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1. BBeaenne

B03MOXHOCTh NMPAaKTHYECKOTO MPUMEHEHHS MATHUTHBIX
MaTepUaJIOB CYLIECTBEHHO 3aBUCHT OT BEJIMYMHBI U Xapak-
Tepa aHU3OTPOIHBIX B3aUMOJIEHCTBUM, OCO3ZHAHHBIA MPOT-
HO3 KOTOPBIX OCHOBAH Ha MX JKCIEPUMEHTAJIBHBIX U Teope-
THYECKUX UCCIIEIOBAHUSIX.

B Hacrosiiem 0030pe B OCHOBHOM PAacCMOTPEHBI Mar-
HUTOYNOPSIIOYCHHBIE COENMHEHUS, ISl KOTOPBhIX YCTAHOB-
JIEHBI IIapaMeTpbl CIUHOBBLIX TAMUJIbTOHUAHOB, HEOOXOIM-
MBbI€ U1 KOJIMYECTBEHHOM OIIEHKM aHM30TPONHMH. DTH Ta-
paMeTpbl OOBIMHO TMOJIYYAIOT M3 CHEKTPOB JJIEKTPOHHOTO
napaMarauTHoro pesonanca (JI1P) Ha nnaMarHuTHBIX aHa-
JIorax C NMPUMEChI0 MOHOB MAarHUTOKOHIEHTPUPOBAHHOTO
BelecTBa. Ha ocHOBe TakMX JaHHBIX, MOJYYEHHBIX JJISI Mar-
HUTOYIOPSIOUYEHHBIX COECIUHEHUH, OOOOILIEHbI MPHUBEAEH-
Hble B JIITEpAType Pe3yJbTAThl HUCCIEIOBAHUN AHU3O0TPO-
IH.

Hcnonb3oBanre M30CTPYKTYPHBIX TUAMATHUTHBIX aHa-
JIOTOB SIBJISIETCSl €AMHCTBEHHON SKCHEPUMEHTAJILHON METO-
JIUKOM JJ1s1 MPOBEPKU MOJIENIel, Ha OCHOBE KOTOPBIX paccuu-
TBIBAIOTCS MOJIST aHM30TponuHu. KaTHOHBI AMAaMArHUTHBIX
AHAJIOTOB UMEIOT IIEJIMKOM 3aI0THEHHYIO BHEIITHIOKO JJIEKT-
pOHHYIO 00O0JIOUKY (CJIeIOBAaTENbHO, 0OJiee MHEPTHYIO IIO
OTHOIICHHIO K IPUMECSIM) M TaKOH e 3apsiji, Kak U B Mar-
HUTOYTIOPSIIOYEHHOM KpucTajuie. O BbICOKOW CTENEeHH UOH-
HOCTH PacCMaTpUBAEMbIX COCIUHEHHH CBUICTEIBCTBYIOT
MOHOTOHHBIE 3aBUCHUMOCTH KOHCTAHT CIIMHOBBIX TAMHUJIBTO-
HUAHOB OT MapaMeTpoB pemeTku. [ToaToMy ipr coBIa ieHHN
MapaMeTpoB PEIETKU (MM MX OTHOIIeHHs (CM. puc. 2 B
pasnene 2.4.1)) tuaMarHUTHOTO aHAJIOTa U MarHUTOYIOPSI-
JIOUYEHHOT' O BEIIECTBA MOI'YT OBITh BOCHPOU3BEIEHBI C XOPO-
LM NPUOIMKEHUEM BEJIMYMHA U CHMMETPUS KPUCTAJTNYe-
CKHX 3JIEKTpuueckux mnoJjieil. OgHako 4acTo oka3bIBaeTcs
CJIOKHBIM TOJI00paTh AMAMATHUTHBIA AHAJIOT C MapaMeT-
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pamu peméTku, OJIM3KUMH K TTapaMeTpaM PEeIETKH MarHu-
TOYNOPSIAOYEHHOTO KpucTasuia. [losTomy, eciam mmeercs
BO3MOXHOCTb, HCIOJB3YIOT CEPHIO IUAMATHUTHBIX KpH-
CTAJIJIOB C IPUMECHIO, JIJIsT KOTOPBIX CTPOUTCSI 3aBUCUMOCTD
KOHCTAHT CIUHOBOTO TAMUJIbTOHHAHA OT HEKOTOPOTO Tapa-
MeTpa (B IaHHOM CjIydae OT mapamerpa pemérku). Takou
MOJXOJ MCHOJIb30BAJICSl JTOCTATOYHO [ABHO I OIICHKH
BKJIaJ1a OJTHOMOHHOTO MEXaHU3Ma.

B HacrosimemM 0630pe, B 4aCTHOCTH, IPUBEACHBI PE3YJIb-
TAaThl WCCJICOBAHWI OJMHOYHBIX HOHOB W Map WOHOB.
Teopuro OJTHOMOHHON MOJEIU ISl KYOMYECKMX KPHUCTAJIJIOB
paspa6otan Bousd (W.P. Wolf) [1]. Teopus "oanonounoin"
OOMEHHOI aHM30TPONHHM HA OCHOBE JBYXMOHHON MOJeSU
passuta A.E. Hukudoposbim ¢ coaBTtopamu [2]. TIpu BBI-
YHCJIEHUH BKJIA/Ia IBYXHOHHOTO MEXaHW3Ma B TOJIe aHHU30-
TPONMHM MarHUTOYMOPSIOYEHHOTO KPUCTAIa W3 JaHHBIX
OIIP yuuThIBajach mapa B3aUMOJCHCTBYIOIIMX Hapamar-
HUTHBIX HOHOB B JMAMArHUTHBIX COCOMHEHMSIX, a 3aTeM, B
COOTBETCTBHH C ONpPEIeICHHEM [JIsI MATHUTOKOHIIEHTPUPO-
BAHHOTO BeIIlECTBA, Opaliach aIUTHBHAS CymMMa IO OJIH-
JKammM cocensiM (cM. pasnentsr 2.4.2, 2.4.3).

Uccnenyemple "TpaauiuonHbie” COeIUHEHUST pasJidya-
FOTCSI KPUCTAJUIMYECKON U MAarHUTHOM cTpykTypoid. C TOUKn
3peHHs] KPUCTAJUINYECKOH CTPYKTYpPBI, 3TO KyOwmueckwe,
reKCaroHaJbHbIE TPUTOHAJbHBIE W TE€TPArOHAJbHBIE MaTe-
puasibl. B MAarHUTHOM OTHOIIEHUH — 3TO MapaMarHUTHBIE
KPUCTAJUIbI, IPEACTABJISIONINE COOON TMaMarHUTHbIE MaT-
puibl ¢ BBenéHHBIMEH B HuX 3d°- mmm 4f-momamm s
HaOJIFOJICHUS] TOHKOW CTPYKTYphl DIIP-criekTpoB OAMHOY-
HBIX MOHOB I Map. MarHuTOynopsiA0YeHHBIMIA KPUCTAJI-
JIAMH SIBIISTFOTCS] aHTU(GEPPOMATHETUKH (B TOM YHCIIE OJTHO-
Mepuble), hepputsl U peppoMarneruku. K Takum "tpamu-
nuoHHBIM" coequBeHnaM oTHOCATCI MnF», EuO, Y3FesOy,,
(CH3),NMnCl;, MnCO3;, FeBOs, a-Fe;O3. B nacrosmem
0030pe paccMOTpEeHBbI TaKke COeJAMHEHUs (B 4YaCTHOCTH,
pombosapuueckuit Y Fe;(BO3),), 3xkcrepuMmeHTaIbHO HCCTIe-
JIOBaHHBIE B TTOcIeTHee BpeMsi rpynnamu A.A. MyxuHa [3] n
A.W. Tlarkpana [4]. Bce 3Tu coequHEeHUs TOCITYKUIIU OCHO-
BOH 11 pa3paboTKu OOOOIIEHHOIO HE3ABUCHUMOTO 3KCIIe-
PUMEHTAJILHOTO METOAAa KOJMYECTBEHHOI'O OIUCAHUS U
MpeICKa3aHusl MATHUTHON aHU30TPONUHN KPHUCTAJIJIOB (CM.
pazmen 2.6).

Hdns psiga KpHUCTAJJIOB, WHTEHCUBHO HCCIECTyeMBIX B
HocjielHee BpeMsl, B YAaCTHOCTU Uil MYJbTHU(EeppOUKa
BiFeOs;, nuanextpuka Cu,OSeO; u metaumieckoro MnSi,
pacCMOTpPEHBl AaHU3OTPOIHBIE B3aUMOJEHUCTBUSL (CM. pas-
nenel 3 u 4). B mocieHux MBYyX COCTMHEHHUSX HAOJIFOHAeTCS
pemeéTKa CIUHOBBIX BHUXPEBBIX 00pa3oBaHUi (HAHOCTPYK-
Typ) — CKUPMHUOHOB. OTMeUeHa BaXXHOCTh AHU30TPOIHBIX
B3aumozeilicTeuii B BiFeO3; u xpucrajjiax ¢ HAaHOCTPYKTY-
pamu, B TOM yuciie Ipu GOPMHUPOBAHUM CKUPMHOHOB.

B xauecTBe TEOpPETHUECKOTO alIapaTa B HACTOSIIEM 00-
30pe MCHOJIb3YETCSl B OCHOBHOM METO]I CHMHOBOTO TaMHJIb-
TOHWAHA, KOTOPBI, COTJIACHO TMOCJIETHAM TaHHBIM, MOXET
ObITH Taxke NMpuMeHEH kK MnSi (ommcaHue CBOWCTB 3TOrO
COEIMHEHMS] MOKET OCHOBBIBATLCS HA S-MOJOOHBIX BOJIHO-
BBIX (DYHKIHMSX MATrHUTHBIX HOHOB (cM. pasaen 4)) u
Cu,08Se05. Ha ocHOBE CIMHOBOTO TaMHUJIbTOHHAHA B 0030-
pe paccMOTpPEHBI TPH UCTOYHUKA, OTBETCTBEHHBIX 3a Mar-
HUTHYIO aHU30TPOIHUIO KPHUCTAJIJIOB C HOHAMHU B S-COCTOSI-
HUW: JUIOJILHBIA, OJHOMOHHBIN 1 "0 1HOMOHHEII" 0OMEHHBIN
(cMMMeTpUYHBIA aHU3OTPOIHBIM OOMEH), a TakKXKe AHTH-
CHMMETPUYHOE aHM30TPONHOE OOMEHHOE B3aMMOEHCTBHE
— B3auMoieicTBre J3su10mmHCKoro — Mopuu.

MoHbBI B S-COCTOSIHUU SIBJISTFOTCS] HATIOJIOBUHY 3aMOJIHEH-
HbiMHU d- uiu f-371eKTpoHaAMU ¥ HOPMATHLHO UMEIOT cheprye-
CKyI0 O00OJIOUKY C HYJIEBBIM OPOHUTAILHBIM MOMEHTOM.
OmHako MpUMech BEPXHHUX COCTOSHUIA MPUBOJUT K MOSIBIIC-
HUIO OpOUTATIHLHOIO MOMEHTA, MUCKAXEHUIO JJIEKTPOHHOTO
obJiaka u, KakK CJIeICTBUE, KO B3aMMOJICHCTBUIO CIIMHA MOHA
COEIUHEHMS ¢ KPUCTAJIIIMYECKUM I10JIEM IIOCPEICTBOM CIIUH-
OpOHUTAJILHOU CBSI3H (3TO MPUPO/IA OJTHOMOHHOW aHU30TPO-
muu). Ipupona "ommouonnoro" oOMEHHOro MexaHHM3Ma
COCTOUT B M3MEHEHUH NEPEKPBITUS OPOUTAIBHBIX BOJIHO-
BbIX (DYHKIMH Tapbl MOHOB MpH NOBOpOTEe crnuHa. B [2]
YUUTBIBAJIOCH U3MEHEHUE CIIMHA 3a CYET NMPUMECH BEPXHHUX
COCTOSIHUM, a 3HAYMT, U BEJIMYMHLI OOMEHHOIO B3aUMOIEH-
CTBHS B Tape HMOHOB, B OTJHMYME OT ITOTO B OOBIYHOM
OJHOMOHHOM MeEXaHM3Me TaKUM H3MEHEHHeM IpeHeOpe-
raercs. "Onnononnas" oOMeHHAs AHU30TPOIKS TIOJTyIeHA B
TPETheM MOPSIIKE TEOPUH BO3MYIIeHHi. [1pu 3TOM MaTpHy-
HbIE 2JIEMEHTBI JIMHEHHO 3aBUCSAT OT M30TPONHOTO OOMEH-
HOTO B3aUMOJEHCTBUS M KBAAPATHYHO — OT CHHMH-OPOU-
TaJIBHOTO B3aUMOJICWCTBUS. DHEPIrHsl aHU3OTPONNH TAKOU
MIPUPOJIBI MOXKET OBITh MPECTABICHA KaK (DYHKIHSI OT/IENb-
HbIX cnuHOB [2]. Kpome Toro, mpu CHIBHOM OOMEHHOM
B3aUMOJICUCTBUN MEXAY HOHAMM Mapbl omnepaTtopel [a-
MIJIbTOHA MOTYT OBITh 3alUCAaHbl B TEPMHHAX OOILIETro
cnuHa S = s; + s, (cM. pasnen 2.4.2).

Pa6ora Hukudoposa ¢ coaBTopamu [2] 1 MeTOI KccIe-
JoBaHus "ogHONOHHOrO" 0OMEHHOIO MEXAHU3MA (C UCIOJIb-
30BAHUEM JIMAMATHUTHBIX aHAJIOTOB (CM. paszienbl 2.4.2—
2.4.4)) no3Bouau 100aBUTh K KOHCTAHTAM CIIMHOBOTO Ta-
MUJILTOHHAHA MAPBL ABA HOBBIX Hapamerpa: "onHonoHHbi"
OOMEHHBII MapaMeTp W KOHCTAHTY, ONHMCHIBAIOIUIYIO BKJIAT
BCJIEJICTBUE UCKAKEHUS PEIETKM JHaMarHuTHOTo "xo3smHa"
"yyxoi" mpumMecHoil mapoil. B pesynbraTe Oblaa peleHa
npoGiiema "HecooTBeTCTBUSA" O JTHOMOHHBIX KOHCTAHT, U3BJIC-
KaeMbIX U3 OJMHOYHBLIX U mapHbix DIIP-ciekTpoB mmamar-
HUTHBIX KPUCTAJIJIOB C TPUMECHIO TAapAMATrHUTHBIX HOHOB.

B kauecTBe 3KCIEpUMETANBHBIX METOJIOB OOBIYHO WC-
MOJIb3YIOTCSl AaHTU(hEPPOMArHUTHBIN pe3oHanc (APMP) u
OITP. 3nak B3aumMoaeiicTBus JA3s10MMUHCKOTO — MOpHH COB-
ceM HeIaBHO ObLI ompeneséH (cM. pasaen 2.6) MeToIoM
IUGpaKIud CHHXPOTPOHHOTO M3JIYYEHHsI, B3aMMOMEHCT-
BYIOIIETO C 3JICKTPUUECKOW M MArHUTHON CHCTEMaMH KpH-
crajuia. 1ist HaOJro ieHusI CKHPMHUOHOB B COOTBETCTBYIOIIIX
COEMHEHMSIX, KaK MPaBUJIO, UCIOJIb3YIOTCS METOJ Majo-
YIJIOBOTO paccesiHusi HeUTPOHOB, 3 dekT Xoiuia U JOpeH-
LEeBCKAst MUKPOCKOTIHSI.

Kpome Toro, B 0030pe 0OCYXIAarOTCS BO3MOXXHOCTHU
WCCIICIOBAHUSI MATHUTHON aHWU3OTPOIHMU B OOJIACTH CyIIe-
CTBOBAHUS CIUHOBOW THKJIOUALI [5] pomMOO3IpHUIEcKOTO
cerneroMmarteruka BiFeOj;, siBisirolierocst nepcrneKTUBHBIM
JUISL CO3/TaHMS HA €T0 OCHOBE TEXHUYECKUX YCTPOMUCTB [5—§].
Yucao paboT, MOCBSIMIEHHBIX UCCIIEIOBAHUSIM 3TOTO COC/IH-
HEeHHs, B TIOCIIeTHEe BPeMsI MHTEHCUBHO PACTET (CM., HANIPH-
Mep, [7, 8] u mpuBeAEHABIE TaAM CCBLIKH).

2. Onucanne MarHATHOM AHN30TpoOIMn
KPUCTAJ1J10B

2.1. ®eHOMEHOIOTHYECKOE ONMUCAHHE MATHUTHOM
AHN30TPONHH POMOOIIPHUECKHX, MeKCArOHAJBHBIX

1 TeTParoHAJbHBIX aHTH(EPPOMATHHTHBIX KPHCTAJIJIOB
MarHuTHbIe CBOWCTBA POMOO3ApHUYECKUX aHTUdeppomar-
HUTHBIX KPHUCTAJJIOB co cTpykTypoi kajapuurta (FeBOs,
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MnCOs3) u xopyHaa (a-Fe,O3) onuceiBarotcst Teopueii J13s-
JIommHCKOTO [9]. MarHuTHasi CTpyKTypa 3THUX KPUCTAJUIOB
MOXeT OBITh OXapaKTEepPU30BaHA IBYMs MOAPCHIETKAMH.
CornacHo [9] cBoOomHASI SHEPTHS MOXKET OBITh pa3JIokKeHa B
PSIIT TIO CTENEHsIM BEKTOPOB MPUBEIEHHON HAMATHUYEHHOCTH
m= (M, +M,)/M unautudeppomarsetuzmal = (M; —M,) /M,
rae M = 2|M;| = 2|M,|. Pa3zsoxenue cBOGOIHOMN SHEPTUH C
TOYHOCTBIO /IO YICHOB YETBEPTOrO MOPSIIKA B MOJISIPHOM
cucTeMe KOOPIHMHAT, CBSI3aHHOW C OCSIMH KpHCTaJIa
(z]|e3, ]| €2), mmeeT Bun [9, 10]
1

1 1 1
_tpo2 L 2094 1 49 1 p2
7zBm +2acos 9+2ccos 0+2bmz+

+ dsin 0(m, cos ¢ — my sin @) +
+ gsin® 0 cos 0 cos (3¢) + tm. sin® Osin (3¢) +
+ esin® fcos (6¢) . (1)

3nece B — oOMeHHass KOHCTAHTa, d M ¢ — KOHCTAHTBI
OJTHOOCHOW MAarHUTHOM AHU3OTPOIHUHA BTOPOTO U UYETBEP-
TOTO HOPSAKA COOTBETCTBEHHO, b — KOHCTaHTa OTHOOCHOM
AHU30TPONHHU BeKTOpa (peppoMarneTusama, d — KOHCTAHTA
JI3SI0IIMHCKOT 0, ¢ — KOHCTAHTa I'eKCAarOHAJIbHON aHU30-
TPONMM, ! — KOHCTAHTA I'e€KCArOHAJIbHON AHU3OTPONUU
BeKkTOpa (heppoMarHeTu3Ma, ¢ — KOHCTAHTA TeKCarOHaJlb-
HOW aHM3O0TPOIHUH IIECTOr0 Mopsaka. Yrou 0 (s BeKTopa
aHTH(QEeppOMarHeTU3Ma) MOJIIPHONH CUCTEMBI KOOPJIUHAT
OTCYHTBIBAETCS OT OCH (3, & YIOJI (9 — OT IUIOCKOCTH
CUMMETPUH KprcTasuia (0Ch X).

IepBorii uieH B mpaBoii yactH (1) xapaktepuzyeT oOMeH-
HYIO SHEPIHIO KPHUCTAJUIA, BTOPOU, TPETHI U YeTBEPTHIA —
OJHOOCHYIO aHU30TPONHIO, MIATHIN — B3aumoaeicTre [35-
JIOIIMHCKOT 0, TPUBOJIAIIEEe K IOSBICHUIO ciaboro deppo-
Mar"eTu3ma, MocjeHIe TPU 4YJeHA OMMCBIBAIOT JHEPTHIO
AHU30TPONHHU B 0A3MCHON IIOCKOCTH.

Bropoii u TpeTuii wiensl B npaBoi yacTtu (1) MOTyT OBITh
WCIIOJIL30BAHBI ISl ONMMCAHUSI OJHOOCHOW aHW3O0TPONHU B
aHTU(GEPPOMATHUTHBIX T'€KCATOHAJIBHBIX, TETPArOHAJIbHBIX
kpuctayuax, B yactHoctn B (CH3),NMnCl;, MnF,, a
Taxke B pombosapuieckoM Y Fes(BO3),.

2.2. ®eHOMEHOJIOrHYECKOe ONUCAHHE

MArHATHOI aHU30TPONMH KYOHYeCKHX

(deppo- U PpeppuMarHUTHBIX KPHCTAJJIOB

OHUME U3 IpeCTaBUTeNIeH KyOnUeCcKuX KpUCcTaaioB, KOTO-
pble OyayT paccMaTpuBaTbcsi B HAcTosIeM 0030pe,
sSBJIsIIOTCS pepput-rpaHat uttpus Yz FesOj, u peppomarne-
Tk EuO.

MarsuTHasi aHU30TPONHS KyOnueckux (eppo- u dpeppu-
MAarHATHBIX KPHCTAJIJIOB MOXET OBITh BhIpaXkeHa B TEPMHU-
Hax CBOOOJHOW 3Hepruu @, KoTopas sBisieTcss (QyHKIMEH
HAIPaBJISIOMUX KOCUHYCOB BEKTOPAa HAMAarHUYEHHOCTH OT-
HOCHUTEJIbHO KpHucTautorpadmyeckux ocefl. CBobogHAs 3HEP-
rust ¢ MoxeT OBITh IIpe/icTaBiieHa B Bue psaa [11]:

® =Ky + Kl(ocfocz2 + oczzoc32 + ocfoclz) + 1(205120522@32 , (2)

rae K; u K, — nepBasi ¥ BTOpasi KOHCTAHThI aHU30TPOIIUY,
0, — HAIPABJIAIOLINE KOCUHYCBI.

