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B cy6munnumerpoBeix cmektpax mpomyckamua  (0.1-0.6 TT'm)
myastudpeppouros RFes(BO3)s o0oGHapyseHbl pe30HaHCHbIE MOIBI,
Oy#JeHHAME B OOMEHHO CBA3aHHEIX MoOJCHCTeMax pegroseMenbHeIX uoHoB (R=Nd*T, Sm®*', Gd3") u
uonoB Fe®T. BriaBimeno cumbHoe B3amMomeiicTBHe CIMHOBBIX KonebaHuii Fe- u R-momcucTeM, ompefensionee

MOHOKpPHCTAII0B (eppobopaToB-

OﬁyCJIOBJIeHHLIe MardHuTHbBIMU BO3-

moBeJeHNe MOJ B 3aBHCHMMOCTH OT AHHU30TPONMM OGMEHHOrO pacliellieHHA OCHOBHOro nyGiera R-uona.
[lokasaHo, YTO MHTEHCUBHOCTH CBA3AHHbIX MOJ (BKIagbl B MarHUTHYIO NPOHUI@EMOCTb) CHIBHO 3aBUCAT OT
pasHocTu g-artopoB Fe- u R-noHoB, 4To mo3BoasdeT onpenenuTsb 3HaK g nociefHux. B wacTHocTH, 3ameTHan
nnTencuBHocTb o6MeHHbIX (Nd) mox B NdFe3(BO3s)s oGycnoBiena “ycuinenuem” uX BKIaga MpH gﬂ\f:iu < 0,
toraa Kak B GdFe3(BO3)s ¢ gga = gre = 2 mpoucxoputr komneHcanusa Fe- u Gd-BkiaanoB u o6mennoit (Gd)

© 2011r. 25 aBrycra

MoAbl He HabIromaeTcH.

B SmFe3(BO3)4, HECMOTPA Ha ciaboe B3auMMOIEHCTBHE SmM-MOHOB C MarHUTHBIM

noneM, oGHapyeHbl Pe30HAHCHbIE MOJbI, CBA3aHHbIE C Bo30y:aeHneM noHOB Sm uepe3 Fe-mopcucremy.

1. Beenenue. Cpequ pa3innyHbIX MarHUTOSIEKTpU-
YecKHX MaTepualoB, aKTHUBHO HCCIENYeMbIX B IOCIEN-
Hee BpemA [1-4], 3HaunTenbHOE BHUMaHKE [PHBIEKAIOT
pexrosemenbubie peppobopatsl RFes(BO3),, npossus-
IolllVie HUHTePeCHble MarHUTHbIE, ONTUYECKUE U MYJIbTH-
(beppoaneKTpUUecKre CBOCTBa, 06yclOBIEHHBIE OOMEH-
HBIM B3alMOJENCTBUEM MEMKIY KENe3HOH U peaKose-
MelIbHO! MarHuTHbBIMU nopcucteMamu [5-8]. OHu nme-
IOT HEeEeHTPOCHMMETPUUHYIO TPUT'OHAIBHYIO CTPYKTY-
py (mpoctpaHcTBeHHas rpynmna R32 umu P3,21) [9-11].
AnTuheppoMaruuTHoe ynopagodenue uoHoB Fet mpo-
UCXOAUT B HUX Ipu TeMmmeparype Hume I ~ 30—40 K.
CnuHbI ene3a OpUEHTUPYIOTCA N100 BIOIb TPUTOHAIND-
HOW c-ocH (NerKoocHas CTPYKTypa), 1160 B GasucHON
ab-nmockocTu (MerkomiockocTHaa cTpykrypa). B R-
NoACHUCTEME TaKKe UHAYLNUPYETCA MarHUTHBIN NOPAJOK
3a cueT R—Fe-o0meHa, KOTOpBIil UT'PaeT BaHYIO poilb B
crabunusanuu TOUW WU WHOW MarHMTHOU CTPYKTYpbl U
(opMHPOBaHUM MAarHUTHBIX U MarHUTOIEKTPUYECKUX
CBOMCTB.

Jtu ocobeHHOCTU B3aumopneicTByomux Fe- u R-
INOACHUCTEM [O/KHBI NPOABIATHLCA HE TOIBKO B CTaTHU-
YeCKMX MarHUTHBIX U MarHUTO3JNEKTPUUECKUX CBOMCT-
BaX, HO ¥ B BbICOKOYACTOTHBIX MarHMTOPE30HAHCHBIX
AIBIEHNAX, KOTOpble B ¢eppobopaTax Hadalu HCCIENO-
BaTh CpaBHUTEIbHO HefgaBHO [12-14]. B uwacTHOCTH, B
tdeppobopatax Th, Pr, Eu o6Hapy:#eHo cuihbHOe BIuA-

1e-mail: mukhin@ran.gpi.ru

Hue R-1oHOB Ha Mofbl aHTH(EpPOMarHUTHOTO pe30HaH-
ca (A®M?J) Fe-mopcucremer [14] B cyOMunInmMeTpoBoM
nuanasone. OHO MPOABIANOCH B ZONONHUTEILHOM BKIIa-
me B aHepruio anusorponuu (Eu) u cmene ee 3Hara (Pr,
Tb), 4To oT4YeTIMBO OTpaskaloch Ha MOBEJEHUN YacTOT
A®MDI. dpu sTOM mociefHME OCTaBalIUCh CYyLIECTBEH-
HO MEHbIIE XapaKTEePHBIX YacTOT IEKTPOHHBIX NEpPexo-
noB B stux R-monax. OpHako, cOrIacHO ONTHYECKUM
HaHHBIM, pacllelIeHnA HUMKHUX AyOreToB MHOrux R-
1oHOB B o6MeHHOM R-Fe-mome (Ang = 8.8cm™! [15],
Agy = 13.2cm™! [16]) nonagaioT B cy6MUIIMMETPOBBIi
AuanasoH 4acTOT U MMEIOT 4acTOThI IePEXO0B, CPaBHMU-
Mble ¢ yactotramu A®MI Fe-moxcucremsr (4-15cm~1)
[13,14]. dosTOMYy MarHMTOpPe30HAHCHBIE CBOWCTBA 3THUX
deppobOpaToB HOMMHBI ONPENENAThCA CBA3AHHBIMU KO-
nebanuaAMu cnvHoB Fe- u R-mopcucTemsl, moncky u us-
YUEHHUIO KOTOPhIX U NOCBAIleHa faHHasA paGoTa.

