJaKTb! H 1103BOJIHJIH np11i1n1 K Bh!BO/ly 

06 oco6oii CHJihHOi'1 CB5!3H Cr-N. 

nJ Wnp,rna JJM il1I5! cnJianon Fe-Cr-N CHCTCMhr, 14-30 M3B, cymecrnettHo 

6oJihrne, 'IeM il1I5! JJM a1orn n crrnanax Fe-Mn-N 11 yrnepo,ua no nccx my,-1e11HbIX 

TpOHHhlX ayCTCHHTaX, B K0TOpb!X OH a COCTan;rneT 5-7 M3B, 'ITO HaXO.[lHTC5! Ha ypon11e 

pa3pewe11n51 cneKTpoMeTpa (Puc.3, Ta6JI.2). 

r) 3Hepm5! JJM a30Ta B ayCTemnax C xp0M0M (78-80.5 M3B) 3aMeTH0 BblillC 

3Heprnu KOJie6aHH5! a30Ta B Cr2N (73.4 M38). ,UJI5! 0CTaJibHbl.X CHCTeM, Hao6opoT, 

3Hepm5! KOJie6aHH5! a30Ta B Mn4N Bl,IWC, 'ICM B MapraHU0BHCTbIX aycTCHHTax Ha 4 

M3B (Ta6JI.2), a KOJie6a1111e yrnepo.aa n cnmrne l00f75, 6orarnM MapraHueM, panno 

HJIH HCCKOJibK0 BbIWe (78 M3B), "ICM )lJI5! MapraHU0BbIX H .upyrnx aycTeHHT0B ·Ha 

oc11one )KCJie1a ([5], Ta6JI.2). 

Bee 3TH oco6eHHOCTH CHJI0B0ro B3aHM0,UCHCTBH5! B TpOHHb!X ayCTeHHTax C 

yrnepO/lOM H a30TOM MO)KHO o61,5!CHHTb C emmofi T0'IKII 3peHH5!, a HMCHHO: CB5!3h 

xpoM-a30T B CTaJI5!X cyIUeCTBCHHO BbIWC CB5!3H xpoM-yrnepo)l H CB5!3el'i a30Ta H 

yrnepo,ua c Mn, Fe, H Ni. Oco6a51 poJih 3TOI1 CB5!3H npHB0.UHT K UCJIOMY pH/lY 

II0CJIC)lCTBHfi, KOTOphre Mb! o6cy)lHM HH)Ke. 

4 

4. 06cy:»eoenue pe3Jllbmamo« 

I. Cyu1ecmB0BaH11e Cr-N ,uiacmepoB. Ha octtonaHHH 3KCrrepHMeHTaJihHbIX 

.ua11Hb!X HPH no 1111Tp11,UaM M0)KHQ 0UCHHTh 3Hepr11IO JJM a30Ta B OKTarrope 

aycTeHHTa, C0CT05!IUCH ueJIIIK0M 113 weCTH aTOM0B xpoMa, TO CCTb B MIIKpoKJiaCTepe. 

113 3MIIIIJ)HL!CCK0ll 3aBHCHMOCTII 3Hepnrn JJM a30Ta E; OT pacCT05!HII5! MeTaJIJI-aTOM 

n11e.upe111 rn 111] B pa1JI11qnhIX nepexom1ux MeTaJIJiax 111necTHO, 'ITO 0Ha o6paTHO 

npormpUHOHaJibHa rt'c-N' me rMe-N - pacCT05!!U1e MCTaJIJI-a30T. OTCIO,Ua CJie.uyeT: 

£1 = tcr2N * (rcr2;{r (1) 

0 

311a51 3TII paCCT05!Hll5! B Cr2N H xp0MIICT0M aycTeHHTC (a=3.620 A), ·a TaK)KC 3Heprnl0 

KOJie6amrn a3oTa B Cr2N, panHyJO 74 1,rnB, rroJiyqaeM 3Ha•1eHHe 3Heprn11 ITM B 

MIIKpOKJJacTepe xpoMa E; B aycTeHHTe, paBHOe 82.9 M3B. AHaJIOrH'lHbie pactJCTbl )lJI5! 

JJM a30Ta B KJiaCTepe MapraHua B MapraHU0BIICT0M aycTeHHTe .aa!OT 3Ha'leHHe 80.4 

M::iB. 3KcnepuMeHTaJihHhie 3Ha•1emrn JJM a1orn B xpoMHCT0M aycTeHHTe HH)Ke 

pacctJHTaHHblX Ha 3 M3B, 'ITO M0)KHQ II0H5!Tb, yq11Tb!Ba5!, 'ITO rrpH xaoTuqecKOM 

pacrrpe.ueJieHHH aTOM0B xpoMa B pacrnope )KeJie3a KOJIH'!eCTB0 KJiaCTepoB C IIICCTblO 

aT0MaMH xpoMa MaJIO, a KJiaCTCpbl c 5, 4 11 T . .[l. aTOMaMH ,U0JI)KHbl HMCTb MCHbIIIHe 

3Heprn11 JJM a10Ta. 