KoHcTanTs! aHM30TpONNH JJ1s1 TPAHATA UMEIOT BUA K; =
= Kja+Kjq, TIIe MHAEKCHI & 1 d OTHOCSATCS COOTBETCTBEHHO K
OKTa3ApUYECKO U TeTpasApuyeckoil noapeléTkam, i = 1,2 —
MOPSAOK KOHCTAHTHI. Pe3ynbTHupyrolliee Moje aHU30TPOIMUU
MOXeT ObITh 3anucano B Bune Hia = (M H;,+MyH;q)/ M, t1e
M= M,+ My — cyMMapHas HAMarHUYeHHOCTb, H;;j=K;;/ M,
j=a,d.

2.3. "Mukpockonayeckue' HCTOYHHKH
MAarHuTHOI aHu3oTponun. TeopeTnyeckoe onucanue
OHUM U3 BXXHBIX ICTOYHUKOB aHU30TPOTIMH B KPUCTAILIAX
C HHU3KOW CHMMETpHEH SIBJISIOTCS HaJIbHOACHCTBYIOIINE
JUTIOJIbHBIE B3aUMOJIEHCTBHS. BTOpON MeXaHu3M, MpHUCYT-
CTBYIOILIMU BO BCEX COEAMHEHHUSX C S-HOHAMH, — OIHO-
WOHHBII, ¥ TPETHI MEXaHU3M — aHU30TPOIHBINA OOMEH.

KonmiecTBeHHBIE OIICHKU HA OCHOBE OTHOMOHHON MOIEJTH
[1] ms Y3FesOq; [12], EuO [13], a-Fe; O3, FeBO3; m MnCO;
[14—16] (c ucriob30BaHUEM KOHCTAHT CIIMHOBOT'O TAMUJIBTO-
HUaHa, U3BJICYEHHBIX HA CEPUH U30CTPYKTYPHBIX JUAMATHUT-
HBIX aHAJIOTOB, BKJIFOYAIOIIMX B ce0sl MPUMeECh OJMHOYHBIX
nonos Fe’t, Eu’* u Mn?' cooTBeTcTBEeHHO) ¢ yuéTOM IH-
MOJIPHOTO B3aUMOJICUCTBUS, IMOKA3aJM CYIIECTBEHHOE pac-
XOXJIEHHE C IKCIIEPUMEHTATbHBIMA TaHHBIMH, TOJTYYCHHBI-
MM Ha MarHUTOKOHIICHTPUPOBAHHBIX KpUCTAJLIaX. B cBsi3u ¢
9TUMU PE3yJbTaTaMH U PSJIOM AHAJIOTUYHBIX PE3YJILTATOB
IUIs. IPYTHX COEAMHEHUH BO3HUKJIM COMHEHHS] MO TOBOIY
aJIeKBATHOCTH HApaMETPOB, U3BJIEKAEMBIX W3 [TaHHBIX IO
UCCJIETOBAHUIO N30CTPYKTYPHOTO TUAMATHUTHOTO KPUCTAJI-
JIa, KaK MPeJoJiarajoch, U3-3a CYIIECTBEHHBIX HCKAXECHUIA
peIIETKY, BHOCUMBIX OJMHOYHBIMM HOHAMH MAarHUTOKOH-
LHEHTPUPOBAHHOrO BellecTBa. Takxke MOoJBEprajuch COMHe-
HUIO CIPaBEeIJIMBOCTL OJHOMOHHOW MOJEIM M T€M CaMbIM
BO3MOXHOCTB OJTyYeHHsI HA €€ OCHOBE TOCTOBEPHBIX KOJIIYe-
CTBEHHBIX OIICHOK, TOCKOJIbKY 3Ta MOJENb, XOTS OHAa W
OCHOBaHA Ha KBAaHTOBO-MEXaHHUYECKOM DPacUETe, COJNEPKUT
HEKOTOPBIE MOMEHTBI TEOPUH MOJIEKYJISIpHOTO 1oJis [17, 18].
Bo3MoxxHOM TpUYMHON pPACXOXKACHUS C IKCIEPUMEHTAJb-
HBIMU JIAHHBIMU MOXKET SBJISIThCS OTCYyTCTBHE yuéTa "oMHO-
HOHHOM" 0OOMEHHOI AHM30TPOIUY B THX COETUHEHUSIX.

KomnmuecTBeHHbIE pa3HOTJIACHS OJJHOMOHHOW MOJENHU C
pe3yJbTaTaMH OMBITOB MPHUBEJIU, C OJHONH CTOPOHBI, K
MOSIBJICHUIO 3KCHEPUMEHTAIbHBIX paboT — mepBasi U3 HUX
ObljIa BBITIOJIHEHA HA MarHUTOPa30aBJICHHBIX TaJTUEM XKe-
JIE30-UTTPHUEBBIX TPAHATAX, IUII KOTOPBIX OBLIO 0OHAPYKEHO
BJIMsSIHE OOMEHHOTO TOJISl HA KOHCTAHTHI CIMHOBOTO Ta-
MubToHnaHa uoHa Fe*t [19]. C mpyroii cTopoHBI, MOsBY-
Jlach Teoperuyeckas pabora Hukudoposa c coaBropamu [2],
B KOTOPO# ObLI MpOBEAEH pacuéT MarHUTHOW aHU30TPOIIUU
Ha OCHOBE ABYXMOHHOH MOJICI METOIOM T€OPUHU BO3MYILIE-
HUIf; B KayeCTBE BO3MYIIAONIUX HCIOJb30BATNCh HJICHBI
OOMEHHOTO W CIUH-OPOUTAJLHOTO B3ammojeicTBus. B
9TOM MOJIEIM aHU30TPOIHS MOSIBIISIETCS. B TPETHEM HOPSIIKE
TEOPUU BO3MYILUEHUH, B KOTOPOM MaTpUYHBIE 3JIEMEHTHI
JIMHEHHBI IO SHEPrUH OOMEHHOTO B3aMMOJICHCTBHS U KBA-
PATHYHO 3aBUCAT OT JHEPTUH CIUH-OPOUTAILHOTO B3aMMO-
nevictBus. B [2] mosydeH oONMMCHIBAIONIMIT aHU30TPOITHBIE
B3aUMOJICUCTBUS CIIMHOBBIN TaMUJIbTOHUAH, TPUBEIEHHBIN
B BHJE BBIPaXXEHWH CBSI3BIBAHMSI TEH30PHBIX ONEPATOPOB,
KOTOPbIE MOTYT OBITh (POPMAJILHO NMPEACTABIICHBI KAK IKBH-
BaJICHTHbIE CIMHOBBIE onepaTopsl [20, 21]. Toraa paznoxe-
HUE 0 HEMPUBOJUMBIM TE€H30PHBIM OIepaTopaM AT BBI-
pakeHus1, coaepxanye "o JHOUOHHYIO" OOMEHHYIO aHU3O0T-
pOTHIO, KOTOpast MOXKET OBbITh MpeACTaBIeHA KaK (DYHKITHS
OTJICJILHOTO CIIMHA, U, 10 MHEHHUIO aBTOPOB [2], 3Ta QyHKIUS
MOXET IOCTHTaTh 3HAUUTEIbHON BEJIMUMHBI B KPUCTAJLIIAX C
S-nonamu. OHako paboTta [2] 40Jro ocraBaiach HE 3aMe-
YEHHON 9KCIEPUMEHTATOPAMHU.

duznyeckoil TPUUNHON MAarHUTHOM aHU30TpOIUH, 00yc-
JIOBJIEHHOW QAHU30TPONHLIMU OOMEHHBIMH B3aUMOAEHCT-
BUSIMH, SIBJISIETCS U3MEHEHHE NPH IOBOPOTE CIIHHOB S; U §;
MIEPEKPBIBAHMSI OPOUTATBHBIX BOJTHOBBIX (DYHKIHMI U, CIEI0-
BaTEJIbHO, BEJIMYUHBI JJIEKTPOCTATUYECKOTO B3aMMOJIEHCT-
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BUS O0OUX MOHOB, B PE3YJIbTATE YErO SHEPIUSI CTAHOBUTCS
3aBHCAIIEH OT OPHEHTAMM S; U S; OTHOCUTEJIBLHO OCEH
KpucTajuia. B TeueHWe IIMTENHLHOTO BPEMEHU CUMTAJIOCH,
YTO TAKOH MEXaHW3M CHMMETPHYHOTO aHH30TPOIHOTO 00-
MeHa He MOXeT JaBaTh CYIIECTBEHHOTO BKJIaJa B MarHUT-
HYIO QHU30TPOIHIO B COSAUHEHUSIX C S-MOHAMH.

KavecTBeHHO HOBass mHGoOpMalMs O NPUPOJE AHHU30-
TPOMHBIX B3aUMOJIEHCTBUN MOXKET OBITH MOJTydeHa MPH IKC-
MEPUMEHTAILHOM HCCIIEIOBAHUN MAPHBIX B3aHMOIEHCTBHIA
HapaMarHATHBIX HOHOB B JHAMAarHUTHBIX KpPHCTaJUIax.
OmHAaKO MOKa CYIIECTBYEST BCErO JIUIIB YeTHIPE IKCIEPHMEH-
TanpHble paboThl [22—25] Ha mapax Mn?' ¢ mocraToumHo
MOJIHO#M pacnppoOBKOl TOHKOM CTpyKTYpbl DITP-cnekTpa.
Pa6oThl Takoro poma Ha moHax Fe'™ mosmmics mmmb B
TocJIeHee BpeMsl.

2.3.1. /IunosbHbIi BKJIAX B MATHHTHYI0 aHH30TPONHIO poMOo-
J/IPHYECKHX, TeKCAroHAJbHBIX M TeTPAaroHAJIbHBIX KPHCTAJI-
J10B. PoM0O0saprieckne, rekcaroHaabHbIe H TETPArOHAIbHBIE
KPHUCTAJUIBI NPUHAJIEKAT KJIACCY OTHOCUTEIbHO HU3KOCUM-
METPUYHBIX KPHCTAJUIOB, I KOTOPBIX BKJIAJ MATHATHBIX
JIUMOJBHBIX B3aUMOJEHCTBUM B aHU3OTPOIUIO BecbMa
BaXXEH.

[IpoGaema BBIYMCIIEHHS] YHEPTUM AUMOIBHBIX B3aMMO-
NCUCTBUI B KPHUCTAJJIAX CBSI3aHA HE TOJIBKO C YCIIOBHOU
CXOJIMMOCTBIO PEIIETOYHBIX CYMM, KOTOPBIE IOCPEICTBOM
CYIIECTBYIOIINX METOJIOB [26] MOTYT OBITH TpaHCHOPMUPO-
BaHbl B a0COJIFOTHO OBICTPOCXOJSIIUECS PSIbl, HO U C
TPOMO3JKOCTBIO 3TUX BBIPAXEHUH, YTO MOXET NMPUBECTU K
OIMOKe B BBIYUCIICHHUSX. [103TOMY IJIsl TMOJIy4eHHUsI TOCTO-
BepHOU MHPOpPMANMU O AMIOIBHBIX MOJISX B KPUCTAJLIAX
FeBOj3, FeF; u MnCO3; mocTpoeHbl WX 3aBUCHMOCTH OT
napaMeTpoB pelI€TkU KpuctajuioB [14, 27]. 3nauenus au-
MOJIbHBIX TOJIe OJHOOCHOW AHW3OTPONMUU [JISI BEKTOpa
aHTH(eppoMardeTusmMa Hagi, pacCMaTPUBAEMBIX COEIHUHE-
HUil IpuBeIeHbI B Ta0I. 2 B pasmese 2.6.

OTKJIOHEHUS] pACUETHBIX 3HAYEHUI OT IKCIEPUMEHTAb-
HBIX JAHHBIX MOTYT OBITH CBSI3aHBI C HAJUYUEM BKJIAJIOB
IPYrUX MEXaHU3MOB B 3((EKTUBHBIE MOJS OJHOOCHOU
AQHU30TPONMHU ITUX KpucTtasuioB. Hanbosee BeposiTHBIM J0-
MOJTHUTEILHBIM HCTOYHUKOM MOYXET SIBJISITbCS CBSI3b CIIMHA C
9JIEKTPUIECKIUMU TOJISIME kKpuctaya. M3 padot [12, 13, 28,
29] cnmemyeT, 4YTO 3TOT HCTOYHHUK, MO-BUAMMOMY, HAET
CYLIECTBEHHBI BKJIaJ B AaHU30TPONHUIO KyOUYECKUX U 00JIb-
IIMHCTBA OJHOOCHBIX KPUCTaJJI0B. OTHOMOHHBIN HCTOYHHUK,
B YaCTHOCTH, MOXET OKAa3aThCsl ONPENEesISIOIIM [IJisi Oa-
3UCHOWM aHU30TPONHMH POMOOIIPUYECKUX KPUCTALIOB. B
TOJIb3y TAKOTO MPEAIOJIOXKEHHUS! CBUIECTEILCTBYIOT 3aBUCH-
MOCTH NIOJI0KeHU S JIMHUH cekTpoB DI1P, Habmromaemble Ha
M30CTPYKTYPHBIX KaJIbIMTY KPUCTAJIJIAX C TpuMecsamMu Mn>*
[30] u Fe** [31] mpy BpallleHNH MOCTOSHHOIO MAarHHTHOTO
TI0JIS1 BOKPYT OCH TPETHEr0 MOPSIIKA IO YTIIOM K TUIOCKOCTH
(111). Pacuér BkJIala OTHOMOHHOTO MEXaHM3Ma B IeKcaro-
HAJbHYIO aHU30TPOIHUIO POMOO0IApHUECKUX cirabodeppo-
MAarHUTHBIX KPUCTAJIJIOB MPOBEEH B [32 —34].

2.3.2. OQHOUOHHASI PHEPrusl TeKCAroHaJIbLHOH MATrHHTHOI
AHH30TPONHH B POMOOIIPHUECKHX CIa00deppoOMarHUTHBIX
kpucrasiax. Kpucrammueckas crpykrypa (CHs),NMnCls
omnpeneiena B [35], pombosapuueckux kpucraioB FeBO;
npuBe/eHa, HarpuMmep, B [14], a MnCOs3, a-Fe, O3 — B [36].
Pacuérel, npoBenéunsie B [14, 32, 33] Ha ocHOBe Oecrpu-
MecHoro kpuctasuia FeBO;, OyayT Takke crpaBeIMBbIMU
JUISL OMMCAHUST OJTHOOCHO! M TeKCATOHAJIBHON aHU30TPOTIHU

O.
o

TTo3unus 2

ITosumus 1

Puc. 1. Pacnpenesienre kyOMYeCcKuX OCeil KPHCTAJIMYECKOTO MOJIS IJIst
JIBYyX HEIKBUBAJICHTHBIX TO3ULMiA HoHA M B perétke MBOs (M = Fe, Ga,
In, Lu, Sc) [14, 31].

kapOoHaTa Mapraima ¥ reMaturta. BuipaxkeHus: ISl KOH-
CTaHT oJHoocHOH anm3oTpomud B (CH3),NMnCl; u MnF,
(kpucTajiinueckast CTpyKTypa mpejacrasiieHa B [37]) OyayT
COBIAAATh C AHAJOTHMYHBIMH BBIPAXKEHUSIMU 1T pOMOO-
SAPUYECKUX KPUCTAIIIOB.

Ha pucynke 1 mpuBeneHbI 1Be HEIKBUBAJIEHTHBIC TO3H-
mnu B pemétke kpuctaia FeBO;. HeskBuBaneHTHOCTSH TO-
sunmii 1 1 2 o0ycJioBJieHA pa3JIMYHON OPUEHTAIUEH TPYIII
BO; B IUIOCKOCTH, MEPICHIUKYJSIPHOW OCH TPETHETO IO-
psnka kpuctajiia. I'pynmnsl BO3 nmpencTaBieHbl HA pUCYyHKE
B BHJIC COCAMHEHHBIX MEXAY COOOH MPSIMBIMH OTpPE3KaAMU
KPYXKOB (2TOMOB): B IIECHTPE aTOM B, BOKpYyr HEro cuMmer-
puvHO pacnoJioxkenbl Tpu atoma O. ['pynner BO3, uzobpa-
JKEHHBIE TEMHBIM IIBETOM, JIEKAT BBIIIE TUIOCKOCTH PUCYHKA,
a cBeTJible — Hibke. OIHA U3 TIOCKOCTEH CUMMETPHU KPUC-
TaJJIa, MPOXOISIIAsl Yepe3 OKTadIPUUECKUEe KOMIUICKCHI 1 1
2, 00pa3oBaHHBIC JUTaHIaMU, 0003HAYCHA CIUIOIIHON TOH-
KOU JIMHUEH.

W3 paccMOTpeHHsT CUMMETPUU OKTadIpPHYECKUX KOM-
TJIEKCOB MOXET OBITh HAWJIEHO pacHpeesIeHue oced akcH-
AJTbHOTO U KyOMYeCKOTro MoJiel /sl IBYX HEOKBUBAJICHTHBIX
nosummii monos Fe* . Bzanmuo nepnenmkynspHble KyOude-
CKHE OCH KPHUCTaJUIMYEeCKOro mous &;, s {; 0bo3HaYEHBI
crpenkamu. CIUTOIIHBIE CTPEJIKH COOTBETCTBYIOT IMOJIOXKH-
TEJLHOW NMPOEKIUU Ha OCh Zz, & IITPHUXOBBIE — OTPHUIATENb-
HO (OCh z BBIXOJIAT U3 TIOCKOCTH pUCYHKA). [Ipoekun oceit
E1,my, &y, ny, {5 Ha IUTOCKOCTD (111) pasopueHTUPOBAHEI
U OTKJOHEHBI OT IUIOCKOCTEH CHMMETpUM KpHUCTaljia B
cucteme xyz (pacroioKeHHO! Ha noHe 1) Ha YIJIBI Ocpy = 0L U
Olcfy = —0L COOTBETCTBEHHO. YTJIBI Ocfj OTCUHTHIBAOTCSA OT
TPOEKIMii oceil Kybudyeckoro moJis Ha miockocTs (111) x ocu
X; TIOJIOKUTEIBHBIM CUUTAETCS] TIOBOPOT OT OCH X K OCH ),
WHJIEKCHI j = 1, 2 COOTBETCTBYIOT Mo3uusaM 1, 2. Akcuab-
Hble KOMIIOHEHTBI KPUCTAJUIMYECKOTO TMOJISI KOMIIJIEKCOB
COBIAAAIOT MEXIY COOOH, W OHM HAMpPABJICHBI 1O OCH
TPEThETo MOPsIKa KprcTaia. Takoe pacrnpenesieHne ocei B
KpUCTAJ/UIaX CO CTPYKTYPOHW KAJBIUTA MOJTBEPKIACTCS
nmaaaeivu OI1P [14, 30, 31].

CnuHOBBIH TaMUJIBTOHMAH B CUCTEME KOOPAMHAT X)z,
pPACHOJIOKEHHOH Ha j-M HOHE, MOXeT OBbITh 3amucaH Ha
ocHoge [14, 30, 32, 33] B Bume
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T. 184, Ne 12] AHUMBOTPOITHBIE B3AMMOHEFICTBMS B MATHUTHBIX KPUCTAJIJIAX C UOHAMU B S-COCTOSHUUA 1303
rane Dy u Fy — akcuaabHble KOHCTAHTHI BTOPOTO H Pelienne kuHeTHYECKUX YpaBHEHMI TOKA3aJI0, YTO MOCTIE
4eTBEPTOTO TOPSAJIKA COOTBETCTBEHHO, dcf — KOHCTAaHTA  MOBOPOTAa BEKTOpa aHTU(peppoMarHerusMa B Oa3MCHOM

KyOMYeCKOTO KPUCTAJLIMIECKOTO MOoJist; ¢ — (pakTop CrekT-
POCKOINIUYECKOT O PACIICIJIEHUs], KOTOPBI CUMTAETCsl U30-
TPOIHBIM; [l — MarHeToH bopa; Hjeff — 0OMEHHOe 1oJie
Ha j-M MOHE WJIM MPEJCTAaBJsET cOOON BHEIIHEE MATHUTHOE
nosie H (B 3aBUCUMOCTH OT TOTO, KaKOH KpUCTAJLII paccMaT-
pUBAETCS: MAaTHUTOKOHIIEHTPUPOBAHHBIA WM JTHAMATHHT-
HBII C IPUMECHIO MAPAMATHUTHOTO MOHA); § — CIHMH MOHA;
O]' — SKBUBAJIEHTHBIE CIIMHOBBIE ONEPATOPHI, BUJ KOTOPBIX
npuBeléH, Hanpumep, B [20]. Bropoit u TpeTuil uieHsl B
MpaBOl YacTH OMUCHIBAIOT B3aMMOJCHCTBHUS aKCHAJILHOU
CHMMETpUH, a CICAYIOIUe 32 HUMHU YJIeHbl — B3aMMOJEH-
CTBHUS KyOMUeCKOH CHMMETPUH.

TemnepaTypHasi 3aBUCUMOCTb TI'€KCATOHAJIbHOW OJHO-
WOHHOU aHM30TPONNH, paccuuTannas B [14, 32], umeet Bu

H,ep(Fe'™) sin® 0 cos (69) =

B a2 cos?(3oer) r2(Y) _
= RN+ 1300) 2(0) B 060
(4)

3[ech KOHCTAHTA df BLIPAXKEHA B OPCTENaxX, Yroj ocf BbI-
paskeH B rpajycax, r(Y) — QyHKIHs TeMIIEpaTyphl, BBEIEH-
Has Bonbdom [1] (cm. Takxke, Hanpumep, [14, 32, 33]);
H(0)=a(0)/M(0),Hp(0)=d(0)/M(0), He(0) = B(0)/M(0);
§ — CIMHOBOE YHCIIO, paBHOe 5/2; By(x) — byukims Bpui-
srosHa; Uit Ha (T') yurThIBAJICS BKJIA/] TOJIBKO TUIIOJBLHOTO
B3aMMOJICHUCTBHS, TaK KaK OJHOUOHHBIA U "OmHOMOHHBIA"
OOMEHHBINM BKJIAAbl MPUMEPHO KOMIIEHCHPYIOT APYT Ipyra
(cm. Tab6. 2 B pazmene 2.6).