2. drcnepumeHT. MoHOKpucTanibl ¢peppobopaToB
¢ R=Nd, Sm, Gd, a Take 3amelleHHbIEe COCTaBHI Ha
ux ocHoBe ¢ R = Ndo.4Yo.6, Gdo.96Ndo.04, Gdo.75Ndo 25,
Gdg.5Ndg.5 Gb11M BhIpallleHbI METOJOM KpUCTaNIIU3alnu
U3 paciiaBa Ha saTpaBkax [17]. OO6pasusl Gbliu mpu-
roroBieHsl B (GopMe IIOCKONAapallIeIbHbIX IIACTHUHOK
a-cpesa C IONEePeYyHbIMH pa3MepaMu A0 1cM U Tonmu-
Hoit ~1wmm. W3mepeHHA monApu3allMOHHBIX CIEKTPOB
nponyckanuf 1'(v) GbLIM BBINONHEHBI C HOMOIIBIO TEX-
Huku KBasuontuyeckoi JIOB-cmekrpockonuu (JIOB —
mamma o6paTHoit BomHbl) [18] B guamasoHe uyacTOT 3—
20cm~! npu temneparypax 3-300K. B ofnacTu aHTH-
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Muc. 1. TemneparypHble 3aBUCHMMOCTH 4acToT (a)—(c) ¥ BKaamoB B MarHuTHylo npoHumnaemocTsb (d)—(f) pesoHancHBIX Mox

(h”b, h||c) B NdFeg(B03)4 (a), (d), Nd0,4Y0,6F63(B03)4

(b), (e) u SmFe3(BO3)s

(e), (f).

KpyKN u TpeyroibHUKH —

3HAYEHMH, [OIy4YeHHble U3 CyOMHUIINMETPOBBIX CIEKTPOB MpPOIYCKAHWA, 3BE3[0UKN — 3HAYEHNHA, NolyJeHHble B paboTe [10]
U3 CIEKTPOB PaMaHOBCKOI'O paccefiHUs, TMHUM — Teopus. Ila BcTaBke NpUBeIeH NPHMep CIEKTPa IPOIYyCKAaHUA BOIM3M MOABI
w™N4 (h||b), rae ToukM — BKCIEPUMEHT, a TUHUM — MOAETMPOBAHIE

teppomaruutroro ynopagouenus (I' < Iy = 35—40K)
B CIeKTpax oGHapy:KeHbl Pe30HaHCHbIEe IMHUY (BCTaB-
Ka K puc.la). Onum HaGmojanuch OpU MHOJApPHU3ALU-
ax maruutHoro noif hj|b u h|jc u 6bun upentudu-
LMpOBaHbl KaKk MarHuTHble Bo30ymueHusa B Fe- m R-
mopcucremax (cM. Hue). CHEKTPbI MOZENMPOBAINChH C
nomotbio popmyn dpeHens AIA MIOCKONAPALIENIbHOIO
CIIOfl C yYeTOM IHCIEPCHH MarHUTHOH MPOHMLAEMOCTH
pw) =14 TpAppwi /(Wi — w? + iwAwg), rae wg, Awg
1 Apy — 4YacToTa, MHUPUHA IMHUK ¥ BKIaj k-l MOXBI B
IPOHMLAEMOCTb COOTBETCTBEHHO.

Bo Bcex ncciieoBaHHBIX cOCTaBax HIKe TOYKH Jee-
Nfl peanusyeTcs IErKOINIOCKOCTHaA aHTU(heppPOMarHuT-
naa crpykrypa. Jdua NdFe;(BOs), pesonancHble mnu-
HUM HaGmopaloTca Kak npu noaspusauuu h|b, rtak
u opu hlle (puc.la). 3IT0 KavecTBEHHO OTIMYAET-
ca or nerkomnockocTHoIX YFe3(BOg3)s, EuFe3(BOs)4
[14], rme Habaromanach TONLKO BBICOKOYAaCTOTHAfA MO-
na ADOMI wuonoB senesa npu h||b na uwactorax 4-
6cm~!.  Doasrenne B NdFe3(BOj3); aByx pesonamc-
HBIX NMHUHA Ha dacToTax ~ 12cm~! mpwm AByx pasHbix
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HOJApU3aNUAX CBA3aHO, NO-BUJUMOMY, C BO30OyMIEHUA-
MM 3JIeKTPOHHBIX ePEeX0J0B BHYTPU OCHOBHOI'O KpaMep-
coBckoro ny6iera mona Nd31, pacmennexnoro o6MeH-
HbIM Nd-Fe-Bzaumoneiicrsuem. Onuaxo Habaromaemble
YacTOTHI 3aMeTHO IIPeBOCXOAAT 0OMeHHOe paclielieHue
~8.8cM™!, momyueHHOe M3 ONTHYECKMX HaHHBIX [15].
Kpome Toro, Ha yacToTe ~ 3.5cM ™! o6Hapy#eHbI IpHU-
3Haku cunaboit nuHuu npu h||b, Koropas momer GbITh
uaeHTUUIMpOBaHa KaKk BbIcOKouacToTHaA Moga AOMI
B Fe-nogcucreme. Brkiag B MarHuTHYIO NpOHMIIae-
MOCTb 3TO{ MOJbI 3HAUUTEILHO MeHbIle HalllogaeMoro
B YFe3(BO3)s u EuFe3(BOs)s [14]. JoBenenue peso-
HAHCHBIX 4YacTOT (pacTalkuBaHUe), HApALY C Iepepac-
npejelneHreM BKIanoB (MHTEHCHBHOCTEN) MOJ, YKasbl-
BaeT Ha CUIbHYIO CBA3b CIIMHOBBIX Konebanuit Fe- u Nd-
HOJCHCTEM.
doATBep:KAEHUEM  TaKOTO  XapaKTepa
BBIX BO30YAEHUIl ABIAIOTCA pe3yJbTaThl, MHOIY-
yeHHble mpu pasbaBieHun Nd HeMarHuTHbIM Y B
Ndo.4Yo.6Fe3s(BO3)4 (puc. 1b). Bunno, uro npu ymeHb-
meHuu KoHIeHTpanuu Nd 4YacTOThl BBICOKOYACTOTHBIX

