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C mOMONIBIO CIIEKTPOCKOIUH JIEKTPOHHOIO IapaMaruuTHoro pesoranca u SQUID-marauromerpuu mosty-

YEHO IIPAMOE CBHUAETE/JIBCTBO BOZHUKHOBEHHUA MAlHUTHBIX JOMEHOB B MOHOKPHCTAJLIE EUFGQASQ B COCTOAHHNHN

aHTUEPPOMATHTHOTO YIOPsiI0YeHUsI. Pe30HaHCHbIE CIEKTPhI HOHOB €BPOINsT PETUCTPUPOBAINCEH B HHTEPBAJIE

Temmepatyp ot 4 mo 200 K. Vcnons3ysa ypaBHeHue /118 pe30HAHCHOTO TOJIsE aHTUMEPPOMATHETHKA, YINTHIBa-

IOIIEero BJAUAHUE OOMEHHOI'O IIOJISA U IIOJISt AHU30TPOIINU, IIPOBEACH aHAJIN3 yI‘HOBOﬁ 3aBUCUMOCTH CIIEKTpa IIpU

remueparype 4.8 K npu Bpariennn Kpucrajia BOKpyr ocu ¢. AHanu3 JaHHbIX mokasan, 4ro EuFes Asy asnser-

cst aHTH(EPPOMATHETHKOM C JIETKOH IJTOCKOCTBhIO ann3oTporuu. Kpome toro, B miockoctu ab o6HAPYKEHBI OCH

JIETKOT'O HaMalHUYUBaHUA BTOPOI'O IOPgAJKa JJIfd KazKJ0I'0 U3 JABYX THUIIOB MalHUTHBIX JJOMEHOB, CBA3aHHBIX

CO CTPYKTYPHBIM II€PEXOJ0M U 06paSOBaHI/IeM ILBOfIHHKOB. MaruuTHast AHU30TPOIINA, O6yC.HOBJIeHHa9I oOMeH-

HBIM B3aI/IMO,HeﬁCTBI/I€M HNOHOB €BpPOITUs C NOHaMU 2KeJjie3a, CBUAECTEJIbCTBYET O BOSHUKHOBECHUN HEMAaTUIE€CKOTI'O

MarfuTHOI'O YIIOPsAJOY€HUS B ba3ucHoO# rockocTu. U3 yI‘.J'IOBOfI 3aBUCUMOCTU PE3OHaAHCHbIX noJieit IIOJIy9€eHa

OIl€HKa BEJINYUHBI OOMEHHOI'O I10JISI U ITI0JISI AHU30TPOIINU.

DOI: 10.31857/51234567823060113, EDN: gtjxuo

1. Beeaenue CBepXIIpoBOJMAIINE THUKTUIBI XKeJIe-
3a (iron based superconductors, IBS) ¢ peakozeMesbHbI-
MU MOHAMU, Takue Kak, Hanpumep, EuRbFeyAsy, npu-
BJIEKAIOT MOBBIINIEHHOE BHUMAHUE BCJIE/ICTBUE B3AMMHOM
UI'PbI MATHUTHOTO YIIOPSIAOYEHUs CIIMHOBBIX MOMEHTOB
€BPOIINS U 2KEeJI€3a CO CBEPXIIPOBOISIINM CIAPUBAHIEM
JIeJIOKaJIN30BaHHbLIX 9JeKTpoHoB Fe u As [1-4]. B pe-
3yJIbTaTe B3aUMHOT'O BJIUSIHUSI PA3JINYHBIX MEXaHU3MOB
B HUAX BO3HUKAET HETPUBHUAJBHOE CBEPXIIPOBO/ISIIEE CO-
CTOsTHUE, & TaKyKe MACHUTHOE YIOPSJIOYeHne ¢ HeOObIY-
HBIMU QHU30TPOIHBIMY CBONCTBAMU.