,UJI5! TOro 'IT06bl rrp0BCCTH K0Jill'lCCTBCHH0e cpaBHCHHC 3KCrrepHMeH'raJibHb!X H 

pacqeTHl,IX .uaHHhIX, Mb! rrponem1 ,UCTaJibHblH pacqeT 3Heprnl'i KOJie6aHHH a30Ta B 

.0KTa::i.upax C pa3JIH'!Hb!M C0/lCp)KaHIICM aTOM0B xpoMa, 0UCHHJill lIX .[{OJIIO rrpH 

xaOTH'leCKOM· pacrrpe.[{eJICHIIII aTOM0B MCTaJIJI0B H HaIIIJI!I cpe)lHI0IO 3Heprn!O ITM a30Ta 

.[{JI5! cpanneHH5! ee C 3KCIICpHMeHTaJibH0i'I. 

3T!I paC'lCThl 6bIJIII rrp0BC.[{CHbl ITO crreUilaJibH0 pa1pa60TaHHhIM rrporpaMMaM 

"Relax", "Value" II "Densy", paCC'lHTb!BaJOIUIIM BHa'laJIC reoMeTpHIO KOMilJICKCOB 

.necpeKTOB nma aT0M 3aMe[lleHll5! - aT0M nne.npeHll5! II0CJie peIIaKcau1m BHYTPH MHKpo

Kp!ICTaJIJl!ITa IOxlOxlO 3JICMeHTapHbIX 51qeeK, a 3aTeM 3Heprn11 KOJie6aHHH aT0MOB, B 

TOM 'l!ICJie II .necpeKTOB, B KpllCTaJIJIIITC. IlapHblll II0TeHUllaJI Cr-N 6bm II0JiyqeH 
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ITO}..(fOHKOH ITO}..( OITTiflieCKOe KOJTe6airne B Cr2N. OH npe}..(CTaBJ15!eT co6ofi Ky6w1ecKHii 

ITOJTHHOM: 

V ( r) = -4.3497r 3 + 316872r 2 
- 68.6488r + 48.1377, 14 < r < 25, (2) 

0 

rp,e V(r) H3Mepl!eTCll B M3B, r B A. I1oTeHU11aJT Fe-N, KaK noKa3a110 B [12], 6nmoK K 

ITOTeHU11aJTY Fe-C [12] 11 6hIJT B3l!T paBHblM eMy B KalJCCTBe nepBoro npu611m1<eHHll. 

3TH ITOTeHUHaJTbI ITpnnep,eHbI Ha P11c.5. IT0Te11u11an Fe-Fe, B351ThIH 113 [12]. 6bm 

ITOJTO)KeH paBHhIM ITOTeuu11anaM Cr-Cr 11 Fe-Cr H3-3a nyneBoi'r TeIIJTOThI pacrnopemrn 

pacrnopa Fe-Cr [13] u MaJToro BJTHl!HHll xpmia Ha cpOHOHHhlii cneKTp ayCTeHHTa (CM. 

Bblille). PacClJi!TaHHbie TaKHM o6pa30M 3Hepmn JIM a30Ta B OKTa3p,pax, cop,ep)KalUHX 

OT 6 p,o O aTOMOB Cr, np1rnep,e11b1. B Ta6n.3. B 3TOH )Ke rn6m:1ue ITp1rnep,e11b1 

ITpOUCHTllb!C pacITpep,eJTeHHll OKTa3}..(p0B C pa3JTifllHhlM KOJTHlJCCTBOM aTOMOB Cr, 

BbllJHCJTeHHblX ITO 611110MHaJTbHOMY pacnpep,eJTeHH!0 Ml! Tpex KOHUeHTpauui'r Cr, 

·113Mepe1111b!X B 3TOH pa60Te. l-ICXO}..(ll H3 p,aHHbIX Ta6ri.3. 6hIJTl1 Bbl;IHCJTeHbl cpe}..(HHe 

3Ha'Iemrn 3Hepmi'r JIM a3oTa no LlBYM MOJ..leJTl!M. 

no MO}..(e1111 I npep,nonaranoch, 'ITO aTOMhI a3oTa 3ano11Hll10T CHalJana OKTanophI 

C lleCTblO aTOMaMH Cr, KaK Ha1:16011ce 3HepreTWieCKH BbirO}..(HbIC, 3aTeM C ITl!TblO II T.)..l. 

