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MeTtonom sipepHOro pesoHaHcHoro pacceanusa Bnepen (NFS) cunxporponnoro usmyuenus ot sagep Fe-57

[IPY KOMHATHOM TeMIepaType M3y4deHO BIMAHWE ycIOBUi 3xcnepumenta Ha ¢opmy NFS cnexTpoB ot kpuc-

tamioB MarueauoBioctuta (Mgo.75Feg.25)O npn Beicokux maBnenusax no 100 I'lla B kamepax ¢ anMasHbIMM Ha-

KOBalbHAMMH. I/ICCJIe,E[OBaHO IIoBeJjeHe CUCTEMBLI IIPpU 3JeKTPOHHOM Ilepexone MoHa F62+ U3 BBICOKOCITMHOBOI'O

B HU3KOCIMHOBOE COCTOfAIHWe (CIMHOBBLIM KpoccoBep) B paiione 62 'lla B 3aBHCMMOCTH OT TONIMUHLI 06pasua,

CTeNneHN HETMAPOCTATUYHOCTH, YCIOBUil GOKYCHMPOBKY M KOIIMMAIM CHHXPOTPOHHOIO Iy4YKa. YCTaHOBIEHO,

YTO IPH allllPOKCHMAaNuvy 3KCIIepUMEHTAalbHbIX CIIEKTPOB NFS pacyeTHBIMH OYE€Hb Ba:*KHYIO DOJb UIrpaeT ydeT

AMHaMUYecKUX GUeHmit, CBA3aHHBIX ¢ TonmuHOM oGpa3ua. IlokazaHo, UTO B HeMCTBUTEILHOCTH 3JIE€KTPOHHBIH

Iepexof NPOMCXOAUT B 3HAYNTENLHO Golee y3koM uHTepBaine pasneHnii (+6 I'lla), a He pacTAHYT Ha GOIBLIIYIO

OﬁﬂaCTb, KaK 3T0 omub04YHO cileqyeT U3 3KCIIEPUMEHTOB C TOJICTBIMHU 06pa3uaMH B CHJIBHO HEr'MaApoCTaTU4YEeCKUX

YCIOBHUAX.

PACS: 61.50.Ks, 75.50.—y, 76.80.+y

CneKTphI AEPHOT0 Pe30HAHCHOI'O pPacCefiHuA BIEDPE]
(nuclear forward scattering — NFS) cHHXPOTPOHHOTO 13-
ayuenus (CH) ot anep Fe-57 B kpucrannax oGycioBneHs
pacnagoM Bo3GyIE€HHBIX COCTOAHUN filep B OCHOBHOE
COCTOfIHME U MPEJACTABIAIT cO60i 3aBUCHMOCTb WHTEH-
CHUBHOCTH PACCEAIHHOTO <y-U3MydYeHUr OT BPEMEHH, Mpo-
mezamero nocie umnyiasca CH [1]. Ceituac ux npunATO
Ha3kIBaTh “CHUHXPOTPOHHBLIMU UM BPEMEHHLIMU MecchHa-
YIPOBCKMMHM clieKTpamMu”’. 3aTyXxaloluil pacrnag faxep-
HOro Bo30Gy#JeHNA MOAYJINPOBaH BO BPEeMEHM KBaHTO-
BRIMU U JUHAMUUYECKUMU OGUEHUAMU, KOTOPhIE ompeje-
ns10T ¢opmy cnektpoB NFS. KBantoBble GueHua MoryT
MMEeTh MarHUTHYIO U 3JEeKTPUUYECKYIO MPUPOLY U 0Gy-
CIIOBIIEHBI UHTep(dEpPEeHIUEN MeH Y SHEPTUAMMU AJEPHBIX
[0JyPOBHE!, PACLUIENIEHHBIX MArHMTHBIM WIM/U BNEK-
TPUUYECKUM CBEPXTOHKUM B3aumojeiictBueM. Ilepuon
KBaHTOBBIX GMeHUil 06paTHO NPONOPIMOHANEH BelUUUuHE
CBEPXTOHKOrO paclleleHusl AEPHbIX MoaypoBHeil. Tu-
HaMuueckue GMeHUA CBA3aHbI C MHOTOKPATHALIM Mepeus-
JydyeHHeM BHepruu B “ToicToM” KpHCTalle M omnpeje-
nfI0TCA TonmuHoi ob6pasna. Ilogpo6Hoe onucaHue 3TUX
IIpPoLIeCCOB MOMHO HaiiTu B 063ope CmupHoBa [1].

1)J.F. Lin.
2)e-mail: lyubutin@ns.crys.ras.ru

RKaxk npaBuio, MarHuTHbIE U 3I€KTPUUYECKIE KBAaHTO-
Bble OHMeHUA XOpOLIO pa3iUyUMbl B 3KCIePUMEHTalbHOM
NFS cnekTpe, 1 U3 HUX MOHO NONYUYUTh UHGOOPMAIUIO
0 BellMUlMHe U HamnpaBleHUM MarHUTHOIO CBEPXTOHKOIO
nona Hys ma sagpe °"Fe u o BelnuMHe 3IeKTPUYECKO-
ro KBaJpymnonbHOro pacuwemienus QS [2-5]. Oanako Ha
npaKTHKe ¢popMa AMHaMuuyecKkux OueHuil u ¢popmMa KBaH-
TOBbIX OMeEHMil, CBA3AHHBIX C BIEKTPUYECKUM KBaApy-
NOJBHBIM B3aUMOJelCTBIEM, OKa3bIBalOTCA OYEHb [TOXO0-
JKUMU, U DTO MOKET NPUBECTU K Cepbe3HbIM omuOKaM
IpU aHanu3e SKCIEPUMEHTaNbHBIX PE3YNhTaTOB.

