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ol OBLLIASI XAPAKTEPUCTUKA ANCCEPTALIMOHHOM PABOTHY GOX \

ObbekT UccnefoBaHus U akTyanbHOCTL TeMbl. B nocneaumne ropsi 8 duauke koHgen-

¢ CUPOBAHHOMO COCTOAHUSA BELLECTBA NPOWU3OLUNO 33METHOE CMELL[EHME WHTEPECOB UCCNeloBa-
Teneil 8 CTOPOHY U3y4eHUA HEYNOPSAOHEHHBIX METAINYECKUX CUCTEM — HEYNOPSIJOHEHHbIX

3 CNNABOB, METANNNYECKUX PACNNaBos, aMopdHbix cnnaeos. Cnnasbl Xenesa ¢ nepexogHbiMu
METANNAMU UTPAIOT BAXKHYIO POSib B NPOMbBILIAEHHOCTH W NO3TOMY J3aBHO U XOPOLWO W3y-

4+ YeHbl 8 (bn3Mke MeTannoB u MetannoseaeHnn. He oBoragH BHUMaHNEM U TaKOW BaXKHbIA
NapameTp, KaK IHeprus CMELEHUs, KOTopas onpeaenseT UX CKAOHHOCTb K PACCNOEHUIO Ha

Ase dasbi: oborawénnyo n obefHEHHYIO NPUMECHBIM 3AEMEHTOM, HTO B CBOKO O4epeab
» BAMAET HA KOHCTPYKUMOHHbIE ocobenHocTu ctanei.
R OcHoBOW MCCNeAOBaHNS MArHNTHBLIX U TEPMOAMHAMUYECKUX XaPaKTEPUCTUK CNNABOB

A

y>Xe [OAroe BPeMs ABAAIOTCA METOAbl CTaTUCTUUECKOR TEPMOAUHAMUKYN, OCHOBAHHbLIE HA
%1 YNPOWEHHBIX CTaTMCTUHECKUX Npubnikenuax. K coxanennio, B Ka4eCTBe BXOAHBIX AAHHbIX

;5 ANS Hux TpebytoTca napameTpbl, KOTOpPbie MHOMA3 HEBOSMOXHO U3MEPUTS B IKCMEPUMEHTE.
¢« Hanpumep, pasnocTb aHepruii a3, ogHa u3 koTopbix He CywiecTayeT 8 npupoge. Mocnearne
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rodbl ObAn oTMedeHbl BOALWIMMUN AOCTUKEHUSIMU B PA3BUTUK CXEM PACHETA SNEKTPOHHOM
». CTPYKTypbi KPUCTAJINIOB U3 NEPSbIX NPHHLMMNOB HA OCHOBE METOA3 yHKLNOHANE NAOTHO-
ctn Kona-Lllama. Janneid metog 8 HacToslilee BPEMS PEANN30BAH B HECKOLKUX LLWPC-
# KO MCNONb3YeMbIX NaKeTax KoMmnbioTeprsix nporpamm (LMTO, WIEN2K, EMTO, VASP,
s SIESTA). BoamoxHOCTb pacyéTa 5neKTPOHHOW CTPYKTYPbI, MarHWTHBIX MOMEHTOB # NOA-
HOW 3HEPrAU KPUCTANAWNHECKUX CUCTEM, 3 TAKXKE BbICOKAA TOHHOCTb METOA2 NO3BOAAIOT
o NOCTaBUTL 3afavy 0D aHann3e B32UMOCBSA3M MArHWTHLIX CBOACTEB M 3HEPrUM CMELIEHUA
HEYNOPSI AOHERHbBIX CNIABOB MXENE3a C NEPEXOAHBIMU METANNAMN.
Uenb aucceprauunontoi pabotsl — nccnegoBaHne SHEPrun CMEWEHNst U MarHUTHBIX

% CBOWCTB CRNABOB MENE3a C NEPEXOAHLIMI MeTannamu (XpoMm, MapraHel|, HuKenb) B 3aBu-

¢ CUMOCTW OT COCTaBa NpN NOMOLM NEPBOAPUHLMITHOIO KOMMABIOTEPHOrO MOACNUPOBAHUSA.

4 Hanpagnenuns nccnegosatus:

% . 1. PaspaboTka MeTOgMKM MOAECANPOBAHUS HEYMOPAAOHEHHbIX CNIABOB B METOAE Cyneps-
yerKu.

+ 2. Wccnegosatie NONHOW 3HEpruu 1 MarHUTHBIX CBOWCTB W3y4aeMbiX CMNABOB B 3aBu-

CUMOCTH OT KOHLEHTPALKK NPUMECHOrO 3IEMEHTA.

% 3. Ha ocHOBe 3TuX AaHHbLIX MCCNEROBAHNE NOBEAEHNSI SHEPIUN CMEILEHNS B OCHOBHOM
coctoarum Guraphbix cnnasos Fe—-Cr, Fe~Mn, Fe-Ni, yTouHenue nmetowmnxcs Tep-
MOAMHAMUYECKUX AAHHBIX ANA STUX CNABOB.

Ha sawuty BoiHOCATCS:

1. MeToguka MonennpoBanus HeynopsgO4EHHbIX CMJIaBOB, OCHOBAaHHAA Ha NOUCKE TO-

NONOTUHECKN HEIKBUBANEHTHbLIX BAPUAHTOR pa3MeELEHAa aTOMOB NpuMec B Cyneps-

= a. =
H4enKe pacTBOPAOWEro BEWEeCTB, }O 0—YpaJIbCK“H

roC. YHUBECDCHUTET
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2. Pesynattathl MEpPBONPUHLMNHOIG KOMALIOTEPHOTO MOASANDOBAHUA 3INEKTPOHHOW
CTPYKTYPbl, NONHON SHEPr#M ¥ MaTHUTHbIX CBOWCTB CRAABOB XKENE30-XPOM, XKEIe30-
MapraHey 1 >Keneso-HukeNb B 33BUCUMOCTM OT COCTaBa.

3. [ocTpoenue Ha OCHOBE AAHHBLIX PACHETOB 3aBUCUMOCTY SHEPT UM CMEWEHUR CNNABOB
Fe-Cr, Fe~Mn, Fe-Ni ot cocrasa.

‘4. ARann3 npuyuH BO3HMKHOBEHUA OCODEHHOCTEN NOBEAGHWSt IHEPTMM CMelLeHUs B
canaax Fe-Cr, Fe~Mn.