Pomurensckoe coemumnenue EuFesAss  spisercs
HECBEPXIIPOBOJSIIIMM U CTEXHOMETPUIECKUM, UTO 3HA-
YUTEHHO YIPOIIAeT MPOoOJIeMy U MO3BOJISIET TOJIPOOHO
HCCIe0BATh TOJBKO €€ MATHUTHYIO cTopoHy. Jleii-
CTBUTEJIHHO, COTJIACHO PE3y/IbTaTaM HeHTpoHOrpadui,
a TakKe MArHUTHOIO M PE30HAHCHOIO PEHTTEHOBCKO-
ro paccesiuusi [5,6] B EuFesAsy mpum Temmeparypax
umke 190 K B mrockoctsix ab Bo3HmKaer anTudeppo-
MarHuTHOE yHOpsijiodeHne cuuHoB 3d 3j1ekTpoHOB Fe
(B BHJE COM3MEPHMOI BOJIHBI CIMHOBOH IUIOTHOCTH,
SDW). CoriacHo 5THM Ke JaHHBIM IIpU ele Gosree

De-mail: talanov@kfti.knc.ru

mu3koit Temmeparype Ty = 19K cmou aromor Eu,
¢ (deppoOMarHUTHBIM YIIOPSA0YEHHEM CIHHOB BHYTPHU
CJI0s1 B ILIOCKOCTHU ab, 00pa3yor ciouctyio antudep-
pomaraThHyio (AFM) TpexmepHyo cTpyKTypy Tuma A
(6onee mompobHO cM. Huke). BosmorkHoe MaraurHOE
yIopsijodenre COMHOB Ku B umHTepBajie TeMIeparyp
19-190 K noka ocraercs JUCKYyTHPYEMBIM BOIIPOCOM.

ITomumo yroMsiHYTHIX “cuiibHBIX” adbdekTon (AFM,
SDW) u cusibHON aHU30TPONUHM MATHUTHOIO YIIOPSIO-
JeHUs TUIIA “JIerKas IUIOCKOCTL', B THUKTHIAX KEJe3a
nmMeeTcs 6oJiee TOHKUM 3PDEKT MArHUTHOTO JIBOHUKO-
BaHUsl, KOTOPBIIt B cBepxmpoBosamux IBS nmpusomut k
HEMAaTUYECKON cBepxipoBoguMoctH, a B EuFesAsy — K
AHM30TPOIINU MATHUTHBIX CBOMCTB B, Ka3aJI0Ch ObI, H30-
TpoIHO# wiockocTu ab. JBoiiHMKOBaHME KpUCTAJINYIe-
CKOIl PEIIeTKN ¥ BO3HUKHOBEHHE MATHUTHBIX JIOMEHOB
npu HU3KUX Temueparypax B EuFesAs, Obio 06HApY-
JKeHO u3 HefirpoHorpadun [5].

B macrosmeit pabore ¢ MOMOIIBIO U3MEPEHUH CITH-
HOBOT'O PE30HAHCA MBI BIEPBBIE HAOIIONAIN HEMATHIE-
ckyto ctpykTypy AFM cocrosiHusi ipu Temiieparypax
T < 19K u mosryqmiin ee KOJIMIECTBEHHBIE XaPAKTEPH-
crukn. Biarogaps KOMOMHAINN MarHUTOPE30HAHCHBIX
U MarHUTHBIX u3MepeHuii B kpucrajuie FEuFesAss Mbl
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YCTAHOBWJIN TIOJIOYKEHVE WM HAIPABJIEHUE OCEH JIETKOTO
HAMArHUYUBAHUsI U IIOJyYUJIU OIEHKY BEJIMYUHBI 00-
MeHHOTO 110J1s1 Hp, a TakxKe 1mojst anusorponuu H4 B
obstactu remmeparyp 1 < 19 K.