CIIMHO-
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(Nd) mox mpu ofeux mOnAPU3aUKMAX YMEHbIIAIOTCH
M CTaHOBATCA OnuMe K cTaTUYecKoMy OOMEHHOMY
pacuiemeHnio ocHoBHoro ay6iaera Nd3T, a wacTora
A®MI-moapr npubiaumskaeTcA K 3HAUYEHWIO MJIA HUT-
TpueBoro ¢eppoboparta. JTo CcBUMAETENLCTBYyET 00
yMeHblneHun B3aumMojeiicTBua AO®MI- u R-mon npu
pasbaBiennu. OTMeTHUM, YTO TaKkoe pasjejeHue MOA Ha
penkoszeMenbHbie 1 AOMI ABnAeTcA BecbMa YCIOBHBIM,
MOCKONbKY 37ech pealusyIlOTCA CBfi3aHHble KoldeGaHWA
Fe- u R-cnuHoB, KoTopkle Gy Ay T MoAPOGHO pacCMOTPEHBI
HUKE.

Ocobennoctbio SmFe3(BO3)4 ABIAETCA TO, YTO HOH
Sm3®t ob6namaer ouenr MameHbKMM (axTopoM Jlamme
M JaeT He3HAYMTENbHBI BKJIaJ B CTaTUYeCKHe Mar-
HUTHbIE CBOHCTBa [8], KOTOpbIE OKA3alUCh CXOAHBIMHU
¢ YFe3(BO3)s. Tem e meHee B cyOMUIIAMETPOBBIX
cBoiicTBax poib MOHOB Sm3T mposBuIack oYeHb CHIIb-
HO. Je30HaHCHbIE MOIbl OOHApyKEHbI MPU O0EMX IOJNA-
pusanusax (puc.lc). dpu h|le, Korga o6eruHO BO3GYH-
JaeTcA HU3Ko4yacToTHaA Moga ADMOI, nemaiiad 3HAUYU-
TeJIbHO HMKEe Hallero Auana3oHa, Mbl OOHapyUIU OT-
YeTIMBYIO MOy C YacToToi ~ 16.6 cm ! npu uuskux 7.
OHa MmoseT ObITh CBfi3aHa C DMIEKTPOHHBIMM Mepexoa-
MU BHYTpH KpaMmepcoBckoro gy6mera Sm3t. Tor dakt,
YTO ee YacTOTa IIPeBbIIIAET BeIMYMHY OOMEHHOI'o pac-
mennenun nybnera Ag, = 13.2cm ! [16], oBycuosnesn,
I0-BUAMMOMY, B3auMogeicTBHeM (pacTalkuBaHUEM) C
Huskoseskameii AOMI-momoii. JeoObIYHBIM ABJIAETCA
TO, 4TO Sm-MoJa UMeeT 3aMeTHYI0 HHTEHCUBHOCTb, He-
cMOTpA Ha claboe B3aumogeiicTBue oo Sm3t ¢ mar-
HuTHBIM noieM (cMm. Braag Apy (h||c) Ha puc. 1f). dTo
MOsKeT GbITh CBA3AHO C BO30Y i AEHNEM IEKTPOHHBIX M€~
pexogoB B Sm>®t uepes Fe-nogcucremy 3a cueT ux 06-
MEHHOr0 B3aMMOJeNCcTBUA (CM. Hue). Jpu NPyroi mo-
aapusanuu, h||b, Habmroganuce nBe Monbl, ofHA U3 KO-
TOpBIX (C MEHbLIEH YacTOTO) OTUETINBO NPOABIAIACE
B IMPOKOM MHTepBale TeMmnepaTyp, a Apyras umelnia ro-
pas3fo MeHbIIYI0 MHTEHCHMBHOCTH M MPOABUIACH TOIBKO
IpY HU3KOM TemmepaTrype. J0O-BUIUMOMY, BOSHHKHOBE-
HUEe 3TUX MOJ 06yCJOBIEHO CBA3AHHBIMU KoJeGaHUAMMU
cnuroB Fe?+ u Sm®t. Ormerum, uTo mia aTux Mog
pacTalKuBaHuEe 4acTOT NPOABJIAETCA HE3HAYUTEIbHO.

Opyrumu deppobopaTaMu, B KOTOPbIX PE30HAHCHbIE
CBOIiCTBa MPOABUINCH HEOMUTAHHBIM 00pa3oM, OKasa-
aucy GdFe3(BOs3)4 1 pAf 3aMeleHHBIX COCTABOB Ha ero
B uucrom GdFe3(BOs)s peanmsyerca choH-
TaHHBIN CIMH-NEPEOPUEHTAMOHHBIN IIepexo] U3 Jerko-
IJIOCKOCTHOTO B OAHOOCHOe coctofAHue npu Ir ~ 9K
[19] 3a cueT KoHKypeHuuu BRaanoB Fe- u Gd-nogcucrem
B sHepruio aHusorponuu. CorunacHo [13] Bricokouac-
ToTHaad moxa ADMI Fe-moacucTembl He MpeBbINIAET B
wem lcv™! (30TTu) u cmaruaerca B6musu Tg. Yto

OCHOBe.

Kacaerca Gd-mogcucrembl, To, coryiacHo ounenke Gd-—
Fe-o6mennoro nmons (~ 70KD) Ha OCHOBE CTAaTHUYECKUX
cBoiicTB [20], ee xapaKkTepHble 4acTOThHI (pacCLUieNIEHUA
ypoBHeii ~ 6.5 cvM 1) HOMKHBI €KaTh CYIIECTBEHHO BbI-
Ile ¥ MomajaTh B Hall Auama3oH. MbI NpeanpuHAIN
HNOMBITKY 06Hapy#uTh Gd-mMoabl B cCyOMUIIMMETPOBOM
nuanasone B GdFe3(BO3)4. OnHako HUKAKKUX pe30HAHC-
HBIX BO30Y:IeHuii HalineHo He 6p110. B TO #te BpeMsa ansa
samemennoro cocraBa GdgsNdgsFes(BO3)s Gd-monst
OTUYeTIMBO mpoABuaNch HapARy ¢ Nd-mogamu mpu obe-
UX MOJAPHU3alUAX, MPUUYEeM Ha YacTOTaX, 3HAYUTEIbHO
TpeBBINIAIONINX CTaTUYECKOe paclielieHre ypoBHei 1o-
HoB Gd3" (puc. 2b).