5. ToppobHoe uccnepoBanne HEPrMN CMeIEHNS CNAABOB XKENE30-HNKENb BO BCEM UH-
TepBane KOHUEHTpauuii.
Hay4Has HoBW3Ha pesynsTtaToB uccnegosauus. B pabore snepswe:

1) pa3spaboTaHa NpOrpaMmMa NOUCKa HEIKBMBANEHTHBLIX ATOMHbIX KOHbUIypauwi s bu-

HAPHbIX CUCTEM B Cynepaveiike ¥ PacH8Ta CTENeHM BLIPDOXAEHUSA ITUX KOHPUTYpaumii;
2) Ha €& OCHOBE peann3oBaHa METOAMKA NpPOBEAEHUS MEPBOMPUHUMUNHBIX KBAHTOBO-
MEXAHUYECKUX PACYETOB INEKTPOHHOR CTPYKTYPbI, NOMAHOR 3HEPrUN W MarHUTHbLIX
CBOMCTB HeynopaAo4eHHbix BUHapHLIX cncTem 8 pamkax nakera TB-LMTO-ASA 4.7;
3) nposegenn uccneaosanns npu 0 K aHepruy CMELLEHNA 1 MarHUTHBIX MOMEHTOB Cna-
sos Fe-Cr, Fe-Mn, Fe-Ni Bo BcéM ananasoHe KOHUEHTpaunii;
4) obnapyxeno nanuuue obnacTv OTPULATENLHOR SHEPrAM CMEWeHNa Npn HeboNbLMX
copepxanusx xpoma {06 at. %) & cucreme Fe-Cr;
5) obHapyeHO Hanuuve aHanorMHHoi 0COCHEHHOCTI B NOBEAEHWU 3HEPTUA CMELIEHNS
cuctembl Fe~Mn, Ho B cywiecTBerHO Donee Y3kOM unTepBane copepXaHni Mapranua
(mo 1.5 at. %);
6) nokasano, 4T0 obHapymeHHble aHOMaNMU CBA3aHbI ¢ OCODEHHOCTAMU MAarHUTHOTO
noBeAeHUA NPUMECEH B MaTPULE XKenesa.
MpakTuyeckas 3xasumocTb paborei. poseaéHHbie MCCNEAOBaHWA NMO3BOAVAN MO~
CTPOWTb KOHLIEHTPALMOHHBIE 3aBNCUMOCTY NapaMeTPOB SNEKTPOHHOW CTPYKTYpb!, IHepruu
CMELLEHNA N MarHUTHBLIX MOMEHTOB aToMOB B GuHapHbix crnnasax Fe—Cr, Fe-Mn, Fe-Ni.

VKasaHHbie CUCTEMbI ABAAIOTCA DAa30BbIMU CMCTEMAMMN ANA NONYHEHUR CRELUaibHbIX CTa-
Neli B NPOMBILUABHHOCTH, NO3TOMY nonyyeHnsie B paboTe ganbie npeacraensiot 6oabwo
UHTepeC AR CNELMaNUCTOB-METaII0BEA0B.

OcobeHHo BaXkKHBIM NpaKTU4eCKU ABASETCH ODHapyxenue 0bnacTu OTpULaTENbHbIX
sneprudi cmewenns (0-6 at. %) 8 OLK cnnasax Fe-Cr, T.e. obnactu, rae 6avmxruii nopaaox
HOCUT XapaKTep YNOpAA0HEHUA. ITO CYLECTBEHHO UBMEHSET RPUHATYIO B HACTOALLEE BPEMS!
TOUKY 3peHust Ha DTU CNNABbI KAK HA TUNMYHYIO CUCTEMY, CKAOHHYIO K PacC/oeHnto.

YTOUHEHHbBIE HA OCHOBE NEPBONPUHLNNHBIX PACHETOB TeMNEPaTypHbLIE NapameTpusa-
UuAn Ans sHepruv ssaumoobmena atomos 8 [LIK cnnasax Fe-Cr, npusogawue k npasnns-
HoMy Buay (ha3oBO# ANarpaMMbl B 0BNACTH Y £ & paBHOBECUS, MOTYT BbiTh nonesHb npy
npoBejeHni TEPMOAUHAMMNYECKUX PACHETOB CNABOB YK33aHHOK CUCTEMBI

Anpobauns pabotei. OcHOBHbIE NOAOKEHUA AUCCEPTALMM K OTALNbHbIE e€ pe3ynsTa-
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Thl AOKNAABIBANNCE U OBCY>KAANUCH Ha CReAyIoWMUX HaysHbix dopymax:
1. 6-in Poccuiticknin cemunap «KomnbroTepHoe moaenuposatue hu3nKo-XUMN4eckux
CBOWCTB CTEKON M pacnnasosy, Kypran, 2002 r.
2. Bcepoccuiickas kondepenumst « BoicokonpoussognTenbHble Bbl4NCAEHUS U TEXHONO-
rum 2003 », Vxesck, 2003.
3. 7-# Poccuniicknii cemunap «KomnsioTeptoe mogenvpoBaHue hU3NKO-XUMUHECKMX
CBOWCTB CTEKON U pacnnasosy, Kyprax, 2004.
4. XXX Me>kayHapoaHas 3umHss wkona gusnkos-teopetukos « Koypoeka-2004».
5. Third International Conference on Mathematical Modeling and Computer Simulation
of Materials Technologies — MMT-2004, Ariel, Israel, 2004.
6. European Congress on Advanced Materials and Processes — EUROMAT-2005,
Prague, Czech Republic, 2005. '
7. 8- Poccwiicknii cemunap «KoMnbloTepHoe MOAENNPOBAHUE (DUSNKO-XUMUNHECKIX
CBOWICTB CTEKON U pacmiasosy, Kyprau, 2006.
8. European Congress on Advanced Materials and Processes — EUROMAT-2007,
Nirnberg, Germany, 2007.
Crpyxtypa v obbém pabortel. [ucceptaumonnas pabota coctont u3 Beeaenus, 5 rnas
w Bubnvorpaduyeckoro cnucka, BkaoMaowers 114 nanmenosanuit. PaboTa usnoxena na
143 nvCTax MalUHONMCHOTO TEKCTa, copepxnT 32 pucytka, 6 Tabnuy,

OCHOBHOE COAEP>XAHWE PABOTHI R -

Bo seepernu obocHoBana akTyansHOCTL UCCAeayeMoi npobnembl, cthopMynIupoBsana
uenb ¥ 334a4N AUCCEPTAUMOHHOR PaboTbi, Nepevncienbl NoAyYexHble B ANUCCEPTaUNK HO-
BLie PE3YABTATHE, UX NPAKTUUECKAS LEHHOCTL, MPEACTABASHE! NOAMKEHNS, BLIHOCUMBIE Ha
3alUTY M ONWUCAHa CTPYKTYpPa AUCCEpTauum.

B nepeoit rnase «0630p nuTepaTypbi» gat ob3op cocrtosiHus BONpoca B wccaegdye-
Mo# 0B1acTy, Ha OCHOBAHUM KOTOPOrO ONpeaeneHbl LENW ¥ 3agadn nacTosweil paboTs!.

B nepsom pasgene rnaBbl ONUCHIBAETCA 3NEKTPOHHAA CTPYKTYpa W MarHuTHbie CBOM-
cTBa nepexofHbix 3d-metannos. OTmedeHo, YTo Haubonee BaXKHOW 1 NONE3HON XapakTepu-

CTWUKOMR, NONYHaEMOi B PE3yNbTaTe PACHETOB NEKTPOHHOW CTPYKTYpbl, ABAAETCA NAOTHOCTL
SNEKTPOHHLIX COCTOAHMNI Na(E), KOTOpPas NOKa3biBAeT KOJAMYECTBO BAREHTHLIX 3AEKTPO-
HOB CMCTEMBI CO CTMHOM O, UMEIOWMX axepruto 8 untepsane (E, E + dE). Wcnons3osa-
Hue PyHKUMK NAOTHOCTM COCTOSIHMIA AOCTATONHO A4 OAUCaHUA BObLIMHCTBE busuyeckux
CBOMCTB MeTanna.

