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CITYYAHPHLIE MATHUTHAIE NNOJ151 U TPHKPUTHMYECKOE NNOBEJEHHE
IUAMATHUTHO PA3BABJIEHHbLIX AHTUOEPPOMATHETHKOB (Ni, _ xMgx )0

A.3.Menvwuxos, 0. A. Jopogees, A.}".K'Juuuenxo,
H A.Muporoea .

Ha nprMepe CHCTeMh! TBepIhIX pacTBopoB (Nij—xMgy)O BliepBhic NOKA3aHO, WTO XAOTHUEC
KOe 3aMelileHHe HOHAMH MAIHMS HMKelleBOR MONpEIeTKH BposBnierTcd KAK 3 peKT caywaiHoro
MACHHTHOTO NONA, NPHBONALIMA CHa%aNa K JIOKAMLHOMY MAIHHTHOMY pasylNOpSAONeHHI, & 3aTeM
H K NONHOMY PA3pYIUCHHIO NATHHEN0 MATHATHOIO NOPRNKE B TONONOTHYECKH GECKOHCWHOM aHTR-
¢ eppOMArHNTEOM KJACTepe ¢ oGpa3opaiuem OGNACTH TPHKPHTHYECKOro DOBCACHHE B KIACTEp-
HOT'O CIHHOBOT'O CTEXJR.

Cornacto Mimp ¥ Ma ! MarHHTHO-YNOpPANOYEHHOE COCTOAHME C HeNpPepPRIBHOH CHMMETpPHEH fB-
nsercs HecTaGHUNBLHBLIM K MPOH3BONBHO MaNOMY Cl1y4aHHOMY pa3ynopagOuMBaIoIleMy OO0 B IIpO-
CTpaHCTBe C Pa3MepPHOCTHIO 72 2 2. B KauecTBe CyYaHHOrO NONA MOTYT BHICTYTIATH Pa3NIHYHOTO po-
JI2 HCKKeHHS PeanbHLIX CHCTEM, HallpUMep, SHTH(EPPOMATHHTHO B3aHMOfIe ACTBYDUIAA NIPHMECH
B eppOMArHUTHOR MaTpHile WIH BHEUIHEE OHOPOTHOC MATHHTHOE fI0Ne B IHAMAarRHTHO pasbas- —
NeHHbIX aHTHpeppOMATHeTHKaX 2. JIOK23aTeNbCTBOM paspyIUEHHS JANBHETO MATHHTHOIO NOPAL-
Ka CyuaiiHpIM N0JeM SRIAETCA IKCIePUMEHTaNbHOe OGHApYXKEHHE YUIMPERHA KOTEPEHTHBIX MAS-. -

HUTHBIX pehniekcOB ° M yMeHbureHus TouxK Heenst . B mHaMariuTso pa3GaBneHHbIx anTHehpo- -

MarHeTHKax, *NOMelleHHBIX BO BHellTHeEe MATHUTHOE NTOJ1e.

B panHO# pafoTe NpeAcTaBieHp] JOKA3aTeNbCTBA TOTQ, YTO CAMH IHAMATHATHEI TIPUMECH MOTYT -

CILYXKHTb MCTOYHMKAMM CT1YYaHHBIX MarHMUTHBIX NONEH MO NpHIHHe GOPMHPOBAHKA HR MECTE AHa:
Ma[HHTHOTO HOHA IOKaNbHOTO MarHUTHOTO NON, HANPABJIEHHOT O NPOTHBONONOXHO NOKaILHOMY
MOJIeKYTIAPHOMY MOJ110, KOTOPOe B CBOIO Ouepelth, ABNAETCA XaOTHYeCKHM B CHITY HEOIHOPOIHOTO
pachpeneneHuA MATHUTHBIX MOHOB B GnibKaillieM OKPYsKeHHH NpuMeCH. PaspylieHus manbHero aH-
THdeppOMArHUTHOrO NOPAKA IIpH HAMATrHHTHOM Pa36aBeHHH Y CTAHOBNEHO BO MHOTHX Cly4anx
(cM.. Hanpumep. > ©). HO JOKA3aTeNbCTB B NONB3Y PaCCMOTPEHUA IMAMATHHTHOR NPUMECH KaK
CJIyYaiiHOT O TOJA He CYlecTBOBANO JIO CHX NOp. 31€eCh Mbl BllepBble NPUBOINM HX Ha IpUMepe BIH-
AHUA IMAMATrHUTHOR NpuMecu Mg Ha aHTudeppOMarHuTHEIA NopaaoK B NiO.