B nacrosameit paGoTe muanaraioTcA pe3ylnbTaThl TIa-
TenkHoro ananusa NFS cnekTpoB KpucTanioB Marie3uo-
Bioctuta (Mgg 75Fep 25)0, monydyeHHbIXx mpu Bo3geicT-
BUM Ha KpHUCTall BLICOKMX [aBleHUil B KaMepe C ai-
masueiMu HakoBanbHAMU (DAC). OGHapy:keHo, 4TO UH-
IyuupoBaHHbIN gaBieHueM B obnactu 62 'Ila snekTpoH-
HBI{ Nepexo] CBA3aH C M3MEHEHHWEM CIHHOBOI'O COCTOf-
Hus uonoB Fe?t, omnaro ero xapasTep CHIBLHO 3aBUCHUT
oT 3(p(PeKTUBHOI TONUIUHLI KpUCTAalla U CTENEeHN HerUa-
pPOCTaTUYHOCTH.

MeToauka skcmepuMeHTa. MarsHeano-BIOCTUT
(Mg,Fe)O umeer KyGuyecKyIO CTPYKTYPY KaMeHHOM co-
U U ABIAETCA OOJHUM U3 OCHOBHBIX MUHEDPAJIOB B COCTa-
Be HusHell MauTuu 3emuu [6]. IlosTomy msyuenue ero
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CBOWCTB NpU BO3[EHACTBUYN BHICOKUX JABIEHUI UMeeT He
TONBKO GONblIOE 3HAYEHUE C TOUYKM 3peHue dyHAaMeH-
TanbHON (U3NKM CUIBLHO KOPPEIMPOBAHHBIX 3IEKTPOH-
HBIX CHCTEM, HO UDPE3BBIYAMHO BajKHO AN reodU3MKU.
TMonukpucrannuueckue o6pasiibl MarHe3uoOBIOCTUTA CO-
craBa (Mgg.75Feg.25)O Oblin cuHTe3MpOBaHbl MO Kepa-
MMYECKO TEXHOIOTUU U COepsKalu aTOMBI ele3a, 060-
ramenusie uzoronom >’ Fe mo 96% [7]. Insa usmepennii
IpU BBICOKMX NaBleHUAX 00paslibl NpeJBapUTelLHO 06-
JIaBIMBalUCh B alMa3HOM KaMepe [0 MIacTUH pa3nudHoii
TONI[MHBI U TIOMeNanuch B paGouee OTBEPCTHE PEHUEBOI
rackeThl JuameTrpom okomno 60 Mm. Tonmuna niaacTul
BapbupoBanach oT 1 10 13 MKM, a UX UCXOHBIN pa3Mep B
maockocTH coctaBaan or 50 go 80 MrM. [luametp nATHa
nyuyka CU (u3mepsemblil Ha NONYBBICOTE pacHpefeleHus
HUHTEHCHBHOCTH) BapbupoBancsa ot 5 1o 10 Mem. B kout-
PONBHOI CEepUM 3KCIEPUMEHTOB MCNONL30BAICA KOIIHU-
MaTop auaMerpoM 20 MEM. JTO MO3BOJNUJIO, BO-EPBHIX,
perucTpupoBaTh CUTHAN OT LEHTpalbHON YacTu obpas-
Ia, rje rpaJueHT AaBIeHNA NPAKTUYECKH OTCYTCTBYET,
1, BO-BTOPbIX, OTCE€Ub U3Ny4YeHUe B “XBocTax”’ pacrpene-
neuus nyuxka CU, koTopoe MoeT 3aXBaThIBaTh 061aCTU
HErnpocTaTuyYHoCTU. Jlnf u3MepeHud AaBlIeHUA [0 Py-
6UHOBOII Kane B paGoyee OTBEpCTHE ATMAa3HOM KaMephl
noMelanuch Kycouku py6ruHa pa3MepoM oKolo 1-2 MEM.
TecTOBbI BKCOEPUMEHT C CAMbIM TOJCTHIM 06pa3loM
(13 MrM) npoBopuncsa Ge3 cpefwl, Nepefarolieil JaBie-
Hue, 1 Ge3 UCMoNb30BaHMA KONNMMAaTOpa, MO3TOMY He-
FUAPOCTATUYHOCThL B 3TOM ciiydae Gbllla MaKCHMMAalbHa.
B npyrux skcnepuMeHTax cpepoii, nepejarouieit napie-
uue, caymsun KCl. MamepeHnus pe3oHaHCHBIX CIEKTPOB
NFS or sanep °"Fe npu komHaTHO#i TeMmnepaType mHpo-
BOJUINCH HA CUHXPOTPOHHOM HCTOYHUKE B ApProHHCKOM
HauuoHanbHoi na6opatopun (CIIA) na nunuax 16-IDD
n 3-IDB [8]. Bonee nogpo6Ho TeXHMKa N3MepeHMUii OMU-
cana B [7].