[Janee B 3TOM e pa3sfene nepsoil rnasbl OAUCHIBAIOTCSA (PU3UYECKME W MaTEMATH-
yeckne MOGEeNi, No3BOJAIOUIME ONUCHIBATL Pa3nNyHble MarHUTHble CBOWCTBA METaNoB W
cnnaBos. MokasaHo, 4To Aans uccnefosanus ceoicTs deppomartetinkos npun 0 K npuewm-
AeMbIM METOOM SBNAETCA 30HHAs Teopus deppomarHeTusma. OTMe4aeTcs, 4To Cpeau
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METOA0B, PEANU3YIOLLNX AaHHbIA NOAXOA, Haubonsiel BLICTPOTOR N TOYHOCTLIC OTAMYAET-
cs npubnnxkeHne nokanbHOR cnuHosoh nnotHocTn (LSDA) B pamkax Teopuu dyHkumonana
NAOTHOCTH.

Bo sTopom pasgene rnagbl KpaTKo AaHbl OCHOBHBIE NOAOKeHUS Teopun yHKUMOHA-
na nnoTHocTyu. E8 BaXKHElWnM JOCTUIKEHNEM SIBNAETCA CBEAEHME MHOTOYACTNYHOR 3a4a4n
onucanust B3aumoneicTsytowero PepMiu-rasa 3neKTPOHOB B METANNE K 33/a4e ABMKEHUS
OBHOTO 3NeKTPOHA B I(DHEKTUBHOM KPUCTANINYECKOM NOAE. DTO PE3KO COKPAWALT aHanmu-
TUHECKNE BbIKNAAKK Y OOBEM MaTeMaTUYeCKUX PacHETOB, HEODXOAUMBIX NS HAXOXKAEHWUS
INEKTPOHHOMN CTPYKTYpPh! BeuiecTBa. [10CKONLKY [BUKEHWUE 3NEKTPOHA B KPUCTANAE ONUCH-
BaeTca ypasHeHuem LLpéamnrepa, ganee npusogutcst 0b30p ocHoBHbIX paboT, aHanuanpy-
IOLMX BOCTONHCTBA U HEJOCTATKW PasANYHbIX METOA0B, UCTONLIYEMBIX S5 €r0 petleHust
B pac4éTax 30HHOW CTPYKTYpbl METannos.

B tpetsem pasgene nepsoil rnasbi pacCMOTPEHbI JIMTEPATYPHbIE NCTOMHUKM, NOCBS-
LUBHHBIE MOHATUIO JHEPTNN CMELLIEHUA C Pa3HbIX TOMEK 3peHus, a Takxe eé ponu B dop-
MUPOBAHUU YCTOMYMBOCTN CANAaBa K pacnagy Ha Age hasbl, KOTOPas CBA3AHA CO 3HAKOM
u3menenus ceobopHol aneprin Mmbbca npu pacTeoperunn:

AG = AE,, — TASq. (1)

Mpu T' = 0 K n3menenne ceobogrol aneprum Mmbbca npw cnnasnennn YUCThIX 3MEMEHTOB
ONPEAENSETCH TOALKO UBMEHEHNEM IHEPrUN CMELLEHUS CUCTEMb.

Pac4éTtbl TepMogMHaMUIECKNX X3PaKTEPUCTUK HEYNOPSAOHEHHBIX PACTBOPOB 3ame-
WEHWs BCETfla OCNOXHSIOTCA HEODXOAMMOCTLIO CTATUCTUHECKOrO YCPeAHEHNWS BCEBO3MOXK-
HbIX KOHPUTYpaunii pacnosiokeHns aTOMOB NPUMECK B PELETKe MaTpulbl Anbo no obbémy
cnnaga, nubo no spemenn. B koHue TpeTbero pasgena npoaHaan3upoBaHsl CyLECTBYOWMe
METOZb! POBEAEHNS TaKOrO ycpeaHehns {MeTOA KOrepeHTHOTO NOTEHLNANA U METOA Bapu-
aunm knactepos Kukyun).

Bo sropoit rnase «Metoa uceneoBanns» OCBEWAKTCA TexHHeckue noppobxocTy
W YCROBUA, B KOTOPLIX NPOBOAUAMCH YuCheHHsbie dkcnepuMenTel. Jlaétcs undbopmauus,
HEODXOANMAs A5 BO3MOXKHOCTU NOBTOPEHNS PacHETOB APYrUMU WCCeOBaTENAMMY,

B nepsom paspgene rnasbl OUeHWBAIOTCH OCHOBHbLIE NMOTPEWHOCTH BbIYMCAEHUNA, BO3-
HUKalOLWME B PaMKax ucnostbsyemoro metoga. Otmeueno, uto metog JIMTO neckonpko
33HUKAET 3HAUEHNE PABHOBECHOTO NAPIMETPA PEWETKMA, NOITOMY ANS YBEAUYEHUA TOYHO-
cTH pac4EToB BblNY UCNONBb3OBaHb! NMBO 3KCNEpUMEHTaNbHbIe 3HaueHus, nnbo 3Havenus,
nonyyenusle bonee Tounbimu metogamu EMTO n WIEN2K. Tawke nposepsinocs Baws-

HWE CMELLEHNA aTOMOB W3 Y3108 MaeansHon pewetkn Bpasa 33 c4€T oTAnYMs 8 pasmepax
aTOMOB W UMHbIX npudud. [TpoBOAUAOCH CpPaBHeHWEe Pa3NUHHbIX npubauxeHmnit obmerHo-
KOPPENSILIMOHHOI SHEpruy, 8 pesynsTaTe koToporo bbina Buibpara napameTpusauus bapra-
XeauHa. WlccnegoBanach TOYHOCTH pacyéTa B 3aBMCUMOCTM OT KoNn4qecTsa k-touek. Pe-
3yNbTaTbhl NCCNEA0BAHNA COTNACYIOTCA C TGOpETW-{eCKVIMW BblKNNaAKaM#u, HaKOHeu, nposo-
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« ANNOCE M3yYeHUEe TOTO, KaK BJIMSIET HA SHEPIUI0 CMELIEHUS YHET BOBMOXKHbLIX BaPMAHTOB
- pa3metilenns aTOMOB NPUMECK NO Cynepsivelike pacTaopstotlero anemenTa. Oka3anocs, 4to
* ANA pa3Hbix CNAABOB 3TO BAUAHWE PA3NWYHO, U 0cobeHHO CnbHO ana cnnasos Fe—Mn u
Fe-Ni. MNpoeeaéuHas ouetka noxasana, 4To TOUHOCTb NOMYHEHHBIX 3HAUEHWIA NONHON 3Hep-
.. Tan nexut 8 npegenax 0,5 MP6/atom.

Bo Bropom pasgene rnasbi nogpobro onucan anropuTM NOWCKa BCEX TONOAOrMYe-
CKY{l HEIKBUBANIEHTHBLIX BAPUAHTOB Pa3MelieHins aTOMOB NPUMECK MO Cynepadeitke Cnaaega.
AnropuTm, ycnewHo u BeicTpo petsatouiuii npobnemy, boin paspaboras asTopom B npo-
Lecce MCCNenoBaHUA 1 SABNSIETCA CyLIECTBEHHLIM Pe3ysibTaTOM AUCCEepTaunoHHol paborsl.
lnaBHbIM NPEUMYLLECTBOM AIrOPUTMA ABASETCA TO, HTO C €r0 MOMOWBIO MOXHO NOAYHUTS
CTaTUCTUHECKN YCPELHEHHBIE 3HAYEHUA SHEPTUIA U MATHUTHBIX MOMEBHTOB aTOMOB A1 CNAa-
BOB C Pa3/n4HbIMK CTENEHAMYU DANKHEro ynopsAo4eHns.