2.3.3. IlpumecHasi 0THOMOHHASI AHM3OTPONHSI B KPHCTAJIAX
FeBOj3. ®eHomenoiornyeckoe paccmorpenue. CylecTBoBa-
HUE TOYKH KOMIICHCAIINM TeKCArOHAJIILHOM aHM30TPONHNH B
FeBOs;, € paznuyunas BeJIMUUHA [IJII pa3HbIX 00pa3IoB Mpu
HU3KHX TEMIEpaTypax, a TAKXe 3HAUUTEILHOE BO3pacTaHue
mmpuHbl JuHIE AOMP nipu T < 20 K cBUIETEIBCTBYIOT O
Haymuum npumeceii [14, 32— 34]. Kpome Toro, Hanu4ue npu-
MecH TposiBiisieTcss B HaOmroneHuu [14] metomom ADPMP
OJHOOCHO! aHM30TPONHNH B OA3MCHOU TIOCKOCTU KPHUCTAJI-
soB FeBOj;. OmHoocHas aHU30TPOINHUS 3HAYNTETLHOU BEJTH-
YUHBI B 0A3UCHOHM IJIOCKOCTU IOSIBJISLIACH B HHTEpBaJie
Temrnepatyp, Meubiux 30 K. Takumu npumecsiMu MOryT
ABJIAThCS MOHBI Fe’', Bo3HMKaloIme B pesylabTaTe NOSB-
JIGHUSI BAKAHCHIA TPy BO%’ [38]. Monbl 6opa kKOBaJIEHTHO
CHUJIBHO CBSI3aHBI C MOHAMHU KHUCJIOPOJA, W OHH MOTYT
CYIIECTBOBATh KaK €IWHOE IIeJIoe B pacTBOpPE-pacijiaBe
npu Temmepatypax pocrta kpucrtania [38]. Beiemcrsue
0OJIBIION MPOCTPAHCTBEHHOU MPOTSIKEHHOCTH TPYIIIT BO%’
WX BCTpaMBaHUE B KPUCTAJUI 3aTPYIHEHO, YTO OOYCIIOBIIH-
BaeT HAJIMUNE BAKAHCHI 3TUX IPYIIL. Y MEHBIICHAE OTPHIIA-
TEJBPHOTO 3apsila B KPUCTAJUJIE NMPUBOIUT K MOSIBJICHUIO
nonoB Fe’™.

B [33, 34] npemoxeHa MOJEiIb: BAKAHCHS TPYIIIbI
BO%’ —non Fe?t. B Taxoit MoziesTH Iocie oBOPOTa BEKTOPA
BHEIITHETO TOJISI B 0a3WCHOW IJIOCKOCTH JJIEKTPOH Iiepe-
ckakupaet oT uoHa Fe> k Fe’ Bokpyr Bakancun (koopmu-
HarmoHHOe 4ucyio 6). s oOBsSICHCHWS MOBEACHHMS 3TOM
CHCTEMBbI ObLT BBENEH TEH30pP AHU3OTPONUU TPHUKJIUHHOU
CHHIOHMHU U peIlIeHbl KMHETUYECKUEe YPABHEHHMS JIsI HOHOB
Fe’™ (Toueunas JIOKajbHAS CHMMETPHUS IO3HIMH HOHOB
Kenesa cp).

IJIOCKOCTH C MOMEHTA BPEMEHHU ¢ = fj HAYMHAETCS PeslaKca-
Msl TPUMECHOM moacucTeMbl. IIpu f = oo cucTeMa IIpHXO-
JIT B paBHOBecHe, a BKIax Fe>t B rexcaromambHyio aHm30-
Tpomuto paser —D’ sin® 6’ cos 8’ cos (3¢’ — ) [33, 34]. 3nech
D’ ¥}y — COOTBETCTBEHHO KOHCTaHTa U (ha30BBIA YIOJI,
3aBUCAIIME OT TMAPAaMETPOB TEH30pA AHM3OTPOIIMU JUJIs
nonos Fe’*; 0’ u ¢! — NmONSpHBIA ¥ A3UMYTaIbHBINA YIIIBI
BekTOpa auTu(eppomarnerusmal’ = (M — Mj)/ M’ nonos
Fe’*, M| u M} — noapemérounble HaMarHHYEHHOCTH,
M’ =2|M/| = 2|M;|. CoGonnas sueprus ais Fe’™ B kpu-
crayuie FeBO; (mpumMecHass MarHuTHasl TOJICUCTEMA HAXO-
JUTCS B TEPMOIMHAMUYECKOM PABHOBECHH ¢ cucTeMoii Fe’™)
MOXET OBITh BhIpaXxeHa Kak [33]

@’ = A'(sinfsin 0’ cos pcosp’ +
+sinOsin 0’ sin ¢ sin @’ + cos O cos ') +

1 .
+§a’c0529'fD’sm30’c050’cos(3<p’fl//), (5)

rae A’ — KOHCTaHTa W30TPOIHOTO OOMEHHOTO B3aUMOJIEH-
crBus nonos Fe>t —Fe’t. IBa mocnemuux uneHa B mpaBoit
qacTH (5) ONKUCHIBAIOT OJJTHOOCHYIO U T€KCATOHAIbHYIO aHU30-
TPOIHMHK COOTBETCTBEHHO. MunnMu3anusa @ + @’ maét BuIpa-
XeHue Il o01eit 3(h(heKTUBHOW SHEPTUU T'eKcarOHAILHON
aam3otTponuu [33]:

@, sin® 0 cos (6¢) = w,(Fe*t) sin® 0 cos (6¢) +

+ w,(Fe?*) sin® O cos (6’ — 2y) =
D/Z
= o, (Fe*t) sin® O cos (6¢) — o sin® 0 cos (69 — 2) .

OTtmMeTHM, 4TO KOHCTaHTa D’ 0OpaTHO MPOMOPHHOHATIHHA
TeMIepaType.

Tak kak rekcaroHaJIbHasi aHH30TPOITUSI MEHSIET CBOM 3HAK
B TOYKE KOMIICHCAIIMM, OTCIOAa cieayeT, uro y = 90° (Bo
BCEM HHTEpBaje TemmepaTyp). i KOHCTAaHT OJHOOCHOWM
AHM30TPOIHU

wp = (a+a') cos? 0.

2.3.4. Tlpumecnast anuzorpomus. "Mukpockonuueckoe' pac-
cmoTtpenne. Coriacto [17] non Fe?t Moxer Haxomuthbes B
CHHIJIETHOM MM AYOJETHOM OpPOUTAaIbHOM OCHOBHOM
COCTOSIHAH, B 3aBUCHMOCTH OT TOTO, MHUHHMAJICH HJIH
MaKCUMaJIeH MOTEHIHAJl aKCHAJIbHOTO 3JIEKTPUUECKOT O
MOJISI BIOJIb TPUTOHAIBHON OCH. DTOT MOTEHIIMAJ IPUBEIEH
B [39]. Beruncnenus [40] moka3ajiu, 4TO MOTEHIIAA aKCUAJTb-
HOTO 3JIEKTPUYECKOTO HOJIs BIOJIb TPUTOHAJIBHOI OcH OyaeT
MUHUMAJIBHBIM, U TOT1a, corjiacHo [17, 41], HKHUE YPOBHHI
SHEPTUH MOTYT OBITh ONUCAHBI 3()(HEKTUBHBIM CIIMHOM § = 1.

CaMUIBTOHMAH JUIsl IPUMECHOro moHa Fe’™ B osmo-
MOHHOM MPUOJIMKEHUU B CITy4ae CaMON HU3KON CUMMETPHU
umeeT Bug [20]

2
_ off 00 11
H = § (g,uBHj sj+ A0+ 4,05+
=1
202 1 GlAl 4 3202
+ 4505+ 4,04+ 4505 .
Bun onepatopos O, mpusenés, Hanpumep, B [20]. Pe-
IIeHUEe 3aJa4Yd 1711 COOCTBEHHBIX 3HAYEHUH 3TOTO TaMHJIb-
TOHHMAHA JACT BBIPAXXKEHHUE [JI1 SHEPreTHYECKUX YPOBHEM,
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MOJIYYEHHBIX B MIEPBOM IOPSJIKE TEOPUH BO3MYyIeHu# [33].
KoncranTa 0XHOOCHON anm3oTporuu mist nona Fe’t, maii-
JICHHAs U3 PA3JIOKCHHUS CBOOOJHOW 3HEPTUU, MOXKET OBITh
BBIpaXXEHA KaK

!
zZ
a'(Fe?™) cos® 0 = 3Nep Ay =L cos? 0,
z
0
rae N — uncno ABOrazipo, ¢) — KOHLEHTPAIHsS MPHMECH
Fe", Bun dynkimit z), z| npusenén s [33].
DHeprusi rekcaroHajbHON 3((EKTUBHON aHM30TPONUH
MMEET BU/L
. NcoBimp 2] .
w,(Fe’™) sin® 0 cos (6¢) = Oi'mzp “Lsin® 0 cos (6¢) .
(ksT)" 2o

31ech Binp, — MOCTOsIHHAs, KOTOpas BKJIOYaeT B cebs
KOHCTAHTBI SHEepreTuueckux yposHei [33], kg — mocTosiH-
Has bosibiimaHa.

2.3.5. Aun3oTponHslii 00MeH B KpucTaIax rematura. Murep-
npeTanusi TeMIEePaTypHOH 3aBUCUMOCTH 3(P(HEKTUBHBIX
1oJiell aHU30TPOINUM B eMaTUTe, B OTJIMYME OT TAaKOBOH B
FeBO; 1 MnCOs3, cTOUT OCOOHSIKOM BBU/Y pa3JIMuUsi KpHC-
TAJUINIECKHUX CTPYKTYD U, CIET0BATEIbHO, OOMEHHBIX IOJIEH.
B anemeHTapHOl sveiike reMaTUTa JBE Napbl HamboJee
0JIM3KO PACIOJIOKEHHBIX APYT K IPYry MOHOB XKeJie3a, OCh
KOTOPBIX COBIIAJaeT C ¢3, OOYCIOBJIMBAIOT C XOPOIICH
TOYHOCTBIO 3 (PeKTUBHOE OOMEHHOE TOJIe 3TOr0 KpHU-
craja. O0 3TOM CBHIECTENBLCTBYIOT U3MEpPEHUs Ha TMapax
Fe’™ u Cr*" meromom DIIP B U30CTPYKTYPHOM KPHUCTAJLIIE
KopyHna [42, 43].

laMuIbTOHWAH JUIS Mapbl MOHOB Kejie3a B IeMATHUTE,
OTIMCBLIBAIOIIUI OJHOOCHYIO AHU30TPOIMIO, MOXET OBITh
MpeJICTaBJICH, COTJIACHO [2, 44], B BUJIE

2
H=>" gugHs;+ 400,00+
=1

+ Bex03,09 + Cex 03,01 (6)

31ech MepBBIN WICH B MPABOX YaCTH MPEICTABIISIET H30TPOII-
HYI0 OOMEHHYIO SHEPTHUIO B MPHOJIKEHAN MOJIEKYJISIPHOTO
T10JIs1, OCTAJIbHBIE WIEHBI OIUCHIBAIOT 3HEPTHIO AHU30TPOTI-
HOTo OOMEHa, BBIPAXXEHHYIO B TEPMHHAX HENPUBOIAUMBIX
TEH30PHBIX CIIMHOBBIX orepaTtopoB [20], KoTOpbie MO BUAY
COBIAJAIOT C 9KBUBAJICHTHBIMU CIIMHOBBIMH OTIEPATOPAMU;
Aex, Bex 1 Cex — COOTBETCTBYIOIIIUE OOMEHHBIE KOHCTAHTHI.
Jyis ynpouieHus 3anick B (6) omyIieHbl BbIpaxenus "oaHo-
HOHHOU" OOMEHHOM U OJHOMOHHON aHU30TpONUH. Pelenue
TaKOW YNpOUIEHHOW 3ajiaul TMpPUBEJIECHO B paszjienax 2.4.2,
2.4.3. Tlonst OAHOOCHOW AHM3OTPONHM MEPBONH M BTOPOU
KOHCTAHT IPH MPOU3BOJILHOU TEMIEpaType UMEIOT B [45]

2
Hacos?0=|(A} +A4l) 2% yp "1 Lo 22
A COS |:( dip + ex) 520 X 5202 ex 520+
5
+ D[,(—Z—1> +EL’,<—£>} cos? 0,
Z4 Z4
3 2 25, x5
H. 40: B Ry - 24 1 ey o 230
¢ €08 [2“mm13“m+
7 522
+6 E;(_Z>} COS46. (7)

3nech A C/“p = 10,04 x3 [28] — aumobHOE 0JIe MArHUTOKOH-

HEHTPUPOBAHHOTO KpucTasia npu 1 = 0, BBIYHCICHHOE
HETIOCPEACTBeHHO; AL, Bl, Cl, — TONs aHM30TPOIMHOTO
oOMeHa, COOTBETCTBYIOINE KOHCTAHTAM Agy, Bex, Cex Ta-
MHJIbTOHHAHA (6); D] — oxHonoHHoe mitoc "oaHonoHHOE"
00MeHHOE 1oJie aHu3oTponuu (B cymme — "omHononHoe"
moJjie), OIpeaessieMoe MHBapUAHTAMH BTOPOTO MOPSAKA
ramMujbToHHaHa (3), a Takke raMuiibToHnaHa (8), mpuBeIEH-
HOTro B pasgeine 2.4.2; E! — "oguononnoe" moJe, COOTBET-
CTBYIOIIICE MHBAPMAHTAM YETBEPTOrO MOPSAIAKA TaMHJILTO-
HuaHoB (3) u (8). Beipaxenust njis zo —z4 npuBeeHs! B [45]. B
(7) TakKe yITEHBI OMYLICHHBIC BBIIIC BBIPAKEHUST OJHOMOH-
noii u "oguononnon" obmennoi [2, 14, 33] aHuszoTponuu
(oT™METHM, YTO OHHM MMEIOT OJMHAKOBYIO OINEPATOPHYIO

CTPYKTYDY).

2.4. DKcnepuMeHTaIbHOEe HCCIe0BaHue

AHM30TPONHBIX B3auMo/eiicTBHii B poM0O03Apu4ecKHX
JHAMArHUTHBIX KPHCTAJIAX C MPUMECHBIMH S-HOHAMM
2.4.1. DIeKTPOHHDBINi MApaMarHUTHBIN PE30HAHC OAMHOYHBIX
HOHOB B psijie H30CTPYKTYPHbIX KpucTamioB MBO;+Fe3™*
(M =Ga, In, Lu, Sc). Hau6osnee noapoOHbIMHU HCCIIETOBA-
HUSIMU aHU3OTPOIHBIX B3aUMOJCHCTBUN B JIMAMarHUTHBIX
KPUCTAJUIaX C MPUMECHBIMH S-HOHAMH SIBJISIFOTCSI MCCIIEIO0-
BaHMS ¢ moMo1ibio Metoa DITP oquHOuHBIX HOHOB. OTHAKO
LIeJICHATIPABJICHHBIX UCCIIEJOBAHUN aHU3OTPOIHUU MATHHUTO-
KOHIEHTPUPOBAHHBIX BEIIECTB Ha OCHOBE NaHHBbIX JIIP
OJMHOYHBIX HOHOB MPOBEJICHO OBOJILHO Mao. Tak, ITIP-
nccieIoBaHus oAMHOUHbIX noHoB Fe*t B psine m3ocTpykTyp-
HBIX TUAMAaTHATHBIX TPaHATOB [12, 46] SIBJISIIOTCS € TMHCTBEH-
HBIMU IIeJIEHATPABJICHHBIMH PA00TaAMHU TAKOTO POJIA.

DJIEKTPOHHBIN TMapaMarHUTHBIN PE30HAHC OJIUHOYHBIX
HOHOB B PsAJie M30CTPYKTYPHBIX KpucTaios MBO; + Fe*'
(M = Ga, In, Lu, Sc) xopol110 u3y4eH, U MbI IPUBEAEM JIUIIH
OCHOBHbIE pe3yibTaThl [14, 31]. Ha pucynkax 2 u 3 mpen-
CTaBJICHBl 3aBUCHMOCTH KOHCTAHT CIIMHOBOT'O TaMHIJIBTO-
HuaHa (3) OT mapaMeTpoB PELIETKH, IOJyYSHHbIE METOIOM
SIIP B xpuctamax MBOs; + Fe’t (M = Ga, In, Lu, Sc).

B nutepatype asnuTenbHOE BpeMsl OTCYTCTBOBaJa pac-
mrdpoBKa mapHLIX CekTpoB noHos Fe’' . B csi3u co ciraboi
M3YYeHHOCTBIO MAPHBIX B3auMoAeicTBuii MetogoM DI1P He
MPOBOJUJIACH TAaKXXe MHTEpIIpeTalus KOHCTAHT, M3BJIEKae-
MBIX U3 JKkcrmepumeHnTta. [lo ToW ke mpuunHEe He ObLIa
YCTAQHOBJIEHA CBSI3b MEXIy KOHCTAaHTAMM CIIMHOBBIX TIa-

l O(-F6203

DCfa K2

0.4 | | | | | | |
27 28 29 30 31 32 33

cH/aH

Puc. 2. 3aBUCUMOCTb KOHCTAHTBI D¢ CIIMHOBOTO TaMHUJIbTOHHAHA HOHA
Fe’* oT OTHOIIeHHMs TTapaMeTpoOB TeKCATOHATBHOH PEIETKH cy/apy B
kpuctraiuiax MBO; u AL, Os3.




T. 184, Ne 12] AHWU3OTPOITHBIE B3AUMOJENCTBUS B MATHUTHBIX KPUCTAJIJIAX C MIOHAMU B S-COCTOSIHUU 1305
350
0 -
300 LuBO;
“ 250 o -3
Q’“ i ScBO;
‘q 200 ] InBO;
—6
150
GaBOg
100 | | | | | |
1 1 1 ] ] ] 1 2 3 4 5 S

50 52 54 56 58 60 62

Puc. 3. 3aBUCHMOCTb KOHCTAHTBI CIIHHOBOTO raMMIIbTOHHAHA (a — F)
OT mapameTpa poMGOdIPHUECKOi sueiiku ag B kpucTaiiax MBO; + Fe’™
u ALO; + Fe?™.

Puc. 4. 3aBUCMMOCTb aKCHMAJIBHON KOHCTAHTBI BTOPOro mopsiaka Dg
CIIMHOBOTO TaMHUIbTOHMAHA ap Fe’ B kpuctamiax MBO; oT obiero
cnirHOBOTO uncya S [48]. Pa3iuuHbIME cHMBOJIAME IOKa3aHbI 9KCIEPHU-
MEHTAJIbHBIE JAHHBIE, CIUIOLIHBIMU KPUBBIMH — PE3YJIbTAThl PACUETA.

MUJIbTOHUAHOB OAWMHOYHBIX MOHOB M IIap. OTCYTCTBOBaJ’II/I
TAaKXE SKCIIEPUMECHTAJIIbLHO-MCTOJAUYCCKUEC IPUITOKCHUA TaH-
HBIX, IIOJTYUYCHHBIX Ha Héan, JJII MArHUTOKOHIEHTPUPOBAaH-
HBIX KPpUCTAJIJIOB.

2.4.2. DNeKTPOHHBI MAPAMATHHUTHBI Pe30HAHC Map HOHOB
Fe3* B kpucrannax MBOs; (M= Ga, In, Lu, Sc). DeMeHTbI
KPHCTAJUTMYECKOH  MarHUTHON cTpyKTypsl MBO; + Fe',
Wrparolue BaXXHYIO POJIb NPU MHTEPIPETALUU MapHBIX
criektpoB DIIP, cnenyromue. IlepBas napa Oymkaiimmx
CBsI3aHHBIX 06MeHoM HoHOB Fe’* sBisercs antudeppomar-
HUTHOMW. [I[Ba Ipyrux moHa Xele3a, OoJjiee yTAJIEHHBIX OT
neHTpasbHOro nona Fe*t, o6pasyioT ¢ HuM nBe deppomar-
HUTHO CBSI3aHHBIC TIAPBI.

Bonbioit uzorponHeiii 00MeH B aHTU(EPPOMATHUTHO
CBSI3aHHOU Hape MPUBOIUT K HAJTMYHIO IIIECTH MYJIbTUILIETOB
JUISL CyMMapHOTO crimHa S = 5. DHEPrum 3THUX COCTOSHHUMA
UMeErOT BUJ [22]

Es = 5[5(54' 1) = si(si+ 1) =505 + 1] .
31ech J — KOHCTaHTAa OOMEHHOTO B3aUMOJICUCTBHS MAPbI, S
JUISL KaXJ0TO MYJIbTHUILIETA Mapbl NPUHUMAET OIHO U3
3HAveHWd: S =s;+5;, i +s5;—1,..., 85—, TOE §; U §j —
CIMHOBBIE YHUCJIA MOHOB Naphl, paBHbIE 5/2.

laMunbTOHMAH IS KX I0T0 MYJIbTHUILIETA aHTH(EPPO-
MAarHATHO CBSI3aHHOW Mapbl B TMAMATHUTHOM KPHCTAJLIE C
sHepruein Eg B cllydae, KOrja BEKTOP BHEIIHETO IOJIA
HaIpaBJIeH BIOJb OCH TPETHETO MOPSIKA €3, MOXKET OBITh
MpeICTaBJIeH Ha OCHOBE padoT [22, 33, 47— 50] B Bume

M= gups. + 2 03(s) - s 005 (9
rne H — Buemnee marauTHOe noJie (H||z); S. — mpoexuus
Ha OCh z OBIIEro CIHHOBOTO omepaTtopa S (map noxos Fe’*
it Mn?"); Dg = 3osDaip + BsDes, s = (1/2)[S(S+ 1)+
+4si(s; +1)]/(2S = 1)(25 + 3), Bs=[3S(S+1)-3-
—4s;(s; + 1)]/(2S — 1)(2S + 3); yg SBISIOTCS HEJMHCHHBIME
bynaxuuamu S, kotopele npuseneHsl B [49, 50]; Dgip =
= (g2u123/2ri3].)(1 —3c0s20;)) — KOHCTAHTa AUIOJIBHOTO
B3aMMOJICHCTBUS JIS HAPbl MOHOB B TOYEYHOM NpHOIH-
xeHnu; Deg m (a—F), o — "onHomoHHBbIE" KOHCTaHTBI
BTOPOr0 W 4YETBEPTOrO MOPSIAKA NMPH COOTBETCTBYFOLIHMX
HENPUBOMMBIX TEH30PHBIX omepatopax OY m OJ), BKiio-
qaromme B ce0sl BKJIAAbl OAHOMOHHOTO U "OmHOMOHHOTO"

OOMEHHOTO MEXaHU3MOB aHmM30Tponuu [2, 44]; 0;; — yron
MeX]ly OCblO Maphl U c¢3. Bun omepatopos O] mpusenéH,
Harpumep, B [20].