3. Teopua u obcy:geHUe pe3yabTaToB. Jpu
omucaHuy HaGIIOqaeMbIX MarHUTOPE30HAHCHBIX CBOMCTB
(eppobopaToB GygeM UCXOAUTH M3 HEPAaBHOBECHOT'O Tep-
MOAVMHAMUYECKOr'0 MOTeHIHana cucreMbl & = Pp. +
&r. Tepmogunamuyeckuit morenuan Fe-mogcucteMsl B
IBYXTOApPEeTOUHOM MpUOMUMEeHUY IpeIcTaBUM B BUE
[20, 21]

1 1
®pe(M,L) = (L) + 5AM2 — MyMH + §KA2L§—

s Kaol(Le L)+ (L —iLy), (1)
roe M, L — Ge3apa3amepHble BeKTOPbI (EPpPoO- U aHTH-
(deppomarnerusma coorBercTBeHHo, A = 2HgMy, =
Mg¢ /x. - roucranTa usorpontoro Fe-Fe-oomena, Hg —
COOTBeTCTBYyIOIlee OOMeHHOe moie, X, — MHONepedHas
MarHuTHasA BOCHPHUMMYHMBOCTL jKemne3a, Kgo > 0 —
KOHCTaHTa aHU30TPONUU, CTaOUIU3UpYIOUad Jerko-
IJIOCKOCTHOe aHTU(eppoMarHuTHoe coctosHue, K¢ —
KOHCTaHTa aHu3oTponuu B 0OasucHOUl ab-miockocTu
(|IKas] < Kaz2), My =~ 3greSreusN — MarHuUTHbI
MomeHT Hacbimenusa Fe-nogcucremsr, ®o(L) — 06-
MeHHafA 4YacTh TepPMOAMHAMHUUYECKOr0 MOTeHIHAala,
onpegnendomas Bennuuny L.

dyznem onuckiBaTh R-moacucremy B ogHomyGruet-
HOM NOpUOIUMEeHUU C MOMOIIbI0 3(P(PEeKTUBHOIO CIHUH-
raMuiIbTOHHaHa [22]

Hf({lyz) = —0612heg12 = —G12(H+aM + I;L)v (2)

rie o1, — MaTpUILI daylu ocHOBHoro xy6iera nus R-
HoHOB B noipemeTrkax 1 u 2, hegq 2 — cooTBeTcTBYIO-
mee s dexTrBHOE noine [6,20,21], B KOTOPOM MarHuT-
HBI MOMEHT fi = %guB omnpejenfeTcA g-TeH30pOM Iy06-
neta (gee = Gyy = g1, 92z = g|), @ 1 b — nuaroHanbHbIE
maTpuiibl R-Fe-06MeHOB (Grz = Gyy = a1, G, = a;
bee = byy = b1, b,, = by|). B npubnumennn 6numaiumx
coceneit @ = b. B KauecTBe JUHAMUYECKAX IIEPEMEHHBIX
R-moacucTemMsl GyfeM paccMaTpuBaTh CpeflHUE 3HAUe-
HUA MaTpuy dayiu, 012 = (61,2), WIN UX IUHeiHbIe
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Muc. 2. TemnepaTypHble 3aBHCHMOCTH Pe30HaHCHBIX yacToT B (eppobopare GdFe3(BOs)s (a) m Gdo.sNdo.sFes(BO3s)s (b).
CuMBOIBl — SKCIEPUMEHT, IUHUKM — Teopusa (3Be3ouky (a) — HaHHBbIE [0 paMaHOBCKOMY paccesaHuio [10], kBampater (a) —

manuble mo AOMII [12,13], kpysku u TpeyroabHuku (b) — maHnas pa6ota).

nepeopueHTanuu Tsgr

KoMOuHauuu, m = (o1 + 02)/2,1 = (o1 — 072)/2. den-
KO3eMeNIbHY IO YacTh TEPMOJMHAMUYECKOr0 IOTEHIHAa,
00y CJIOBIEHHY IO OCHOBHBIM 1yG/I€TOM, IPEACTABUM B BH-
Ie (mpubnikeHHe MONEKYIAPHOro noid) [22]

g = N|—m(jiH +aM) — IbL — %kBT S S, (3)

1=1,2

rae S(o) =In2 - 1(1+0)ln(l+0) - 1(1 —0)In(l —
o) — SHTpONUA NBYXYypPOBHeBoi cucrembr, N — uncio R-
noHOB. Brianm Bo3OymmeHHBIX cocToAHME R-noHa Mom-
HO y4YecTb IyTeM NepeHOPMUPOBKH Pp.. DaBHOBECHOE
COCTOfIHWE CHUCTEMBI OTpeNelNAeTCA U3 YCIOBUA MUHUMY-
Ma ¢. 9pu H = 0, korza M = m = (0, paBHOBecHOe
snavenue 1 = (L/L)th(|bL|/ksT) 04HO3HAYHO CBA3AHO C
L. Munamury Fe- u R-noxcuctem 6ygem omuchiBaTh Ha
ocHoBe ypaBHeHu#t Jlannay—Jlucmmumna [23]:

(Mo/vre)M = [M@m] + [LPL],

(Mo/re)L = [M&y] + [L&ml,
(mo/v)m = [m®y] + 18],
(mo/7)1 = [m®] + 121m],

roe 8y = 0®/0M, u 1.8., mg = ug N, Yre = grettn/Hh,
v = 2up/h. daccMOTPUM CHHUHOBBIE KONEOAHUA CHCTE-
MBI B JIETKOILIOCKOCTHOM cocToanuu L L ¢, monaras nus
onpenenennoctu L = (L,,0,0), 1 = (I,,0,0), crabuau-
supyeMoMm npu K¢ > 0. JluHeapusoBaHHbIE ypaBHe-
HUA [BUEHUA pa3felAlOTCA Ha ABe TPYIIbl, COOTBET-
cTByMOmuMe MoaaMm pasHoit cummerpun: I (AM,, Am,,
Mucema B ARIT® Tom 94
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Crpenkoil ykaszaHa TeMmIepaTypa CIHHOBOM

ALy, Aly) u Il (AM,, Amy, AL,, Al,), Bo36y:nae-
MBIM [epeMeHHbIM MarauTHeiM noieM h|lc (z) u h||b
(y) coorBercTBeHHO. [uA Kamgol cMMMeTpUM Koreba-
HUJ MMEIOTCA 10 JBe Pe30HAHCHbIE MOABI, YaCTOThI KO-
TOPBIX MOKHO NPEACTAaBUTH B BUJE .