IlapameTps! cpeas! npu pacuere curuaisa NFS
M mnapaMeTpbl CBEPXTOHKOro B3auMojeiicTBUA
Npy HOpPMAalbHOM JaBjleHHH. AHalN3 BKCIepUMeH-
tanbHbiXx NFS crnekTpoB nmpoBoauicA ¢ OOMOIIBIO NPO-
rpammel MOTIF, paspa6orannoi IIIBbigsko [9]. Ipesx-
Ie Bcero, HeoOXOAUMO pPaccyMTaTb (UM ONPENENUTH
SKCIEPUMEHTAILHO) Ba BaMHBIX [AapaMeTpa KPUCTAal-
na — K03 (PUIUEHTHI MOrJOLIEeHUA raMMa-KBaHTOB MU
B3aUMOJENCTBIM C DIEKTPOHAMH [ire (PEIEEBCKOE IO-
riomenne) u ¢ agpamu Fe-57 p..s (pesonancHoe morio-
menue). Bo Bxoguom daitne MOTIF-a (“motif.27.in”)
3TH MapaMeTphl UMEIOT COOTBETCTBYIOIUe HoMmepa: 64
DA fres M 65 118 prea [9].  uA 3HAYEHUA firel
C y4YeTOM B3DHepruM MeccOays>poOBCKOr0 mNepexojia i
agep 5"Fe E, = 14.4125k3B Mbl nonyuunu fpire =
= 0.0083961 MM 1.
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flnepHoe mornoueHue UMeeT Pe30HAHCHBIN XapaKkTep
U onuceiBaeTcA GhopMyoit

Mres = Ny - Ores, (1)

rle Ors = 2.5575 - 10718 cm? — ceuenue pesonancHoO-
r'o MorJoleHua Mecc6ayspoBCKUX raMMa-KBaHTOB, Ng —
KOHIIEHTpalua MeccbayspoBckux agep °'Fe B oGpasie.
Ina cayuyaa (Mgo.75Fep.25)O MbI ucnonn3oBanu napa-
MeTp 3JeMeHTapHOi fAdYeiikM u3 6a3bl gauHbix 1CSD
nnsa 6nuskoro mo cocraBy kpuctamaa (Mg 77Feq.23)0
(ap = 4.2450 A). llnsa N, nonyuaem

_ 4.0.23
T 76.50- 1024 cm

3necs 4 — uucno nosunuit nonos Mg(Fe) B snemenTap-
HOll sueiike, 76.5 - 1072 cm™3 — 06beM aneMeHTapHOI
Aueiiku. B pesynwrare us (2) u (3) mna agepHoro mo-
TJIONIEHUA UMEEM fires = 3.07568 MEM L.

IIpu kKomHaTHO#N TeMmepaType M HOPMalbHOM JaB-
nenuu uonbl menesa Fe?T B wpucramnne (Mgg 75Feq.25)0
HaXoAATCA B NMapaMarHUTHOM COCTOAHUM, U OOBIYHBIM
Mecc6ay3pOBCKUIl CIEKTP MOTJOIIEHNA COCTOUT U3 KBaj-
pynonsHoro ny6neta [10], 06yclIoBIeHHOr0 pacilenieHu-
eM Bo36yIeHHOro ypoBHA Anep ° Fe (cnun I = +3/2)
HEOJHOPOAHBIM KpPHUCTAIIUYECKUM TNoleM. BeluuuHbl
KBaApymnoabHoro pacuennenusa QS = 0.727 MM/c u uso-
mepHoro casura IS = 0.614 MM/c (OTHOCI/ITeJIbHO me-
TaIIMYECKOrO }elle3a) COracyIoTCA C BbICOKOCIMHOBBIM
cocTognuem nonos Fe?t,

Ilna ananusa cnektpoB NFS npu HopmansHOM naBie-
HUU yKas3aHHbIE NMapaMeTPhl CBEPXTOHKOI'O B3aUMOJeii-
cTBUfA GbLIM B3ATHL B KAYECTBE UCXOAHBIX (HY/IEBOE NPHU-
GnueHue) Bo BXogHOM (aitne “motif.27.in” nporpaMmer
MOTIF [9]. llanee myTeMm MOATOHKM PacyeTHOrO CIEKT-
pa NF'S k akcnepumMeHTansHOMY GbLIN MONYYEHBI APYTUE
napaMeTphbl 06pasIoB.

OnTumMusanua napameTpoB ofpasma M yclo-
BHUI1 sKcnepumenTa. Ha puc.l nokazana sBomonusa
pacueTHbix cnekTpoB NFS B 3aBucumoctu ot sdder-
TUBHON TonmuHel AndA obpasua (Mgg.75Feg 25)0. Uerko
BUJIHO, UTO 10 OTPEJENEHHOl TONIIMHEI opMa CleKTpa
(naGop GueHmit M MX BpeMeHHble WHTEPBa/bl) HE 3aBU-
CUT OT TONIWHBI o6pa3na. IJTo oGyCNOBIEHO TeM, UTO
JO TONIMHBI MEHBIIE KPUTUYECKON HE BO3HUKAIOT 3¢-
(eKTBI CaMOIOTJIOIEHUA y-U3IYUYeHUA U AMHAMUUeCKUe
6MeHUA OTCYTCTBYIOT. JTO cly4dail YMCThIX KBaHTOBBIX
6UeHUIt, KOTOpBIE Jerk0 06CYUTHIBAIOTCA U MHTEPIPETH-
pyiorca. Ilpu manbHeiimeM yBelWYeHHWU TONIMIMHBI 06-
pasua KapTUHa GueHuil TepAeT peryifApHOCTh, HApALY C
KBaHTOBBIMHU MNOABIAIOTCA U AWHaMU4YecKue OueHud, u
CHEKTP CUIbHO yclomHAeTcA. B BepxHeil yactu puc.l
NOKa3aHbl PACUYETHBIM U YKCOEPUMEHTANbHBIN COEKTPHI