Kpucrannudeckasi 1 MariuTHas CTPYKTypa
EuFe;As,;. Kpucrammueckass crpykrypa EuFegAsg
nmke temreparypsl T, = 190 K mperepuesaer dazo-
BBIi [T€PEXOJ] U3 TETPArOHAJIBHON B OPTOPOMOUIECKYIO,
T.€. IPOUCXO/IUT HAPYIIEHUE BPAIATEbHON CUMMETPUT
(Cy nepexoqur B C3). BBUIY OUeHb MAJIOrO BO3HHKA-
fomero pazsmanst (~ 0.6 %) JynH 37eMeHTapHBIX BeK-
TOpOB a u b, 0Opa3yroTcs CTPYKTYpPHBIE IBOWHUKHU, B
KOTOPBIX OCH @ MOBEpPHYTHI Ha 90° OTHOCHUTEILHO COOT-
BETCTBYIOIINX OCeil IBOWHUKOB jipyroro Tuma. Huxke T;,
HAIIPABJICHNE HAMATHIINBAHIS yCTAHABINBACTCS BIIOJIb
ocell a B KaxKJIOM U3 CTPYKTYPHBIX JOMEHOB, CO3/aBasi
TeM CaMbIM MAarHUTHBIE JoMeHHI [5]. Beseacrsue 60ib-
[IIOr0 MATHUTHOTO MOMEHTA MOHOB €BPOIUsS U CHJILHOM
CIUH-PEIIEeTOYHON CBsI3M, MATHUTHOE IOJIe OKa3bIBAeT
3HAYUTEJIbHOE BJIMSIHEE Ha, 3TU JoMeHbl. JlocraTodHo
ciaboe marauTHoe nosie (H < 1T7) npuBogut K ux me-
pepacupegesenuio [7-10].

Kax ymoMmsamyTo BBIe, moHLI Eu?t, obmamarommue
GOJBITMMYI MATHUTHBIMU MOMEHTAMU gy ~ Tup [11] u
cBA3aHHbIe 0OOMeHHBIM B3anMmogeiicrsueM (J = 0.1 3B
[7]) obpasyior dbeppoMarHuTHO-yIOPSI0YEHHBIE CJIOH.
CBsi3b MeXK/Iy CJIOSIMUA €BPOIIUsi OCYIIECTBJISIETCST depe3
IIOCPEJICTBO HOHOB Kesie3a Fe?t, ¢ KoTopsIMu HOHBI €B-
POIIKsl TAKKe CBA3AHbI CLJILHBIM 00MeHOM [7]. B pesyiinb-
tare, npu Temreparypax Hmke Iy = 19K Bosnumka-
er aHTu(EepPOMArHUTHOE YIIOPsioYeHre A-Tuma Mexx iy
CJIOSIMU €BPOIUs, B KOTOPOM HAIIPABJICHIE HAMATHUICH-
HOCTH CJIOEB IIOBOPAYNBAETCS HA YTOJI 7T OT CJIOS K CJIOIO,
ocTaBasich B 1iockocTu ab. Kpome Toro, crimHOBBIE MO-
MEHTBI HOHOB €BPOIIHS OKa3bIBAIOTCS CUJILHO CBSI3aHHBI-
MU C KPACTAJIJITYECKON PEIIeTKON!, YTO IPUBOJUT K aHU-
30TPOINHI MAarHUTHBIX TapaMeTpoB EuFes Asy, HecmoTpst
Ha TO, UTO IPsIMasl CIIHH-PeIeTOYHAas CBA3b HoHOB Eu’t
OTCYTCTBYET BCJIEJICTBUE OTCYTCTBUS y UOHOB €BPOIIUSI
opburasbHOro MoMenta. B paborax [7, 8] upemioxeno
TEOPETHYIECKOE OIMCAHME TOI aHH30TPOINU UYepe3 6u-
KBa/IPATUIHOE B3aMMOJIEIICTBYE, 33 mpeaeiamu | eiizeH-
OEeproBCKOW MOJIEIN, MEXK/Iy JIOKAJIM30BAHHBIMU DJIEK-
TpoHamMu Eu 1 3jIeKTpOHAME, IPUBHOCUMBIMY B 30HY U3
aroMHubIX 3d-opburaseit Fe [6, 7].