XoTa ans pacyéra boin BLIOPaH OfMH U3 CaMbIX SIKOHOMUUHBIX U BbICTpOAENCTBEHKBIX
MeTOAOB, Npyu pacHéTe Donblunx cncrem (KONNYECTBO PasAUYHLIX TUNOB ATOMOB C Y4ETOM
cuMmeTpun cucTeMel Donee 5, konnuecTeo aToMos B siuelike bonee 20, konuvecTso Henpu-
BOAUMBIX k-Tovek Bonee 10) BpemerHsie 3aTpaThl AaXe AN 3TOFO METORA CTIHOBATCA
HeManbimn, 0cODEHHO NPU MCNONB30BaHUN HeDONBLLIMX BLIYMCAUTENBHBIX MowHOCTeR. Mo
37O NpuymHe BbINO NPUHATO pelueHne pacnapannennTe aArOpPUTM, TO €CTb CAENaTb Tak,
4TODb! HECKONBKO COERUHEHHBIX B CETh KOMMbIOTEPOB MOTAM PacCHUTaTh KAXKALIA CBOWO
4acTb 3ajaqun, OOMEHSIBLUMCE B KOHUE nony4uswIMMUCR peaynsTatamu. B Tpetbem pasge-
A€ I1aBbl ONVUCHIBAIOTCH N3MEHEHUSA, CAENaHHbIE B anrOpuTMe pacyera, v MCcieayercs ux
BAWAHME HA CKOPOCTL paboTei NporpamMmet,

Tpetbs rnasa «Cnctema cnnasoB enesa u xpoma» MOCBSILEHA Pe3yNLTaTaM UC-
CNefOBaHU/A JHEPrUM CMEILIEHWS W MarHWTHbIX MOMEHTOB Ha aTOMax CMCTEMbi CNNABOB

Fe-Cr B 3aBHCMMOCTH OT KOHLIGHTPALIAM XPOMa.

Beca coBOKYNHOCTL AAaHHLIX O NOBEAEHUW Q-TBEPALIX PACTBOPOB CUCTEMbLI XKeneso-
XPOM X3PaKTEPU3YET €€ KaKk TUMNYHYIO CUCTEMY C NOAOKUTENLHOMR TennoTol 0bpasosanus,
a notoMmy cknoHHyto K paccnoenuw. OfHako B nocneaHue roapt NOABUIUCH UCCAEAOBA-
nns [1] BamkHero nopsiika B CMCTEME XKENE30-xPOM, B KOTOPBIX CAENaH BbIBOZ O TOM,
4TO NPY OTHOCUTENBHO HU3KUX 3HAYEHUAX KOHLEHTPaLU XPOMa DAMKHUIA NOPAAOK HOCKT
XapakTep ynopsfoHeHns, a npn 6onbWINX 3HAYEHUAX COOTBETCTBYET PACCAOEHNIO. DTN pe-
3yNbTaTbl HAXOAATCA B NPOTUBOPEYAM C USNOKEHHBIMY BEILIE XaPAKTEPUCTUKAMU CUCTEMD
W, HECOMHEHHO, HYXXLAIOTCA B YTOHHERNM (PU3NUECKOHA NPUPOALI AHOMAMMN YNOPSAOHEHUS.

B TepMOAMHAMNYECKOM ORNCaHUM 7y 2 (¥ PABHOBECUS B CIUIABAX XKENE30-XPOM Heob-
XOQMMO 3HaTb dHeprum B3aumoobmena {cMmewienns) aTOMOB Xenesa U XpoMa B ¥- n Q-
dasax, a Takke pa3HocTb csobogHbix 3Hepruit xpoma ¢ [UK- w OLUK-pewétkoit. [ns
OUK-pacTsopos cywecTaytoT obwupHbie TepmoanHamuieckue aarneie, ans MUK xe cnna-
BOB 3KCNEPUMEHTANbHbIE PE3YAbTaThi NPAKTUHECKM OTCYTCTBYIOT, @ UMEIOWINECS OLEHKY
yKa3aHHbIX napaMeTpoBR NONyHeHbl KOCBEHHbIM METOAOM Ha OCHOBe aHanwvza 7y = & pas-
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Hosecus 8 3Tol cucteme. OfHAKO TOHHOCTL TaKUX OLEHOK KpaiiHe HU3Ka, MO3ITOMY O4eHb
BAXKHO A1 NPOBEPKM NOAODHLIX AaHHLIX NOAYHYUTL PE3YNbTAT HEIABUCUMOrO pac4éra, Xo-
75 bbi npu 0 K, KOTOpbIA MMEET N CAMOCTOSTENBHYIO UEHHOCTb, AOTOMY 4TO BenuduHa A7
OTpaXaeT xapakTep BAMKHEro ynopsao4enus.
PesynsTaTsl NPOBEAEHHOrO HAMM PACHETA JHEPTUN CMELIEHNA W MarHWTHBIX MOMEH-
ToB OUK-cnnasos »ene3o-xpom npeacrasnexsl Ha puc. 1 un 2.
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Puc. 1. 3aBucumocts sHepruu cmemernus OLIK-cunasos cn- R
cremst Fe~Cr or koHuenTpauuy xpoma. 1 — pesyirraTs pac- &
e MBY 4ETOB HACTOALEH PAOOTH; 2 — SKCIEPAMEHT OPU BHICOKOMH
aoNEANY temuepatype {2]; 3 — TepmogmHamwyeckn#t pacwér [3]; 4 — vy
Ea PACUET M3 NEPBHIX HNPHHUMIOB 4] R

Haunbonee uHTepeCHbIMK ABNAIOTCA PE3YNbTaThl PACHETOB NPU MaNbiX 3HAYEHUSAX KOH-
UEHTpaunn xpoma: B paiiote 2-6 aT. % xpoma 3Heprus cMmeleHna 0ka3anacs OTpUyaTenb-
Hoit ¢ MuHMMyMoM B6aAn3KM 3 at. % xpoma. ITu hakTbl MOXKHO UCRONL30BaTL Ans obbac-
HeHus BbiBogoB paboTei [1] o cyuiecTsoBannn banxHero ynopagouenus y cnabo koHueH-
TprposanHbiX cnrasos. COrnacyeTca v wHTEpBas KOHUEHTpauuil, AR KOTOPOro NO Hawnm
aatnbiM Fg, < 0, a 8 {1] Habnoganu 6awmwxHuii nopaaok.

Ha puc. 2 BUAHO, 4TO MarHMTHbIE MOMEHTbI B PACHETE HA OAWH aTOM KaXZIOro Tuna
W CPEAHMIA MarHATHBIA MOMEHT Ha aTOM CUCTEMb! HAXORATCA B XOPOLLEM COOTBETCTBUM C
3KCNEPUMEHTaNbHbIMU pesynbTaTamu. B obnactu Hebonblunx koHueHTpauuii xpoma (npu-
mepHo go 10 aT. %) Habnwpaercs HekoTOpoe BO3PACTaHUe CPeHEro MarHUTHOO MOMEHTA
aToMoB xenesa, kotopoe nvwwb npu 20 aT. % Cr cMenseTcs MOHOTOHHBIM yDbiBaHNeM; 3TOT

. haKT O4eHb XOPOLIO COTNAcyeTcst C IKCnepumeHToM. B ywasanoi obnactu pesko sospac-
TaeT TAtoKE MArHUTHbLIA MOMEHT Ha CAMUX aTOMaxX XpOMa.
Mpepnaraetcs obbAcHenne yKa3aHHOW aHOMannmi, OCHOBAHHOE Ha TOM, 4TO NOsiB-
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Puc. 2. 3aBucumocts marauTHbix MomenroB OLIK-cunasos cucrembr Ye-Cr