No = =1.2026-10%cm™>.  (2)
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13.2 um Simulation Mg 75Fe( 250

T=295K
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Puc.1. dBonionua TeopeTUYEeCKUX pacyeTHBIX CIEKTPOB B
(Mgo.75Feq.25)O B 3aBHCHMOCTH OT TonmuHbI o6pasua (au-
HuM). CHMBOIBI — 3KCHEPUMEHT IPU HOPMAIbHBIX YCIOBU-
AX anA obpasna TormuHoi 13.2 MEM

anAa TonmuHel 13.2 MEM. U3 ux cpaBHeHHA BUIHO MpU-
CyTCTBUE CUIBHBIX AUHAMHUUYECKUX GUeHUil B 3TOM 06-
pasue. OgHaKo UX BIMAHUE TPYIHO YUYECTh NIPU pacyeTe
nmapaMeTpa KBaJpymolbHOTO paciienienus ().S, 4To Mo-
J{eT NPUBECTHU K Cephe3HbIM OIKMOKaM NpPH ero onpeje-
NEeHNU.

OT™MeTHM, YTO NpPU CUMYJANUM PaCYETHBIX CHEKT-
pOB, MOKa3aHHBIX Ha puc.l, mapamerp ()S Gbil Purcu-
pOBaH U paBeH YKCNEPUMEHTANLHO 0GHApY:MEHHOMY U3
MeccGayapOBCKON CHEKTPOCKonuu noriaoueHnsa QS =
= 0.727mm/c (Bo BxoaHOM dailne pMKCHpyeTCA Benu-
yuHa 2QS = 15 -I'g, rae 'y — ecTecTBeHHasa mUpUHA
Mecc6ay3poBCKOil TMHUM, KOTOpas 1A Anep °' Fe umeet
sHaueHue 'y = 0.097 mm/c).

Ilockonbry o6paser GblI MPUTOTOBIEH U3 MOPOLIKA,
npu pacuete no nporpamme MOTIF Briiouyanack mnpo-
HeAypa, YUUThIBalOIlasa pa3ynopAaouyeHie BEKTopa Ir'pa-
nventa snextpuveckoro nonsa (I'DII) no wanpaBnenuio u
YCpeIHEeHUIO [0 TPEM yTIiaM B IpocTpaHCTBe. B Bepx-
Helt yactu puc.l gaa NFS cnekTpa npu HopmalibHOM
JaBlIeHNHN TaKKe NpUBeJeHa OKOHYATENbHAA aNlpOKCH-
MalufA pacyeTHOTO CNEeKTpa K YKCIEPUMEHTANbHOMY B

NpejNoNoMKEeHNN HaTNYNA TOIbKO KBaJpPYyNOJbLHOI'0 pac-
mennenua u pasynopanouenua I'DIl mo nanpaBieHu-
AM. BuiHo, YTO XOpOIIO ONUCHIBAETCA MepBaf MOJNOBU-
Ha cnexTpa (mepBblii MUHMMYM), a 3aTeM HablioJaeT-
€A CyIIeCTBEHHOE pacXoeHue ¢ sKcnepuMeHToM. lpu
(UKCHpPOBaHHOM NapaMeTpe KBaJpyNONbLHOrO pacuienie-
HUfAl pacyeTHoe 3HaueHUe 3(P(PEeKTUBHONU TOMUIUHBLI 06-
pasiia olleHeHO paBHBIM ~ 13.2 MKM, uTO 6IU3KO K TOJ-
I[MHE, OTpeleeHHOH ONTUYECKUMU METOAAMU C YYETOM
nopuctocTu obpasna.

Ha puc.2 npuBesfeHa 3aBUCHMOCTL MNOJNOMEHUA BTO-
poro MUHMMyMa OT TONIUHBI oOpaslna B pacyeTHBIX
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Puc.2. 3aBucMMOCTL IONOEHHUA BTOPOr0 MUHHMMYMa B
pacueTHbIX cnekTpax NFS or Tonmuns! oGpa3ua aaa Mar-
HesuoBiocTuTa (Mgo.75Feq.25)0

cnextpax NFS nna marnesuosioctuta (Mgg.75Feq.25)0.
W3 atoro pucyHKa cliefyeT, 4TO [Jf TOro, YTO6bl OTCYT-
CTBOBalM AMHAMUYecKue GueHus, ToluuHa obpasia He
JomkHa npeBbimiaTh 3—4MEM. K comanenuio, B 3TOM
ciyyae BpeMf HAKOMIeHUdA skcrnepuMenTaibHoro NFS
CIEKTpa NP COXPAHEHUHU ero KauecTBa AOIKHO yBelU-
YUThCA NPUMeEpHO B 3—4 pasa.