st m3yuenusi maraerusma EuFes Ass npumeHnsiinch
PA3JINYHBIE METOJbI: U3MEPEHUs] HAMATHUICHHOCTH U
marauToconporusiaenust [10, 11]; mefirpororpadus [5,
12]; MATHUTOCTPUKIMST U MArHUTOONTHKA [9]; crekTpo-
CKOIIST PEHTTEHOBCKOI'0 MATHUTHOIO KPYTOBOTO JUXPO-
u3Mma (8, 12] u upyrue. Becbma nennyio uuadopmarmio o
MarHUTHBIX B3aMMOJIEHCTBUSIX B 9TOM MaTepUaJie JTaeT
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METO/I, 3JIEKTPOHHOI0 crnnHoBoro pesonanca (DCP) [13].
Ero npeumyIecTBo 3aK/r09aeTCsi B TOM, YTO OH II03BO-
JISIET TOJIy9aTh CBEJIEHUS O JIOKAJbHBIX B3aUMOJIeHCTBU-
ax. Ilpu ero menonb3osannu noubl Eu?t assores on-
HOBPEMEHHO U OObEKTAMU HCCJIEIOBAHUSA W JIOKAJIHHBI-
MU 30HJIAMH, “U3MEPSIONIUMI’ BEJIUYUHBI BHYTPEHHUX
noJsieil: MAarHUTHYIO MHAYKIWIO B, obMmeHHOE (MOJIEKY-
sspHoe) nose Hg u nose anusorponuu H 4. st upo-
BEPKH JIOCTOBEPHOCTH, II0JIy YeHHbBIE U3 aHAJIN3A JAHHBIX
OCP 3HaveHUsi BHYTPEHHHX I0JIeifi HEOOXOIUMO CpaB-
HUTH C OIEHKAMH TAKNX MATCHUTHBIX [IAPAMETPOB, KaK
obMeHHBIN mHTerpas J m KoHCTaHTa aHu3zoTpormu K.
OTHU OIEHKU JIEJIAI0TCA HA OCHOBE MArHUTHBIX H3Mepe-
HUH, JAIONUX yCPEIHEHHBIE [0 00bEeMY BEJIUIUHBI STUX
XapaKTepUCTUK. B cOOTBETCTBUN C 3TUMHU COOOparKeHN-
SIMH, JIJIsl U3y YEHUsI CTPYKTYPbl HEMaTHI€CKOIO MATHUT-
HOTO YIIOPSAI0YEHNS B TaHHOH paboTe u ObLIa UCIOIb30-
BaHA KOMOWHAINS MATHATOPE30HEHCHBIX M MATHATHBIX
U3MepeHui.

O6pa3supl 1 SKCIepuMeHTaIbHast TexXHuka. Vc-
caenoBannble kKpucraiaabl EuFes Asy BeipamuBasmcs u3
pacTBOpa B pacijiaBe METOJIOM, IIOAPOOHO ONMCAHHBIM B
pabore [14]. HucroTa HCXOLHBIX JIEMEHTOB ObLIa CJle-
mytommeit: Eu 99.95%, Fe 99.98 %, As 99.9999 %. s
uccaenosanuit 9CP or BeIpameHHOro Kpucrajia oT-
IIeIJIsijIach TOHKas IJIACTUHKA ¢ pa3mepamu 2.5 X 1.6 X
x 0.1 v

WcciieroBannst MPpOBOAMJINCH HA JBYX CIIEKTPOMET-
pax D9CP X-mmanazona. Ojun u3 wux, Bruker BER-
418s, uMeeT TPIMOYTOJIbHBIN TOJBIII PE30HATOP C OC-
HoBHOIT Moyoit TEigs 1 cobcTBEeHHON YacTOTON OKOJIO
9.4TTu. Bropoit — Bruker Elexsys E-580 ¢ mumuampu-
9eCKUM JmdjieKTpudeckuM pesoHaropom ER4118MD5
(moza TEg11, coberBennast wacrora ~ 9.7 I'T'n). Pesona-
top nomeraercs B kpuocrar Oxford CF935, mozBosis-
oruit u3MeHdaTs Temmeparypy ot 2 mo 300 K. Ilpubop
OCHAIIEH IIPOrPAMMUPYEMBIM OJJHOOCHBIM MOHHOMETPOM
Bruker ER218PG1 (uauanason uamenenus yriaa 0—360°,
TOYHOCTD ycTaHoBKU 0.5°), KOTODBIN PasMeriaercs Ha
pesonaTope. InanasoH m3MeHEHHs] MATHUTHOIO IIOJISI:
or 0 mo 1.7 Tu.