ITOKa Bee KOJTHlJeCTBO a30Ta, 3a,uamrne era KOHUeHTpauHefI, 11e 6yneT pa3Memeno. 

Mop,enh II ITpep,IToJTarana xaoTw1ecKoc 3ano1111em:1e Bcex nop, ITponopu110HaJThHOe HX 

KOJTHlJecrny B 6HHOMHaJTbl!OM pacnpep,enem:111. Cpe}..(HHC 3HalJeHHll 3Hepmfl, 

paCClJHTaHHhie ITO o6eHM MO}..(eJTllM, npHBe}..(eHhl B Ta6n.2. Mo)..lCJTb I l!BHO JTY41lle 

OIIHCbIBaCT 3KCnep11MeHTaJTbHbIC }..(aHHbIC Ml! CHCTeMhl Fe-Cr-N. 3To 03HalJaeT, 'ITO 

a30TY 3HepreTHlJCCKH BblfO}..(HO 3anOJTHHTb OKTanopbl C MaKCHMaJTbHb!M KOJTHlJeCTBOM 

xpoMa, HO npH 3TOM a30T, B OTJ!lllJHe OT pac<IeTOB [2], OCHOBaHHb!X TOJ!bKO Ha 

TepMO}..(HllaMHlJeCKHX naHHbIX, He co6npaeT BOKpyr ce6ll 6oJThll1YIO lJaCTb aTOMOB 

xpoMa, KOTOpbIH OCTaCTCll xaoTHlJeCKH pacnpe)..leJTeHHbIM. B IIJ)OTl:IBHOM cnyqae 

3HCprl:lll JIM a30Ta 6bma 6b, 6JTH3Ka K 82.9 M38. 
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Ba:>!-(110 OHICTl!Tb, 'ITO ll CIICTCMC Fe-Mn-N pacC'II!TaHHblC no MOllCJTH I 

31Ja'!Clllrn 3HCpmii 1<one6a1mii a3oTa cymecniemro Bblllle 11a6JTIOJWCMblX 

JKcnepmtCIITaJ!bHO (Ta6n.2). YI, 11ao6opoT. xaOTil'ICCKOC pacnpeneneHHC a30Ta ITO 

Fe-Mn c1rnany ropa3uo 11yt11ue coorneTcrnyCT JKcnepm1e11Ty. 

,[I.rm yrnepoua TaKIIC paC'ICThl IIC ll~ICIOT oco6oro CMbJCJTa, TaK KaK HC3aBHCl:IMO 

OT ncrnponamrn 3Hepn111 JIM yrnepow1 npaKTJlllCCKII BCC omrnaKOBbl. IT03TOMY l!CHO, 

'ITO yrnepoJ..l, B OTJTHlJHC OT a301a,. npm1ep110 0)..!IIIHIKOBO CBl!3aH co BCel\lH 

nernpy10111mrn 3JTCMCHTaMII II )KCJ1C1ml, npllllCM 3Ta CBll3b, KaK y)Ke fOBOpHJTOCb Bblllle, 

111a'111Tem,110 cna6ee cn11111 Cr-N. 

TaKIIM o6pa30l\l, TO.llbKQ ll CIICTCJ\IC Fc-Cr-N H3 ncex paCCMOTpeHHbIX TpofiHhIX 

CIICTCM e a:lOTOM II.nil yrnepOJ..lOM cynteCTnycT 3axnaT aTmta BHeupemlll Ha aTOMaX 

3aMCWCHIIII. ITocKOJlbKY Tllfl0ll TaKJIX MCCT. rue CCTh q1.ny1<Tyau1111 KOIIUCHTpau1111 

aTOM0B xpoMa, MHOfO II ,!l.flll Ka)K]l0ro l\lCCTa xapaKTCpllbl CBOll 3Hepnm JIM 

1axna'!e1111oro a3oTa, TO cTaHOBIITCll llCHblM, no,1eMy m11p111n,1 JIM a101a B Fe-Cr-N 

cywecrnc1mo BblWC, 'ICM B CHCTCl\JaX C yrnep0J..l0M II.nil B CIICTCMC Fe-Mn-N, rue 

1axm1T, 110-BH)..ll1MOMY, OTCY'fCTBYCT. ToJTbKO paCCl\10Tpe1111c npoCTeiiWIIX TIIIIOB OKTanop 

C pa3JTl1'1111,IM 'IHCJTOM aTOMOB Cr nacT BKJT.Ul B u111pm1y nopllllKa 13 M3B (CM. Ta6.n.3). 