W3 puc.l BUAHO, YTO BasHBIM NApaMETPOM TaKMKe
fIBIfAeTCA BpeMeHHo# unTepBan uamepeuusa NFS cnext-
pa, KOTOpHBIl ompegenfseTcA BPEMEHHBIM PpacCTOAHUEM
mem gy Gnusmaiimumvu umnynscamu CU (6anuamu). Ipu
unTepsane ~ 140 Hc, KOTOPKI UCMONL30BANCA B JaHHBIX
SKCIEePUMEHTaX U KOTOPBIN peanbHO AOCTYNEH Ha CHH-
xporponax tperbero noronenus (APS-Aproun, CIITA;
ESRF-I'peno6as, ®panuusa; Spring-8, flnonus), B pe-
#IMe KBaHTOBbIX Guenuii (puc.l) AnsA JaHHON BEeIMYNHBI
QS = 0.727 MM/c He [0 KOHIIa IPONUCHIBAETCH Jae Ofi-
HO monHoe Guenve (Zo BToporo MunuMmyma). Ecau yBe-
JAMYKUTH HTOT BPEMEHHOM Auana3oH XoTHA Gkl B JBa pasa,
TO BpeMf HaAKOILIEHWA CHEeKTpa yBeNUUUTCA elle B ABa
pasa.
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13 pm (2)

Counts (arb. units)
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Puc.3. dpoxtonusa skcnepumentanbubix NFS cnektpos ¢ pocrom paBienud B (Mgo.7sFeg.25)O maa Tpex tonxmun o6pasua 13,
5 1 1 MKM (CHMBOIBI) U pacueTHbIe CHEKTPHI (CIIOMHbIE JUHUH)

OgHako HaMHM YCTaHOBJIEHO, YTO NPU NPaBUILHOM
MTaHUPOBAHUU SKCNIEPUMEHTA, KOTla TUHAMUYECKIe OU-
€HUA HeCcyUIeCTBEHHBI, Jajie BO BPEMEHHOM WHTepBale
140 uc BenuuuHy (S MOMHO ONpefeNnuTb AOCTATOYHO
HaJeKHO Jame MPU HATUYUU TOMHKO OJHOTO MUHUMY-
Mma B cnekTpe NFS B pemumMe KBaHTOBbIX GHEHUIA.

3aBHCHMOCTL NapaMeTpa KBaJpyNoJbHOr0
pacmemienua B (Mgo 75Feg25)O ot naBaenun
¢ ydYeTOM JaUHaMHU4YeCcKHUX OueHMII. B name-
pe BBICOKOTO J[aBleHWA TreoMeTpuYecKasd TOINI[UHA
HNONUKPUCTANINYecKoro ofpasna YMEHBIIAeTCA IOoJ
Bo3felicTBueM paBnenusa. OgHaKko OpU 3TOM COOT-
BETCTBEHHO YBEIUYUBaETCA MIIOTHOCThL o6pasna, u
apderTUBHAA “MeccOGayspoBcKaA” TONIMHA OCTaeTCA
npumepHo nocroanHoi. IloaTomy npu aHanuse cnekT-
poB NF'S o6pasuos (Mgg.75Feg.25)O Mb1 Gygem cuutarts,
YTO U3MeHeHue uX (HOPMbI NOA BO3AEUCTBHUEM BBICOKOIO
OaBIeHUA He CBA3aHO C KM3MEHEHHWEM TOJLIMHBI, a
o0ycloBlieHo riaBHbIM o6pa3om usMeHenuem QS. Ha
puc.3 npusegena sBomouua NFS cnekTpoB mna tpex
o6pasuoB (Mgg.75Feg.25)O Tommuuoii 13, 5 u 1 MEM oT
IaBIeHUA U UX TeOpeTUYecKasd anmnpoKcuManuf MpH
yKasaHHbIX pgonymeHuax. W3 puc.3a BuAHO, UYTO B
cryyae obpasna TOMMUHONU 13 MKM pacyeTHbIe CIIEKTPBI
OUeHb MJIOXO OMHUCHIBAIOT SKCIEPUMEHT, HECMOTPA
Ha yyeT AuHaMuyeckux Ouenwii. EguHcTBeHHO, uYTO
60llee-MeHee JOCTOBEPHO OMKUCHLIBAETCA, STO MEPBbIi MU-
HUMYM, 10 KOTOPOMY ¥ MOHO (JOpPMalbHO BBIYMCIUTh
sHaueHune ()S. [lna obpasnoB TommuuHoit 5 U 1MEM
TeopeTuyecKas anmnpoKCUMallufi OKAa3bIBAeTCA BIONHE
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yaoBiaerBopuTelnbHOR (cM. puc.3b u 3¢) u nonydyeHHble
3HaveHUdA ()S MOMKHO CUMTATh HAJEHHBIMU.
3aBucuMOCTh (.S 0T naBieHuA N 06pa3loB pa3HOi
TOJNIIYHBI, MONyYEeHHad B pe3ylbTaTe yKasaHHOU mpo-
HeAypbl annpoKcuManuy, npuBeneHa Ha puc.4. Bumho,
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Puc.4. 3aBucMMOCTh BeIMYUH KBaApPYyIOJLHOIO paciiersie-
Hua QS B (Mgo.7sFe.25)O or naBiaeHws, paccymTaHHBIX
U3 BKCIEPUMEHTOB ¢ 06pa3iaMy pasHOi TOJIIMHEI