Cucrema (Ni; — xMgyx)O. npecTaBnsAIoNIas HelpepLIBHBIA PAI TBCPIAbIN PASTBOPOB € PelUeTKOH
tumaNaCl 6bi12 H3yuena MeTonamy HeiTpoHorpaguu U CKBUI-maruntomerpun. Obpasup! 0as uc-
CTleJOBAHUA. ¥3rOTOBJeHHbIe METONOM ClleKaHua NOPOLIKOB HCXOZHBIX OKHMZNOB. MMESH Cllenylo-
mui coctar: x = 0.1: 0.3: 0.4 0.5: 0.55; 0.6; 0.65; 0.7; 0.8; 0.9 HeftipcHorpapHueckue Hecne-
1OBaNKA MPOBOIMIM NpU TeMNepaTypax 4.2—600 K va auppaktomerpe (2 =181 A). ycraHoBnes-
HOM Ha OTTHOM M3 FOPH3OHTAbHBIX KaHanos peakTopa UBB-IM. a2 usMepeHus o6pamM6ﬁ H Heob-
PATHMO# BOCTIPHMMYHBOCTH HCCTIEAYeMbIX OGPA3LOB OCYIIECTBA M B HHTEpBasle TeMIepaTyp &.'5—
—~300 K ¢ nomowmsio CKBUI-MarHHTOMETpa B O4eHb Manbix MarHuTHbIX nonax (~ 1 M- Tn).

Ilns Bcex TBepabIX PACTBOPOR ¢ coflepkaHueM X < (.6 Gbriv NOyueHb! MUeHTH $ble HeHTPOHOrpaM:
MbL H2 KOTOpbIX ~ NIPMCYTCTBOBA/10 CeMeHCTBO MarHUTHBIX OTpaxeHHi ¢ pepnek cOM pOIOHaYanD-

HUKOM (- = = ). U3 TeMIepaTypHO#i 3aBHCHMOCTH 3TOTO pedhniekca onpenensinu 1ouxy Heeas

uceneayeMpix 06pasuos Ty, a U3 DaHHBIX IO  MHTEHCHBHOCTM MATHMTHBIX . pechlieKCOB Npy 4.2 K-
BeIMUMHY Cpeatero MariHTHOrO MOMEHTA Ha aTOM 4 B NIpeINONOXeHHH MAarHHTHOR CTPYKTY Pbl ¢
BOJIHOBBIM BEKTOPOM Kk = ial (5339 7.

Tlo pe3ynbTaTaM MccNeNOBaHKi NOCTpOEHa MarHuTHas ¢a3zopas anarpamma (Nij - xMgx) O TBED-
IbIX pacTBOPOB (pHC. 1) . Ha KOTOPOH CyuleCTBYOT O6NacTH OHOPOIHOTO M HernHOponnoro aHTH-
¢eppoMarieTn3Ma. a TaKke 061acTb CIIMHCTEKONIBHOTO cocTosuA. Jina ogHoponHoro aHTHGEppO-
marnernama (0 <x <0.37) xapakTepHO NuHeiHOe u3MeHeHHe T, u [I ¢ KOHUleHTpauned. Kpowme,
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TOrO H2 MOHOK pHCTa/LNaX 3THX COCT3BOB BH3YanbHO HaGlofaeTca LOMeHHas CTPYKTYpa U3-3a Cy-
INECTBOBAHMA MATHHTHOTO JBYNyYeNpeNOMIIEHHSA, BOIHHKAIOWIErO BCNEICTBHe CHOHTaHHO#H aedop-
MallMK pemietky °, Konnenrpaunonnas sasucumocrs TeMilepatyprl Heens B 3t0it o6nactu cocra -

BOB XOpOILIO ONHCLIBaeTCH cnemyomed GopMynoii, NONy4eHHOH U3 pacuera obuei 3Hepruu oGMeH-
HO B3aUMoOneHCTBYIOMMX A HOHOB:

T,= 27z 152
N x40 Ni(1=x). ¢))

TRe Z 4, — 3bdexTHBHOE WCHO c0ceneﬁ.13¢ = 3¢ eKTHBHR OGMEHRBIA HHTErpan, Sy — cnmH
HOHa HuKenst. [TonoBGHOe BhIpaXeHHe MOXeET GbiTh NONy4eHO K B paMKaxX TCOPHH MOJNEKY NAPHOr0
nons. B
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o . (®), DonyueHHMIe 3 CKBHI-MATHHTOMET-

Tx pyH. TlpaMmuMH kpectukamu (+) noka-

300 L T ‘ 1) 34Ha TeMIlepaTypa MaKCHMVYMa Mard HTHOH
\\ ' BOCIPUHMTHBOCTH. H3MepeHHON B °, KOChI- ‘

200 MH (X) — TemnepaTrnpni, no KOTODBIX Ha-
: M 6/monaeTcH XOpOWAR aHTH(h EpPOMarH HTHAS

100 \\ OOMEHHa® CTpYKTypa %, Cmounimu NH-
\\ HuAMY OGO3HaNeHN JIMHHM $a3OBbIX nepe-