1
51/ Biu — 40um,

1
=B+

wi (L,II) = 5

5 (5)
rae B = (wae,42 +wr) (WE + wrn) + 2wRWR |1 + WR,
Ciin = WRWAB,A2[WE,A2WR+77(W%(_W%{||)L wE = Yre(A+
KaeLy)Ly /My, wa2 = re(Kaz + KaeL3y)Ly/Mo,
wae = 6ypeLiKae/Mo, wrr| = 7vLzby/us =
2LzbJ_,||/ha n= 'YFemolz/’YMOLza le = th(LzbJ_/kBT)-
Rampmaa mapa 4acTOT w4 MpeacTaBifeT coGOil MOIbI
CBA3aHHBIX CNMHOBBIX KomeOaHuii Fe- u R-uoHOB, Ko-
Topele npu pasbaBieHun R-momcucteMsbl IpeBpaliaioT-
cf, COOTBETCTBeHHO, B coGcTBeHHble Moabl ADMI Fe-
MOACHUCTEMBI \/um u R-Monb1, onpenensembie pac-
memieHreM gybinera cTaTUYeCKMM OOMEHHBIM IIOJNEM,
WR = 2Lsz/h. Jpu BTOM BKJIaAbl PE30HAHCHBIX MO
I u II B cooTBeTCTBYyIOMNE KOMIIOHEHTHI BLICOKOYACTOT-
HOM MarHWTHO! MPOHMIIAEMOCTH PaBHBI:

Aps(LID) = Ap™e FE(LID) + Apft | FR(LTD),  (6)

rage
fie(I) = {fwaswr F aw?F[(l + §H77)2+
+2n3) (wg) /wr — D]}/ (W] — w?),
) =[£(1 -3 ) wh Fawl]/ (Wl —w?),

9
a=1/[1+n(wi - wau)/wEwR] ~ 1
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nas mog I (h||c) u
FE(I) = [Fwaswr F (14 gin)’ed]/ (@l - w?),
FRA) = [Fw} £(1-37") wrE
+2§, 'wr(wr — wR”)]/(wi —w?)
nas mog I (h||b), a

ApF® = 4y, = drypeMo L, Jwi,
A'uﬁ{vL = 47-[-X|l|{,L = 47F’Ym0lzgﬁyl/4wR,

9y, = Y9),L/27Fe = g), 1/ gFe-

B mpoBemenHOM aHamu3e MbI HE YUYUTHIBAIA MarHUTO-
ANEKTPUYECKUE B3aMMOMAEHCTBUA, KOTOpbIE ONMpeels-
IOT TakMe M BO30yJAeHHe MOJ B 3JIEKTPHYECKOM II0je
[14], nocKonbKy MX BKJIak B AUAIEKTPUYECKYIO (Maruu-
TORIEKTPUUECKYI0) BOCIPUMMYNUBOCTD OKA3aICHA MAlbIM
IJA MoJ, HaGMIOZaeMbIX B MCCIEJOBAHHOM [UalnasoHe.
Ucnonbsys dopmynst (5) u (6), MbI npoBenu aHanus u
YKCIeHHOE MOIeNNpOoBaHye HabMoIaeMbIX PE30HAHCHBIX
mopx (cM. auHMM Ha puc.1,2). DaccmoTpum nonpoGHee
KOHKpeTHbIe (peppobopaTsl.

deppob6opar NdFe3(BOg3)s. HKax Bumgno us
puc.la, Mombl OOHOW W TOM Me CHUMMETPUU 3aMETHO
pasnuyarTCA 10 YacTOTe, YTO MO3BONAET MPUOIMMKEH-
Ho (B? < 4C) npepcTaBuTh MX 4acTOThI M BKIafbl B
BUE:
moget I (h|lc)

w? = (w¥)? ~ wi + wEwrN + 2WRWR| M, (72)
w? = (w*)? ~ wpwaewd /w2,
Apy = Apft ~ Apf (1 - g ") wi /ol
Ap— = Apfe = ApFe(1 +ng))* + Aplt — Apy,
(76)

u mogzer IT (h||b)

2 — ( Nd\2 ~, 2
wi = (wi%)* R wi + wEwaz + WEWRN + 2WRWR M,

G = (W)~ wplions — nlwdy - w) ol /2.
(8a)
Auid = %Ap,_,_ R
~ LAPR (1 - 7" )2wE /WP + FART W awE w2,
Apte = JAp- ~ FApT (1 +n31)% + AT — 3Ap.

(86)
docKoNbKy B pealbHOM KpHUCTa/lle CIMHbI MoHOB Fedt
opueHTHpoBanbl npu H = 0 mo BceM NerkuM Hampabie-
HUAM B 6a3MCHON INIOCKOCTH, BRiIans! (86) HyKHO ycpen-
HUTb, YMHOKUB Ha % Brimenesxamue Moapl wy MOK-
HO paccMaTpuBaTh Kak R-Mo[bI, 4aCTOTHI KOTOPBIX, OJ-
HaKO, 3aMEeTHO MPEBHINIAIOT CTATHYECKOe paclielieHue