3Ta BC.llH'IIIHa nop11u1<a 3KCIICp11MCIIT,\Jlbll0 Ha6rnouacl\10ii )..lJT)l .CTaJTeii Cl:ICTCMbl 

Fe-Cr-N C MCHbllICii KOHUC!!Tpau11cii. YBCJTll'ICIIHC KOHUCI!Tpa!\1111 a30Ta npl:IBO}..(IIT K 

)..lOII0JlHllTC.f!hllbIM BKJT,]JlaM B w11p1111y JIM. 

Bblll()Jlbl, K K0T0pbll\l Mbl npllX0)..lllM B pC3YJTbTaTe aU.lf!ll3a CflCKTp0CKOIIl:llJCCKIIX 

WlllllblX, noo6me ronop11, IIC nponmope'JaT M0llCJlblll,ll\l paC'ICTal\l, 0CHOllaJIHbll\l Ha 

TepMO}..(JlllaMH'ICCKl:IX )..lallllblX [2 I, 11 caMIIM 3TIIM Jl;IIIHhlM. M11oro'IIICJTCHllhlC ll3Mepemrn 

K03cpcprnt11e11TOB aKTHBHOCTH a3oTa II yrncpow1 n ayCTemrre 11 )KIIJ.IKOM )KCJTe3e l 14 I 

n0Ka11,rna10T, 'ITO )..lo6aB1<11 xpmia ,i Mapramta ucmmn .norap11cjJMhl K03cpcjmu11c11Ton 

aKTHBII0CTII a30Ta H yrnepoua OTj)IIIHITCJlbllblMII. 3nl 3Ha'IIIT, 'ITO B3alll\lO)..lCiiCTBIIC IIX C 

xpoM0M II ~iapramtCM CIIJTl,IICC, 'ICM C lKCJTC30M. B CJlj"laC uo6aBOK IIIIKCJ!ll, 11ao6opoT, 

Jiorap11cjJ\11,I K03cjJCpllllllCIITOI! aKTIIBII0CTII ,\30Ta II yrncpoua IIOJIO)KIITCJTbHbl, TO CCTb 
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OHH CHJlbHee B3am1011e11CTBYIOT C )KCJle3ml, 'IC~! C IIIIKCJleM. Ll.nll KOJlH'!eCTBeHHblX 

oueHOK y1106Ho nnecT11 napuuam,11y10 311cprmo n1auM011eiicrnm1 W;u [ 15] : 

a1ny i _ 
Will = RT ~a-- , r11e 

Xu 
(3) 

)1 - K03rJ}(pllUHe!IT aKTllBHOCTH, -'11 -aTOMHa51 110Jl}I ncrnpy!Oll\ero MeTaJlJia. 

JI11TepaTypttb1e 11aHHb1e W;u HeKoTOpblX anrnpon 113-17 j np11ne11e111,1 n Ta611.4. TaK )Ke, 

KaK H turn JJorapmp~rn K03cpcp11UHCHTa aKTIHlllOCTH, OTpnuaTCJll,HOC 3HalJem1e W;11 

03HatJaeT 6onee CHJlbHOe B3,lllM01!CiicTBHC aTOMa BIICl!pCHH}I C nernpylOIUHM 

KOMITOHCIITOM no cpan11e111110 C )KCJlC30M. '.3Tll 11an111,1e Mb! nepectIHTaJJH B e11llHHUaX 

3B/CBll3b, YlIHTbJBall OKTa311pw1ecKy10 KOOPllHHaumo aTOMOB s11e11pel1H}I. 

ITonyqe1rny10 TaKHM o6pa30M H3 TepMOllHHaMlllJeCKHX 11aHHbIX'BeJJH'-IHHY MO)KH0 

ITOITbITaTJ,C}I cpaBinlTb C rny611Hoii ITOTCIIUIHIJIOB, HCITOJlh30Bal!HblX B BbllllC• 

npHBCllel!Hb!X pac'leTaX. Ha110 cpa1y oroB0pHTbCll, lJTO 3Heprnll JIM 3aBHCHT OT BTOpoii 

npOH3B011HOi1 IT0TCHUllaJJa MeTaJJJ1-npm1ec1, BIICllpcmrn, K0Topall, CCTCCTBCHH0, He 

3aBHCHT np51M0 OT rny611111,1 IIOTClll(l!aJJbHOII l!Mbl. OmiaKO npH onpe11eneHHblX 

11orrymemrnx cpopMbI n0Te11uuana M0)KH0 oue1mn, If ero rny611Hy. 3TH 11orryll\eHHll 

6hIJIH CJICllYIOIUHe: IT0JI0:lKCHHSI MHHHMYMOB TI0TCHUHaJJ0B Fe-N 11 Cr-N He CllJlbH0 