OT KOHUEHTPAIMH XpoMa. 1, 2, 3 — pesysnprarsl pacyéros Hacrosuwed paboTu

(coenmuensr myHKTHPOM); 4, 5, 6 — 9KcmepumeHTalbHbIe fanHNe [5]; 7, 8, 9 —

%

nanmnie [6); 10 — panune [7}. Ilpe 3na4ennsx KoHmeHTpamuu Xpoma Gosbure . ,,g
80 ar. % mOKa3aHE CpeXHHE MOAYIH MATHHTHBIX MOMEHTOB i
' leHWe aTOM3 XPOMa Bbi3bIBAET BOSMYLLEHNE MArHUTHONW CTPYKTYpbl B OBWMPHOR 30He
A PElETKM a-Kenesa, OKpyKatoweit atom. BosHnkaeT Hekuid knactep, oTanvatowuitcs no
CBOWCTBAM OT umcToro xenesa. [pu yBenuuenun KOHUEHTPaLMU XPOMA 30HbI MAarHWTHO-
ro BO3MYLLEHWNS B PELUETKE »KEIe3a HAYMHAIOT NepeKpLiBaTLCs, YTO npusogut 8 obnactu
" Zer > 0,03 K yMEHBLIEHWIO SHEPTUW B3aUMOZERCTBIA XPOM-kene30. pn pocTe KOHLEHTpa-
um xpoma cebiwe 10 at. % napamerpbl 83aumopeiCTBUS MaNo 33BUCAT OT KOHUEHTPALLMK.
Ans anepruu cmewenns y-cnnaeos Fe-Cr Bbinu nosydeHs fantble, npusesEHHbIE Ha
| pnC. 3. JHeprus CMeLeHnsi 0Ka3anacb OTPULATENLHOM, U 3TOT Pe3ynbTaT Pe3Ko PaCXOZMUTCs,
[laXe N0 3HaKy, C TEPMOAUHAMUYECKUMUN AaHHbIMU. [JanHbie pacyéra annpoKCcMUpoBaHb
YP3BHEHUEM AN PEryNsipHbIX PacTBOPOB;

.

E2, = ~-27500-z (1 - ), ﬂ)K/MOﬂb,;c (2)

2
e

1 .
u3 koToporo cneayet, 4to [LK-pactsopet cucrembr Fe=Cr 6ausikn k perynsphoiM, npu-

, 4ém obnafaloT DOALILOK NO MOZYAID U OTPULATENEHOR NO 3HaKy anepruel s3aumoobmena
 Afec, = —27,5 kbx/monb. B pacTsopax Takoro TMna, ARCTBATENLHO, AOMKHbI NPOSE-
. NATLCSA TEHRCHUMN K YTIOPALOYEHUIO,
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A Puc. 3. 3aBrcumocts sHepruu cmemenrs I'IK-cnnasos ce- 5-
i . crems! Fe-Cr or comepxanua xpoma. 1 — pe3yisraTh pacué-
Ta HacTosAMLIel paboTH; 2 — ANNPOKCAMAUMS 33BACHMOCTHIO
EY, = —21z (1 — z) MPG/arom

Bropoe o4eHb 3HaunTeNbHOE pacxoxaeHue mexay npunsToimu ans I LK-pacTsopos
TepmoauHamuecknmu dyHkuramu [3,4,8] v pesynsTaTamMu pacuéToR NPOSBNNOCH B OLEHKE
Benmunnb sneprin [LK-xpoma °GY, w, cootsetcrsenno, pastoctn °GY,—°Gg, = AYGE®.
Haww pac4éte nokasanu, uto npu 0 K °G7, —°G2, = 27,3 mP6/atom = 35827 ,[],)K/Monb,
W 3TOT pesynbTaT NOATBEPXKAEH aHANOTUHHBLIMYA NEPBONPUHLUMNHLIMK pacdéTamn B pabo-
Tax (4] v [8], rae Bbinu nonyuens, cooTBeTCTBENHO, 3Hadenns 32 u 28,4 MP6/atom. Cpea-
Hee 3HayeHue No pesynbTaTam Tpéx pacuéros coctasnsetr A'GT ™ = 29,23 mMP6/atom =
38530 [x/monb.

W3 paBeHCcTBa XMMUHECKNX NOTEHLNAN0B HA rpaHuLIe a- 1 Y-ha3 MOXKHO HallTy Tem-
nepaTypHble 3aBUCUMOCTI ITUX BEANYNH:

AT = —27600 + 42,04 - T — 0,0177 - T2, [Lx/mons, 3)
A°GY* = 38530 — 38,42 - T 40,0136 - T2, [Ix/mons.

Ax TouHocTs Gbina paccMoTpeHa Ha npumepe pacyéTa (ha3osoR Auarpamma ¥y = « pas-
nosecus cuctempl Fe~Cr [9]. Cornacie paccunTanHOR ¥ IKCNEPUMEHTANLHOW fUarpamMm
BROJHE YAOBNETBOPUTEAbHOE. TakuM 0bpasom, HOBbIE TepMoAnHamnyeckne dyHKuun, co-
rAacylouMecs C AaHHbiMU NepBONPMHLMNHLIX pac4étos ans 0 K, xopouwio onnceigaoT
v 2 « pasosoe paBHOBECUE NPy BLICOKUX TEMNEPATYPAX.

B uerséproii rnase «CuctemMa CnnaBoB >kenesa M Mapranyay Aaétca paccMoTpeHmne
OUK- u TUK-cnnasos Fe-Mn. O630p nuTepaTypHbIX AaHHBIX BAs SHEPT UM B3anMoobmeHa
B 3TWX CRJIaBaxX AaéT OYeHb NPOTUBOPEUUBLIE PE3YALTAThl, PA3NUHAIOWMNECS HE TONLKO MO
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3HAYEHWIO, HO W NO 3HaKy, U NO Tuny 3asucumocty (Hanpumep, {3,10] v ap.). Ona TUK
CNNAaBOB MOXKHO OTAATL NpeanoqTeHne aannem {10], nonyveHHbIM Ha OCHOBE IKCNEPUMEH-
TOB C ranbBaHu4eckoin sivelikoid. OpHako n3mepeHns B 3TOM WCCNEROBaHUW NPOBORNANCH
npu 1073-1273 K, noatomy nosepenune A” nuxe 1073 K octaércs neonpegenéhnuim. Mo
CYUECTBY, Y HAC HET KPUTEpUA, NO3BONAIOLIErO BLIAENUTL A3HHbIE Kakoi-1ub0 paboTsl, Kak
bonee HapéxHble.

Ha puc. 4 npeacraBnertbl pesynbTaThl pac4éTa 3Heprun cMewenuns a-dasbl METOAOM
JIMTO. BuaHo, 410 ypasHenue npamoii

Ea C e
— M 95900 (zmn — 0,015), k/mons E (4)
1- TMn ¢ ) ’

.