Kax bt MmysibTuIuier ¢ odmuM cnuHom S OyJIeT Haxo-
IUTbCS. B OOMEHHOM TIIOJie, BO3HHUKAIOIIEM NPU MapHOM
B3aUMOJCUCTBUN. BbIpaxkeHnme i 0oOMEHHOTO TOJs Ha
MYJbTHILIETAX Mapbl UMeeT Bu [33]

1 OFs J
=—_—=—1/S(S+1).
gup OIS gup (5+1)
Koncranta Dg MOXeT ObITh TIpe/icTaBjIcHa B Bujie [33, 47]

DS = 3OCSDdip + ﬁS [DCO + Dcf+ A S(S+ 1)] ’ (9)

ex

rJie IEpBOE CIaraeMoe B KBaAPATHBIX CKOOKax 00YyCIOBJICHO
UCKa)XEHUEM PELUETKM AUaMarHUTHOIO KpucTasuia "ayxoin"
nmapoii, BTOpoe — OTpaxkaeT BJIHMSIHAE KPUCTAJIMIECKOTO
MOJIsl, TPEThe — OIHUCHIBAET 3aBUCHUMOCTH OT OOMEHHOTO
oJIsl Tapbl, KOHCTaHTa A 3/1eCh MMEET CMBICH "OJHOUOH-
Horo" 0oGMEeHHOTro mapamerpa.

DKCrepUMEHTANIbHbBIE PE3yJbTATHI IJI51 KOHCTAHTHI CIU-
HOBOTO rammibToHHaHa Dg B kpuctamwiax MBO; + Fe’t
MOTYT OBITH TIPEACTaBJICHBI B BHUJE 3aBHUCUMOCTH OT S
(puc. 4) [48]. Pacmudposka DITP-criekTpoB map mpuseieHa
B pazzeie 2.4.4.

Ha pucynke 5 moka3aHbl 3aBUCUMOCTH KOHCTAHTBI YeT-
BEPTOrO MOPSIAKA OT 001Iero cnuHoBoro yucia [48]. Cruorn-

100 | B LuBO;;
m
5 0F InBO;
L9
| ScBO3
S
—100
GaBOs3
—200 | | | |
2 3 4 5 S

Puc. 5. 3aBUCHMMOCTb aKCHAJBbHOI KOHCTAHTBI YETBEPTOTO MOPSIKA
(a — F),g cmumoBoro raMusTonmana map Fe’* B xpuctanmax MBO; ot
o61iero cnuHOBOTO Yncia S [48].




1306

C.I'. OBUMHHUMKOB, B.B. PYAEHKO

[VOH 2014

4,95 0
-20
—40
—60
—80

—100

| |
3,10 3,15 3,20 3,25 3,30

cH/aH

Puc. 6. 3aBUCHMOCTB MOArOHOYHOTO "0 qHOMOHHOTO" OOMEHHOTO mapa-
Merpa A Ju1s mapHeIX HoHoB Fe’ B kpucrammax MBO; 0T OTHOLICHHS
[OCTOSIHHBIX T€KCATOHAJIbHOM peléTku ¢y /ay [48]. Crpenkamu oTMeve-
HBI 3HA4YeHUS A, COOTBeTCTBYIOIIME KprcTtasuiam FeBOs; u MnCOs.

B,D o}

3,10 3,15 3,20 3,25 3,30
cH/aH
Puc. 7. 3aBUCHMOCTb MOAroHOYHOro "oaHONOHHOTrO" 0OMEHHOTO Mapa-
MeTpa B st mapHbIx 1oHOB Fe’™ B kpuctannax MBO; oT oTHOLICHHS

MOCTOSIHHBIX TeKCArOHAIbHOI petuéTku ¢y /ay [33]. Crpesnkamu oTmede-
HBI 3Ha4YeHUs B, cooTBeTcTBYROIME KprcTauiaMm FeBOs; u MnCOs.

Hbl€ KpUBbIE COOTBETCTBYIOT pe3yjbTaTaM pacuéra, MOoJIy-
YEHHBIM C UCIIO0JIb30BAHMEM BBIPAKEHUS

(a—F)s=(a—F)y+(a—F);+BS(S+1). (10)
3necsy B— "onnononnasa" oOMeHHas KOHCTAHTA, BXOIAILAS
B MHBAPHAHT YE€TBEPTOrO MOPSAKA MO CIMHOBBIM ONEPATO-
pam. "Onnouonnbii" 0OMEHHBIA MHBAPHAHT YETBEPTOIO
MOPSIAKA 10 CIHHOBBIM OIEPaTOpaM He CJIEAYeT U3 YIOMHU-
HaBIIHUXCS BbIE pacuétoB [2, 44] u, mo-BUIAUMOMY, OH
MOXeET OBbITh MOJIYYeH B NPUOIMKEHUSIX TEOPUU BO3MYIIE-
HUIi 60Jiee BBICOKOTO MOPSIAKA [0 OTHOIIECHUIO K IPUHSATOMY
B [2, 44].

AHamm3 pe3yJbTaTOB CBHUIIETENBCTBYET O TOM, 4YTO
BEJIMUMHA MCKAXKEHHIT, BHOCHMBIX TIapHBIMHI HoHamu Fe’t| B
HYJICBOM OOMEHHOM I10JI€ ONIPENIEISIeTCS B OCHOBHOM OTKJIO-
HEHUEM NapaMeTPOB PEUIETKH AUAMAarHUTHOTO aHAJora oT
napameTpoB pewétku FeBO; [48].

Ha pucynke 6 npuBeaeHa JHEWHAS 3aBUCUMOCTD Mapa-
MeTpa A OT OTHOIIEHHSI IOCTOSIHHBIX T'eKCaroHaJIbHOU
sueiikn kpuctayuioB MBO;3;. KBampatuunass 3aBUCHMOCTD
napamMeTpa B OT MOCTOSIHHBIX PEIIETKU MPEACTaBJICHA Ha
puc. 7.

2.4.3. TeopeTuyeckoe 000CHOBaHHE METO/]a HCCJIeTOBAHHS
AHU30TPONHH MArHHTOKOHUEHTPHPOBAHHBLIX OHOOCHBIX KpH-
CTaJL10B ¢ Hcnoab3oBanneM JIIP-gannbix nap. [Tpusenénnnie
B paszzaene 2.4.2 v 3TOM pasjiesie pe3yIbTaThl ISl U30JUPO-
BaHHBIX ITAP MOTYT OBITH MCIOJb30BAHBI ISl YIETA BKJIAIOB
KOHCTaHT TaMUJIbTOHMAHA TMAPHBIX B3aMMOJIEHCTBHI B Mar-
HUTHYKO aHU30TPONHIO aHTU()EPPOMATHUTHBIX KPUCTAJLIIOB

FeBO3;, MnCO; u a-Fe, O3 [33, 48]. st BRISCHEHUS CBSI3U
MEXIy MapamMeTpaMu OOMEHHOW JHepruy Mmapbl HOHOB B
"MarHUTOKOHIEHTPUPOBAHHOM" KpHCTaJUle, 3alMCAHHON B
MPUOJIMKEHUH TEOPUU MOJIEKYJISIPHOTO TIOJIS, ¥ TaphI HOHOB
MapaMarHUTHOM MPUMECH B THAMATHUTHOM BEIECTBE MPO-
BEJICHBI CJICAYFOIIE BhruncieHus [33].

OOMeHHasi JHeprusi B3aUMOJICHCTBUS (-TO HOHA IS
MAarHATOKOHIIEHTPUPOBAHHOTO KpucTaliia npu 7 = () BbIpa-
xaercst kak E(T = 0) = —nJs;s;, Tae n — YACIIO OIMDKaHIIIX
MAarHdTOAKTUBHBIX cocelieil i-ro nona. [lonarasin =ngp = lu
MPUPABHUBAS JHEPTUU JBYX CIUHOB B PEIIETKE K IHEPTUU
HU30JIMpOBaHHOM Napsl Ky,

E(T: O,H()):Egmc, (11)
HalaéM 3HaYeHHe 3PPEKTUBHOTO CIMHOBOTO YHCIIA S,0 Taphl
WOHOB MapaMarHUTHOW NMPUMECH B AMAMATHUTHOM Bellle-
CTBE, KOTOpOE OYJET COOTBETCTBOBATH 3HEPIMHM HUKHETO
yposust E(T=0) i-ro moHa "MarHUTOKOHIEHTPUPOBAH-
noro" kpucrasula, B3aMMOIENUCTBYIOILIETO C j-M HOHOM. B
ypaBHeHnu (11) m majsiee WHIEKCHI MC B 0003HAYCHUSX
BEJIMYMH, XapaKTEPHU3YIOIINX MapHbIe B3aUMOJCHCTBUS U
B3aMMO/ICUCTBHS CIIMHA OJIMHOYHBIX MOHOB C KPHCTAJLIMYe-
CKHM TIOJIEM, O3HAYaIOT COBIMAJICHUE MApPaMETPOB PEIIETKU
(MM MX OTHOIIEHHUS) THHOTETUYECKOTO JTMAMATHUTHOTO
AHAJIOTa C COOTBETCTBYIOIIMMH BEJIMYMHAMH MAarHUTOKOH-
NEHTPUPOBAHHOT O KPUCTAILIA.

Perenue kBagpatuyHoro ypaBuenus (11) oTHocuTe IbHO
nepeMeHHolt S npu s; = s5; = 5/2 naér 3naveHue dpdexTus-
HOT'O CIMHOBOTO YHCJIa, UMEIOIIEro (DU3UUECKUIl CMBICI,
Sy = 1,79. [Hanee, cymmupys 1o coceAsiM i-r0 HOHa B
MPUOJIDKEHAN MOJIEKYJIIPHOTO TOJISI B JIEBOW YacTH ypaB-
Henus (11), HaxX0qUM OOMEHHYIO JHEPTHIO B3aMMO/ICHCTBUS
i-ro MOHA C OJIMKANIIIMM OKPYKEHHEM JIJIs1 MATHUTOKOHIICHT-
pupoBanHoro Kpuctaia npu 7 =0

E(T=0) =nEsmc(Sn) - (12)
IMpaByro yacTh paBeHcTBa (12) MBI mpeacTraBUM B BHUJIE
9KBUBAJICHTHO 110 BEJIMYMHE HEPIHU 71 MAP MapaMarHUT-
HOW MPUMECH B JUAMATCHUTHOM KPHUCTAJIEe, KOTOPOMY
COOTBETCTBYET OOMEHHOE TTOJIe

J
H® =n— \/SnO(Sn0+ 1)

(13)
ghp

VunuteiBas (13) u onpenessst (cMm. puc. 6, 7) mapaMeTpsl A,

B¢, BBIYACIIAM BeJIMYUHBI "OqHOMOHHBIX" KOHCTAHT CIIMHO-

BOI0 IaMUJILTOHHAHA IS MArHUTOKOHIEHTPUPOBAHHOIO

kpucrauia [33]:

Dmc = Dcfmc + nAmc SnO(Sn() + 1) = Dcfmc + 2326’1"4mc 5

(Ll - F)mc = (a - F)cfmc + ancSnO(SnO + 1) =

(a = F) e + 5,00nBr . (14)

cfme

"Oxuononusie" KOHCTAHTBI Dy ¥ (a — F),,, BKIIIOYAIOT
B ce0s1, KPOME U3BECTHBIX BKJIA[0B OJIUHOYHBIX HOHOB D fpe U
(@ = F)pne» "OAHOMOHHBIE" OOMEHHBIE BKJIAbL. Jyist 3amucu
3(PEeKTUBHBIX TOJIEHl AHU3OTPONHH B POMOOIIPUYECKHUX
AHTH(HEPPOMATHUTHBIX KPUCTAJUIAX C YYETOM OOMEHHBIX
"oaHonoHHBIX" BKJIAJI0B MOIYT OBITH MCIOJIB30BAHBI UX
U3BECTHBIE OJHOMOHHBIE BhIpaxenus npu T = 0. CoriacHo
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[33] "omHonoHHBIH" BKIIA B [10JI OJHOOCHOM aHU30TPOIINU
(711 KOHCTAHT BTOPOTO M YETBEPTOTO MOPSIKOB COOTBET-
cTBeHHO) TipH 7' = 0 MOXeT OBITh MPEeCTABIIEH B BUC

1
HAmc (0) =2 (S - z) {Dcfmc + 2726nAmc +

(15)

TakuMm 00pa3oM, IpU BBIYUCICHUU MaPAMETPOB aHU30-
TPONWH ISl MATHATHOTO KPUCTAJUIA Yepe3 MapaMeTphl OJTh-
HOYHBIX ¥ MAPHBIX NMpUMecell B HEMATHUTHBIX KpHCTAJIIaxX
HCIOJIB3YETCs MPUOJIMKEHUE JJIs1 Teli3eHOeproBCKOTO 00OMe-
Ha. OIHAKO UIsl KBA3MOJHOMEPHBIX IEMIOYEK, ISl KOTOPBIX
MpUOIMKEHUE CPETHETr O OISl HECIIPABEIINBO, TAKOM MOIXO0
HeTpuMeHNM. [[edCTBUTEIbHO, B TIpeAesie N30TPOITHOMN Tel-
3eHOEprOBCKOM IEMOYKH, COTJIACHO TeopeMe MepmuHa —
Barnepa, MarHUTOYMOPSIIOYEHHOE COCTOSIHUE OTCYTCTBYET,
TOrJa KaK NPUOJIDKCHUE CPEIHEro MOJIS MPUBOINT K aHTHU-
(beppoMarHuTHOMY HOPSIAKY, B yacTHOCTH, B (CH3),NMnCl;
(cm. paszgen 2.6, Tabi. 2). OObBIMHO MarHUTHOE COCTOSIHUE B
OJTHOMEPHOM IIETIOYKE MOXKET ObITh CTAOUIN3UPOBAHO HAJIH-
yreM JIMOO aHWU3O0TPOIHUH, JTMOO CIa00Tr0 B3aUMOJEHCTBUS
MeXay uemnoukamu. JJisi KBa3HOTHOMEPHOrO KpHUCTaJLIa
(CH3),NMnCl; npeanosnaraercs cTabuiu3anyus antudeppo-
MAarHUTHOTO MOPSIZIKA 32 CYET AHU3OTPOILIHH.

X [(a@ = F)qgme + 5,00nBc] .

cfme

2.4.4. Meroa pacumpposku IITP-cnexktpo map Fe3* B
kpucraniax MBO3; (M =Ga, In, Lu, Sc). Conepxanue
3TOTO pasjesa OCHOBbIBaeTcs Ha pabore [48]. B murepartype

OTCYTCTBYIOT JAaHHBIE IO KCIEPUMEHTAIBHBIM UCCIIEI0BA-
HISIM TOHKO# CTPYKTYPHI CIIeKTpoB map Fe’t, csianmoii ¢
AHU30TPOIHBIMHU B3aHMOICHCTBHSIMH.

Hns o6padotku cnektpoB A.H. Cynakosbim (MHCTHTYT
BoIuncnTEIbHOTO MoAeupoBanuss CO PAH) Obiia Hanu-
ca”a crnenuaibHas nporpamma. Ilpu ykasanHoil opueHTta-
UM KpucTajula OTHOCUTeNbHO H BeJMYMHBI Pe30HAHCHBIX
ToJIelt T KaXA0To 3aJaHHOTO 3HAYeHUsl oOIIero cnuHa S
onpeaessroTcs g-paxTopom (g = 2) U IByMsI aKCHAIbHBIMHU
KOHCTAHTaMH TaMHJIbTOHNAHa, Dg 1 (a — F),g. YpaBHEHNS,
COOTBETCTBYIOILIME 3HAYEHUSIM PE30HAHCHBIX MOJeH [JIs
JIMHAA co crimHOM S = 3, 4, 5, pelaroTcs METOJOM Hau-
MEHBIINX KBaapaToB. C MOMOIIbIO KOMIBIOTEPHOH MPO-
rpaMMBbl IEPEOUPAIUCH U PACCUUTHIBAJIICH BCE BO3MOXHBIE
BAPUAHTBLI CUCTEM YpaBHEHUl. Pe3ylbTaThl pelieHust pas-
JINYHBIX BAPHAHTOB PACIOJIarajiuch B ONPEIEIEHHON MOCIIe-
JIOBATEJIbHOCTU B COOTBETCTBUY C BEJIMUMHOI cpeTHEKBaApa-
TUYHOM OIMMOKM KOHCTAHT CIMHOBOTO TaMHJIbTOHHMAHA. B
nporpaMme HpeayCMaTpUBaeTCsl Takasl 3amich, KOTopas
MO3BOJIIET NMPOBOAUTH MACHTU(UKAIINAIO JTMHIHA, ONHICHIBAC-
MBIX COOTBETCTBYIOIIMMH YPaBHEHUSIMU TAHHOT'O BapUAHTAa,
10 MAarHUTHOMY KBaHTOBOMY uuciy. [Ipu Takoit MeTonuke
00paboOTKM TApHBIX CIEKTPOB BBIOOP JIYUIIEro BapuaHTa
pelIeHnsl ONPeIesIsICs CISAYIOIINMI KPUTEPUSIMH: HarMe-
HBIIIEH BEJIMYMHOM CPEeTHEKBAIPATUIHON OITUOKHU, XOPOIITMM
COOTBETCTBUEM TEOPETUYECKUX U 3KCIEPUMEHTAJIbHBIX HH-
TEHCUBHOCTEH JIMHUH (YTO, OJHAKO, HE SIBJISUIOCH DEIIaro-
LIUM KpUTEpUEM BBHY Pa3IMYHOIO 3HAYECHUS] HHTEHCUBHO-
CTH Ha pas3HbIX O0pa3lax MPUMEPHO OIMHAKOBOTO Beca
(puc. 8)), HaJIMYMEM MOHOTOHHOCTH 3aBHCUMOCTEH KOH-
CTaHT CIIMHOBOro ramuibToHMaHa oT S. Kpome Toro, nis
pacmudpPOBKH CIIEKTPOB NUCIIOJIb30BAJIACH BCIOMOTaTEIbHAS
onenka Dg. [yt 3TOro B cucTeMe COeIMHEHUI BHIOMPAJIUCH

MHTEHCUBHOCTD, OTH. /1.

ScBO3 ScBO;3
0 - Obpaszen 1 Obpasen 2 _
| | |
12600 12800 13000 12800 13000
0 | | |
12000 12400 12800 H,D

Puc. 8. Paciuudposanusiit DITP-criekTp aHTH(PEPPOMATHATHO CBI3aHHBIX map Fe’™ B kpucrammax LuBO; [48].
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JIBa KpalHHUX IO mapamMerpam pewétku cocraBa: LuBO;+
+Fe** u GaBO; + Fe*t. Ilepsoe u3 sTux coemuueHmit
IOJDKHO 00JIaaTh claO0bIM OOMEHHBIM B3aUMOIEUCTBUEM
BBH/Iy CUMMETPHH PEIIETKUA ¥ BEJIMYUHBI ¢€ mapaMeTpoB,
YTO CJIeAyeT W3 NPHUBEIEHHBIX HA PHUC. 6 MAaHHBIX (TIpH
(cu/an) ~ 3,3 oOMeHHOE ToJie TOBOJBHO GJIU3KO K HYJIIO).
IMoatomy B BbIpaxeHuu (9) mapamMerp 4 MOXKHO MOJIOKHUTH
paBHbiM Hymo. IlapameTp Dgip MOXET ObITh BBIYHCIIEH.
3HaYeHUs] OJHOMOHHON KOHCTAHTBI Dof M3BECTHEI, OHU MPH-
Beaensl B [14, 31]. Koncranta D, XapakTepusyromas
UCKaXXe€HUe TUaMarHUTHOM MaTpunbl "uyxoii mapoit", Mo-
KT OBITh MPUMEPHO OlIeHeHA Kak [48]

ADcf 3
—————— 0,169 = —2,6 x 10° x 0,169 3 (=~ —440 ).
Aler/a) ( :
3nech AD¢r/A(cy/an) — TpupalieHue OJHOMOHHOW KOH-

CTaHTHl CIMHOBOTO TaMIJIbTOHHAHA TPH COOTBETCTBYIO-
LIeM HpUpALICHUH MapaMeTpoB stueiku A(cp/ap), BbIpa-
xkarornee dpGEKTUBHOE MCKAXKEHHE PEIIETKH KPUCTAJIJIOB
MBO; + Fe" [48]. Bemmunna 0,169 paBHa pasHOCTH mapa-
MeTpoB pemérku cy/ag LuBO; u FeBO;. U3 cnekrtpa
pe3oHaHCHBIX juHEE ¢ S =5 B LuBOj; 4+ Fe** momyueno
3Hauenue D,y = —660 DO.

Coemnuenne GaBOs; + Fe** mo mapamerpam pemérku
omsko k FeBOj3, m, ciaeqoBaTeIbHO, OHO HOJDKHO HUMETh
NMPUMEPHO TaKHe JX€ BEJIMYMHBI TMAPHBIX U OJHOUOHHBIX
B3aumozelicTpuid. [ToaTtomy B (9) MOXHO npeHeOpeyb BKJIA-
JIOM HCKaxkeHust oT "uyxoii" mapel. Ilpu 3TOM OCTaHeTCs
koHcTanTta Der, pasaas 1078 D [14, 31, 48]. "Oxuouonnsii"
OOMeHHBIH BKJIad 2,261 Ay U, ClieAOBATENIbHO, apamMeTp A
MOTYT OBITh OIICHEHBI U3 3KCIEPUMEHTATBHBIX JAHHBIX IS
kpucranna FeBOs; u mcnonbssosambl mns GaBO; + Fe'™
(BenmMumMHA 3TOTO BKJIaJa cocrasiiser —86 J). M3 cnekTpoB
SIIP msl monyuman aus mapamerpa A B GaBOs + Fe’t
BesmunHy — 100 D. C yuéToM mepeunciieHHbIX (HaKTOpOB, a
TaKXe CHIEJaHHBIX OIICHOK YCTAHABIIMBAJIUCH BEJIMYUHBI
KOHCTaHT CIIMHOBOTO ramMuibToHnaHa u3 DI1P-cniekTpa s
3HaueHnt S = 5-—3. 3arem u3 3aBucumocteit D.s(S) =
:Dcf+D(?0+A\/ S(S+ 1) u (a_F)cS(S) = (a_F)cf+
+(a—F),,+ BS(S+1) ¢ ncnomp30BaHWEM MOATOHOYHBIX
MapaMeTpOB BBIYUCISUICH 3HaueHUs D U (a — F) g 114
S =1, 2 1 IpoBOIUIIACH OIICHKA ITOJIOKEHUN COOTBETCTBYIO-
LIUX PEe30HAHCHBIX JIMHUHN B criekTpe. Eciiy 9Ty JuHUU NpH-
CYTCTBOBAJIU (3TO SBJISUIOCH YETBEPTBHIM KPUTEPHEM), TO
MIPUHAMAJICS OKOHYATEIbHBIA BApUAHT PACIIU(pPOBKH CIEK-
tpa. Pacimdposammsrii crextp map B LuBOs + Fe’ mpen-
CTaBJICH Ha puc. 8.