ANy xonos I pona. nmyskTupHbiMu —~ I poaa.
0 0,8 10 TKT - TpukputHuecKas Touka
—T

CootercTBHe hopmynsr (1) IKCMEPUMEHTAbHEIM [I2HHbIM B 061acTH X < 0.37 03HavaeT. Y10
37ech J} S;Ii = const. bonee TOro. u3-3a cnadoi 3aBUCUMOCTH NapameTpa pelleTKH OT KOHLEeHTpa-
M (a MgO = 42154, anjo =4,175 A) Moxaio cnenats BhIBOR, ¥TO M 3¢ (PeKTHBHBIA OBMeHHBI#
HHTErpan ¥ NOJMHBIE MarHHTHbIA MOMEHT HOHOB HMKe s Hy, ; TAKXe MOCTOAHHDL. TeM He MeHee. Kak
BMITHO M3 pHcC. 1. cpenHuit MArHHTHbIH MOMEHT He yI0BNeTBOpsieT $opmyne uixj= k(1 = x) naro
OGCTOATENBLCTBO He ABIAETCA CYYaiHbIM. 1Nif ONKCAHUS ix]. nabnonaemoro Ha onprte. HYKHO BOC-
NONB30BATLCA IPYTHM BbIpaXeHHeM '

ﬁ(x}=uNi(l —-Xx) - Mx, . ()

rae M — Heknit MHIY LIMpOBaHHBIH Ha MOHAX MarHUs MarHHTHEIN MOMEHT, aHTHIapa 1NeIbHO HaNpak-
NeHHbIA py.. Ero snavenne M = 0,35u -onpenenserca us nuneitHoR 3KCTPaNoONALUMH 3KCllepHMeH-
TaJIbHOR 32BUCHMOCTH H3 X = 1, a (pH3HYeCKHi CMbICH HENOCPEICTBEHHO BLITEKAET U3 NpeacTaBTe-
HH# O CJlyuaiHOM MAarHHTHOM NONe. »
JleACTBHTENBHO, HOH MaTHHA, 3aMelLAs HOH HUKENS. He MOXKeT PacCMaTpHBATLCA TOABKO KaK He-
MAarHHTHBIH aTOM. a B CHJIy CVILeCTBOBAHUA BpalleHNR 3NeKTPOHHBIX Op6HT Mg BOKpyT A0KamIbHO-
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rO MONEK YNAPHOT O TIONS Ha MecTe 3TOrO KOHA CO3/IaeTCA MATrHKWTHOE T10Jle IPOTHEONONOXAOrO Ha-
NpaBleHus, KOTOpoe ByneT clyyaiHbIM MO OTHOLUEHHIO K MaTHHTHOMY NMOPANKY MaTpHIbI H3-3a He-
OIHO3HAYHOr O GNMXKAMH1Iero OKpYKeHHS H3 HOHOB Hukens. [1pu koHueHTpammAx markusa x < 0,37
cnyvyaiiHbie TONA PacCTPauBalT MarKHTHbINA NOPAJOK CNMHOB, HAXOMAILKXCA B GnuxkaiilieM OKpy-
XeHMH K IMaMarHHTHOMY MOHY, OCT2BJNIAA HeH3MEHHBIM TONONOTrMueCKH GecK OHeYHbIR aHTHEppPO-
marHuTHbI knacrep. Ho xoHueHTpanms xT'= 0,37 ABnAeTCA KPHTHIECKOR K pa3pylleHHIO ero Ha
KNacTepsl KOHeYHBIX pa3mepoB. IMeHHO NpH 31Ol KOHNEHTPAIHK HAYHHACTCA OTKIOHeHHe T (x) 1
{x) OT nuHEAHOMA 33BHCHMOCTH, YTO, COOTBETCTBEHHO, O3HayaeT HOABNEHHE HEKOTOPOFO YHCTIA ATOM-
HbIX CIIMHOB, He YYacTBYHOIIHNX KaK §:06pa30BaHMH OOMeHHO-CBA32HHEIX NP, TAX H B KOFEpeHTHOM
paccessHHH HEHTPOHOB.

xpn’/r-w*
3

Puc. 2. TeMnepaTypHas 3aBHCHMOCTh MarHuTHON BocapuumMuHBOCTH AnS (Nij—xMgx) O TBEpILIX pacT-
BopoB cx =0,5; 0,551 0,8; 0,9

Z,(end/r)107° x,cMYmoap-107°
20 '