HAOCTaTOUHO TOHHO afMPOKCUMUPYET NMOAYHEHHYIO 33BUCUMOCTb NpU w;M,‘ > 0,015. Bce ne-
Mailne Ha ITON NPSAMOI TOYKN COOTBETCTBYIOT CAYH a0, KOTAA MarHNTHbIE MOMEHTHI aTOMOB
XKENe3a U MapraHya B OCHOBHOM COBNafaoT No Hanpasnexnto («deppoMariuTHas opueH-
TaLmsl»). Mpu koHueHTpayuw MapraHué 0,015 npamas gomkHa nepeceyb ock abcumce, Te.
3HEPTNS CMELLeHWst — CMEHNTL CBOM 3HaK, Kak 310 Habatopanocs ans cnnasos Fe-Cr. Op-
Hako npu Ty, < 0,015 okasbiaeTca bonee ycTORHMBOA KOHDUTYPAUNS, KOFAA MArHUTHbIE
MOMEHTb! 3aTOMOB NPUMECU YCTaHABAUBAIOTCS AaHTUNAPAMIENEHO MOMEHTAM MaTPUlbl.

141 g Py
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KoHuexTpauus Mapranua, ar. %

Puc. 4. 3aBrcumocts 3nepruu cmewenuns OLK-cnnasos cu- S
cremsl Fe-Mn ot cosepxanug mapranna. 1 — pe3yjnTaTH

- AT G
pacyéra macTosmel paboTh; 2 — anHPOKCAMAHTa B 06ma- e e
hd 1\.»‘
CTH KOHUEHTpanuit Bumre 1,5 at. %; 3 — muHelHAs annmpoK- -
cre IR
CHMAHTA, IPOXOISANIAs Yepe3 HAYAN0 KOOPAWHAT o
e Gt

Pe3ynbraThl Halwux pac4ETOB He NOATBEPAMNN NOAasAsIowee BONLLUMHCTBO AaHHbIX
ans sueprun cmewenns OUK cnnaeos. [leno B Tom, 4T0 3KCNEPUMEHTaNLHOTO U3yYeHUA
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Puc. 5. 3aBucumocTs Marantanx MoMerTos OLIK-crinasos cucremun Fe-Mn or

KOHUEHTpauan Mapranna. Cpeanuit MATHUTHB MOMEHT Ha aTOM CILTaBa: 2 —
feiiell Hat pacwéT, 9 — SkcnepHMerTanbHeie Jammmie [11,12]. Cpeanuii MarnnTHslA
wph < MOMEHT aTOMOB Mn: 1 — mam pacuér; 3 — JkcnepuMenTanbubie sanupe [6]; 5.

4 —{13); 5 u 8 — [14}; 6 — [15}; 7 — [11}. Ha BcTaske nprBeeHE! PESYABTATHL  , - :p.
; pacuéra mogyselt MATHRTHEIX MOMERTOB aToMOB Fe (BepxHas Kpusas), ATOMOB
- Mn (HHXHAS KPUBAS) B CPENHETO MOALY/Isi MOMEHTOB Ha 4TOM CILIABA S

Tennothl cmewenus QLUK cnnasos cuctemsr Fe—Mn He nposogunocsk, notomy uto obnacte
(-pacTBOPOB B AAHHON CUCTEME OHEHb OrPAHUYEHA WU MO KOHUEHTPALMAM, U NO TEMNEpaTy-
pe. JKCNEPUMEHTLI PN HU3KUX TeMNepPaTypax AN TaKUX CUCTEM NPaKTUHECKA HEBOIMOXK-
Hbl. [loaTOMY BCE aBTOPBI MCNONL3OBAAW ANATPaMMy PaBHOBECUS Q- U 7-(ha3 CNNaBoOB U
TEPMOANHAMNYECKUE YCAOBNSA NX PABHOBECUS, KOTOPbIE CBOAATCS K PABEHCTBY XMMUYECKUX
NOTEHUNANOB KOMIOHEHTOB B ABYX (hasax.

MaruuTHole ceoiictsa deppomarintreix OUK Fe-Mn cnnasos Takke usydens ao
CHX MOp HEe JOCTaTO4HO ROANHO. MOXHO yKa3aTb, 8 4aCTHOCTW, HA NPOTUBOPEHUBOCTL Cy-
WECTBYIOLLMX IKCIEPUMEHTANbHBIX A3HHBIX O BENWUMHE IOKANLHOTO MarHUTHOrO MOMEHTa
Ha NPUMECH MApraHya Kak no MOAYNI0, Tak  no Hanpasaenuio. B pabote [16] npsmbim
pacuétom metofiom JIMTO Buino nokasano, 4TO COCTOSHNS C NapaANensHoOl U aHTunapan-
NENbHOW OpUeHTaLMell MPUMECH MapraHua B PEWBTKe XeNe3a yCTOR4MBbI U BbiPOXKJEHb!
no sHepry. ITO NO3BOAWNG aBTOpaM paboTbi BLICKA3aTh NPeAnoAOKeRHe, 4TO daykTya-
WA MEXKAY ABYMS YKA3aHHBIMY COCTOSIHUSIMUA C TPOTUBONONOMHBIM CMUHOM W ABRAIOTCA
MPUYMHONA NPOTUBOPEHYUBOCTH IKCNEPUMEHTANBHBIX AAHHDbIX. PesynbraTh Hawero pacyéTa,
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Puc. 6. [LnoTHOCTD 3M€KTPOHHEIX COCTOAHAR Ha aToMax Mmapranua B OlIK-cnnaBax cucremm
Fe-Mn npy neroropsix cocrasax. a} 1,85 ax. %; 6) 5,56 ar. %; 8) 7,41 at. %; r) 18,5 ar. %

npuBeagHHbIE Ha PUC. 5, NO3BOAUAN YTOYHWUTL BbIBOAL! 3TOW paboThi.

Kax cneflyeT n3 npuseféHHOro pUCyHKa, MPU Manbix 3HaYeHWsX KoHUeHTpauun Mn
(menee 1,5 at. %), peanusyerca CTPOro aHTMNAPaNNENbHOE YROPALOYEHNE MATHUTHBIX MO-
MEHTOB MapraHua u >Kene3a, NOCKONLKY BEAMHAHA CpeaHero moMmeHTa atomoe Mn cosna-
AJET C 3HAYEHWUEM MOmyNst MOMeHTa (CM. BCTasky Ha puc. 5). Haw pacqér noxasan, 4To
AHTUNAPANNEIbHANA OpMEHTALUA MOMEHTa MapraHuya BCe »Ke 3HepreTWyecKkn npepnoyTH-
tensree. Opnako aveprus, Tpebyeman ans nepeBoOpoTa MarHUTHOrO MOMEHT3 aToMa Map-
raHua aedcTauTenbHo Hesenmka. [pu konuentpayun 2 at. % 4nCno aToMOB, HaxoAALNXCA
B NapannensHoi v aHTUNapannensHolt KOHUrypayun, NpuMepHo CPABHUBAIOTCS, Tak 4TO
HabniopaeTca Hynesoe 3HaYeHUe CPERHErO MOMEHTA y aTOMOB Mapradua. Mpu pansHelwem
pocTe copepxanus Mn npumepro go 6-8 ar. % nposensercs sce Bo3spactalowee npeod-
naganwe napannencxoit opuentauun. Opnako, Haqmnas ¢ 8 at. % Mn cpeanuit MomeHT
aTOMOB MapraHua cTabunnsnpyercs npu 3Ha4eHun nopaaka 1 pp, 4TO CYLWECTBEHHO Hike
HabnofaeMoll BEAMYUHBI CPEAHEro MOAYSt MOMEHTA, paBHoW npumepHo 1.4 up.