4. Pesynprarbl m obcyxkaeHue. lmeronuecs
B KpucTaare EuFepsAs, mapamarouTable HOHBI Fe?t
JIOJIKHBI JIaBaTh curHajbl B crekrpe DCP. Oanako,
CUJIbHBIN aHTU(EPPOMArHUTHBI OOMEH MeXKJIy HOHa-
mu xkese3a (Jpe—pe ~ 30—40M3B [15]) n ux cruHOBag
PeJIAKCAIMS YePe3 JIEKTPOHBI ITPOBOAUMOCTH YIITUPSIOT
PE30HAHCHBIN CUTHAJI HACTOJIBKO, ITO ero ObHAPYKEeHNe
CTAHOBUTCS HEBO3MOXKHBIM.

B orsmanme oT keste3a, MOHBI €BPONAS OCTAIOTCS -
pPaMATHUTHBIMU (HEYNOPSI0YeHHBIMU) B [IIMPOKOM J(1a-
nasone temuneparyp 1 > Ty, u curaag DCP or srux



466 IO. U. Tamanos, U. 1. I'mmazos, P. b. 3apunos u 1p.

HOHOB xOpomo Habuogaercsa (cM., Hampumep, [13, 14,
16, 17]). Ero ocHOBHBIE HApaMeTPBl TAKOBBI: MOJIOKE-
HUE COOTBETCTBYeT g-bakTopy 1.97, mupuHa m3MeHseT-
cs B npegenax ot 0.07 mo 0.13 Tur, popma curaasa acum-
merpuunas (dopma smann Hadicona [18]). Acummerpus
obycJioBJIeHa CKUH-9(DHEKTOM U CBI3aHA C ITPUMEITNBA-
HUEM [UCIIEPCUU B CUTHAJ moriomnienus. [losromy mirst
[TOJIy9eHUsT TOYHOTO 3HAYEHUsI PE30HAHCHOrO moJist Hp
U mupuHbl curaaja 6 H TpebyeTcst ero Moje/InpoBaHue
dyHKIMEH, [TpeIcTaB/IsoNeil coboil cMech JIUCIIEPCUU U
HOrJIoIeHus JiopenieBoii dhopmor [18, 19].

Kpome Toro, BBuay O6OJIBINON INMUPUHBI CHUTHA-
Ja, CPaBHUMOHM ¢ BeJIMYNHON pPE30HAHCHOT'O MOJH,
HEOOXONMMO  YYWTHIBATH  BKJIAZ,  OOYCJIOBJICHHBIIH
[UPKYJISIPHO-ITOJIIPIU30BAHHBIM ~ MHUKPOBOJIHOBBIM  I10-
JIEeM C HAIPABJIEHUEM BPAIIEHUsI, TPOTUBOIIOJIOXKHBIM
OCHOBHOMY MHUKPOBOJIHOBOMY IIOJIIO, (DOPMUPYIOIIEMY
PE30OHAHCHBINM CHUTHAJ. AHAJUTHYECKHE BbIPaXKeHUSI,
npeyioyKeHnsle B pabore [20] mis onmcaHWsi CUTHAJIA
OCP B JaHHBIX YCJIOBUSX, HUCIOJB30BAJUCH B HAIIEH
paboTe JuIs OIpe/ieieHusI TapaMeTPOB CUI'HAJIA.