¥

Puc. 3. TemnepaTypHast 3aBMCHMOCTH OGpaTUMOH (CBETIIHIC KPYXKKH) H HeoGpaTHMOf (TeMHRIe KpYX-
K¥) MarHuTHOM BocnpuumumsocTH (Nij —xMgy) 0 TBepHsIX pacTeOpoB. CTpenKaMy t moKa3aHu! TeMae
PaTypHI iepexoa B COCTOAHHMe CIMHOBOTO cTena Ty, 4 — Touky Heens. Ha BcTabke kpupkie x/T) u3 pa-
6ot 511 —x =0, 2-0,1; 3-0,2; 4- 0,3; 5~ 0,4; 6~ 0,5 7- 06
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Taroe ioBeeHne MariuTHprx CBOHCTB 1a€T HaM OCHOBaHHe ONpelle/INTh TOYKY ¢ KOOPIMHATAMH
Ty=325Kux=0,37ua ¢$azopoi OMarpaMme Kak TpHK pHTHYecKy0. COriacho reopuu ! °’a 3TOH
TOYKe NHHHUA (Ha30BLIX Nepexonos BTOpOro poxa B KOOpiMHaTax T—x NepexOmMT B JBe JHHUK (a-
30BbIX NepeXONOB NepBOro popa, MeXIy KOTOphIMH COCYLUECTBYIOT BBICOKOCHMMETPHYHAA M HH3-
KOCHMMeTpHYHaA $a3bl (B Haiem Cllywae flapaMAarKHTHAA H aHTHEppOMarHuTHaA) . C TOUKH 3pe-
HUA TEPMOMHAMHKHE NPHYMHA NOARNECHKA ITOR TOTKH KpOeTCA BO B3aHMOICHCTBHH BEKTOPHOTO .
CKaNApHOro napaMerpos nopsaaxa. B xagecrae TOCneIHero 3/1eCh BRICTYTIACT YNIPYTOe HCKaXeHHe
PELIETKH. COIIPOBOXIRIOMeecs poMGo3npryecxoi nedopmaimed KyGHYECKOR PELIETIKH C OCBIO CXa-
THA BIONb HallpaBlenus '! aiHgeppomaruurnom NiO. Ilpu xonnenTpamm x > 0.37 cKansap-
HBIA apamerp NOpAJIKa Heyesaer, HOCKONBKY NOMEHHAS CTPYKTYp2 He HabnionaeTcs H3-3a OTCYICT -
BHS MAaTHHTHOT'O IBY Ny4YeNlpelOMNEHHS.

Paspymenue rononoruecicu GecKOHETHOr 0 aHTH(E pPOMATHHTHOTO KnacTepa H2 ofnacri KOHey-
HBIX pa3MepOB, MeXIy KOTODLIMH CYIECTBYI0T A paMarHHTHAlE CITAHAL, NONTBEpXNRCTCA HANHIM-
€M OYEHb CHIILHOTO BO3PACTAHKA BOCPHHMYHBOCTH Huxe Toukk Heena B obpasmx cx =0.5; 0,55
10.6 (puc. 2). Jina omHopomux aHTHGE pPOMATHE THKOB TaKOTO BO3pacTanus Hke T, He cymect-
BYeT (CM. BCT2BKY Ha puc. 3).

B6nu3u TPHKPHTHYECKOR TONKH pa3sMep KOHeuHbIX OGMacTed aHTH(}pEeppOMArHHTHOr o NopsaKa
€€ JIOCTATOYHO BENHK, NOCKOMBKY He CYIHIecTBYeT YIUMPEHHS KOTepeHTHRiX pednekcos. Ho npu
KOHIeHTpaimax x = 0,6—0,7 370T pa3Mep CTRHOBHTCA cpa'mum € 0BNacTbI0 KOrepeHTHOro pacces-
HUA HEHTPOHOB (~ F00—200 A) , u, HaxoHen, Npk X 2 0,7 MarHHTHbIe OTPaXKEHRA HCUE3AT COB-
ceM. IIpu s3tom cranoBsTes Gomummn HeO6paTHMOCTH MarHHTHO# BOCMpHHMYHBOCTH H3-32 [IOSAB-
TNICHUA HAMAarHHYEHHOCTH Y KNACTepPOB C HeYeTHBIM WHCIIOM aHTH(EPPOMArHHTHO YNOPAXOYEHHBIX
Tnockocted (puc. 3) . CynepaHTHbeppOMArHUTHOE COCTOSHue TIpH TeMIlepaType Huxe T, 1 Mepexo-
JHUT B COCTOSTHUE KNACTEPHOTO CIKHOBOTO crekna. Ho Ye NpH KOHUeHTpaumAx x > 0.8 HaGniona-
eTcA NapamMarHuTHOe NOBeieHKHe OKHKCNA BINOTH IO refMeBOi TeMIlepatypsl (pHc. 2).
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