Ha puc. 6 npuBegetbl ycpegHéHHble MNOTHOCTY 3EKTPOHHbLIX COCTOAHWA Ha aToMax
MapraHua npu pasnanyHbiX 3Ha4eHusx ero kokuentTpauun 8 OLIK-pacTsope Fe~Mn.
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VkasanHoe obCTOSTENLCTEO MO3BONSET APEANONOKNATE BOIMOMHOCTL ‘CMEHb! 3HAKA
3HEPTUMN MArHUTHOrO B3aUMOAENACTBAS MarHWTHbIX MOMEHTOB atomos Mn u Fe 8 3aBu-
CUMOCTY OT PACCTOSIHAA MEXAY HAMM, ODYCNOBAEHHYIO (DPUAENEBCKMMI OCLMNSLNS MU
3neKTpoHHOR naoTHOCTY. Torga ces3antsle ¢ 3TuM achdekTol DPYCTPaUMU NEPEEOAAT. TREP-
Abift PacTBOP B COCTOSIHWUE TUNA CMUHOBOTO CTEK/A. 1aKXKe MOMyYeHHbIe HaMU PE3yNbTaTh!
NO3BOASIOT NOHATH NPUYUHY HADNOAABLLUXCS PACXOKAEHWR MEXAY WMEIOWMMUCH IKCNe-
PUMEHTA/IbHBIMU AAHHBLIMW RO BEAUYWHE W HaNPABIEHWA M3THUTHLIX MOMEHTOB Maprasua
npu Manbix KoHUeHTpauusx. OHa CBA3aHa, no-BugMMOMYy, ¢ pasbpocom cocTasa obpasuos.
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Pyuc. 7. 3asucumocts sneprun cmewenust I'I{K-cnnasos cu-
cremut Fe-Mn ot comepxxanusg mapranma. 1| — pe3ynasTaThl P

pacyéra Hacrosile! pabOTH; 2 — ANIPOKCUMAHTA, ONKCHIBA-
emast ypasHenueM (5) 3

33BACMMOCTb SHEPIrUKM CMELLEHNS OT KOHLUEHTPAUWMKM Maprakya 8 TsEPAOM pacTsope
3amewenns xene3a npu 0 K npegcraenena Ha puc. 7. OTMmeTum npexge BCero, 4To 3Ha-
wenns Eg, umeloT oTpuuaTenbHblii 3HaK. ITO 03HA4aeT, 4TO AAHHbIE CMIaBbl CKIIOHHL! K
ynopsgouennio. Mogyns 3nepriv CMeWEHNA BO3PACTAET NPU YBEAUHEHAW KOHUEHTPALMN
mapranua ao 50 at. %. KoHueHTpaunosHyto 3aBucuMocTs i, MOXHO ONMCaTb ypaBHEHWEM

E7, (0) = —15500 - Zfe - Tmn, dok/monb, (5)

XapaKTepHbiM 41A PerynapHbix pacteopos. M3 atoro ypaswenns cnegyer, uro A7 (0) =
~15500 Ok /monb. Ucxoas 3 npuBefdHAbIX JaHHBIX, MOXKHO NPEANONOKUTL, YTO 3HEP-
rus e3aumoobmena B untepeane 0-1450 K npaktudecks He 3aBUCAT OT TemMnepaTyphl 4
npuHumaet 3xavenve —15000 £ 700 Jx/monb.
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Matan rnasa «Cucrema CnnaBoB dkene3a n HUKENS> NOCBSILIEHA pe3ynbTaTaM, no-
nydeHHbIM Ans cuctembl cnnasos Fe-Ni. UsyueHue nutepaTypHbix A3HHBIX NO CMCTEME
CNNABOB MeENe3a U HUKENS NOKA3aANM0o KPaikHio CKYAHOCTe UH(DOPMaLum O 33BUCAMOCTI
IHEPrUN CMELEHNs 3TOrO CMNaBa OT €ro COCTARA, YTO ewld pa3 NoATBEPMAIET AKTYallb-
HOCTb HacTosiwel paboThi.
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Puc. 8. 3asucumocts sueprun cmeimennss OLK-cnnasor

cucremn Fe-Ni oT cogepwanus nukens

Ha puc. 8 npusepeHsl pesynbtatsl pacuérta sxeprum cmewenmna OLK cnnasos Fe-Ni.
Jneprus cmewenus cnnasos cuctembl Fe—Ni nmeet nonoxuTenbHble 3Ha4veHUs B paccmart-
pYB3EMOM MHTEPBANE KOHLUEHTPAUMIA.

DKCREPUMEHTaNbHBIX AaHHbIX NO 3Heprun cmewenust OUK-pacTeopos Fe-Ni naiiTtu
He YAaN0oCh, HO CPaBHMBAA MArHUTHLIE MOMEHTbI CNCTEMbI C ONBITHBIMK JAHHLIMUA, Mbl BU-
AVM, 4TO OHK UMEIOT xopoiuee cooTseTcTane. Ha puc. 9 NOKasaHbl MarHUTHLIR MOMEHTb
cnnasa Fe-Ni. Kak n gas cnnagos cuctemn Fe—Cr, B obnactu Manbix 3Hadenunit koHUeH-
Tpauuu HabnlogaeTCA MakCUMyM abCONIOTHOrO 3HAYEHUSI CPEAHErO MAarHUTHOTO MOMEHTa,
Ho, 8 oTnuyme ot Fe—Cr, MarnuTHeIl MOMeHT xene3a pacTéT ropasgo beicrpeil u Ha pac-
CMATPUBAEMOM MHTEPBA/E KOHUEHTPALUii He WMeeT TEHAGHUUN K YMEHBLUEHNIO,

Ha puc. 10 npusegenbl pesynsTaTsl pacyéTa sneprun cmewenus TUK crnasos Fe-Ni
8 33BUCMMOCTM OT COcTaBa. KayeCTBeHHbIM NOATBEPXKAEHUEM HALLWUM AAHHbIM CNYXaT AaH-
Hble BLICOKOTEMMepaTypHoro akcnepumenta [18]. Tlpu snadenun zy; ~ 0,45 3neprua cme-
WeHUst MeHsteT 3HaK. MOXKHO 0XKUAaTh, YTO NPW 3HAYCHUAX KOHLEHTPALNYN HUKENIA MEHbLIE
45 a7. % cnnag GyfeT CKNOHEH K paccioeHmo, a CNeA0BaTENbHO, k 0bpa3oBaHuio KnacTepos
YMCTBIX METANNOB. DTOT BbIBOA XOPOLLO COBNagaeT C akcnepumentom [19). Astopsi aautoro
Accneposatmns obxapyxunnu, 410, Hauunaa ¢ 40 at. %, CTaHoBUTCA OTANHHOMR OT Hyns Tp —
BepXHUi npegen TemnepaTypbl 0bpa3oBanws obnacTedt ¢ HAKHUM aHTUDEPPOMArHTHBIM
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Puc. 9. 3apucumocts Margurabix MoMenTos OIlK-cnnasos
cucremnl Fe-Ni or xonuenrpauun Huxens. Peayabrarsr pac-
4eTa HacToswed paborsi: 1 — MArHUTHBIN MOMEHT Ha ATOM
CNJIaBa; 2 — MArHATHEIA MOMEHT Ha aTOM XKeje3a; 3 ~—
MAIRKTHHHA MOMEHT HA ATOM HUKes. DKCIEPUMEHTANAbHbIE
Aamnsie {17): 4 — MArHATHLH MOMEHT Ha ATOM CILTaBA

o

OHeprms cMelleHns, MP6

-3

r{f r{1 v 1ryyryrrrvrry vy ryv
0 10 20 30 40 50 60 70 80 90 100
KoHueHTpayun Hukens, ar. %