2.4.5. UccaenoBanue aHM30TPONHH B 0A3MCHOI NJIOCKOCTH
kpucrajiioB FeBO3 Meronom antugeppoMarHuTHoro peso-
HaHca. BO3MOXHOCThH CyIIeCTBOBAHUS Te€KCATOHAIBHOMN
AHU30TPONNH, IIpecKa3aHHOU Teopuei [d3sutommuHckoro [9]
B poMOo3iprueckux ci1aboheppOMarHUTHBIX KpUCTAJLIAX,
JUITATEJIBHOE BPEeMsI IIOJIBEpraiack COMHEHHIO (IJIsI COeTNHE-
HUM ¢ noHaMHU B S-coctosiHnm). [IpoBeA¢HHBIC UCCIIeTOBAHUS
Ha kpuctajuiax FeBOj; [51], BbIpallleHHBIX B pa3JIMYHBIX
TEXHOJIOTHUECKHX pPEeKHMax, MoKa3add JTOCTATOYHO XOPO-
Iee CorJiache pe3yJIbTATOB M3MEPEHU Ha pa3HbIX o0pas-
nax B o6iactu temnepatyp 30—300 K u nanu ocHoBanue
HpeanoaraTh, 4YTo HaOJrogaeMasi aHM30TPONHUsl O0OYCIIOB-
JIeHa He TIPUMECHBIMU HOHAMH (BIIOCIEACTBUU TO MPEIIO-
JIOXEHHUE ObLIIO TOATBEPK/ICHO pe3yIbTaTaMu pacuéTos [14,
32—34]). Hannpotus, u3MepeHusi, IpOBeIEHHbIE HA Pa3JINy-

[VOH 2014
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Puc. 9. 3aBucumocts 3(h(HpeKTUBHOM IHEPrUK FeKCArOHAJIbLHOM aHU30TPO-
ouM @, OT TemmepaTyphl. KpyxkaMu MOKa3aHbI SKCHEPUMEHTAIIbHbIC
nmannble [14, 33, 51].

HBIX KpHUCTAJUIaX MpU HU3KHUX Temmepatypax, 1,5—10 K,
TMOKAa3aJM CYIIECTBEHHBIH pa30poc 3HAYEHUI PEe30HAHCHBIX
TIOJIEH.

B o6Gmnactu Ttemmneparyp 5—7 K oOHapyxeHa Touka
KOMIIEHCAIIMA TeKCATOHAJIBLHON aHU30TPONHH, B KOTOPOHU
MPOUCXOJIUT CIHMH-TIEPEOPUCHTAIIMOHHBIN (Da30BBINA Tepe-
xoa. Ha pucynke 9 mokazaHa temmepaTypHasi 3aBUCUMOCTh
3GhGEKTUBHONW OJHEPIHU TeKCArOHAJIbHOW AHM30TPONUH B
kpuctauie FeBO; [14, 51].

IIpuBeaéHHbIe PE3yIbTATHI CBUAETENBCTBYIOT B IOJIB3Y
TOTO, 4TO B KPHUCTAJIJIaX OopaTa *Keje3a, CHAHTE3UPOBAHHBIX C
HCIIOJIb30BaHmeM pexuMoB [14, 51], umeroTcs mpumecH,
9(hGEKTUBHO BIUSIONINE HA IIHPUHY JIMHAA U Oa3UCHYIO
AHU30TPONHIO IPH HU3KUX TeMIlepatypax. B Touke komnen-
caly 1 €€ OKPEeCTHOCTH HAOJIIOJAIOTCSl AHOMAJIbHOE MOBE-
JIeHVE IUPUHBI JJMHUHU U TUCTEPE3UC PE3OHAHCHOTO MOJISL.

2.5. AHU30TpoONHbIE B3aUMO/1elCTBUS

B MApaMarHUTHBIX H MArHUTOYNOPSI04EHHbIX
JHIJIEKTPUKAX ¢ S-HOHAMH

B aToM pasnmesne MBI mpoBenéM CpaBHEHHE Pe3yJIbTaTOB
pacu€ToB TeMIepaTypHOU 3aBUCUMOCTH aHU3OTPOIHNH Mar-
HUTOKOHIICHTPUPOBAHHBIX KPHUCTAJUIOB C IKCIICPUMCHTAIIb-
HBIMU TAHHBIMH.

2.5.1. KoHcTanTbl aHU30TPONHU CHMHOBLIX I'AMHJIbTOHHAHOB
OJIHHOYHBIX HOHOB. 3HAYE€HUS! KOHCTAHT CIMHOBOTO T'aMIJIb-
TOoHUWAaHA, omnpenenéHasie MetogoM JIIP u3 3aBucmmocTeit
OT MapaMeTPOB PEIIETKA TUAMATHUTHBIX aHAJIOTOB, COOT-
BETCTBYIOIIUX OOpaTy *keje3a, kapOOHATY MapraHIia, reMa-
tuty, (CH3),NMnCl;, MnF,, Y3FesO, (xybnudeckas sie-
MeHTapHas siueiika npuseaeHa B [52]) u EuO (ctpykTypa Tuna
NaCl [37]), cBeneHbl B Tab1. 1.

2.5.2. KoHCTaHTBI aHM30TPONUH CIMHOBBIX I'AMHJIbTOHHAHOB
napHbix HonoB. IIpy mepexoje OT OMHMCAHUS OJWHOYHBIX
HMOHOB K ONHMCAHUIO MAPHBIX (PU3UUECKasi KAPTUHA B3aMMO-
NEeUCTBUYN 3HAYMTEIBLHO YCJIOXHsIeTCs. B cBsi3um ¢ yBenamue-
HUEM B CUCTEME YUCJIa YACTHI] BBOJUTCS ref3eHOeproBCKuit
MHBAPHAHT WU30TPONMHON OOMeHHO# 3Heprum. ['amMmibTo-
HUAH JUIS TIapbl B TepMHHAX OOIIEro CIHHA MOJY4YeH B
pab6ote [49], a B TepMHHAX CIMHOB OJMHOYHBIX MOHOB C
YYETOM JOMOJTHUTEIbHBIX YJICHOB AHU30TPOIMHOIO OOMeHa
— B pabote [2]. B [15] paccMoTpeHa Ka4eCTBEHHO HHas
¢dusnveckas KapTHHA, COTJIacHO KoTopoil "ommomonuas"
AHU3O0TPONUS MOSIBJISIETCS B PE3yJbTATe KOBAaJEHTHBIX
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Ta6mua 1. 3HaueHNst KOHCTAHT CIIMHOBOTO TaMUJIbTOHHAHA OJMHOYHBIX HAOHOB, onpeuenéﬂﬂue Ha pAaC A[MaMarHdTHBIX aHAJIOT OB, COOTBETCTBYIOLIUX

10 nmapamMeTpam peH.IéTKI/I MAarHuTOKOHIEHTPUPOBAHHBIM KpHCTaJ’IJ’IaM*

Coennnenne Define, D (a - F)cfmc‘ 2 Gefine> D Fetme, D Olcfme, TPAT Qacfimes D Adefmes D Factme, D Fctme, 2
FeBO;3 1005 + 12 189,3+9 132 £20 —56,7 + 20 24 +2
MnCO; 25[16] —13,0[16]
a-Fe, 04 1797 209,7
EuO =22
Y;Fes04, 272,5 65,4 135,8 0,8
(CH3),NMnCl; 439 [23]
MnF, —133
* Detmes (@ — F ) e @efme> Fefme 1 define — KOHCTAHTBI TAMIIIbTOHHAHA (3) (CM. Takoke PHC. 1), dactines Facfine 4 ddctine, Facfme — KyOUUECKHUe, akCHAIbHbIE

KOHCTAHTBI CHUHOBOTI'O raMUJIbTOHHAHA COOTBETCTBEHHO B OKTA3APUYCCKUX U TETPAIAPUICCKUX ITOZUIUAX pCH_IéTI(I/I TpaHaTa.

a¢dexToB. Takoll BapuaHT B3aUMOJIECHCTBHUII PACCUMTAH B
TeopeTHuecKoit padboTe [44], rae criesiaH BbIBOI 00 aHAJIOTHY-
HOM II0 OIIEPATOPHOH CTPYKTYpe [2] BKJIajie ITHX MPOLECCOB
B "onHonouHYyI0" OOMEHHYIO AHU30TPOIMIO.

B MaMarHUTHBIX aHAJIOTAX C IPUMECHIO MAPHBIX TMapa-
MArHUTHBIX MOHOB aKCHaJIbHAsI KOHCTAHTA CIMHOBOIO Ta-
mMuibToHHAHA (8) D.s(S)=D¢r + Deo+A+/S(S + 1) mponop-
[MoHabHa o6MenHOMY oo H™ = (J/gug)+/S(S + 1) na
MyJIbTHIUIETaX Hapbl. KOHCTaHTA CNHHOBOTO TaMHIIBTO-
HHaHa 4eTBEpTOro nopsaka (a — F),¢ B paccMaTpHBaEMOM
[2, 44] npubxennn He ostyueHa. [Ipeanosaraercs (B ToM
YHCJIC HA OCHOBE 3KCIEPMMEHTAJIbHBIX IAHHBIX HA MApax
Fe*™ B MBO3), uto (a — F),g ~ (H**)? 15t pa3HbIX MyJTbTH-
IJIETOB JAaHHOTrO coeauHeHusi. VI3 pucyHka 5 u BbIpaxeHUs
s D.s(S) BuagHo, uto st coenmHeHmit MBO; + Fe’t
axcuaJibHble "o qHOMOHHBIE" KOHCTAHTHI CHMHOBOI'O TAMMUJIb-
TOHMAaHA BTOPOTO M YeTBEPTOTO MOPSIAKOB Des M (@ — F) ¢
XOPOIIIO ONHUCHIBAIOTCS 3aBUCUMOCTAMEU ~ /S(S+1) u
S(S+ 1) coorBercrBenHo. [ToaroHouHble MapamMeTpsl A u
B, onuceiBaromue "oagHonoHHbe" BKIAIBI, B CUCTEME KpH-
craimoB  MBO; + Fe?t OPOMOPIHUOHANBHEL  cy/ay W
(cH/aH)2 COOTBETCTBEHHO (cM. puc. 6, 7). 3 pucynka 10
[47] (cM. Taxxe [53]) Xopollo BHAEH OOMEHHO-3aBUCHMBII
BKJan B "onnononnyro" koucTanTy napsl. [pu skcTpanos-
MU 3aBUCUMOCTH, NpuBeIEHHONW Ha puc. 10, kx HyJIeBOMY
OOMEHHOMY TMOJIFO HA MYJIbTHIUIETaX mapbl mapamerp D.s
JIOJDKEH OBITh PABEH KOHCTAHTE CIMHOBOTO FAMUJIbTOHHAHA

D.s,D * CaO ¢ InBO;

o CsCdCl; a ScBOj3

1000 o MgO ¥ LuBO;
[ GdBO}

800 L
600
400

200

2200 1 | | | | | | |
1,0 1,5 20 25 30 35 40 45 50

H®[(J/gus)

Puc. 10. 3aBucumocTsb "0o1HOMOHHBIX" KOHCTAHT D5 CIMHOBOI'O TAMUJIb-
TOHMAHA aHTH(EPPOMATHATHO CBSI3AHHEIX HOHOB Mn>" —Mn”" u Fe’' —
Fe’* coorsercrBenno B kpucramtax CaO, CsCdCl;, MgO u MBO;
(M = Ga, In, Sc, Lu) ot obmennoro noms H/(J/gug) = [S(S + 1)]"/?
[47]. J — oOMeHHbI TapaMeTp, ¢ — (GakTOp CHEKTPOCKOMHYECKOTO
pAacCIIEILIEH S,

20

2,7 2,8 2.9 3,0 3,1 32 33

Puc. 11. 3aBucuMocTb OOMeHHBIX mHojielt He, (kBampatsl) U AHA —
OTKJIOHEHHs! BBIYMCIICHHBIX BKJIAJIOB (OJHOMOHHOIO U JUIIOJILHOIO) OT
9KCMEPUMEHTAILHOTO 3HaUeHUsI (TEMHBIC KPYKKH) B KapOOHATE MapraH-
1a, bopate jkee3a U TeMaTHTE OT OTHOIICHHS TaPAMETPOB I'eKCcar OHAJIb-
Hoit pemétkn mpum 7T = 0. CBeTNBIMH KpyXKaMH IOKa3aH BKJA

"oxHOMOHHOr0" 06GMEHHOTO 10JIs aHM30TpOIHH H Y .

OJIMHOYHOTO MOHA TUTIOC BKJIAI Dy BCIIEACTBUE UCKAKECHUS
pemérku "uyxoii" mapoii.

Kax Bunno u3 pucyrka 11 [15], "ognononnsie" oOMeHHBIE
OJIsSE AKCHAJIbHBIX KOHCTAHT AHU30TPOINH, OTMUCHIBAIOIIMX
MarHUTOKOHIIEHTPUPOBAHHLIE COETMHEHNUS C S-HOHAMH, TaK-
K€ JIMHEWHO 3aBUCAT OT H30TPOMHOTO OOMEHHOTO TIOJIS.

2.5.3. OnHoocHasi M reKcaroHaJbHAasi aHU30TpPomHusi poMOo-
JAPUYECKHX AHTH(EPPOMATHUTHBIX KpUcTaLI0B. Temmepa-
TypHas 3aBucumocTh. Ha pucynke 12 mpeacraBiieHa Temie-
paTypHas 3aBUCUMOCTB OJTHOOCHOT'O TIOJISI aHU30TPOTIUH H o
kpuctauioB MnCOj; [45]. [1pu Beruncienun Ha u3 mpousBe-
JIeHU# ToJIsl OOMEHA W MOJIsl AHU30TPOIIHMU UCIIOJIB30BAIHChH
JTaHHBIC 3KCIIEPUMEHTAILHBIX padoT [36, 54— 56]. [Toaronka
BBINOJIHEHA METOJIOM HaUMEHBIINX KBAJIPATOB C UCTIOJIb30-
BAaHMEM 3aBHUCHUMOCTEH IBYX MEXAaHU3MOB: AMIIOJILHOTO U
"oauonounoro". ITpu 5TOM KCIOJIL30BAJICS OAMH 0T OHOY-
HBIA mapamerp, D] = —0,75 k3 (cM. pasgen 2.3.5), u oquH
(pUKCHpPOBAHHBIN TapaMeTp, PaBHBIA PAcCYETHOMY IOJIIO
anmsorponun: Ay, = Haqip(0) = 3,82 k3. Cornacuo naH-
oM OTIP Benmumna D) (Bkirouaromasi B ceOst BKJIAIbI
OJIMHOYHBIX U IapHBIX UOHOB "OAHOMOHHOTO" MexaHu3Ma)
pasaa —0,98 2.

Ha pucyske 13 npuBeneHa teMrepaTypHas 3aBICAIMOCTb
OJIHOOCHBIX KOHCTaHT aHm3oTponuu kpuctauioB FeBOj; ¢
yuérom mpumecu Fe?' [33] B cpaBHEHNH C IKCIIEPUMEHTATb-
HbIMM JaHHbIMHU [57, 58]. [ToaroHka BBINOJIHSJIACH COBME-
CTHO C TOATOHKOW TeMMepaTypHOU 3aBHCHUMOCTH TeKCaro-
HaJIbHOM aHm30TponnH (cM. puc. 9). [Ipu aTOM UcmoIb30Ba-
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Puc. 12. TemnepaTypHasi 3aBUCUMOCTD T10JIsSI OJJTHOOCHOW aHU30TPONUU
Ha B xapbonaTe Mapranna. KpyxkaMi moka3aHbl 9KCHEpHMEHTAIbHbIE
JaHHbIe [54], crIoMHOM KpUBOR — pe3ysbTat pacuéra [45].
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Puc. 14. TemnepatypHasi 3aBUCHMOCTD IOJICH OJJTHOOCHOW aHU30TPOINH
nepBoii (Ha) 1 BTOpoii (H,) KOHCTaHT B remaTtute. Kpyxkun — skcnepu-
MeHTaJIbHbIe JaHHbIe [60, 61], CIUTOIIHbIE KPUBBIE — Pe3yJIbTAThI pacuéra
[45].
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0 50 100 150 200 250 300 350
T,.K

Puc. 13. TemnepaTypHasi 3aBUCUMOCTb KOHCTAHT OJHOOCHOM aHU30TPO-
man a(Fe*t), a’(Fe®), a(Fe*") + a’(Fe’™) B 6opate xenesa. Kpykkamu
MOKa3aHbl 3KCIEPUMEHTAIbHbIC JaHHbIC [57, 58], CIIOUIHBIMYU KPUBBIMHI
— pe3yabTathl pacu€ra [33]. KpuBast / cOOTBETCTBYeT BKJAAy MOHOB
Fe’*, xpuBas 2 — Bkimamy Fe’', kpupas 3 — cymme BKIIaJI0B HOHOB
JIByXBAJICHTHOTO M TPEXBAJICHTHOTO JKeJle3a.

JIOCH J(BA MOJrOHOYHBIX MapaMeTpa U YeThIpE (DUKCHPO-
BaHHBIX. [IOJrOHOYHBIMH NAPAMETPAMHU CIYKUJIU KOH-
CTaHTa OIHOOCHOH aHm3oTpommu oAy = 9,87 x 1078 spr
Ha HoH, onpenenseMas Fe?t, u Taxke o6yciopieHHbl Fe?t
MapaMeTp, BXOMAIINA B TIEKCATOHAJBHYIO aHU30TPOIIHIO,
€0Bimp = 1,125 x 1072 9pr® Ha uoH. OUKCUPOBAHHBIMH
napaMeTpaMHu sIBJISUTUCH. KOHCTAHTA JUIIOJBHOTO B3aUMO-
JedcTBUSL; 1BE "0MHOMOHHBIX" KOHCTAHTHI IIPH YWIEHAX BTO-
poro (D) m uerBéproro (E/) mopsiaka, MOJy4CHHbIC W3
nanabix OIIP; KOHCTaHTA TeKCarOHAJIbHOW AHU30TPOIHH,
HAliJIeHHAs] TOCPEJCTBOM 3KCTpanossmuu Bkiaga Fe’™ or
temnepatypsl 1T =77 K x T=0, paBunas —0,011 O (-3,1 x
x10% opr moms~ ). Bemmumna A, = Hagip(0) = 3,66 K3
(10,25 x 107 spr moab~") [14, 27, 59]. Cornacuo DIIP-nan-
HbIM BeiuuuHbl D! u E!, mpencraBiisifoline B CyMMe MOJie
(KOHCTaHTY) aHU30TPOIHHU, O0YCIOBJICHHYIO "0 JTHONOHHBIM"
BKIamoM Fe’t, npu T =0 paBubr —0,84 kD (—2,35 %
%107 spr momp~!) m —0,20 kD (—0,56 x 107 spr moan~')
COOTBETCTBEHHO.

Jlyis onmucaHusi TEMIEPATYPHOM 3aBUCUMOCTH TIEPBOiA U
BTOPOI KOHCTAHT AHU30TPOIMHU B TEMATHTE B CyMMe HE0O0-
XOJIMMO HCIIOJIb30BATh MMSATh MOJATOHOYHBIX MAPAMETPOB U
OJIMH (PMKCUPOBAHHBINA (BEJMYUHA JMIOJBHOTO BKJIAJA).

BTopas xoHCcTaHTa MOXET ObITh U3MEpPEHA TPU TEMITEPATY-
pax TOJBKO A0 3HAYCHHUs TeMIlepaTypsl MopuHa, T.e. B
a"tudeppoMarautHoit daze [60, 61]. dxcnepuMeHTaIbHBIC
TEMIIEPATYPHBIE 3aBUCUMOCTH IOJIEH aHU30TPOIUM NEPBOI
U BTOPOHM KOHCTAHT IS TeMAaTUTa HPUBEIACHBI COOTBET-
CTBEHHO B paboTax [60, 61].

CoBMecTHasi moATOHKA 3(GEKTUBHBIX TOJIEH NepBOd U
BTOPO#l KOHCTAHT AHWU3OTPOIHUU METOJOM HAMMEHBIIINX
kBagpaToB Haét: A, = 3,20, D] = —12,57, Cl, = 2,64, E! =
=—0,97, B, = —2,58 kO (cM. pasgen 2.3.5). PesynbraTs
TOITOHKY TIPEICTABJICHBI HAa puC. 14.

He coBcem Tounast temmepatypa Heenst nis remartura,
WCMOJIb30BaHue (HYHKINH BpuiuifosHa BMECTO HAMarHUYCH-
HOCTH HNOJPENIETOK, & TAKXE OTHOCUTEIILHO OOJIBIIIOE YHCIIO
MOJTOHOYHBIX MapaMeTPOB HETaTHBHBIM OOpa3oM CKa3bl-
BAIOTCSl HA TOYHOCTH KOJIMUECTBEHHBIX OIIEHOK aHH30TPO-
MUY JIJIS1 9TUX KPUCTAJLIIOB.