0TJIHlJa!OTC}I 11pyr OT 11pyra, TaK KaK aT0MHblC pa3Mepbl Fe H Cr 6mI3KH; rrapaMeTpbl 

06pe1amrr1 ITOTeHUHaJJ0B 6blJIH npmrnTbl paBl!blMH; H, HaK0Heu, nayJJHHfOBCK0C 

a 
0TTaJJKHBaime Ha 6m!3KHX pacCT0lllll-lllX r<l.4A aT0M0B BHe11peHHll H MCTaJJJJa T0)Ke 

omrnaKOJl0 (PHc.5). IlpH 3THX, nnomre JIQrHllllbIX, 11onyll\eHHllX BHllH0, lJT0 llJJll 

yseJJJ!l!e11m1 3HeprnH JIM a30Ta B OKpy)KeHHH aT0M0B Cr Ha, np_tIMepH0, 10 M3B 

11eo6xo1111Mo YBeJJHlJHTh ee rny6m1y c 0.38 3B 110 0.64 3B, T.e. notJTH B 11Ba pa1a. 

Pa3HOCTI, 3THX BeJJHlJHII M0)Kl!0 cpammn C TepM0lllll!aMHlJCCKHMH 11aHl!hIMH (Ta6n.4), 

'!TO noKa3hIBaeT' onpe11ene11Hy10 KoppeJJl!UHIO TepM01JHHaMHlJeCKllX H cneKTpOCKOITH

qecKHX 11a11HhIX. I1MeHHO 3T0 YBeJJHlJeHHe rny6HHbl l!Mbl, KOTopoe llJJll 

cneKTpOCK0ITH'leCKHX 11aHHb!X 11a6mo11anoc1, T0JlbKO llJl}I CBll3H Cr-N, H cnoco6cTnyeT 
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1axnaTy a30Ta Ha aT0Max xpoMa. A 3T0T 1axnaT, KaK CJIC1JCTBHC, Han6onee 3cpcpeKTHBHO 

3aMCllJJlleT 11mpcpy1mo a10Ta B xp0MHCTblX CTaJJllX [14], TaK KaK II0CJICllHSlll 

nponopu11011an1,11a 311epnrn B1am1011eflcrnm1 W;,,. 3m cTa6HJJH3HpyeT ayCTeHHT [l], 

3cj1cpCKTIIBIIO T0pM03ll llBlf)KCHHC lllfCJlOKauuii Ha KJJaCTepax Cr-N [2].' 

O1111aKO CCTb onpe11eJJCl!HblC pa3JJHlJllll MC)KllY BblB01J~m, KOTOpbIC M0:lKH0 

C)leJlaTb 113 TepM0llHllaMflllCCKHX H CIICKTp0CK0ITHlJeCKHX 11aHHblX. Ll.nR OIIHCaHHll JIM 

Mhl HCIT0Jlh30BaJJH KOpOTKOllCHCTBYIOll\HC II0TCHUHaJlbl, y<IHThIBa!Oll\He B3a!IM01JeiICTBHSI 

C nepBhlYIH H BT0pblMH C0CCllllMH. TepMOllHllaMWICCKIIC M0lleJJII, KaK H3BeCTH0 [13], 

T0)Ke Moryr HerrponmopetJHBO 0llHCbJBaTb TepM0llHHaMIIlJCCKHe 11aHHhie MCTaJJJIHlJCCKlIX 

pacrnopon B paMKax KOpOTK01Jeiicrny10ll\HX Il0TCHUHaJJ0B. O11HaKO II3 Ta6JJ.4 BHllH0, 

lff0 napn11an1,Hal! 3Heprmr B3aIIMOllCHCTBHll W;u 6onee rurnBH0 MCHl!CTCll OT Cr K Ni, 

'ICM 3Hepnrn JIM HJII! L'l.E, II0JIYlJCHHbJe H3 crreKTp0CKOITHlJCCKIIX II3MepeHHll. Ilo

BH1JHM0MY, JIM orrpe11eJ1ll!OTCll, B OCH0BH0M, B3aHM01JCHCTBHCM a3oTa HJIH yrnepo11a C 

6JJH)KaHIIIHMII C0CCllllMH, II 3Ta oco6e11HOCTb B3aHMOllCHCTBIIll Ha MCCTC BHe11peHHS1 

11enaeT Ha MHKp0CK0ITHlJCCK0M ypoBHC eme 6oJJbllllIM OTJIIIlJHC B3aHM01JCHCTBHe Cr-N 

OT 0CTaJJbHblX. 

5. BbtGOi)b/ 

I. HettTpo1111al1 CIICKTp0CK0ITHll - MOll\HblH MCT0ll II3YtJCHHSI MC:lKaTOMH0f0 

B3alIM01JCHCTBHll B KpHCTaJJJlaX C pa3JJHlJHbJMH 1106aBKaMH. 