Ha pucynke 1 mpezcraBiena temieparypHas 3aBU-
cuMocTb pesonancuoro nous Hr(T'), Besuduna KOTOPO-
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Puc. 1. (IlBerHoit ommaiin) TemmepaTypHas 3aBHCHMOCTH
pesonarcroro noss noros Eu?t B xpucramre EuFesAss.
Opuenranust Kpucrauia B MarauTHoM nose H|lab. Ha
BCTaBKe B KadecTBe IpuMepa nokazaH curaana JCP, na-
6srrotaemblit mpu TeMieparype 92 K

r'o OIpeesisiiach OIMCAHHBIM BhIIIEe criocobom. BumaHo,
YTO NpU NPUOJINKEHUN K TOYKE MATHUTHOIO IIEPEXOJIa
T'n co croponbl BeICOKHX Temreparyp curaai CP cme-
I[AETCsl B CTOPOHY HU3KUX IOJIEH. DTO CBUIETEILCTBYET
O BJIMSIHUM Pa3MarHUIUBAIOIIEr0 II0JIsl, BEJIUYNHA KO-
TOPOTO IIPOIIOPIMOHAIHFHA HAMATHUIEHHOCTH O0pa3Iia.
Corutacuo TeoperndeckuM pacueram 1. Kurress [21], B
napaJuiesIbHOI opueHTaruu (KOrja BHEIIHee I0JIe Ia-

PaJUIEJIbHO IIJIOCKOCTU TOHKOI'O 00pasiia) pasMardudu-
BalOIIee [0JIe CYMMUPYETCsI C BHEIIHUM, 9TO [IPUBOIUT
K YMEHBIIIEHUIO BEJINYUHBI BHEIITHEroO 110Jisi, TPebyeMoro
IS CO3JAHHST PE3OHAHCHOrO yeaoBus w = YH (y =
= gup/h — rupoMarHuTHOE OTHOIIEHUE, g — g-haKTop
ImapaMarHuTHOTO NOHA, (43 — MarHeToH bopa, h — mocto-
sunag [lnanka, H — cymmapoe nosie). B mamem coy-
Jae mapaJsijiesibHas OPUEHTAIUsI COOTBETCTBYET YCJIOBUIO
H||ab. 910 ycioBue u peasusyercsi B 9KCIEPUMEHTE, Pe-
3yJIBTAThl KOTOPOI'O MTOKa3aHbl HA puc. 1.

[Ipu niepexojie B ynopsilOYeHHOE COCTOSTHUE C ITOHU-
JKEHUEM TeMIlepaTypbl 10 3Hadenuii 1' < T pe3oHaHC-
HBIl CUTHAJI CUJIBHO YIIUPSIETCs, HO OCTAaeTCsl HabJIIo-
naembiM. Kpome Toro, on pasasausaercs (puc.2). 9ro
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Puc. 2. (IIpernoit onmaiin) Criekrper DCP nonos Eu?t, no-
sygenHble npu Temneparype 4.8 K u pa3ubix opueHTaImgX
kpuctayuia EuFesAsy B marauTHOM moste. [loste jiesxkut B
IJIOCKOCTH ab, KpuCTaJuI Bpaaercs: BOKpyT ocu c. Hagaso
OTCUeTa yIiia COOTBETCTBYeT nostoxkenuto H ||a miist ogHoro
u3 omMeHoB. CHUrHAJIBI B 3aT€MHEHHON 06/1acTH, 00yCI0B-
JIEHHBIE JaCTSIMU PE30HATOpA, He 3aBUCAT OT yIJIa

pacIIelieHie COOTBETCTBYET HADJIIOAABIIIEMYCsI paHee B
pab6ote [14], B KoTOpOii GbLIA U3MEPEHA 3aBUCAMOCTD Pé-
30HAHCHOII 9aCTOTBI OT II0JIA IIPU ITIOCTOSAHHOI TeMIepa-
rype. Oba cursaJia ObICTPO CMEMIAIOTCS B CTOPOHY BbI-
COKHX IIOJIEIl IIPY ITOHMKEHUU TEMITEPATY PHI.