4yTOo ¢ pocToM aaBieHusa B obnactu 60I'Ila mpoucxoaut
yMeHbIlIeHHe BeluuyuHbl QS [0 Hyqf, 4TO, OYEBUIHO,
CBfI3aHO C NEPECTPOHKOI ANEKTPOHHOM CTPYKTYPBI U TIe-
pexoJioM MOoHOB ene3a Fe?T U3 BbICOKOCIMHOBOrO (HS)
B HuskocnuuoBoe (LS) cocrosume. OpHaro gua “ton-
cTtoro” of6pasna NMpUMeNINBaHNE JUHAMUYECKUX GUeHU
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K KBaHTOBBIM NPHUBOAUT K GonbInoil omubGke B onpepe-
JIeHUN CBepXTOHKHUX napameTpoB. Kak ciencTsue aToro,
HabniofaeMblil IMana3oH 3JI€KTPOHHOrO Nepexoja pac-
tAruBaerca Ha 30-50TIla (cm. puc.d u 5b). Kawr mo-
KasbIBaIOT U3MepeHHsA Ha TOHKUX ofpasunax, pealbHoe
pa3MbITHE 3TOro Iepexoja fBIAETCA HAMHOI'O0 MeHblle
U cocTaBlAeT BelnuuHy He Goiee ~ 10T'Ia (puc.5a).
JTo fABNAETCA NPUHLUNHMAILHBIM Pe3yJbTaTOM JaHHBIX
HcciaeIoBaHU.
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Puc.5. Bauanue tonmuus u 3¢gderTnBHoro auamerpa (d)
obpasua Ha HabmiomaeMoe ylIMpeHUue 3IEeKTPOHHOro mepe-
xona B (Mgo.75Feq.25)O: (a) 3aBucMMOCTE cofjepraHus Bbl-
coxocnuHoBo# (HS) ¢aser nona Fe?t mqua obpasna ToIamu-
Hoit 1 MEM ¢ adderTuBHBIM auaMeTpoM 20 MKM (HMCHOIB-
soBaica komaumarop 20 mem); (b) Ta ke 3aBUCHMOCTB JiIfA
obpasna ToamuHoi 5MKM npu 3¢deKTUBHOM JUaMeTpe
60 mrM. B o6oux cryuafax B KauecTBe cpeJibl, lepenaromeii
naBnenue, ucnonb3osaincAa KCl. IITpuxoBan nuHudA — 3aBU-
cuMocThb u3 paGotsl [15], B KoTopoii Beck paboumii 06bem
IJIOTHO 3amnoJHANCA o6pa3noM M He ObLIO MATKOH cpejsbl,
nepejalouieil JaBieHue

Ha puc.5 npuBezneHa 3aBUCMMOCTH copep:anusa HS-
(a3bl OT faBlIeHVA, ONPEIEIEHHOr0 U3 TPeX SKCIepUMeH-
TOB, BBIMOMHEHHBIX NP Pa3NMYHOM CTENEeHU HETUAPO-
CTaTUYHOCTHU U TONMI[MHBI 06pa3na. Buawo, uTo ¢ yBenu-
YeHMeM HeruApoCTaTUYHOCTHU U TOMMIMHBI o6pa3ia Ha-
6nio1aeMas HIMpUHA Mepexoia CyIecTBEHHO BO3pacTa-

er. Takum 06pazoM, MOMHO 3aKIIOUNTh, YTO AJA NONY-
YeHMA JOCTOBepHbIX pe3ynnTaTtoB B NFS skcnepumente
IpY BbICOKOM JaBlI€HUU B alIMa3HbIX HaKOBalbHAX HE00-
xoxuMo: 1) ucnonb30BaTh MACKYIO CPENY, MEpealolyio
JaBleHNe, ANA YMEHbIIEHUA rpaJUeHTa AaBleHuA Ha 06-
pasue; 2) ucnonn30BaTh “ToHKMI” o6pasen A1A nojaBie-
HuA quHaMudeckux 6uenuit B NFS cnekTpe u ymenbure-
HUA HEKOHTPOINPYEMOr'o aKCHAlLHOrO rpagueHTa JaB-
neHvs; 3) KONIMMHUPOBATh CHHXPOTPOHHBIA MYYOK A
YMEeHbIIEHUA Mapa3uTHOro CMrHala oT “XBOCTOB” myd4-
ra CH.

O6cysaeHue pesyiabTaToB. Ilapamerp KBaapy-
nonbHOro pacuenieHus QS o6ycnoBneH B3auMoneicT-
BHeM rpafueHTa aneKkTpudeckoro noaa E, ¢ = grad(E),
C KBaJIpyNONLHbIM MOMeHTOM fapa (). TamMunnToHUaH
CBEPXTOHKOI'0 B3aMMOJAEHCTBUA UMEET BUJ

_ eq@ 2 N/ r2 2

H= T@I-1) [BI7 - I(I+1)] + E(Lr —-I?). (3)
3meck e — 3apAl 3MeKTpoHa, I — omepaTop cOuHa AX-
pa, I. = I, £il,, v n — napameTp acKMMMeTpHH,
N = (Vee — Vyy)/Vzz, the [Vio| 2 [Vao| > [Viyl;
Vee = 02V/02%22; Vy, = 8%V/0%y% V,, = 82V/8%2%;
V — notennman snektpuveckoro mond. CoGcTBeHHBIE
3HaYeHUA omepaTopa sHepruu QS:

_eq@Q
C4I(2I-1)
B ofmem cnyuyae rpagueHT 3JI€KTPUYECKOTO TOJA
(T3II) ¢ B MecTe pacnonoenus aapa °'Fe cocTOMT
U3 CYMMBI [JBYX OCHOBHBIX BRJIAJOB — pelIETOYHOr0
Giat (OT KPHCTANIMYECKOTO IOJA OKPY’HAIOLNX MOHOB-
JUTaH[OB) U 3IEKTPOHHOIO g (0T HectepuyecKkoro pac-
npenelneHus 3apfAga cOGCTBEHHON 3NEKTPOHHON 060104Y-

Eo [3m2 — I(I +1)] (1 n g)l/z . @)

KU uoHa skenesa) [11]. lna yucTo KyGuyecKoi CMMMeET-
pun giar = 0.