2. CrreKTPOC!WIIHlJCCKHe 11a11111,1e no11rnep)K1Ja!OT Ha aT0MH0M yp0BHC HaJJl!lJHC 

CHJlbH0fO B3aHMOllCHCTBHll Cr-N B a30THCTb!X CTaJJllX H .na!OT ero CHJIOBb!C II 

3HepreTHlJCCKHC 0UCHKH. HaJJHlJHC 3TOro B3aHM01JCHCTBHSI o6ycJJaBJJHBaeT 1axBaT 

aT0M0B a30Ta Ha aTOMaX xpoMa, YMCHbllICHHC l1HqJcpy11111 a10Ta, ycHJJeHIIe 

cTa6HJJhHOCTII TBep11oro pacrnopa, 6onee 3qJqJCKTHBHOC T0pM0)KCHHe 1JHCJIOKau11rr. 

3. ITo 11aHHblM crreKTp0CKOITHII B3aHM01JeHCTBIIC Cr-N, II0-BHllHM0MY, BCC-TaKII 

He MCHllCT xoaTHlJCCKOe pacrrpe11enem1e aT0MOB Cr B MCTaJJJIHlJCCKOll 1I0llPCllleTKe. 
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Ta6mu~a I 

XHMiflJ:eCKHll H qia30Bb!II COCTaB H3)"IeHHhIX CTa.rreii II 1111TpHJlOB 

CITJiaB 

. Xl5Al 

Xl8Al.3 

X24Al 

X24A2 

f17A 

f22A 

r35A 

Mll4N 

Cr2N 

0.06 

c::i: 0.05 
(I) 

Cl 
(') 

6 0.04 
Cl. 
C 

~ 0.03 
(.) 
0 
:r 
Cl 

i'.§ 0.02 
:r 
(I) 
f
:r 
:S: 0.01 

N 

0.964 

1.30 

1.178 

2.35 

0.213 

0.698 

0.713 

4.34 

11.7 

XIIMH'!eCKHH COCTaB, % Bee cf>a30Bb!II COCTaB 

C Cr Mn Si p s TTIK.A HmpB.U 

0.03 14.93 0.77 0.29 0.01 0.01 . 3.616 -

0.035 18.4 0.1 0.31 0.01 0.01 3.625 

0.03 23.85 0.22 0.45 0.01 0.01 3.625 

0.045 23.92 0.44 0.30 0.02 0.01 3.64 Cr2N 

O.Q7 0.25 17.66 0.09 0.01 0.01 3.60 (FeMn)4N 

0.047 0.24 22.36 0.13 3.615 

0.12 0.32 35.33 0.21 3.63 

95.3 3.83 Mll4N 

88.0 Cr2N 

0.00 7- - !" - rJlvl 
0 10 20 30 40 50 

nepeAa'-la 3Heprn111, M3B 
PHc. l. <fJOHOHHb!e crreKTpbl MapraHl_(OBHCTblX ayCTeHHTOB: 0 - rI 7 A; II - r22A; 

D - f35A; c11JioIIrna51 JIHHH51 - CTaJib Xl 8H9T .IlJI51 cpaBHCHH51. 
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Ta6m1ua 2 

3KC11Cp11MCHTaJlhlll,IC II paC'ICTlll,lC )lallllhlC ITO ::rncprm!M nM a3OTa II yrnepona 

II l!X llll!plll!aM (ll ~mB) B TpOi"IHhlX aycTClll!TaX II lll1Tp11.uax. 

CllCTeMa CITJiaB . 3Kc11epHMeHT PaC'!CThl CcbIJIKa 

t .1£ ct>opM( I) MO!leJib I Mo!leJibII 

X15A 80.5±1 16.0±2 82.9 77.2 73.2 HaCT.p 

Xl8Al.3 78.1±1 30.0±2 82.9 77.4 73.0 ttacT.p 

Fe-Cr-N X24Al 78.7±1 14.4±2 82.9 79.0 74.0 HaCT.p 

X24A2 78.0±1 WllpOK. 82.9 77.7 74.0 HaCT.p 

Cr2N• 74.O±·l 13.4±2 HaCT.p 

Cr2N 73.4±1 11.0±1 HaCT.p 

- f22A 69.6±1 5.0±2 80.4 76.8 72.0 HaCT.p 

Fe-Mn-N r35A 69.9±1 7.0±2 80.4 79.2 73.1 HaCT.p 

Mn4N 73.8±1 11.8±2 HaCT.p 

Fe-Cr-C 8OXl2 . 76.1±0.5 10.7±1 (3) 