Ha pucynke 1 B obsactu temmeparyp 1 < Ty moka-
3aHO I0JIOXKEHUE TOJIBKO OIHOI'O W3 CUIHAJIOB — HU3KO-
mosieoro. CMmelrieHre B BLICOKUE TI0JIsl HE COOTBETCTBY-
€T JefICTBUIO PA3MarHMIMBAIOIIErO TI0JIsI U CBUJIETE/b-
CTBYeT O BO3HMKHOBEHUU WHOI'O MEXaHW3Ma 3aBUCHAMO-
ctu Hr(T). Ectb oCHOBaHUS TIPEJIIOJIATATh, UTO B 9TOMH
00JIACTH TIOJIOZKEHUE CUTHAJIA OIIPEIEJISIETCS TI0JIEM AHU-
3orporuu H 4, BeTUInHA KOTOPOI'O PACTET C IOHUKEHH-
eM Temmneparypsl [8]. Hajudue n1Byx curHAJIOB TOBODHUT
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0 TOM, ITO eCcTb JBe TPYIIL! HoHoB Eu?t ¢ pazmmaneiv
JIOKAQJIbHBIM OKpYy2KeHueM. Ec/in CABUT CUTHAJIOB OIIpe-
JIeJISIETCS TI0JIEM aHU30TPOINY, 3HAYUT Bemdnna H —
pa3Has I ABYyX PA3HBIX TPy HOHOB, WA OHU MMEIOT
passble ocu anm3orporuu. Ilocsemsaee npeamosoxenne
XOPOIIIO COTJIACYETCs ¢ HAJMINEM MATHUTHBIX JIOMEHOB
[10], cBsi3aHHBIX CO CTPYKTYPHBIMU JBORHUKAMU, ¥ KO-
TOPBIX OCHU ¢ (U OCU MATHUTHON AHU30TPOIINK) IIOBEPHY-
Tel HA 90° OTHOCUTE/ILHO JAPYT JAPYyra, KaK OTMEYaJIOCh
BBIIIIE.

CwMerenne AByX CATHAJIOB IIPU BPAIEHUN KPUCTAJI-
Jia, BOKDPYT ocu ¢ (II0JIe IPU 9TOM HOCTOSIHHO OCTAeTCsl
B IJIOCKOCTH b) IPOUCXOAUT HE3ABUCUMO JAPYT OT JPY-
ra (cMm. puc.2). Popma ClieKTpa NEPUOJUIECKHU IIOBTO-
psercs. CUrHajgbl PacXoAdaTCsd HA MAKCHMAJIHHOE Dac-
crosune 0.6—0.7 Tor mpu 3HaYEHUSX yIJIOB (0 = N - g
(n — menoe gucio, ¢ = 0 coorsercrByer H||a oxHOro
u3 npoitnukos). Korga ¢ & n - 7 CUTHAJIBI CXOJATCS 1
CJINBAIOTCS B OJUH. EC/IU MPeIooKUTD, YTO KaXKIbIi
U3 ABYX THIIOB JOMEHOB MMEET CBOIO OCh MATHUTHOM
AHM30TPOINU BTOPOrO IOPSIKA, HAIIPABICHHYIO BIIOJb
KPHUCTAJLIOTpadUIECKON OCH @, TO MOYKHO IIPEJICTABUTD
VYIJIOBYIO 3aBUCUMOCTH PE30HAHCHBIX TOJIEH JIBYX CHUI-
HAJIOB B BHUJE CYIEPIO3UINU JBYX OJMHAKOBBI (DyHK-
it ¢ epuogom 180°, capuryThix Ha 90° oTHOCHTEIB-
HO JIpyTa, KaK 9TO MoKa3aHo Ha puc. 3. Hajgo ormMeTuTsh,

1.4 AL I I AL I
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Puc. 3. (IlBerHoit onyaiiH) YIioBas 3aBUCHMOCTB DPe30-
HaHCHBIX Hojeii curaanos YCP uwonos Eu?T, saperucrpn-
poBaHHBIX Ipu TeMieparype 4.8 K mpu BpameHun Kpu-
crasuia EuFezAs; Bokpyr ocu c. Ilose jiexkuT B 1I0CKO-
cru ab. HamosioBuny 3akpaliieHHbIE KBaJIPAThl — JKCITE-
PUMEHTAJIbHBIE BEJIUYIUHBI, CILIONIHBIE KPUBBIE BBIYUCIIE-
HBbl C HCIOJIb30BAHUEM BbIpakeHus (2) ¢ mapaMerpamu

Ho=0.33Tnu Hg - Ha = 0.34 T

410 B pabore [13] coobmanocs o HaIUIru OYeHb Caaboil
(AH < 10MTa) 90° MOIy/IsIUM BEJUYUHBI PE30HAHC-
10 ITucbma B 2KOTD
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Horo mosist npu T > Tn. Asropsl [13] oObsicHun eé
HAJINYUE BJIASHUEM KPHUCTAJJIMYIECKUX ITOJICH.