nybiera wgr W3-3a B3aMMOMAEHCTBUA C HUMKeIeHalluMu
MonaMmu. B cBoio ouepenb, MOIbI w_ MOMHO MHTEpIIpe-
TupoBatb Kak monabl A®MOI, mepeHopMHUpOBaHHbIE B3a-
UMOZENACTBUEM C BbllIeNeKamuMu R-Momamu 3a cuer
mHuomutens (wg/wy)? B (7a) u (8a), uto ompenenser
UX 3aMeTHOe cMAryenne. Kpome Toro, ana moxer IT we,
CBAI3aHHOM C BBIX0JOM BekTopa L u3 GasucHoi miockoc-
TH, IPOUCXONUT TaKMe NePEeHOPMUPOBKA KOHCTAHTBI aH-
M30TPONUH, WAs — WA2 — n(w%{” — w3)/wr, 3a cuer aH-
uzorponuu R-Fe-o6mena (wr| # wR), 4TO MOeT GbITh
IIPUYMHON CIMHOBOM mepeopueHTaunnu B eppoGoparax.
Braager o6eux R-mon pacTyT c moHueHuem 1’ npomnop-
IMOHANBHO Pa3HOCTH 3aceleHHOCTel ypoBHeil myGiaera,
onpenensiemoit I, (T). Braan me momsr w'® (h||b), na-
060poT, MagaeT, YTO XOPOIIIO COTIacyeTcs ¢ SKCIePUMeH-
toM (puc.1d). MopgenupoBaHue TeMIepaTypHbIX 3aBH-
CHMOCTEeH YacTOT M BKJIAJOB B NPHUOIMMEHHM MOJIEKY-
JIAPHOTO MOJNA JaeT HEelIoX0e Coracke ¢ SKCIepUMEeHTOM
npu wg ~ 107cm™!, wys ~ 0.24em™!, wr ~ 8.7Tcm™ 1,
wr| ~ 9.13 em L, g~ —0.9, g, ~ —2.4, uro yenom co-
OTBETCTBYET ONTHYECKMM ¥ MarHUTHBIM AaHHBIM [Jf
NdFe3(BO3)s [15,24] u napamerpam Fe-mopcucTemsr
(waz,wg) [14]. Benuuuna wag ~ 3 -10~*cm ™!, onpe-
nensAoolaa HU3KoyacToTHYIO Mogy A®MI u cnabo Biu-
AlOIasA Ha BBICOKOYACTOTHBIE MOJbI, Opanach U3 MaH-
upix aiaA YFes(BOgs)s [13]. Ormerum, 4To coraacHo
(76) u (86) Benmmunusl BkiaagoB (h|lc u h|b) Bbimene-
JRAIAX MOJ 3aBUCAT He TONBKO OT abCOMIOTHBIX 3Ha-
YeHHH KOMIOHEHT MarHMTHOTO MOMeHTa my6aeTa fi ||
(unu g-darTopa g, |), HO u OT ux 3nHara. Tounee, 3gech
MPOABNAETCA YyBCTBUTEIbHOCTb BKJIAIOB K COOTHOIIE-
Huio g-hartopos aua Nd*+-ny6aera (g, ) u uonos Fe*
(gre = 2) m3-3a cMeWAHHOrO XapaKkTepa COOTBETCTBYIO-
IUX COMHOBBIX KojieGaHWii. DoJydyeHHbIe OTPHIATENb-
Hble 3HAKH KOMIOHEHT g-TeH30pa g, || OCHOBHOTO Hy6-
nera Nd*T, mosBonuBmue onucaTh HabmogaeMble BKIA-
OBl MO, OTPaXaloT 3TO OGCTOATENbCTBO U yKa3bIBAIOT
Ha BO3MOMHOCTh OIpefeNeHnA abCOMIOTHBIX 3HAYEHUN
g-Tensopa. TeopeTuueckre acmeKThl HTOTO BOMpoca M
METO[IbI OpeaeieHuA aGCOMOTHLIX 3HAYEeHH g-TeH30pa
obcysanuch HefaBHO B pabore [25].

dasbasnenne Nd-nogcuctemst B Ndg.4 Yo ¢Fes3 (BO3)4
NPUBOOUT K 3aMETHOMY YMEHbIUIEHUIO Pa3HUIbI MEMHIY
yactoTamu Nd- u Fe-Mox. 3JTta cucTema XOpoIIo OMU-
coiBaercA Teopueil (puc.lb) ¢ mapamerpamu, GIu3KH-
mu K unctomy NdFe3(BO3)s: wp ~ 110cm !
0.20cM™ !, wr & 8.2em™ !, wy & 8.2eM Y, g & —14,
g1 ~ —2.3. Ux, ogHako, clielyeT paccMaTpuBaTh Kak
3(pdeKrTUBHbIE, TaKk KaK AaHHBIA COCTAaB HaXOOUTCA B
CTPYKTypHO# daze P3:21 u noranpHag Kpucranipdec-
kafa cummerpus R- u Fe-nonoB B Ndg.4 Yo ¢Fes(BOs3)4
ABNAeTCA 6onee HU3KOMA.

, WA2 R
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B SmFe3(BOg3)s (puc.lc) moBegeHme 4acToThl U
BKIIaga MoJsl, Habmogaemol B moisapusanuu h||e, ana-
morudHo deppobopaTty Heoguma u onpepenserca (7a,0).
dockonbry daktop Jlanne nona Sm3" man (g5 = 2/7)
¥ NpakTHYeCKH He AaeT BKiIaja B HaMarHUYEHHOCTh
[8], HabmiomeHue OOCTATOYHO MHTEHCHBHOR Sm-MOZIBI
wJSrm, 0ueBUHO, OOYCIOBIEHO ee BO30y:AECHUEM Ye-
pes Fe-mogcueremy, ApS™ = (4rNpdl, /by )(wd/w?).
Insa mop B nonspusanuu h||b kapruna 3amerHo oTnu-
yacToTa MOObl w_ HE yMeHbIIaeTcA, Kak B
NdFe3(BOs3)4, a Bo3pacTaer, 3aMeTHO mpeBbImiasg cofcT-
BeHHylo yacToTy A®OMI Fe-noacuctemsl /w4 2wg. Ipu
STOM [AaHHafd MOJAd MMeeT 3HAUMTENbHbIN BRIag B Mar-
HUTHYIO NpOHUI@eMocTb Ay~ [0 CPaBHEHHUIO C BBICO-
KouacTOTHON Momoil wy. Takoe moBemeHue ofycloBie-
HO CHUNIbHOM aHM30TpoNuell 06GMEHHOro pacilenieHus oc-
HOBHOIO COCTOAHUA, WR > wg|. H3-3a Guusoctu pe-
30HAHCHBIX YAaCTOT wy BMecTO (8a) HYMHO HCIIONB30-
BaTh ucxonHoe BeipameHnue (5), a Brnags! Mox II (h||b)
C yueToM wr > wg|| 4 gL < 2 MOMHO OLEHUTb
kak Aptr ~ Apit(@awp/wl)wd — W]/ (W] — w?).
OTcioma BUOHO, UTO Manafd BenruuuHa Apyy 1A BBICO-
KO4acTOTHOW MOJbI w, 06yciloBreHa OIM30CThIO ee K
wgr. KonumyecTBeHHOE omHCAaHWE YAaCTOT U BRIAJOB A
SmFe3(B0O3)4 (puc. 1c,f) nonyueno npu wg ~ 114cm™ 1,
waz ~ 0.22cMmY, wr ~ 13.2cm7Y, WR|| 1.3cm L,
g = 03, gL~ 0.3.