11Of6 78.4±0.5 4.7±1 79.0 (4) 

16Of2 76.0±1 5.0 ±1 78.5 (4) 

Fe-Mn-C l !Of4 76.0±1 6.5±1 79.0 (4) 

I !OrI3 78.0±1 6.5±1 79.0 (4) 

10Or75 78.0±1 11.0±1 78.0 (4) 

!!OHIO 75.8±1 (5) 

Fe-Ni-C 6OH19 76.0±2 5.3±1 (6) 

IOOH19 78.0±2 (6] 

IOOH25 75.0±1 8.0±2 HaCT.p 

Cr2N• - ll 011.ne 11peuum1TaTOB w,1asa Xl8Al.3 nocne OTllrnra IJPH 800° C 
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Tafornua 3 

ITpoueHTHOe C0llep)Kalll!e 0KTa3llp0B, C0llep)KalJ!IIX pa3JlllLIII0e K0JrnqecTB0 aT0M0B 

Cr l!Jllf Mn (OT 6 LIO 0) l!Jl51 IT0Jlll0CTbl0 11eynop51l!0qeHH0ro 61mapHoro CITJlaBa 

Fe 1,,o-xCr(Mn)x a TaK)Ke paCC'IIITallHbie TIM a10Ta B 3TIIX 0KTa3npax (B M3B) 

X,% KoHqmrypamrn aT0M0B Cr ttJltt Mn 

6 5 4 3 2 l 0 

15 1*10-3 4* 10-2 0.547 6.45 17.55 40 38 

18 3*10-3 0.1 1.055 6.403 21.9 37 30 

24 2.5*10-2 0.45 3.5 13.5 30 36 18 

Er, 83.5 83.5 83.5 83.5 77.5 77.5 70.5 

' Cr-N 83.5 83.5 83.5 76.5 77.5 70.5 70.5 

83.5 75.5 70.5 70.5 70.5 70.5 70.5 

E1, 80 80 80 80 75.5 75.5 70.5 

Mn-N 80 80 80 75.5 75.5 70.5 70.5 

80 75.5 70.5 70.5 70.5 70.5 70.5 

0.06 

c:! 0.05 
(1) 

:r: 
5 o.o4 
.0 
f-u 0.03 
0 
::r: 
CD :s: 0.02 
() 
::r: 
~ 0.01 
:r: 
s: e 

0.00 
10 20 30 40 50 

nepeAaYa 3Hepn-11/1, M3B 
PHc.2. <I>o110H1{bJe cneKTpbl xpoMHCTbIX aycTeHHT0B: 0 - X35Al: 0 -·x15Al; 
x - X24A2; Ll - XI8Al.3; cnnouma51 nHHtt51 - cTanb Xl8H9T nm1 cpaBHemrn. 
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Ta6nmi:a 4 

TcpMOJ:IHHaMH'ICCKIIC H cneKTp0cKon11qccKHe 3HepreT11qecKHC naHHbJe 

J:1Jl51 a10Ta II yrnepona B TPOf!HblX aycTCHHTaX 

CHcTeMa Wiu , [13] Wiu ,[15,16] [17]. i::,' ~. 
kJmo!" 1 3B/cB kJmol"1 3B/cs 3B/cs M3B 3B/cs 

Fe-Cr-N -128 -0.17 -332 "-0.43 -0.24 78.7 -0.34 

Fe-Mn-N -56 -0.07 -104 -0.19 -0.076 "69.7 

Fe-Ni-N 0 0 48 0.07 - -

Fe-Cr-C -68 -0.09 -129 -0.23 10.4• -0.06 

Fe-Mn-C -30 -0.04 -51 -0.08 71.3* -0.06 

Fe-Ni-C 1 
30 0.04 44 0.06 70.4• 

* - 3Hcpnm Kone6a1111il: yrnepona np1rnene11b1 K 311eprm1M Kone6a111111 a1orn B 

H30T0ITH'!eCK0M npu6J111)KeHHH. 

!lE - pa1m1ua Me)KJ:IY rny6Imoil: noTeHUHMbHOll 51MbI B1am.rnne11cTB1rn Cr-N H Fe-N 

(Fe-C). 