W3 Hamero skcnepUMeHTa yCTaHOBJEHO, YTO B Mar-
neauoBioctute coctaBa (Mg 7sFeg.25)O npu Hopmans-
HOM naBieHuu uonbl Fe?T naxopsATca B mapamMarHUTHOM
BBICOKOCIUHOBOM (S = 2) COCTOAHWMHU, 3aHMMAIOT OJUH
THUN NO3WLUI B KPUCTANINYECKON pelleTKe, 1 3HaYeHUE
QS paBHO ~ 0.7 MM/c. Ecan yyecTs, 4T0 B KyGHuecKoM
(Mgo.75Feg.25) O pemerounsiit BRIan gy B Q.S paBen Hy-
710, TO clefyeT 3aKIIOYNTh, YTO HabIiogaeMoe KBaapy-
NOJIbHOE pacllelVIeHye CBA3aHO € 3JeKTPOHHBIM BKJIaZ0M
Qel -

IIpuunna 3TOrO COCTOMUT B clenylomeM. B maruesuo-
Bioctute (Fe,Mg)O uoHb! 1By XBaneHTHoro #enesa Fe?t
¢ KoHurypanueii 3d® 3aHMMAIOT MO3UIMU B UCKAMEH-
HBIX KUCJIOPOJHBIX OKTa’jgpax. B kyOuueckoM Kpucrai-
muueckoM noie O, Tepm 3d® paciiennaeTcs Ha BepXHUiA
op6utanbHeli ay6iaer °E u HumHUA op6UTANIbHBIH TPU-
nner T, KOTOpble pasjeneHbl SHEPreTUYecKOol Menbio

Mucema B AKAT® Tom 84 Brim.3-4 2006



OnTumMu3zanua yciaoBHH CHHXPOTPOHHOIO MeccOay3pOBCKOIr0 SKCIEPHMEHTA . . . 195

10Dgq. Bo3aMoMHBIMU 3NE€KTPOHHBIMU COCTOAHUAMU fB-
NAIOTCA BbIcOKOCTUHOBoE °T) (tggeg) U HU3KOCIUHOBOE
4, (t54€?) cunraetnsie cocTosuus. B uneannuom ky6u-
yecKoM okpy#enun °E (ay6mer) u T, (Tpumier) Bbl-
pofieHbl. B BBLICOKOCTUHOBOM COCTOAIHUHI (t‘égeé) IBa
SIEKTPOHA 3acelfAIOT JBe Op6UTall Ha BepXHEM eg IIO-
IypOBHE U YeThIPE 3NEKTPOHA PABHOMEPHO pacmpefels-
IOTCA Ha TpeX opGUTalAX HUKHETrO tag MoaypoBHA. Ilpn
3TOM 06a BRJIAMA (ot U el AOIMHBI GHITH PABHBI HYIIO
¥ KBaJpymnoabHOe pacwemieHue orcyrerByer [12]. Oz-
HaKo OpPGUTANBLHO BhIPOHJEHHbIE COCTOAHUA HE CTAOUIh-
HbI, ¥ U3-3a AIH-TEIEPOBCKUX UCKAMEHU KUCIOPOAHbIE
OKTAa3/Ipbl MOTYT GRITH cllerka 1o cHaThl, 16O pacTA-
HYThI, YTO NPUBOJUT K CHATHUIO BHIPOHJEHUA HTUX TO-
myposueii [11,13]. Toraa BepxHuii e; NoAypOBEHb pac-
mennsAercA Ha aBe opoutanu |z — y?) u |2?), a Humuumit
tag — Ha Tpu opbutanu |zy), |zz) u |yz). HepaBHOMEp-
Hafg 3acelleHHOCTh YETHIPbMA MEKTPOHAMM TpeX opOu-
Taneil Ha tyg MOJYPOBHE U NPUBOAUT K 3HAUMTEILHOMY
rpajleHTy SMeKTPUYECKOro MOIA go. JTO U Habmoaa-
eTcA B BKCNEPUMEHTE AJf BbICOKOCIMHOBOIO COCTOAHUA

(Mgo.75Feq.25)O0.

Ilepexoas: Mexay HS u LS cocToAHMAMYU BO3MOKHBI,
KOr/la HEPr¥A paciierieHNa Moy POBHel B KpUCTaLIN-
YECKOM M0Jie CTAHeT CPaBHUMOM C XY H/JIOBCKOI sHeprueii
BHYTPHaTOMHOr0 0GMEHHOI'0 B3alMOJeUCTBUA.