Prc. 10. 3asncumocts sueprun cmemenus [K-cniasos
cucremnt Fe-Ni ot cogepxanus HuKesnst. 1 — pe3ynbraTh
pacyéra HacToAwEeHk paboTe; 2 — BHCOKOTEMIIEpPaTypHHIHR
aKcnepumerT [18]

- nopagkom. OHM nokazanu, 4To LeHTpamu Takux obnacrei sBasTCA aHTuheppoMarHuT-
“Hble KNACTepb!, COCTOSLNE N3 aTOMOB XKene3a B 1 koOpAUHAUMOHHOH Ccbepe.
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Puc. 11. 3aBucumocTh marauTHHX MmomenTtos ['IK-cnnasos
cucTeMb! Fe—Ni oT KOHIEHTpAIMK HUKeJISl B CDABHEHHM C SKC-
NEPUMEHTA/ILHBIMY JAHHBIMHA

13 0bpa3zoBaHus anTudeppoMarHuTHbIX KNACTEPOBR kene3a B heppoOMarHuTHOR MaT-
pULe HUKENS CNefyeT Pe3KOE CHUKEHNE CPELHErO MArHUTHOTO MOMEHTA Ha aTOM CNNasa.
Ha puic. 11 npuBefeHbl pesynbTaThl pacHéTa cpeaHero MarnutHoro momenTa [L{K cnnasos
Fe-Ni B 3aBucumocTn o7 cocvasa. Kak BURHO Ha pUCYHKe, POCT MarHUTHOTO MOMEHTA fpHY
yMeHblUEHUN COAEPKAHUS HUKENS 3ameansaeTcs Bossie Zy; =~ 45 at. %, a notom cMeHsieTca
pe3kum nagenuem BnnoTsb o 25 at. %.

OCHOBHbIE PE3VNBLTATBI JUCCEPTALUN

1. Npogegero nepeoORpUHLUNHOE MOJEANPOBAHUE IREKTPOHHONR CTPYKTYPbI, MArHNTHEIX
MOMEHTOB 1 3HEPrian cMetueHns bunapubix cnnasos cuctem Fe-Cr, Fe~Mn, Fe~-Ni so
BCEM uHTepBane coctaBos metoam JIMTO ¥ NOAHONOTEHLMANBbHBIM METOROM NPUCO-
epuHenHbIX naocknx sond (WIEN-2K). MocTpoersl koHUEHTPaLMOHbIE 3aBUCHMOCTH
SHEPTUM CMELUEHNSI M MATHUTHBIX MOMEHTOB Ha aTOMAx KOMMGHEHT yKa3aHHbIX CU-
cTem.

2. Bnepebie nokaszano, uto 3neprus cmewenns OLK-cnnasos Fe—Cr mensieT 3Hax ¢
OTPULATENLHOTO HA NOAOKUTENBHLIR NP YBENMMHEHUN KOHUEHTPaLMN XpOMa Bble
6-9 aT. %. JpdexT cMenbl 3HAKA JHEPIUM CMELIEHUS CBA3AH CO Creunduxkoi ob-
MEHHOrO Ba3MMOAERCTBUA aTOMOB XXNEE33 N XPOMA. NPU MaNOM COACPKAHNN aTOMOB
XPOMa NOCAEAHUE OPUEHTUPYIOT CBOMA CMNH aHTUNAPANAENBHO CNMHAM ATOMOB Xene-
3a. MimenHo 3TOM CMTyalmn COOTBETCTBYET OTPULATEALHBIA 3HAK SHEPT MU CMELLIEHUS,
Oaneneiiwee gobasnexne aTOMOB XpOMa NPUBOANT HE TONLKO K Pa3SOPUEHTALMMN MaT-
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HUTHbLIX MOMEHTOB, HO ¥ K YMEHLLUEHUIO BEANYNHBI MarHATHOIrO MOMEHTa Ha aToMax
Xpoma. an 3TOM IHEPTUSA CMEWEHUA CTIHOBUTCA NONOKUTENBHON.

. Yerarosneno, 4to [LiK-cnnaeel Fe-Cr xapaktepusyiotes npu 0 K oTpuuatensHoil

sneprueli Baumoobmena atomos Fe u Cri Al = —27.5 k[px/monb, a aneprus cme-
WeHNA UMEET KOHLIEHTPALMOHHYIO 3aBUCUMOCTb By = —27,52 (1 — z) kx/monb,
XapaKTepHYIO ANA Perynsipubix pacTsopos. PasnocTs sueprud [LK- n OUK-xpoma
npu 0 K cocrasnsier cornacko Haunm pacséram 35,8 kfbk/mons, 410 6ausko k pe-
3ynbTaTaMm yxe onybnukosantbix uccnegosanui: 37,2 kx/monb u 42,0 «bx/Monb.

. Nonyuetitbie pe3ynbTaTel HAXOAATCA B NPOTUBOPEHUM C NPUHATHLIM B HACTOSILLEE Bpe-

MA TepMopuHamuseckum onmucanvem ciuctemsl Fe—Cr, B cooTsetcTeumM C koTOpbIM
sHeprus s3oumoobmena A7, o nonoxutensua, a B, — EE = 10,46 k[x/mons, T.e.
B TPU pa3a Mesblie NOMY4EHHOTO B pacuéTax.

MpencTasneqo HOBOE TepMoAMHamu4eckoe onucaHue ¥- u a-bas cnnasos Fe-Cr,
cornacylouleecs C pesyisTaTaMi NEPBONPUHUMMHONO PacyéTa v NpeAcKasbiBalollee
anarpammy v 2 o pasHosecus B cucteme Fe-Cr, 6an3kyto k akcnepuMeRTanbHo.

. Mpoeenénnbie pacHérTel nokaswiBakwT, 4To npu O K Teépable pacTBOPLI MapraHya B8

[UK- # OL{K-xkenese 6am3ku N0 NOBEAEHNIO K PeryisipHbiM pacTBOPam, HO vime-

IOT Pa3Hbie G BEAWYMHE U 3HAKY SHEPruyM B3aUMOODMEH3 W, COOTBETCTBEHHO, 3Hep-
. AT - a -

rav cmewennst: Ay, = —15,5 kbk/mons, AZ, g, = +23,7 k[bk/mons. Mox-

Ho yreepxpaaTh, 4to [LiK-pacTeopsl cknoHtbl K ynopsgodennio, Torga kak OUK-

PacTBOpbI — K pacCioeruto.

. Ans a-Teépabix pacteopos 86au3u 1,5 at. % Mn umeetca TempoguHamMu4eckan axo-

Manna — u3MeHeHne KOHL&EHTpBL\MOHHOVI 3aBUCUMOCTN SHEPTUN CMELeH s, O6Cyﬂ08-
NEeHHan nepeopMeHTaumeﬁ MarHUTHHIX MOMEHTOB aTOMOB MapraHya.

. Bnepsbie obnapyxeno, uto sHeprusi cmewenns TUK-cnnasos Fe-Ni npu 0 K obua-

PYXMBAET CMEHY 3HAKa C NONOXUTENLHOMO Ha OTPULATENbHbLIW NPU KOHUEHTPALMSAX
oxono 45 at. % Ni, Toraa kak sneprus OLK-cnnasos Fe-Ni nonoxurensHa so scém
[OUana3oHe KOHUEHTPALRIA,
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