1.5 • 

1 ~\ 
°- I ·\ \ t 1.0 \ f 
0 , \ • 

~ II/, ' \\ ... 
g ·, I \ "\ \o 
~ • / •! ! \ • \• \ 

£ ,, / • /~ b\ \ \ \·~ 
/. y!l:. ·1 \ □ \ ~ 

,,(-. ■ 7 i10 I'\■ \ 
• ~o/ I ''-._■ ~ • 

• ic \_ • 
0.0 -l---.----.-~.::.=..-.-....=--■:.__~--.-....-....-

50 60 70 80 90 100 110 120 

nepe,D,aYa 3Hepn,111, M38 _ 
Pttc.3. JloKaJibHhle M0J:lbI a3orn a TpottHblX Fe-Me-N ( Me=Cr, Mn ) aycreHHTax: 

□ - f'22A; II· f35A; ®- X24Al; 0 - Xl5Al; • · Xl8Al.3 
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TTepe,ua<ia 3HeprnH, M3B 

100 

PHc.4. lloKaJlbHIDI M0.Ua ll30Ta B aycTemrre-X24A2. 

1.2 ,---,--,---,---,--,---,---,---,--,---,---,--,--, 

1.0 

P(r), 38 
0.8 

0.6 

0.4 

0.2 

0.0 

-0.2 

-0.4 

-0.6 

-0.8 ..._....,_~.___.___._..,__~_.,___.__.__....,___._..,___, 

1.4 1.6 1.8 2.0 2.2 2.4 2.6 
0 

PaccTOJIHHe Me-N, A 

Puc.5. DoTeHUHaJlbHbie KpHBbie IUIJI napbI Cr-N ( _ ) H Fe-N ( ..... ). 
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CYMHH B.B. H /lp. 
HefiTpOHOCITeKTpocKOilH'!eCKoe )lOKa3aTeJILCTBO CHJILHOro Cr-N-B3aHMO
)leficTBIDI B a30THCTLIX CTlllli!X 

P14-98-222 

MeTO)lOM HefiTpOHHOH crreKTpOCKOIIHH )lOKa3aHo cymeCTBOBaHHe CHJILHOH XHMH'!eCKOH 
CBll3H Cr-N B a30THCTLIX aycreHHTaX. CHJIOBal! KOHCTaHTa 3TOH CBll3H Ha 30 % BbIWe, 'leM 
)lJrll CBll3efi (Mn, Fe)-N 11 (Cr, Mn, Fe, Ni)-C, a rny611Ha rroreHUHaJILHOH llMLI rrpuMepHo 
B )lBa pa3a 6oJibille, '!eM )lJill rrepe'!HCJieHHbIX BhIWe CBll3eH. 

lfa-3a 3TOH CHJihHOH CBll3H a30T 3axBaTLIBaeTCll KJiaCTepaMH xpoMa BHyYpll peweTKII 
aycreHHTa, 'ITO HMeeT 60JrhWHe rrocne)lCTBIDI: 6onee ::icpcpeKTHBHOe TOpMO)l(eHHe )lllCJIOKaUHH 
3TIIM KOMIIJieKCOM, }'BeJIH'!eHHe CTa6HJILHOCTH a30TIICTOro aycreHHTa. Ilo-cymeCTBY, 3Ta CBll3b 
o6'MICHlleT npe11Mymecrna a3oTHCTLIX craneH nepe)l yrnepo.llHCTLIMH. 

O)lHaKo no crreKTp0CKOIIH'leCKHM )laHHbIM a30T He co611paeT BOKpyr ce6ll aTOMbl xpoMa 
B CTaJrllX IIOCJie aycreH113aUHH, T.e. He MeHlleT xaoTU'leCKoro pacrrpe)leJieHIDI MeTaJIJIH'!eCKIIX 
aro~mB B Fe-Cr-Marpuue. 

Pa6ora BI,IIIOJIHeHa B Jia6opaT?pHH HefirpoHHOH !p113HKII HM. H.M.ct>paHKa O1'IBH. 

TipenpllHT Om.e)lllHeHHOro IIHCTllryTa ll)lepH!,IX IICCJle)lOB3Hllii . .Uy6Ha, 1998 

IlepeBO)l aBTopoB 

Sumin V.V. et al. 
The Neutron Spectroscopy Proof of the Strong Cr-N Interactions 
in Nitrogen Stainless Steels 

Pl4-98-222 

The existence of the strong Cr-N interaction in Fe-(Cr, Mn, -Ni)-N was proved 
by the neutron spectroscopy. 

The force constant of the Cr-N interaction is 30 % higher and the value of its potential 
depth is twice greater than that of metal-nitrogen or carbon pairs. 

Due to this strong interaction nitrogen is trapped by Cr-clusters the austenite lattice. This 
has great consequences: a decrease of the dislocation flowing and diffusion both of N and Cr 
atoms, an increase of the austenite stability. Really, this interaction explains advantages 
of the nitrogen steels before carbon ones. 

The spectroscopy data do not show the changing of the random distribution of the metal 
atoms in the Fe-Cr austenitic matrix just after austenisation treatment. 

The investigation has been performed at the Frank Laboratory of Neutron Physics, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna, 1998 