2.6. McTOYHHKH OTHOOCHOI M reKcaroHaJbHOMi
AHM30TPONNH B MArHUTOKOHUEHTPHPOBAHHBIX KPHCTAJLIAX
¢ HoHaMH B S-coctostnun. O000IMIEHHDII He3aBHCHMBIIH
METO/I aJeKBATHOI0 KOJIHYECTBEHHOI0 ONHCAHHS
MArHUTHOI AHN30TPONIH

B Tabiuie 2 mpeacTaBieHbl SKCIIEPUMEHTAIbHBIE 3HAUYCHHUSI
moJiell aHU30TPOTMU HA S-MOHAX B MArHMUTOKOHIEHTPUPO-
BaHHBIX KPHUCTAJIAX, a TaKXe MOJs, OMpeaesIEHHbIE U3
JAHHBIX IJIS1 JHAMATHUTHBIX aHAJIOroB MeTo10M DIIP.

W3 Tabiuubl BUAHO, 4TO YIET "oaHOMOHHOM" 00MEHHOI
AHU30TPOIIMH B CYMME C OCTAJIbHBIMHU BKJIAIaMH IIPUBOIUT K
YAOBJIETBOPUTEIILHOMY COTJIACHIO C PE3YJIbTATAMHM 3KCIICPH-
menta. Jast coemunennst YFe;(BO3), maunbie OITP Ha
JMHAMaTHATHBIX aHAJIOTAX OTCYTCTBYIOT, MO3TOMY COOTBET-
CTBYIOIIAs OIIEHKA HeBO3MOXHA. OIHAKO U3 TOTO (pakTa, 4TO
TeMIlepaTypHasi 3aBHCHMOCTb KOHCTAHTBI OJHOOCHOW aH-
HM30TPOINAHM XOPOIIO OMUCHIBAaeTCs (PpyHKnmei Bprnmrosna
[3, 4], cienyer Hajgu4YMe B OCHOBHOM JIHMIIOJIBHOTO BKJIAJa.
OHOMOHHBIN U "0THOMOHHBII" OGMEHHBIN BKJIAIbl KOMIICH-
cupyroT apyr apyra. dns Ha B FeBO3 B Tab:1. 2 npuBeaeHbI
3HAUCHHUS, 00YCIIOBIICHHbIE TOIBPKO HoHaMu Fe’ ™.

Hcmonb3yst MpuBeAEHHBIE PE3YIbTATHI, MOXKHO CHopMy-
JIMPOBATh 00OOMIEHHBIN METO AJEKBATHOTO KOJINYECTBEH-
HOTO OMKCAHUS U TIPEACKA3aHUS AHU30TPOITUM MarHUTOYIIO-
PSIIOYCHHBIX KPUCTAJLIOB C HOHAMH B S-cocTostHuU. OCHOBA-
HHEM ISl TAKOTO OOOOIIEHUS, B YaCTHOCTH, CIIY)KUT TOT
($axT, 4TO OJHOUOHHBIA U "0MHOMOHHLI" OOMEHHBINA MeXa-
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Ta6mua 2. DddexTuBHbBIC OIS AHU3OTPONUU* B MATHUTOKOHIICHTPUPOBAHHBIX KpHcTasuIax npu T = 0

CoennHeHME H Acine, KD Hadip, K9 H . kD AHp, kD Ha, x3 Hatme, KD

Y;FesO1n —0,25 0 0,12 —0,13[29]

EuO 0,01 0 —0,24 —0,23[13]

MnF, —0,53[62] —8,37[62] 0,88 —8,02 [62]

(CH3),NMnCl3 0,18 [53] 6,77 [63] —2,02 4,16; 4,89; 5,95 [63] 493
FeB03(Fe3+) 4,21 £0,05[31, 33] | 3,66 + 1% [14, 27, 59] —5,25+0,1[33] —-5,67+0,1 2,20 [31] 2,62+ 0,2 [33]
MnCO; 0,090 [16] 3,82 [27] —1,04 [15, 16, 33, 48] —0,90 [33] 3,01 [54] 2,87[16]
a-Fe, O3 7,94 (15, 48] 10,04 [28] —16,28 [15, 48] —18,20[15, 48] —0,22 58, 59] 1,69 [15, 48]
Hpcfme — OJHOMOHHOE TIOJIE KPHUCTAJUIA, BBIMUCIECHHOE C TMoMoIblo DITP-manHbIX; Hagip — BBIYHCIECHHOE AWIOJLHOE TOJIE AaHU30TPONUH B
MAarHHTOKOHIIEHTPUPOBAaHHOM Kpuctaiute; HSY =~ — "onHononHoe" 0OMeHHOE M0JIe, BBIYHCIICHHOE ¢ moMomibio DIIP-maHHbIX Ha napax; Hy —
9KCHEPUMEHTAJILHOE 3HAYEHHE TI0JIsI AaHU30TPOINNU B MAarHUTOKOHIIEHTPUPOBAHHOM KPUCTAILIE; H ATme — TEOPETHUYECKOE 3HAUEHHE T10JISI aHU30TPO-
nuu (MpeacTaBisoniee coboil cyMMy BKJIAJOB YYUTHIBAEMBIX 3/I6Chb MEXAaHH3MOB) B MArHUTOKOHIICHTPHPOBAHHOM Kpucrtaiuie; AHp =
= Hp — Hactime — Hadip = HY,c-

HHU3MBI ONUCBIBAIOTCS OJIMHAKOBOM TeMIIEpaTypHOIl 3aBUCH-
MOCTBIO MarHUTHOU aHu3otponuu [13, 29, 33].

Merton Bkiarouaetr B cebst [33, 53] 1) uccriegoBaHue
MAarHUTHOW aHW3OTPONUU OECHPUMECHOW CUCTEMBI KpH-
crajuia (pacuéT BKJIAJIa JTUIOJIBHBIX B3aMMOICHCTBHIA, TIPO-
BeJICHUE OIIEHKM OJHOMOHHOro BKJaga Meroaom OIIP na
U30CTPYKTYPHBIX IHAMATHUTHBIX aHAJIOrax C HPHUMECHIO
MOHA MATHUTOKOHIIEHTPHPOBAHHOTO BEIECTBA U OIECHKU
"oauononHoi" 0OMEHHON AHU30TPOIUM C UCIIOJIL30BAHUEM
cnektpoB nap DI1P mapaMarHUTHBIX MOHOB Ha CEpPHUU Ha-
MAarHUTHBIX AHAJIOTOB); 2) pacuéT BJIMSIHUSI IPUMECH (€C)In
OHa UMEETCsl) HA MATHUTHYIO aHU30TPOIIHIO.

[Tonnas mpsiMasi OlleHKA BKJIAOB B TIeKCATOHAIBHYIO
anm3otTpomuto FeBO; u kybouueckyro anmzorpornuto EuO u
Y;Fes01, moka He MOXKeT ObITh TPOBE/ICHA U3-3a OTCYTCTBUS
OTJEJLHBIX 3KCIICPUMEHTAIBHBIX U TEOPETUUECKUAX PE3YJib-
TaToB. O1HAKO U3 001ell KapTUHBI B3aUMOIeICTBUH U cylie-
CTBYIOIIMX IKCIIEPUMEHTAIbHBIX TaHHBIX (B YACTHOCTHU, TEM-
NepaTypHON 3aBMCHMOCTH) KOCBEHHO clieayer, 4yTo "oiHo-
HOHHBIN" OOMEHHBIN MEXaHU3M TAKXKE JOJDKEH IaBATh B HEE
CBOI1 BKJIA]T ¥ ONIMCHIBATH OTIBITHBIE KOJINYECTBEHHBIE JAHHBIC.

DKcrepUMeHTaIbHAsT BeJUuruHa 3()(HEKTUBHOM TreKcaro-
HaJIbHOW 3HEpruu (1oJjsl) aHU30TPOIUH, IKCTPANOJUPOBAH-
mas or T=77K x T=0, cocrapiser a,(Fe’")=
3,1 x 10% spr moms~! (H, = —0,011 3) [14, 32]. Teope-
THYECKOE 3HAYCHHE ITOW SHEPTHH, 0O0YCIOBICHHOE B3aNMO-
JIECTBHEM CIIHHOB HMOHOB C KPUCTAJUIMYECKHM TIOJIEM,
getme (Fe ) =—5,3 x 10? apr Mmosb ™" (Hyefme = —0,019 D).

OmHUM U3 MEXaHU3MOB I'€KCArOHAJILHON aHU30TPOIMU
SIBJISIETCSL CBSI3b CIIMHA, HE MEHBIIETO 2, C KyOMYeCKHM
9JIEKTPUYECKUM II0JIEM KPHUCTAJIA. DTa CBSI3b MPOSBIISIETCS
B TOM, YTO MAarHUTHbIE MOMEHTBI HOHOB OTKJIOHSIFOTCSI OT
Omkaimmx KyOumdeckux oced (MM HaKJIOHSIOTCS K HUM)
(cMm. puc. 1) ¥ MO3TOMY IEPUOAMUYECKH BBIXOIAT U3 OA3UCHOU
MJIOCKOCTH KpUCTAJUIa MPH UX BPALICHUH BOKPYT c3. Pas-
opHeHTays Kyomueckux oceii &y, 1y, {; 1 &,, 15, {5 (em. puc. 1)
7 aHTU(DEPPOMATHUTHOE YHOPSIOUSHHE IOIPEIIETOYHBIX
MOMEHTOB MPHUBOJISAT K TOMY, UTO 3KCTPEMaJIbHbIE OTKJIOHE-
HUS BeKTopa | OKa3bIBarOTCS BO3MOXXHBIMH TIPU  yrjax
o=mn/3, n=0, 1, 2, ... [32]. DTu BBIBOJABI HAXOIATCS B
coryiacuu ¢ (PeHOMEHOJIOTHYECKOi Teopueii [9, 10].

HecMoTpst Ha TO YTO UCTOYHUK B3amMoAeHcTBHS [3s110-
umHckoro — Mopuu Dia[s) X s3] B poMO03ApHYECKHX KpH-
cTaJlylaX JAaBHO BBISICHEH (AaHTUCUMMETPUYHBIA aHU30TPOTI-
HBIII 00MeH [64]), MeTo1 onpexesieHus: 3Haka BekTopa Dis
pa3paboTaH Juillb B nociieHee BpeMs [65]. B pabote [65] B
KavecTBe oOpa3ia ObuI B3sT Kpuctajul FeBO;3 (1Be HeakBH-
BaJICHTHBIE TIO3UIIMU MpHUBeIeHbI Ha puc. 1). Kpucramt mor

noBopaunBatecsi B 1tockoctu (111) (pomOosapuueckas
YCTaHOBKA) BOKPYI ocu c¢3 Ha yroJ . [ToBopoT BekTopa
JIECTBYIOIIETO HA KPUCTAJI TMOCTOSHHOTO MArHUTHOTO
moJis, Takxe Jjexariero B miockoctu (111), ompenemnsics
yIJIoM #. YTJbl y U #) OTCYHTHIBAIACH OT OCH BTOPOTO
HOPsIIKA KpUCTaJIIA.

CranaapTHasi TEXHUKA OIpeesIeHIs] MAaTHUTHOU CTPYK-
TYpBl — OUQPaKIHs HEUTPOHOB — HE MO3BOJISIET BBISICHUTH
3HaK OTKJIOHEHHUS CIUHOB, 3aJIOKEHHBIA B (ha3e BOJIHEL,
B3aUMOJICUCTBYIOIIEH C KPUCTAILIOM, H3-3a €€ OTHOCHTEIb-
HO HM3KOH MHTeHCMBHOCTH. HOBasi TeXHHWKa, MpeICTaBIICH-
Has B [65], ocHOBaHa Ha MHTEP(EPECHIIUU MEXIYy PEe30HAHC-
HbIM CHHXPOTPOHHBIM M MAarHMTHBIM paccessHusiMu. IIpo-
[IECChI PE3OHAHCHOTO PACCESTHHSI OTPEACIISIOTCS JJIEKTpUYe-
CKUMU siBIICHUSIMH. [1py 9TOM OKa3bIBaeTCsl, YTO CUTHAI KaK
PE30HAHCHOTO, TaK M MATHUTHOTO PACCESIHUI HaOJIromaeTcs
IpHU TEX € CAMBIX IMOJIOXKECHUAX OPITTOBCKUX DPe(dICKCOB.
DTH CUTHAJIBI UIMEIOT CPAaBHUMBIE MEX1y COOO0M aMIUIUTYIbI,
KOTOpBIC BO3pacTaroT BciieAcTBUe 3(dexkToB mHTEpdepeH-
muu. 3HaK ¥ aMIUTUTYJa CHTHAJIa MarHUTHOTO pPAacCesiHUs
3aBUCST OT HANPABJIEHHUS CIHMHOB, KOTOPOE MOXET OBITh
U3MEHEHO MOBOPOTOM BEKTOPA MArHUTHOTO TOJIS B KPH-
cTajlle, TOIZa Kak PE30HAHCHOE PACCEsSHUE 3aBUCUT OT
SHEPIWU BOJIHBI U OpHeHTauuu kpuctaiiaa. [Ipu KoHTpose
3a 000OMMM TpOIlECCAMU MOXKET OBbITh ompejesieHa ¢asa
MAarHUTHOTO PaCCesTHUSI.

Ha pucynke 15 mokazaHo cMellleHre THKa pe30HAHCHOTO
paccesiHust ipu moBopote Ha yroJ # = 180°. IIpotuBomno-
JIOXKHOE CMelleHrne Habuirofaaock, korga (asa pe3oHaHc-
HOT'O paccesiHusl OblJIa U3MEHEHA MPU MOBOPOTE HA YroJ Y.
IIpr 06paboTKe IKCIEPUMEHTANBHBIX TAHHBIX IOJTYYESHbI
3HaK BekTopa Jl3sutommHckoro—Mopuu, $aza m amim-
TyJla MAaTHUTHOTO PACCEsIHUS, 4 TAKXKE HAPABJICHUE CMeEIIe-
HUs. 3HaK B3auMoJeiicTBUs JI3s1ommHCKOTO — Mopuu B
kpuctajuie FeBOj3 okazajcst oTpunaTeibHbIM.

B [65] Takke BBIIOTHEHBI MEPBOMPUHIIUITHBIE PACUETHI
METOJIOM TpuOIImKeHus JokanbHOi mioTHOCcTH (Local
Density Approximations, LDA) npu y4érte aiekTpocTaTuye-
CKOTO KYJOHOBCKOTO W CIIHH-OPOHMTAIBLHOTO B3aMMOJIEHCT-
Buii. Beruncnenssiii Bektop D1, =(—0,25 m3B, 0, —0,24 m3B)
nexutr B mwiockoctd XZ (B [65] X]|c;-ocm kpucraiia,
BHeltHee maruutHoe nosie H|| Y, yTo oTimyaercst ot Hanpas-
JieHus1 oceil kpuctasuia u nojsg H, mokasaHHbIX Ha puc. 1).
PacuéTHblii yros ckoca moapemérok cortasiser 0,7°, a
skcnepuMmeHnTalibHbil — 0,9°. Tlpu 3TOM BCe 1IECTh CUM-
METPUYHO IKBUBAJICHTHBIX BEKTOPOB MMEIOT T€ XK€ Camble
Z-KOMIIOHEHTHI, TOraa Kak X Y-KOMITIOHEHTHI ITIPA CYMMUPO-
BAaHUU JTAIOT HYJIb.
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MHTEHCUBHOCTD, OTH. €],

7,105 7,110 7,115

Dueprus, k3B

7,120

MHTEeHCUBHOCTD, OTH. €I,

7,105 7,110 7,115

Dueprus, k3B

7,120

Puc. 15. (B usere onnaiin.) (a) Kapruna cMelieHus: pe30HaAHCHBIX IMKOB CHHXPOTPOHHOT'O U3JTyYEHUSI IIPU BPAILLIEHUU TOCTOSIHHOTO MATHUTHOT O MOJISI HA
yroJi § = £90° B 6a3ucHoii miockoctu kpucrasia FeBOs. (0) PeBepcnoe cmerenue npu 1 = +£90° n yy = —60°.

3. MyabTudeppouk ¢epputr BUCMYTA.
Bo3MoKHOCTH HCCJICI0BAHUS

O/IHOOCHOH aHM30TponHH (C HCNOJIb30BaHHEM
JMAMATHHTHOrO aHajora ¢ npumechio Fe3™)
B 00/12CTH NapaMeTPOB CyIIeCTBOBAHHUSA
cnnHoBOil mukIonab! BiFeO3

UccnenoBanusam ceruetomaraetnka BiFeO;, coveTaromero
B ce0¢ MarHUTHOE W 3JICKTPUYECKOE YMOPsAOUYeHHE, TOCBS-
eHo OoJiplIoe yucio padot (cM., Hanpumep, [7] U npuse-
JEHHBIE TaM CChbUIKM). IHTEHCUBHBIN pOCT umciia myOJinKa-
Uil B OcJIeHee BpeMsl CBS3aH C BO3MOXKHOCTBIO CO3/IaHUS
Ha ocHOBe BiFeO; yHUKATBHBIX TEXHUUECKHAX YCTPOMCTB [8§].
BoamoxHoctn npumenennit BiFeOs; B 3HaunMTeILHOU CTe-
MEHN OMPEACNISIFOTCS OJTHOBPEMEHHBIM CYIIIECTBOBAHUEM
MAarHuTHOTO U 3JIEKTPUYECKOTO MOMEHTOB.

Mynbtudepponk GeppUT BUCMYTa UMEET TEMIEPATYPy
anekTpuieckoro ynopsiaouenus 7¢c = 1083 K [6]. [1pu tem-
nepatype Kropu T¢ BiFeO; mepexoaut u3 xyOmdyeckoit me-
POBCKHTHOHN (a3bl B pOMOOIIPUIECKA UCKAKEHHYIO (YIBO-
€HHYIO BJOJIb OCH (3 BCJIEICTBUE aHTUIAPAJUIEILHOTO Bpa-
ILIEHN S KUCJIOPOJIHBIX OKTadApOB BOKPYT Hanpasienus [111])
U XapaKTepU3yeTCsl MPOCTPAHCTBEHHOUN I'PYIIION CHMMET DU
R3c [8]. MarautHOe yHOpSIIOYCHWE WMEET MECTO TMpH
TeMInepaTypax Huxe temnepatypsl Heens Ty = 643 K [6].

IMocnequure HeWTpoHOTpadUUeCKre HCCIeT0BaHUS [66]
noka3anu, uto B BiFeO; cymiecTByeT ciioxkHas mpoCTpaH-
CTBEHHO MOJYJUPOBAHHASI CTPYKTYpa ¢ OOJIBIIUM HEpPUO-
ooM. MarautHele MOMEHTHI HOHOB Fe3+, COXpaHsIsl B3aUM-
HYIO JIOKJIBHYIO aHTA(EPPOMATHUTHYIO OPHEHTAIUIO, TO-
BOPAUMBAIOTCS BJOJIb HANPABJICHUS PACIPOCTPAHEHUS
(omHa U3 ocelt BTOPOTo MOPSAKA) MOAYJIUPOBAHHON BOJIHBI
B IUIOCKOCTH, HepreHauKyjspHou [111] [6] (pucyHOK nMK-
JIOUpl MpUBeIEH, Hanpumep, B [6, 8]). [Ipu 3ToM cpennHuit
MATHATHBII MOMEHT paBeH HYJIIO, YTO JIeJaeT HEeBO3MOX-
HbIM 3(dexTuBHOE ympaBlieHUE 3JIEKTPUYECKIMHU CBOMCT-
BaMU IOCPEJICTBOM MAarHUTHBIX BO3JIEHCTBUI M HA00OPOT
[8]. HenyneBoii marHutHbIi MomeHT B BiFeOs (ompene-
JIsieTcsl B3auMojiericTBueM [[3stomHcKoro — Mopuu) 1o-
SIBJISIETCSL IPH TIOIABJICHIH TUKJIOUBI, HATPUMED, BO BHEIII-
HEM MAaTHUTHOM T0Jie BeJmanHoU oxoJio 180 k2 [8].

MarsuTHasi aHU30TPOMNUS UTPAET 3HAUYUTENBHYIO POJIb B
(dbopmupoBanumn obJiacTell CyIIeCTBOBAHUS CIHHMHOBOM IMK-
JIOUIBI M KPUTHUYECKOTO T0JIsI e€ ucuesHosenus [8]. Kpurnue-
CKOE TMO0JIe, PACCUMTaHHOEe B padore [6] B mpHOIMKEeHHH
rapMOHNYECKON MUKJIOUIBI, IMEET BUJT

rae H, — BHeIIHee KpUTHYECKOE 10JIe, HAITPABJIEHHOE BIOJIb
OoCH TpeThero nopsigka, K — KOHCTaHTa OJHOOCHOM KpH-
crajuiorpauyeckoi MarHUTHOW aHU30TpONUU, 4 — KOH-
CTaHTa HEOJHOPOIHOTO OOMEHA, ¢ — BEJMYMHA BOJHOBOTO
BEKTOpa CIUHOBOW MOYJISIUKA IUKJIOHUIbI, COOTBETCTBYIO-
masi MUHIMYMY CBOOOJIHON 3HEPTHHU, y — BOCIPUUMYM-
BOCTb B HANPABJICHUHU, MEPICHIUKYJISIPHOM BEKTOPY AHTH-
¢deppomarnetusma. CBoOOAHASI SHEPrUsl, HA OCHOBE KOTO-
pO¥ TMOJIyYeHO 3TO BBIpAXXEHHUE, IPUBEICHA B [0].

dazoBas auarpamMMma, ONHUCHIBAIOIIASl O0JACTH CyIle-
CTBOBAHUS MPOCTPAHCTBEHHO MOJYJUPOBAHHON CIIMHOBOMU
CTPYKTYpBI, IIpeacTaBieHa Ha puc. 16 [8]. Boipaxenue s
CBOOOIHOM HEPruy, P MUHUMHU3ALUH KOTOPOH HOJTydeHa
(hazoBas quarpamMma, npuBesieHo B [§].