Ilns ananusa pesonancHbix Moig B GdFes3(BOg)4
IPUMEHANCA TaKoil ke MoAXo[, HO C y4eToM Toro ¢ak-
Ta, YTO OCHOBHBIM COCTOAHHEM U30TpomHoro nona Gd3+
AIBIAAETCA MYJbTUIJIET SS7/2 ¢ Sga = 7/2. B rauectBe
napaMeTpoB MOPAAKA HCIONb30BATNCH BEKTOPHI MGy =
((S1) + (S2))/(2Saa) 1 laa = ((S1) — (S2))/2(Sca),
rue (5172> — cpenHue 3HaueHWA COUHOB B ABYyX Gd-
nojgpenieTkax. B paBHOBECHOM COCTOAHHUU IPU OTCYT-
CTBUY BHEIIHEro MarHUTHOro noid mgq = 0, a lgqg =
(1z,0,0), rme I, = Bg(Lyb, /kpT) ompepmensierca sd-
tdexTuBHbIM moleM Fe-momcuctembl B cocroanuu L =
= (L,,0,0), Bs — dyukuusa dpumnosna gaa S = 7/2.
YpaBHeHUA OBUMEHUA NIA Maq, lgg aHanoruuus (46),
rie HY;KHO 3aMeHUTb mg = SgagcdusN, v = Yad =
gcaps/h u gL — 9cd ~ 2. YacToThl M BKIaAbl B
3TOM Clly4yae Takike ompenensioTcA BoipaskeHuamu (5),
(6). YuureiBasi, 4TO Ygd = Yre (gGd R gre), HOILyUYaEM
tarTryeckn o0HyIeHHe (KOMIEHCAHNIO) BKIALOB BBICO-
kouactrorHoit (Gd) momel wy guA o6enx MOIAPU3ALUY,
Apy =~ ApR(1 — yre/vGa)*w} /wl, uTO 0OBACHAET HX
OTCYTCTBHE B CIIEKTPax IPOMyCKaHUA GdFe3(BO3)4.2)

qaeTcH:

~
~
~
~

2)OTMBTHM, 4To oA [I)eppHMﬂFHeTHHOB nMeeT MeCTO aHallIorny-
HOe yMeHblIieHVWe MHTeHCHUBHOCTH (BHJIHHH) 06MeHHO! Mo[bI npu
6au3ocTH TUPpOMAarHUTHBIX OTHOHIEHUH [JIA BXOOANKMX B HUX Mar-
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AnanoruyHasg cuTyauus MMeeT MECTO U B OJHOOCHOM
cocroauuu npu T < Tg. Cnabvie Gd-mombl HabGmioma-
1uch, OfHaKo, B pamaHoBckux cnekrpax GdFes(BOs)y
[10] na uyactorax ~18cm !. Hcnonbaya aTu pesyib-
TaThl, a Take JaHHble [13] AnA HU3KOYACTOTHOH MoO-
ne1 AOMI (h||b), nemameii HuHe JOCTYIHOrO HAM gUa-
nasoHa, MbI NPOBENX MOJEINPOBaHUE TeMIlepaTypPHBIX
3aBUCUMOCTEl 4acTOT BCeX MOJ KaK B JIETKONIOCKOCT-
HOM, TaKk M B OJHOOCHOM cocTOAHUAX. OHU MpPUBEIEHBI
Ha puC.2a ¥ B LeJIOM XOPOLIO OMKCHIBAIOT DKCIEPUMEHT
npu wg ~ 124cm™!, wys ~ 0.2lem™!, wr ~ 5.0cm™ 1,
wgr| ~ 5.2cM™!, wg—wr ~ 0.23cm™

Kak ormeuanock Bbiiie, BoiABUTb Gd-MOAbI B CIEKT-
pax NpomycKaHUA yOaloch B CMeUIaHHBIX COCTaBax, Co-
nepsamux, kpome Gd, anusorponusie nousl Nd, Ha npu-
mepe cucrembl Gdg5NdgsFe3(BO3)s (puc.2b). dpu-
YUHOU 3TOro, Kak IOKa3aly aHalu3 M MOJEeINpPOBaHUE
CHCTeMBbI ¢ AByMA TUnamu R-uoHoB (u3oTponusiM Gd3+
u aHusoTponHeiM Nd3T) B pamKax BblIEH3N0#EHHOTO
noaxoja, ABIAETCA HapylleHWe KOMIEHCAluy BKIajaa B
wu(w) BoicokouacToTHON (Gd) Moxbl, MMelolieil MecTo
naa Gd- u Fe-momcucrem ¢ ggq X gpe. OOIYy4YEHHbIE
napamMeTpsl paBHB wgr & 113cM ™Y, wye ~ 0.25cm L,
wad ~ 6.4CM_1, WaGd|| 6.7CM_1, WNd N WNd| =
8.2em™ !, g & —2.4, g1 ~ —0.9. Jaiinennoe pacmen-
nenue yposHeir Gd3T (~6.4cm!), cooTBercTByIMOmEE
o6MeHHOMY monio ~ 69 K u coBmajgarmliee ¢ JaHHBIMU
[20], 3ameTHO MeHbure yacToThl Gd-Mon u3-3a B3auMo-
nelcTBUA MOJ.