Rar crnepyer u3 ananusa cnektpoB NFS, ¢ poctom
naBnenud B obnactu Hume 62I'Tla kBagpymonnHoe pac-
IenieHle B MarHe3UOBIOCTUTE yBeluyuBaeTcd oT ~ 0.7
o ~ 1.0MM/c, 4TO, MO-BUAUMOMY, CBAI3@HO C POCTOM
WCKaMEeHU KPUCTAIINYECKON PEIIeTKY U YBeludeHrueM
I'31I Ha Axpe MOHOB 3KeNe3a 3a CYET PEMIETOYHOr0 BKIaa
G1at- Kakr moKaspIBalOT M3MepeHUA Ha “TOHKUX” obpas-
nax (cM. puc.3b u ¢), npu gaBnenuu Boiue 62 I'lla kBan-
TOBble GUEHMA MOMHOCThIO NPONANalOT, YKa3biBaf, YTO
3HaueHue (.S oGpaliaeTca B Hyllb. JTO MOMKET GbITh CBA-
3aHO TONBKO C PE3KUM U3MEHEHHEM 3J1eKTPOHHOMN CIUHO-
BOif CTPYKTYpbI ¥ MEPEX0J0M MOHOB jelle3a U3 COCTOA-
uua HS B coctoanue LS. Ilpu nepexojie B HUBKOCTIUHOBOE
COCTOAAHUE (tggeg) IBa dIIeKTPOHA C BEPXHEro ez yPOBHA
IepexofAT Ha HUMHUE ty; moxypoBHu. Tpu moxypos-
HA t2g Tenepb MOJHOCTBHIO 3AHATHI MECThIO CKOMIEHCH-
POBaHHBIMU 10 CIMHY 3N€KTPOHAMU (JMaMarHUTHOE CO-
cTosinme co couHoM S = (), U BNEKTPOHHBINA BRIAK (e
B I'JII cTaHoBuTCA paBHBIM HY110. OCHOBHOE COCTOAIHUE
A, ¢aser LS crabunnHo.

TonTBepsmenuem cnuHoBoro KpoccoBepa HS — LS
CIy:aT HeJaBHUE HCCIeJOBaHUA CHHXPOTPOHHBIX PEHT-
reHOBCKUX 3MUccHOHHBIX Fe-K (3 cneKTpoB BBICOKOrO
paspemenus (XES) or aToMOB kele3a B MarHe3uoBIOC-
tute [14]. B aToit pabore B 06nacTu naBnenuit 5667 'la
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HaGmIofancA 3NeKTPOHHOIM Mepexo]l ¢ U3BMeHeHNeM CIuHa
nouoB Fe?T or § =2k § =0.

Takum o6pa3oM, HaMHM YCTaHOBIEHO, YTO NPU JaB-
nenun okono 62I'Tla B Kpucrannax mMarHe3moBIOCTHUTA
(Mgo.75Feg 25) O npn KOMHaTHOI TemnepaType IPOUCX0-
JIUT fIBIeHUE CIIMHOBOT'O KPOCCOBEpa, NP KOTOPOM HMOHBI
JKelle3a MepexoAAT U3 BHICOKOCIHMHOBOIO TapaMarHiuTHO-
ro cocroauus (S = 2) B HU3KOCOMHOBOE JMaMarHUTHOE
coctoauue (S = 0). IpaBunbHBINA yuyeT IUHAMUYECKHX
Guenuit B cnekrpax NFS nokasbiBaer, uTo 3TOT mepe-
XOZ MPOUCXOANUT B CYLIECTBEHHO Gojiee y3KOM MHTepBa-
ne nasnennii (+6T'Tla), a He pacTAHYT Ha GOnbUIYIO 06-
JacTh (0T ~ 50 mo ~ 100 1"1'Ia), KaK 3To olKUGOYHO npej-
nonaranocsk pasee [15]. Ilo Hamemy muenuto, sta omu6-
Ka cBfi3aHa ¢ 6OJbIIOH TOMIUHON o6pa3sia (~ 30 MHM),
HCIOIb30BaHHOrO B padoTe [15], 1 GonbIIMM rpajieHToM
JaBlIEHUA U3-3a OTCYTCTBUA CPeAbl, epeAaloleil 1aBie-
HUeE.

CnenyeT oco6o o6paTUThL BHUMAaHHE, UTO HTOT BIEK-
TPOHHBIM MEpPexo] MPOUCXOAUT NPU KOMHATHOU TeMIe-
paType, KOra M3Ha4yalbHO NPU HOPMAalbHOM JaBleHUU
B KpHUCTalle HET MarHUTHOTO YNOPAJOYEHUS, TO3ITOMY
cnuHoBelit HS — LS KpoccoBep He compoBosjaeTca mar-
HUTHBIM KOJUTaNicOM, Kak 3To Habmiojanock, HanpuMep,
B kpucrannax FeBOjz [2,3,16,17], BiFeO; [18], (La,
Pr)FeO3 [19,20], Fe;O3 [21] u Y3Fe50412 [22]. B arom
clydae, C TOUKU 3PeHUA KIACCUYECKUX MPEICTaBIEHUIA,
B Kpucramnie (Mg 7sFeg 25)O Her mapamerpa nopsanka
(mamMarHu4eHHOCTH), ¥ TaKOi NMepexoj Helb3fl CYUTATh
MarHuTHBIM (a30BbIM NEPEXOI0M, OHAKO HNEKTPOHHBIH
CIMHOBBII ITepexo]] ABNAETCA AKCIepUMeHTalbHBIM (hak-
TOM.

ABTopr! BhIpamaloT Gonblnyio 6larogapHoCTh TNpo-
deccopy @.Tiotauxy (P.Giitlich, I'epmanus, r.Maiinn)
u npodeccopy C.I. OBUMHHUKOBY 3a lleHHbIE KOHCYJIbTa-
nuu npu oGCyIeHUN pe3ylNbTaToB 3Toi paboThl. Pa-
6oTa moameps;#uBaeTca Poccuiickum poumoMm pyHaameH-
TanbHbIX KcclenoBanuii (rpaut # 05-02-16142-a) u Ilpo-
rpammoii O®H PAH “CulbHO KoppenMpoBaHHBIE 3IIEK-
TPOHHBIE CUCTEMBI”.
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