Benmuuna 3ekTpuyeckoit noysipusanuu B BiFeO3 3aBu-
CUT OT MPWJIOXKEHHOT0 MarHuTHOro mojs [6]. M3mensto-
asicsl MOJIIPU3ANUs MPUBOJAUT K U3MEHEHUIO BHYTPEHHETO
3JIEKTPUYECKOTO TOJIsl, YTO BBI3BIBAET IITAPKOBCKOE pac-
LLIETIJIEHUE YPOBHEW MAarHUTHBIX MOHOB. [lpu sToM u3Mme-
HSETCS CIMH-OPOUTAIbHOE B3AaUMOJIEHCTBUE U B Pe3yJIbTaTe
MIPOUCXOANT U3MEHEHUE SHEPT MM OTHONOHHON aHU30TPOTIHU
[67, 68], a Takxke "ogHononHOK" OOGMEHHON AHU3OTPOIMH.
CrenoBaTeIbHO, MATHUTHASL AHU30TPOIHUS B 3TUX KPUCTAJI-
Jlax OyJeT 3aBUCETh OT BEJIMYMHBI MPHJIOKEHHOTO MATHUT-
HOTO TOJIS.

IMockonbky MarauTHas anu3otponusi BiFeO; B o6mactu
CYIIECTBOBAHUS IIMKJIOUABI (B MAJIBIX M CPEIHUX TOJISIX) HEe
MOXeT ObITh ucciieqoBana metogqoM ADPMP [§], e€ MoxHO
OICHUTH C MOMOIIBI CErHETORJIEKTPUUECKOTO TUAMAaTrHUAT-
HOTO aHaJjiora, HarpuMep BiAlO; (oTHOIIEHHE TapamMeTpoB
reKcaroHaJbHOM sueiiku cy/ay = 2,49 [69], Tc ~ 520°C
[70]). Oxst BiFeO;3 cy/ay = 2,42 [71]. PentreHoBckue mapa-
METPBI OTKJIOHEHHH TTOJI0KEHHSI HOHOB JKeJie3a U KICIopoaa
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Puc. 16. ®azosas quarpamma aiis BiFeOs [8] B koopauHaTax nmpuBeaéH-
HOE BHEIIIHEe MarHuTHOE MoJjie—3(pQekTUBHAS KOHCTAHTA OJHOOCHOMN
AHU3OTPONMHU. 31eCh ¢ — OCb TPEThEro HOpsiaka, /i — NpUBeNEHHAS
9SHEprHsl BHELIHETO MATHATHOTO nonst, h = H(y/(2Aq?)]"?, ke — sdipex-
THBHAsl KOHCTAHTa OJHOOCHOI aHM3OTPONHUH, BKJIOYAloImias B ceOs
NPUBEIEHHBIE SHEPIHH OJHOOCHON AHM3OTPOIHMH W B3aMMOJCHCTBUS
J3sinowmuckoro — Mopnn, ke = [K/(Aq?)] — [M?/(24q%y)); M, — cna-
6odeppomarHuTHbIH MOMEHT. CIUIOIIHbIE KPUBBIC SIBJISIOTCS IPAHULAMHE
MEXIy OJHOPOIHBIM aHTU(EPPOMATHUTHBIM COCTOSIHUEM U HPOCTpPaH-
CTBEHHO MOJYJUPOBAHHONX CIMHOBON CTPYKTYpOH, PAacCUMTaHHON B
TapMOHHMYECKOM IPHOIMKCHUN IUKJIOUABI, IITPUXOBBIE KPUBBIE — Te
K€ TPAHUIIBI, PACCYNTAHHBIE B AHTAPMOHNYECKOM TIPHOJIMKEHA.

B 3JIEMEHTAPHOU SYEMKE ITUX COCOAMHEHUU OT IMPOCTPAHCT-
BEHHOM T'pymIibl R3¢ Takxke OJIM3KH OPYT K ApyTy [69].

4. AHH30TpONHbIE B3aUMOIECTBUS
H HAHOCTPYKTYPbI, CKHPMHOHBI

OyHTaMEHTATBHOCTh AHU30TPOITHBIX B3AUMOIEHCTBUN TPO-
SBJIAETCS HE TOJILKO B "TpauIMOHHBIX" KpUCTaLIaX, HO U B
KpHUCTAJUIaX C HAaHOCTPYyKTypamu. IIpumepamu ciyxkat
Takue OOBEKTHI, KaK, HAIPUMED, TOHKHE (B HECKOJIbKO
ATOMHBIX CJIOEB) MATHUTHBIE TUIEHKH, CKHPMHOHBI.

B pabote [72] moka3zaHO, 4TO 3JEKTPHYECKOE IOJIE,
TIPUJIOKEHHOE K IUIEHKE CO CIIEAYHOIIUM COCTAaBOM: MOJ-
snoxka MgO (001)/MgO (10 um)/Cr (10 am)/Au (50 ™M)/
Fe (2—4 atomubix cios1)/MgO (10 am)/nosmmamu (1500 HMm),
MOJXET BBI3BIBATH OOJbIINE M3MeHeHus (0koio 40 % Bemn-
YMHBI MATHUTHOW aHU30TpONuM) B koHTakTax Fe/MgO, uto
3HAYUTENIBHO MPEBBIIIACT H3MEHEHU I MATHUTHOM aHU30TPO-
MUY, TOJIyYCHHBbIE DaHEe MPHU JIPYTHX YCIOBHSIX IKCIEPH-
MeHTa (MaTepualiax U TEXHOJIOTUU U3TOTOBJICHUS).

CyMMapHasi aHM30TPONHS IUJIEHKU CKJIAJbIBAeTCS U3
AHM3OTPOMHUH, OOYCIOBJICHHON 3HEprueil pa3MarHUYUBa-
FOIIErO TOJIsl, MATHUTHOW KPUCTAJUIOrpapUIecKoil aHU30-
Tpomnuy, noBepxHoctHoi anuzorponun Fe/MgO u Fe/Au,
U3MEHEHUS TOBEPXHOCTHOW aHU3OTPOIUHU BCIIEACTBUE MPH-
JIOKEHHSI AJIEKTPUUECKOT0 MOJIsI. DIIEKTPHUUYECKOE MOJIE MPH-
KJIaIBIBAJIOCh K CJOSIM ToJMamuna (IMOJIOKHUTEIbHOE) U
30JI0Ta (OTPHIATEIBHOE), B Pe3yJbTaTe Yero M3MEHsJIach
SHEpPrusi CYMMapHOH MarHUTHOW aHW3OTPOIHUH, YTO MPH-
BOJIIJIO K MEPEOPUCHTAIIMYA HAMaTrHUYeHHOCTH. VI3MeHeHue
AQHU3O0TPONMU NMPOUCXOAUT, HNO-BUAUMOMY, BCJEICTBUE HU3-
MEHEHUs 3acesIEHHOCTH 3JeKTpoHamu 3d-opOuTasieit xe-
Jie3a, npuMbikaromux kK MgO-06apbepy, B IOIMAarHU4YUBAIO-
LIEM TI0JI€, IEPIIEHANKYJIIPHOM ITOBEPXHOCTH ILIEHKH [72].
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IepekroueHre HAMArHMYEHHOCTH B TYHHEJIbHBIX KOH-
TaKTax MOXET OBITh UCIOJIB30BAHO, HAIPUMED, IIPU paspa-
00TKEe MaJIOMOIIHBIX JOTMYECKUX YCTPOICTB U YHEProHe3a-
BUCHMBIX STYEEK MAMSITH.

JApyruM MHTEPECHBIM SIBJICHHEM, OOYCIIOBJICHHBIM B3aW-
MojeiicTBueM JI3sUTOIIMHCKOTO — MOPUH, SIBJISIFOTCSI CKUP-
MHOHBI, KOTOpBIE MPEICTABJSIOT COOON CIMHOBBIE BUXPHU
pasmepom mopsinka 20—100 HM. CKUPMHOHBI 00pa3yroT
YIIOPSIAOYEHHYIO ABYMEPHYIO PEIIETKY, HAIPUMED, B TAKHX
BEIIECTBAX, KAK MOHOKPUCTAJUTHIECKIE METAJUTMIECKHE COe-
nuHenust (MnSi) [73], cHIBHOKOPPENTUPOBAHHBIE METAaJLIbI
(Fep,5Cog,551) [74], muanextpuxu (Cu,SeO3) [75].

B03MOXHOCTB CyIIECTBOBAHHSI CKHPMHOHOB TE€OPETHYE-
cku npenckazana A.H. BormanoeiM u [I.A. S16710HCKHM
[76]. ABTopsl [76] mpoBemW aHAJIOTUIO, B YACTHOCTH, CO
CBEPXNPOBOJIHUKAME, B KOTOPBIX CYIIECTBYIOT HEOTHOPO/I-
Hble CTAOUJIBHBIE COCTOSIHUS B 00J1aCTH (pa30BOro mepexoaa
MEPBOr0 POJa, MHAYUUPOBAHHOIO BHEIIHUM MATrHATHBIM
moseM. Ilpu 3TOM TeopeTwyecku OBLIO TMOKAa3aHO, 4TO B
MAarHeTUKax OINpPeIeIEHHOW CUMMETPUU B OIpeNeIEHHON
00JTacTH BHENIHHX MATHUTHBIX TOJIEH MOTYT TMOSIBJISITHCS
CcTaOUJIbHbIE BUXPEBbIE 0OPA30BAHMUS, AaHAJIOTUYHBIE COCTOSI-
HUSIM B CBEPXNPOBOAHUKAX. CKUPMHOHBI BO3HHUKAIOT NPHU
YCJIOBHSIX TeITMKOUIAILHOTO MATHUTHOTO TOPSIAKA U IPUIIO-
JKEHUsI TIOCTOSTHHOT'O BHEIITHETO MAarHUTHOTO TIOJIsl B OTpe/ie-
JIEHHOM MHTEpBaJie TEMIIEPATYP.

BaxHBIM apaMeTpOM OMICAHUS BUXPEH SIBJISICTCS TOTIO-
JIorudeckuit uuaexc [77]

1 On _On
S—EJH |:a><51| dxdy,

rJe N — eAMHUYHBIA BEKTOP JIOKAJIbHOW HAMATrHUYEHHOCTH,
uHTerpajl O6epé€rcs mo IBYMEPHOW 3JIEMEHTAPHOM sUeiKe.
JU1st TaKMX coelMHEeHUH, KaK Geppo- win aHTudeppomarHe-
Tukd, S = 0. Ecn S = +1, To B mpocTpaHCTBEHHOM pacipe-
JIEJICHNH HAMAaTHUYEHHOCTU CYIIECTBYET TOMOJIOTUYECKU
CTAOWIILHBIN y3el.

B Hacrosimem 0030pe MBI PacCMOTPUM B OCHOBHOM
pabOTHI 1O UCCIEIOBAHUIO CKHPMHOHOB ISl ABYX MIPEIeIIb-
HBIX T10 3JIEKTPONPOBOIHOCTH COeIMHCHUI: MeTali1a MnSi u
nuanekTpuka CuyOSeOs (koTopblid sSBJIIETCS MYJIbTUED-
poukoM). Coemunenuss MnSi u Cu,O0SeO; kpucTam-
3YIOTCSI B KyOWUYEeCKYIO CTPYKTYpy B20 €O CMEIEHHBIM
HEHTPOM CHMMETpHUM. DJjieMeHTapHas siueiika MnSi [78]
npuBeJeHa Ha puc. 17a, 0, kpucTtaimueckasi CTpyKTypa JuIst
Cu;08e0; [75] — nHa puc. 17B, a MarHUTHAsE CTPYKTypa
Cu,08e0; — na puc. 17r.

CKUPMHOHBI 10JITO HE YJIaBaJIOCh OOHAPYXUTh. M TOJIb-
k0 B 2009 T. ¢ TOMOIIBIO MaJIOYTJIOBOTO PacCesTHASI HEUTPO-
HOB B MnSi [73] Obls1a 0OHapykeHa HOBasi MarHuTHas ¢asa,
KoTopas ObLIa MHTEPNPETUPOBAHA KAK PEIIETKA CKUPMHUO-
HOB. B wactHOCTH, HEHITpOHOT paduIecKkre TaHHBIE TOKA3AJIN
HaJIMYMe MATHUTHBIX OPAITOBCKUX MHKOB TeKCArOHAIHHON
CUMMETPUH, COBMECTUMBIX C HAJIOKEHIEM TPEX TeJINKOUIOB
o yrjioM 120°. DTu reJTMKOuIb! JIeXKaT B IUIOCKOCTH, MEp-
MEHAUKYJISIPHON MPUIIOKEHHOMY MAarHUTHOMY moJjito. Teo-
peruveckuii ananu3 [73] B pamkax mojmenu ['mH30ypra-—
Jlanmay moATBEpOMII CYIIECTBOBAHME DPEHIETKH CKUPMUO-
HOB, (popMupyrommux Tak HasbiBaeMyro A-dazy. OmHako,
COTJIACHO 3KCHEPUMEHTAJIbHBIM JaHHBIM [73], 9Ta ciMHOBas
CTPYKTYypa B ACUCTBUTEIILHOCTH MOXET MPEACTABIATH COOOH
KaK PelETKYy CKUPMHOHOB, TaK M HAJIOXKEHHE TeJTMKOMIOB.
Ha sToT BOmpoc 3KCepUMEHT MO PACCESHUIO HEUTPOHOB
OTBETUTH HE MOXeET [79].
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Puc. 17. Kpucrammueckas CTpyKTypa npaBoii (a) u j1eBoii (6) popm MnSi
[78]. (B) Kpucrammmueckas crpykrypa Cu,OSeO3, xapakTepusyromascs
JBYM$l HEOKBHBAIICHTHBIMH TIO3MIMSAMHE HOHOB Cu’’ ¢ pasiiuyHbIM Kic-
JIOPOJTHBIM OKpYXeHHUeM. (I) PepprMarHITHOE CIITHOBOE PACIIOJIOKEHUE

HOHOB Meu [75].
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Puc. 18. [106aBovHbIA BKJIaA B CONPOTHUBJICHHE Ap,,, 00yCIOBICHHBIN
TonoyoruueckuM sddexrom Xoia, B kpucrauie MnSi [79]. MarantHOe
oJjie ¥ TOK napaJjuiesibHbl HanpayieHusM [110] u [001] cooTBeTCTBEHHO.

Puc. 19. (a) ®ororpadusi CKHpPMHOHOB B TOHKOW MATHUTHOM IUJIEHKE
Cu,08e0; mpu T'= 5 K B mnockoctu (111), mosryueHHast JIopeHIeBCKoU
MuKpockonueid. (6) Mozeis ckupmuona [75].

CylrecTBOBaHNE CKUPMHOHOB B BHJIE OTJICJIbHBIX CIIMHO-
BBIX CTPYKTYP MOXET OBITH MOATBEPKACHO C IMOMOIIBIO
TomnoJjioruyeckoro agdexra Xosua [79]. Uctounnkom Tomo-
Jioruueckoro 3dgdekra Xosua ssisiercss gpaza beppu, o0yc-
JIOBJICHHASI CKOHIIEHT PUPOBAHHBIMY 3JIEKTPOHAMH IPOBOIH-
MOCTH Ha (hOHE CHITbHOHEOJTHOPOTHOTO MATHUTHOTO COCTOSI-
HUSI CKUpMHOHHOH pemétku [79)]. Tononoruyeckuit a¢pdext
XoJ1a BO3HEKAET HapsIIy ¢ HOpMaJIbHBIM 3¢ exTom Xorura,
KOTOPBI MPOMOPIHMOHANIEH NPUIOKEHHOMY MArHUTHOMY
noito. Tonosoruueckuii a¢g ekt Xouia cBsa3aH ¢ peppomar-
HUTHBIMM KOMIIOHEHTAMH HamaramyeHHoctu [79]. Ha
pucyHke 18 mpuBeeHa 3aBUCHMOCTh COIIPOTUBIICHHUSI, 00YC-
JIOBJIEHHOT'O BKJIAJIOM TOIIOJIOrMYeCKOro addexra Xouia, oT
IPUJIOXKEHHON MHAYKIMK B B kpuctasuie MnSi (BeKTop Toka
napayuienen [001], Bektop unaykmmu — [110]) mas pasHbix
TEMIIEpaTyp. DTa 3aBUCHMOCTb JEMOHCTPUPYET HAJIHIHE
CKUPMUOHOB B 001acT A-assbl.

OnucaHHBIE BBIIIE METOBI HE SIBIISFOTCS] BU3YaIbHBIMU.
BriepBbie HemocpelICTBEHHOE HAOJIO/IEHHE CKUPMHOHOB
OBLJIO MIPOBEJEHO C MOMOIIBIO JIOPEHLEBCKON 3JIEKTPOHHOM
Mukpockonuu Ha FeysCogsSi B pabote [74]. ®oTorpadus
CKUPMHOHOB [75], ToJTydYeHHas] ¢ TOMOIIBIO JIOPEHIIEBCKOTO
MUKpockona, Ha ToHko# miéake Cu,OSeO; mpuBenena Ha
puc. 19a, a mopaenb ckupMuoHOB — Ha puc. 196. Panee
JIOPEHIIEBCKAsi MUKPOCKOIIUST UCIOJIb30BAIACh JIISI HAOJTIO-
JIeHHsI TOMEHHBIX CTEHOK B (peppOMAarHuTHBIX mIéHKax. Jlo-
MEHHBIE CTEHKH He BUIHBI B (POKYCE IJIEKTPOHHOTO MHUKPO-
CKOTIa — OHU CTAHOBSITCS] BUAUMBIMHE KaK YE€PHBIE MU OelTbie
o0JracTu TOJIBKO TpH ero pachokycupoBke. JIBa 3JeKTPOH-
HBIX JIy4a, IPOXOIs Yepe3 COCEAHUE TOMEHBI, OTPAKAIOTCS B
pa3IMYHBIX HAMPaBJICHUSX TaK, YTO JBA IMy4YKa MEPEKPbI-
BAIOTCSl WM Pa3ACSIOTCS W, TAKUM 00pa3oM, MHTEHCUB-
HOCTb BO3PACTAeT WM YMEHBIIAETCS BAOJb JTOMEHHON
crenku [80].
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Puc. 20. MaruutHas ¢aszosast muarpamma MnSi. OTmeueHs! o6yactu
TeJIMKOMJAIbHON, KOHNYECKOM, CKUPMHOHHOH, heppOMarHuTHON U ma-
paMarHuTHOM (a3, nepexoHasi 00JacTh BbIICIICHA IITPUXOBKOU. H s —
moJjie MarHuTHOro pesonanca B DI1P-skcnepumente, Ty, Ty — 3HAUYCHUS
TeMIepaTyp, OIpEeNe/IOMNX MIUPUHY KpOCCoBepa HAa YPOBHE IIOJIS
mapaMarHuTHOTO pe3oHaHca [81].

B cBsasu ¢ Tem, uTo coemuuenne MnSi sIBJIsSeTCS MeTaJI-
JIOM, TIEpBBIE HCCIIEIOBAHUS IO OIMCAHHUIO €r0 CBOWCTB
MMPOBOJIUJINCH, HA OCHOBE 30HHOUW Teopuu. B pabGote [81]
npuBezieHa ¢das3osas quarpamma (puc. 20), MOCTPOCHHAS 110
JIUTEPATYPHBIM 3KCHEPUMEHTAIbHBIM JaHHBIM 1711 MnSi.
DTa AMarpamMma MHTEepPIPETUPOBAHA, U OOBSICHEHBI OCOOCH-
HOCTU CBOWCTB CWJIMIIMAA MApraHia B paMKax 30HHOHN
teopun. B marautaom noste H = 0 pu T = 29 K, coryiacHo
3TOW TUarpamMMe, CIIUHBI HAYMHAIOT TeJIMKOMIAIBHO YIOp-
SI0YMBATHCS ¢ nepuogoM 18 HM. B obiactu temmeparyp,
MeHbImx Tc, npu yBesmueHuu H o ~ 1 kD mpoucxoaut
Nepexo/ U3 TeIMKOMAATBHOTO MOPSAKA B KOHHYECKOE CO-
crosiane U npu H ~ 6 k9 — B peppomarautroe. [Ipu sTom
($haza CKHpMHOHOB HAXOIUTCS B Y3KOU 00JIACTH TEMIIEpATyp
U TIOJIEN.

Onanaxo B ocyieinee BpeMst MnSi cHOBa BbI3bIBAET UHTE-
pec ucciegoBaTelieit B CB3U ¢ MpOOJIeMO reJTMKOUAATbHBIX
COCTOSIHUH, CKHPMHOHOB [81] 1 mpoTuUBOpeUnsiIMI ¢ 30HHOM
MO/IEJIbIO, MCTIOJIb3YEeMOM N3HAYAJIBHO JIJIs1 OIIMICAHMSI IKCIIe-
PUMEHTAILHBIX JTaHHBIX. B wacTHOCTH, B paboTte [§1] oT™me-
4eHO: 1) CKUPMUOHBI SIBJISIOTCS JIOKQJIM30BAHHBIMU CIIUHO-
BbiME "yactunamu' [76]; 2) corstacao LDA-pacuéram [81, 82]
CIMHOBAs IUIOTHOCTh, BEJIMYMHA KOTOPOW HE 3aBUCHUT OT
BHemrHero moJist 10 ~ 1000 k3, cocperoToueHa B OCHOBHOM
Ha moHe Mn, a Ha Si oHa cocraBiseT 2% —3 % oOT Mmar-
HUTHOTO MOMeHTa Mn; 3) akcriepuMeHTaJbHbIE TAHHBIE MO
BBICOKOYACTOTHOM JUHAMHYECKOW MpoBOIuMOCcTH MnSi
IPOTUBOPEYAT MOEIH CJIa00ro 30HHOTO MarHeTuKa.

OTMeTHM, 4YTO, COTJIACHO TMOCJIEeAHUM JaHHBIM [83],
KpoccoBep (IIUpOKasi TpaHWIA) MEXIY NapaMarHUTHON
(PM) u crniun-nionsipuzoBannoii (SP) dazamu (cMm. puc. 20)
otcytcTByeT. Ilpm atom obmactm PM-¢assr u SP-¢passr
pas3zeneHsl BepTukaibHoi npsimoit 7' = Tc.