Msb1 wuccnemoBanu Take (eppobopaTel ¢ 60Nb-
mwumM copepmanneM Gd:  Gdg.ggNdo.oaFes(BO3)s u
Gdo.75Ndp.25Fe3(BO3)s. Onnaro B Hux Gd-mopa oka-
3anach ye HeHaGmiomaemoil. ITO CBHUAETENLCTBYET O
BayKHOCTHM HAIMYMA [JOCTATOUHOT'O KOJNMYEeCTBa aHU30-
tponHeix HoHoB Nd3' 171s ee BriABIEeHMA. JpU 3TOM 1O
yactoraM Nd-Moz, KoTopble IpU Maloil KOHIEHTpanuu
COBNAMAIOT C paciieleHneM OocHoBHoro ay6mera Nd31,
yoaloch HaNpAMYIO OIPEeNelUTb MocieJHee KaKk B
JErKOMIOCKOCTHOM, Tak M B OJHOOCHOM COCTOAHHMAX
(wr = wR| = 8.2cm~1), mcmonb3ys To 06CTOATENb-
CTBO, YTO B 3TUX COCTaBaX COXPaHAETCA CINHOBas
nepeopueHTanuda npu ~ 6 K.

4. 3ara4uyeHue. JpoBeJeHHbIE B paboTe CyOMMII-
JMMETPOBbIE CIEKTPOCKONUYECKUE HCCIENOBaHUA pell-
Ko3eMelbHbIX peppobopaToB ¢ R =Nd, Sm, Gd o6uapy-
KUY pe30HaHCHbIe MarHUTHbBIE BO30YHAEHUA B 0OMeH-
HO B3auMogeiicTByomux antudeppomaruutHoit (Fe-) n
napamarauTHo#t (R-) mopcucremax u BbIABUIM DAL Xa-

~

~
~
~

HUTHBIX MOApemeToK [26], uTo ABIAeTCA, IO CYyTH, NPOABIEHUEM
oTMeueHHOH B ciydyae Nd 4yBCTBUTENBHOCTH BKIA[0B K COOTHO-
MEHUIO g-(aKkTOPOB MOHOB MarHUTHBIX MOAPENIETOK.
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pPaKTepHBIX 0COGEHHOCTEH UX AMHAMHUKH. YCTaHOBIEHO
Halu4yue CUIBHOTO B3aMMOMAENHCTBUA COUHOBLIX Komeba-
uuit Fe- u R-uoHoB, KoTopoe dopMupyeT CHEKTp CBA-
3aHHBIX BO30YM[EHUI B 3aBHCUMOCTH OT Tumna R-uona
¥ aHMU30TPONUU OOMEHHOTO pacIeIeHN ero OCHOBHOTO
cocrofnua (nyGuera). Jra JUHAMUYECKAasA CBA3b fABIA-
eTCA MNPUYMHON 3aMETHOTO OTJIMYMA pacliemieHuil oc-
HOBHOTO cocTofiHuA R-MOHA B cTaTUYeCKOM OGMEHHOM
nonie, KOTOPOe OMpeenfAeTCA U3 ONTUUYECKUX JaHHbBIX, OT
yacToT oOHapy:KeHHbIX Bo30ymaeHuit B R-moncucreme.
OpHako npu yMeHblLIeHUM KOHUeHTpauuu R-unoHoB yac-
TOTHI UX BO3Gy#AEHUN U COOTBETCTBYIOIINE OOMEHHbIE
paciienneHua cOnukaroTcA. JOKa3aHO, YTO BKIAIbI B
MarHMTHYIO IPOHUIIAEMOCTh CBA3aHHBIX MOJ CHIBHO 3a-
BUCAT OT pasHocTu g-parTopoB Fe- u R-uoHOB, uTO
M03BONAET ONpeldeNuTh 3Hak mociegHux. O6HapyHeH-
naf B NdFe3(BO3)4 oTHOCHTENBHO GONblIas HHTEHCHB-
HocTb o6MeHHbIX (Nd) Moz oGbfAcHAeTCA Bo3pacTaHu-
eM KX BKIajfa [pu gf‘j] < 0. B TO0 e BpemsA B
GdFe3(B0O3)4 ¢ 6nuskumu 3uaveHusamu g-parropos Fe-
1 Gd-MOHOB NIPOMCXOAUT KOMIEHCALKUA CyMMapHOro Au-
HaMUYeCKOr0 MarHUTHOro MomeHTa u o6MeHHo#t (Gd)
Mojbl He HabmogaeTcA. OgHaKo B 3aMeLIEHHOM COCTa-
Be Gdg 5Ndg 5Fe3(BO3)4 ¢ anusorponusimu nonamu Nd
aTa KoMmeHcanuA Hapymaerca u Gd-mMofa nposaBifAeTcH.
B SmFe3(BO3)4, rae nonst Sm3* ouenb ciabo Bazaumo-
IEeUCTBYIOT C BHEMIHUM MAarHUTHBIM [I0JeM, UX BO30YHK-
neHue npoucxonut uepe3d Fe-mogcucremy. [leranbHbIit
TEOpeTHYeCcKUil aHaln3 AMHAMHYECKUX CBOMCTB CHUCTe-
MBI [03BOAUI 0OBACHUTh U KONMYECTBEHHO OMMCAaTh Ha-
6rronaembie 3hGEKTHI U ONpPeeluTh NapaMeTpbl 0OCHOB-
HbIX B3auMopeiicTBuil. Mbl He Kacanucb MarHHUTOAJEK-
TPUYECKOTO BKiIajga B Habliogaemble Bo30yMIEHUA, KO-
TOPBIi OKa3aicA Mal B UcCieLyeMoM Juana3oHe BOIH, HO
MOKeT IPOABUTHCA NMpH 6ollee HU3KUX YacTOTaX. JTOMY
IpeanojiaraeTcA MOCBATUThL OTAEIbHYIO paboTy.

ABTops! npusnaTenbHbl A.C. J poxopoBy 3a obcymae-
Hie paboThl U I[eHHbIe 3aMedyaHuf. JaboTa BhINONHEHA
npu ¢uHaHcoBoit mongepxre dOOU (rpantsr # 10-02-
00846 u 09-02-01355) u MunucrepcrBa 06pa3oBanus u
nayku 3O (rpant # 16.518.11.7034).
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