C MHUKPOCKOMHMYECKON TOYKU 3PEHHs] MPUPOIa MATHUT-
HBIX MOMEHTOB, GopMupyrOIHX B MnSi CKUPMHOHHBIE
cocTosinus, HeoueBuAHA. C OIHON CTOPOHBI, B Teopuu [76]
MOApa3yMeBaeTCsl HaJM4Yhe JIOKAJIW30BAHHBIX MArHUTHBIX
MOMEHTOB (JIMM) © mnpakTH4eCKu BCE 3KCIEPUMEHTHI
MHTEPIPETUPYIOTCS. B paMKax 3Toro mnpexacrasieHus. C
JIpyroit cTopoHbl, MnSi sBJISICTCS MPOBOJISIIIAM MaTepua-
JIOM, ¥ IMEHHO MnSi paccMaTpuBaJicsl Kak MpHMep c1aboro

4%

30HHOTO (heppOMAarHeTUKa ¢ CHJIbHBIMU CIIUHOBBIMH (DITYK-
tyanusmiu [84]. 3oHHas Teopus [85] maéT COMHOBBIA MOMEHT
Ha MOoHe Mn BeJIMYMHON OKOJIO pp. 3aBUCUMOCTb Iapamar-
HUTHOM BocpuuMumnBocTy Trna Kropu— Beiica nmpu temre-
patypax, mpeBblmarommx 1c, HabIroIaeMasi 3KCIepUMeH-
TaJbHO, COTJIACYETCS CO CHUH-(PIYKTYAlMOHHOW Teopuen
[84], u BblumMceHHBINH 3()()EKTUBHBI MATHUTHBIH MOMEHT
030K K HaOJIIoJJaeMoOMy TpU TemIepaTypax Bbiie 7.
OmHako B objactu TeMmrepaTyp Hmke 7Tc H3MepeHHBIH
marHuTHBIA MomeHT 0,30 up Ha MOoH Mn He corjacyercs ¢
pe3yJibTaTaMH 30HHBIX PACUYETOB, KOTOPHIC HE YYUTHIBAIOT
KBaHTOBBIX CIMHOBBIX (IyKTyanuil. B To ke Bpems cmu-
HOBasi penakcanus B cucteme JIMM B MnSi, 3aaaromas
mupuny Jmana JI1P, onmckiBaeTcsl B paMKax CiuH-(DITyK-
TyarmmonHoi Teopun Mopuu [81]. Takum oOpasom, Ha
npuMepe MnSi Mbl BHIAMM MPOSIBJICHUE KJIACCUYECKOTO
Iyaju3ma MarHetudMa 3d-3JIeKTPOHHBIX CHUCTEM: YacThb
CBOMCTB MOKHO onucath B Mojeau JIMM, HO onucaHue ux
JIPYroi 4acT TpedyeT yuéTa KOJJICKTUBH3UPOBAHHBIX JJICK-
TPOHOB.

B pabote [81] mpoBeneno uccieqoBanue DIIP ma xpu-
crayutax MnSi (qacrora 60 I'T'n) B quana3oHe temMneparyp
4,2-300 K u BHEIIHMX MAarHUTHBLIX IOJIEH BEJMYMHON 10
70 x3. PesynbTaTe! uamepennit DITP oObsicHeHBI HA OCHOBE
CHHMH-TIOJIIPOHHOM MOJeNn, KOTopas paHee oOKa3allach
3((PEeKXTUBHONW TPU ONMUCAHUU MATHUTHBIX CBOWCTB B FeSi
[81, 86]. CormacHo 3TOW MojdeNW NpeArnojaraercs, 4To
BOKPYT (heppOMarHuTHO-IOKATIM30BAHHBIX MATHUTHBIX MO-
MEHTOB 00pa3yroTcss aHTU(PEPPOMATHUTHO-YIIOPST0UCHHBIC
3oHHBIe HOocutenu. M3 mamepenuit metogom IDIIP cregyer
MOCTOSIHHASI BEJIMYMHA PE30HAHCHOTO MOl Hps BO BCEM
HHTEepBasie TeMrepaTyp (cM. puc. 20), mpu 3ToM g-hakTop
paBeH MPUMEPHO 2, W3 4Yero CHeJaH BBIBOJ O TOM, 4YTO
BOJIHOBASI (DYHKIUS JTIOKAJIM30BAHHBIX CIIUHOBBIX MOMEHTOB
MOJIOKUTENBHO MOJISIPU30BAHHBIX HOCUTEJIEH 3apsiaa UMeeT
S-nmogoOHBIN BU/I.

VICTOYHUKY TeJIMKOUIATbHBIX 1 KOHHYECKUX COCTOSIHUH B
MnSi (koTOpbIe SBJISIOTCS MPUYNHONR BOSHUKHOBEHUS CKUP-
MHOHOB) paccMOTpeHbI B pabote [§7] Ha ocHOBe reizeHOep-
TOBCKOT'0 TaMHJIbTOHHAHA

N 1
Hy = 5 Z (= Jsis;+Djjls; x s]) *gHBZHSh (16)
ij i

IJie TMEPBBbII 4YJeH B KPYIJIBIX CKOOKAaX MpPEJICTaBJISET U30-
TpPONHOe OOMEHHOE B3aMMOJCWHCTBHE, BTOPO — B3aUMO-
neiicteue [3sutommHCKOTO — MOpuu, MOCHeqHUN YJIeH B
MPABOI YaCTH ONHUCHIBAET B3aMMO/JIEHCTBUE CIIMHOB C BHEIII-
HUM MarHuTHBIM nojieM. CymMma 1o mHAeKCy i Oepércs 1o
BCEM MOHAM KPHUCTAJLJIA, MO MHIAEKCY j — MO OJMKalImm
COCeIsIM UOHOB I.
DHeprus npy ycaoBuu gugH ~ D? /J umeet BUI

(Dy+D.)* 1 (Dy—2D, - D.)’
E=NJ|-12-2 - _
NJ e 3 ye

(gupH )’
R s
(Dy — 2D, - D.)

(17)

3mecb N — 4YHUCIIO 3JIEMEHTApPHBIX siYeeK B KPHUCTAJLIE,
NEPBBIA YJIEH B KBaJPATHBIX CKOOKaX IMpEACTAaBIISIET U30-
TPOIHYK OOMEHHYIO SHEPTHIO; BTOPO — SHEPIHIO, OTKJIO-
HSIOMYIO OT (EeppOMATHUTHOTO MOPSJAKA, TPETHH —
"3akpyTKy" BekTOpa (peppoMarHeTusMa (B Ipeesiax B3au-
MOJIEHCTBHSI HOHOB 2JIEMEHTAPHOU STUSHKHU C OJrpKadImmMu
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Temmnepatypa, K

Puc. 21. ®a3oBas qfuarpamMMa B KOOPIUHATAX: IPHIOKEHHOE MATHUTHOE
moJie—TeMmepatypa s (a) MaccHBHOro obOpasma u (0) IUIEHKH
Cu,08e03 [75].

cocelsiMU, €ClU MOJIOXHUTh N = 1), XapakTepHyO s
TeJINKOUAAIBHON CTPYKTYPBI; TIOCICTHUNA — BIIUSTHUE BHEIII-
HEro MarHuTHOTro moJjsl. I1pu BeIuvynHEe BHEIIHETO MAarHUT-
HOTO TOoJsl Hey, MpeBBIIAIONIEH KPUTHUECKOE 3HAYCHHE
H.=(Dy—2D,— D.)/(6Jgug), TeTUKOUA TEPEXOAUT B

koHuveckyro ¢asy. B (17) u B mociegHeM BbIpa)keHUU
BHEIIIHEE MAarHUTHOE TOJI€ SIBJISIETCSl HAIPABJIECHHBIM BIOJIb
OCH ¢3 ¥ COBIAAAET C OPHEHTAINEel BOJIHOBOTO BEKTOPA.

B MaccuBHBIX 00pa3nax CKUPMHUOHBI CYIIECTBYIOT B
HeOoJIbIION obJiacTh moJjie m Temnepatyp. B padore [88]
MOKA3aHO, YTO JIETKOIIOCKOCTHAS OJHOOCHAS] AHU30TPOIIHS
CYIIECTBEHHO pacIIUpsieT OOJIaCThb CYIIECTBOBAHUS CKUD-
MHOHOB. B uyacTHOCTH, BIMSIHHE YKa3aHHOW aHU3O0TPOIHHU
Habmronmaercs B Iwi€HKax. Ha pucynke 21 npuBenena dazoBas
nmarpaMMa B KOOpPAMHATAX MPHJIOKEHHOE MAarHUTHOE
moJie — TeMIepaTypa JiJIsi MACCUBHOTO U IJIEHOYHOTO (eppu-
MarHuTHOro Marautodjiektpuka Cu,OSeOs; [75]. Maruaut-
Hast crpykrypa Cu,OSeO; mpusenena B [75], T¢c = 60 K.
MarHuTHBI TEPHOJ] MOMIYJISIIAN TEIUKOUAA COCTABISIET
63 M [88], 4TO MHOro O0OJbIlC TMOCTOSHHOW PpEIIETKU
(0,89 um). Ckupmuonsl B Cu,OSeOs3 HeraBHO ObLITH OOHAPY-
’KEHBbI METOJIaMH JIOPEHLIEBCKOI MUKpocKonuu [75] u Majo-
yrJoBOro paccessausi HeiTponos [90, 91]. B mmuanekTpukax
yIIPaBJICHUE CKUPMHUOHAMHU MOXET OKAa3aThCSl BO3MOXKHBIM
HE C IOMOIIBIO TOKOB, KaK B METAJIJIaX U MOJYMPOBOTHIKAX,
a MOCPEJICTBOM 3JICKTPHUECKHX TOJIeH, YTO He OyJIeT COmpo-
BOX/IAaThCsl OMUYECKIMU MOTEPSIMU. Takast BOSMOXHOCTb, B
YaCTHOCTH, MPOJAEMOHCTpUpoBaHa B paborax [91, 92]. Ha
pucyHke 22a nokasaHo [90], kak U3MeHseTcs yroj NoBopoTa
PEeIIETKN CKHPMHUOHA MO AEHCTBUEM IPUIIOKEHHBIX K KPH-
CTaJITy CTATHYECKHX JIEKTPUIECKOTO0 M MATHUTHOTO TIOJIEH C
pa3HON MOJAPHOCTBIO. OTMETHM, YTO KX/l CKHPMHOH
00J1a1a€T AJIEKTPUUYECKUM JUIIOJIBHBIM MOMEHTOM [89].

B mociennee BpeMsi HCCIEIOBAIMCh TAaKXKe AMHAMUYE-
ckne coiictBa kpuctaura Cu,OSeO;, kKak TeOpEeTUUECKH
[93—-95], Tak m skcnepuMeHTanbHO [95, 96]. MaruutHO-
3JIEKTPUUECKHA pe3oHaHC B MyJbTu(depponke Cu,0SeOs
BKJIFOYAET B ceOsl OCIMILIAIMM HEe TOJBKO BEKTOPA MArHUT-
HOTO, HO U BEKTOpa JJIEKTPHYECKOTO MOMEHTA, KOTOphIE
OyayT B3aMMOJEHCTBOBATDH C COOTBETCTBYIOLLMMU MOJISIMU.
J7st OTCNe)XUBAHUS BIIMSIHUS TIEPEMEHHBIX MOJIEH HA OTKIIIK
ckupmuonoB B Cu,OSeO; BHawajie pemajach 3ajadya Ha
OCHOBE T'eif3eHOeproBCKOro raMIJIbTOHHAHA, aHAJIOTUYHOTO
(16) [93]. Ctpounack pemérka CKUpMHOHOB, YUUTHIBAIOIIIAS
JIOKaJIbHOE pacHpejefieHde CIOMHOB. 3aTeM sl yuéTa
BO3JIEHCTBUI JTMHAMHUYECKUAX MEPEMEHHBIX YMCIEHHO pela-

® +16MTu || [110]
& —16MTa || [110]

E | [111]
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Puc. 22. (a) Bpamenne pemérku ckupmuoHoB (7' = 57 K) crarudeckum snexrpudecknM mosieM (E || [111]) B kpucramaax Cu,OSeO; [91] mis aByx
3HAYECHUI TOCTOSIHHOTO MArHUTHOTO TOJIsl, HampaBjieHHOro BAoJib [110]. CxemaTuyeckoe u3obpakeHue cKUpMHOHOB B kpuctauie Cu,OSeO; B
COCTOSIHUU PE30HAHCa B PE3yJIbTaTe BO3JEHCTBUS MEPEMEHHOIO MarHuTHOro mnouist [94]: Bpaiienue (0) MpOTHB 4acOBOM CTpeJIKH, (B) MO 4acOBOM
crpenke; (1) "npnmamas” moaa.
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Jiock ypaBHenue Jlannay — JIugumna — 'unbepra [92, 93]
dm,‘
de ’

dm = —m; X Het %6 m; X

dr ! m
I m; — KJIACCHIECKHIA CITAHOBBIA MOMEHT, TIPUXOISIIIIACS
Ha TETPAdIp IJIEMEHTAPHON sMeKd KpucTamia, m = |my,
impoOeraeT 1o BceM TeTpasapaM; 3pHEeKTUBHOE MOJIE BbIYKC-
JSTOCH W3 raMuibToruana H= H, +I:I’(t), Hfff: —aﬂ/am,-,
H' (f) — 3agaBaeMoe BO3MYILICHHE; G — KOHCTAHTA 3aTyXa-
s, TIpH IPUJTOKEHUH TIepeMeHHOro moist H' (1) Bhramciis-
JINCh MATHUTHBIA M JJIEKTPUYCCKUNT MOMEHTBI MpHU yUETe
N x N = 288 x 288 mo3uumii monos Cu’".

Bosmoxubie TubI cCKUpMUOHOB B Cu,OSeOs3 nipu pe3o-
HaHCHOM cBepXxBbicokouacToTHOM (CBY) Bo3meiicTBum cxe-
MaTH4Yecku u300pakeHbl Ha puc. 22 (6-r) [95]. Moasl ¢
BpalllcHUEM IMPOTUB YacoBO#l crpesiku (puc. 2206) u 10
4qacoBoil crpeinke (puc. 22B) HaOJIOJAIOTCS HA 4acToTe
~ 1 I'T'u npu noasx 250—400 D [95], a "mpunamas" mona
(puc. 22r), B KOTOpPOH CKUPMHOHBI TO COKPAILIAKOTCS, TO
YBEJIMYMBAIOTCS 10 pa3Mepy, HaOJfoIaeTcss Ha 4YacToTe
1,5 I'Tu. Kak Bumao w3 (17) (cM. Taxxke paszmen 2.6),
HanpasjieHde "3akpyTKu'" B CKHPMHOHAX OIpPEIeJIseTCs
3HaKOM B3aumMoJeicTBus J3snommuackoro — Mopuu.

B [94, 95] oOHapyxeHO, YTO PEe30HAHCHOE B3aUMO/ICH-
CTBUE MEX/Y J3JIEKTPUYECKOW M MATHUTHON CHCTEMaMH B
Cu,OSeO; mpuBOIUT K GOJIBIIOMY JAUOAHOMY 3dexty —
MOTJIOIICHHIO 3JICKTPOMATHUTHOM BOJTHBI B 3ABUCIMOCTH OT
HampaBjeHus: BekTopa Kk, e€ xapakTepusyromero. DTOT
abdexT (~ 20 %), KOTOPBIA BO3HUKAET B PE3yJbTATEe BO3-
Oyxaenns "nBuxkeHus" CKUPMUOHOB, MOXET OBITh MCIIOJIb-
30BaH B npmwioxeHusx kak quon CBU-uzmyuenus. Vciosus,
IpH KOTOPBIX MOTYT HAOJIONATBHCS TakKUe PEe30HAHCHBIC
seitennsi B Cu,OSeOs, naust B [95]: k||P x M, B uacTHOCTH
P|([001], H||[110]||M, k®||[110]. 3necs P u M — nocTOsIHHBIE
YaCTU IJIEKTPUYECKOTO0 M MATHUTHOTO BEKTOPOB COOTBET-
CTBEHHO.

Kak BumHO U3 0630pa (pa30BbIX AHarpaMm (CM., HalpH-
mep, [75, 81]) u pe3ysnbraToB pacuéToB (B yacTHOCTH, [87, 93,
94]), ycioBUEM BO3HMKHOBEHMS! CKUPMUOHOB B MAarHUTHBIX
KpHcTaUIMYeckux cTpykTypax tuna MnSi, Cu,0SeO; sBis-
€TCSl CYIIECTBOBAHME T€JIMKOMIAIBLHON CTPYKTYPHI NIPH Ha-
JINYAY ONPEeIEHHBIX MATHUTHBIX TOJIEH W TeMIepaTyp.
VICTOYHUKOM TeJIMKOUTAIBHON CTPYKTYPHI CIYXHT KOH-
KypeHIUsT MeXAy B3auMOAEHCTBHEM JI3SUIOIIMHCKOTO —
Mopuu 1 U30TPONHEIM 00MeHOM. Hannvue Jerkomiockoct-
HOW OJHOOCHON aHM3OTPOINUU B TOHKHX IUIEHKAX CyIIe-
CTBEHHO pacIIUpseT 00JaCTh CYHIECTBOBAHUS CKUPMHOHOB
[75, 88].

5. 3akarouenue

Takum o6pasom, B ciaydae "TpaauuMOHHLIX" OO0BLEKTOB
[IPEJICTABJICHHbBIE B HACTOSIIEM 0030pe Pe3yJIbTATHI CBUIE-
TEJILCTBYIOT O PELIEHUH TPOOIIEMBI HE3ABUCHMOI'O aJIeKBAT-
HOTO KOJINYECTBEHHOTO OIUCAHMS U TPEICKa3aHUs MATHUT-
HOW AHM30TPOINHUU MATHUTOKOHIIEHTPUPOBAHHBIX KPUCTAI-
JIOB C MOHAMHU B S-cocTosiHMM. PerieHue 3T10oil mpoOJieMbl
OTKPBIBAET HOBBIE BO3MOKHOCTH OCO3HAHHOTO MOJIEIHUPO-
BAHUS MEPCHIEKTUBHBIX MATEPHAJIOB HA OCHOBE W3BECTHBIX
MAaTEPUAJIOB TPU HAJMYUM U30CTPYKTYPHBIX KPUCTAJUIOB,
GJIM3KHMX IO MapaMeTPaM PEHIETKH K UCXOJHBIM MATHUTO-
KOHIIEHTPUPOBAHHBIM BerecTBaM. OCHOBAHHUEM JUJISL BbI-
6opa IMyTH UCCIIETOBAHUNA C HUCHOJIb30BAHUEM THAMATHHT-
HBIX AHAJIOTOB SIBUJIOCH CTPEMJIEHHE H30eXKaTh HEOOXOIUMO-

CTH MPUMEHEHUSI B KCIIEPUMEHTAX HA MATHUTOKOHIICHTPH-
POBAHHBIX KPUCTAJJIAX HE BCEr1a JOCTYMHBIX 9KCTPEMAJIbHO
OOJIBIIINX BHEIIHUX MAarHUTHBIX noJiei (150—250 kD) [8, 57].

H3mepeHnss MATHUTHOW aHU3OTPOIUHU B 00JIACTH CyIIe-
CTBOBAHUS CIIAHOBOM NMUKJIOWIBI (B MAJIBIX U CPEJTHUX MOJISIX
[8]) B BiFeOs; oka3piBaroTcsi HEBO3MOXHBIMU. OaHAKO
OIIEHKA aHM30TPONUHU MOXET OBITh MPOBEACHA C MOMOLIBIO
coctaBoB BiAl;_Fe, O3 c HeO0IbIIINM COACpKAHUEM Kee3a
(nnis HabromeHms crieKTpoB DITP o TMHOYHBIX HOHOB U TIA).

O4eBUIHO, YTO CKUPMHUOHBI UCCIICIOBAHBI 3HAYUTEIIHHO
crnabee, yeM "TpagunuonHbie" CTPyKTYyphl. TeM He MeHee
MMeEETCsl BIIOJIHE JOCTATOYHO MaTepuaja, Ha OCHOBE KOTO-
pOTO MOXHO OTMETHUTHh (yHAAMEHTAJbHOCTh AHU3O0TPOII-
HBIX B3aUMOJCHCTBUM, OMPEIENSIONINX B PACCMOTPEHHBIX
Cllydasix MarHUTHbBIE HAHOCTPYKTYPBI U CTPYKTYPHI ""Tpaiu-
UOHHBIX" COeTMHEHUIA.

Bosnararores onpenesiéHHbIe HAJAEKAbl HA IPUMEHEHUE
CKUPMHUOHOB B MpakTuke. B 4acTHOCTH, BO3MOXHOCTH HUC-
MOJIb30BaHUsI CKUPMHUOHOB Kak HocUTesedl mHpopmanmu u
cpenctB e€ 0O0pabOTKM B MATHHUTHBIX 3aIIOMHHAFOIIUX
YCTPOUCTBAX paccCMOTpEHBI B 0630pe [97]. OmHako ts -
POKOTO HPHUMEHEHUSI CKUPMUOHOB TPeOYIOTCS [IOIOJIHU-
TeJIbHbIE TEOPETHUYECKUE M IKCIIEpUMEHTAJIbHBIE UCCIIeI0BA-
HUSI, B YaCTHOCTHU pa3paboTka myTteir 3((HeKTUBHOTO yrmpa-
BJICHAST UMH M TIOMCK HOBBIX MATEpPHAJIOB C BBICOKIMH
Temriepatypamu Kropu.

ABtopsl 6saronapust JI.M. Pyaenko, T.B. Cnupunoii u
H.B. BepereHHukoBoii 3a momoliib B opopmiieHuu o030pa.
PaGoTa BhInoJsiHeHA npu (PUHAHCOBOU MOJIJIEPIKKE TPAHTAMU
HII-1044.2012.2 u PO®U (13-02-00358), a Taxxe [Ipe3n-
IEHTCKOH MPpOTpaMMOI MOMJIEPKKH BEIYIINX HAYYHBIX
mkoJt (rpant HII-2886.2014.2).
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Anisotropy mechanisms in S-ion compounds are discussed, in particular the "single-ion" exchange mechanism which was developed
theoretically by Nikiforov and coworkers based on the two-ion model and which has only recently received detailed experimental study.
Results demonstrating the significant role of the "single-ion" source are presented. An independent generalized method for quantitatively
describing and predicting the anisotropy of magnetically ordered crystals is discussed, and its potential for the investigation of the BiFeO3
multiferroic in the region of the existence of a spin cycloid is examined. The anisotropic interactions responsible for the formation of
nanostructures in the form of spin vortices (skyrmions) in MnSi and Cu,0SeO; are analyzed.
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