Kpucrayummueckasi crpykrypa EuFes Ass, B KoTopoii
HOHBI eBponus 00pa3yioT ciaou (cM., Hampumep, [5]),
peanoaraeT HaJUIue IIOCKOCTEH JIETKOTO HAMATHU-
yuBaHus. 180-TH-TpajycHast BHYTPUILIOCKOCTHAS AHU-
30TPONHS TOBOPUT O TOM, YTO IOMUMO ‘JIEFKUX ILIOC-
xocreit” mpu T < Ty dopMupyIOTCs eIe U OCH JIer-
KOO HaMarHUIMBaHUsl, COBIAIAOIINE ¢ 6oJIee JIINHHOM
OCBIO @, KaK CJIeJlyeT U3 HEHTPOHOrpahUIeCKUX JAHHBIX
[5]. Hasuune MArHUTHBIX JIOMEHOB IIPUBOJIUT K YIBOE-
HUIO YUCJIA JIETKUX MAHUTHBIX OCeid, M, CJIeJI0BaTEIHHO,
[IEPHOJ], IOBTOPEHNUS CIEKTPa CTAHOBUTCS paBHBIM 90°
(puc. 3). Huig onucanus yrjioBoii 3aBUCUMOCTU U OLECH-
KU BEJWYHAHBI TOJIST AHU30TPOIHA OBLIO MCHOJB30BAHO
ypasaenue (4.3.11) uz kuuru A.T. T'ypesnya [22], koro-
pO€ yCTaHABJIMBAET CBA3b PE30HAHCHOTO MOJsA ¢ Ha m
Hp nas ciaydast aHM30TPONNU B JIETKOM IJIOCKOCTH Ha-
MarHUYUBAHUSL:

(%)2 — H2 — AHpH 4 cos(29). (1)

B sieBoit wactu storo ypasuenus: Hy = w/y — Maraut-
HOE TI0JIe, KOTOPOE CO3/IaeT 36EMAHOBCKOE PACIIEIICHIE
YPOBHEI SHEPI MK, PABHOE 110 BeJIMYNHE KBAHTY JIEKTPO-
MATHUTHOTO 110Jis1 hw (w = 27w, v — 9acTora CIeKTpO-
Merpa). B npaBoii yactu — KOMOMHAIWS TI0JI€l, yIacT-
BYIOIINX B CO3JAHUN PE30HAHCHOTO YCJIOBUS: BHEIHEE, B
KoTopoMm Habsogaercs curiaya JCP, Hg; npousseaenue
obmerHoro ot H g na mose anmsorponun H 4 n Ha Ko-
CHUHYC YJBOEHHOTO yIJIA (0 MEXK/y HAIPABJICHUSMHU OCH
AHM30TPOIINYU ¥ BHEIITHET'O 1I0JIsl. TO ypPaBHEHNE MOXKHO
[IEePENNCATh, YTOOBI BBIIEJUTH HAOJIIOIAEMYIO BEJIMYUHY
Hpr B aBHOM BHJE:

Hp = \/HE + 4Hp H, cos(2p). 2)

OrmeTuM, 9TO ypaBHEeHHe (2) He UMeeT PelleHnsl, KOrIa
cos(2p) < 0 u HZ < |[4HgH cos(2¢)|, T.e. B obmacru
MAaJIBbIX TOJIEH.

Ucnonbsyst ypaBuenue (2) HaM yAaJOCh OLNHUCATH
BEPXHIO YacThb YIJIOBOI 3aBUCHMOCTU PE30HAHCHOI'O
IIOJIsI, TJI€ BBIMOJIHSIIOTCS YCJIOBUSI, HAIIMCAHHBIE BBIIIE
(cm. puc. 3). Ilyrem monfopa napamerpoB TakuMm 00-
pa3oM, 4TOOBI pacuerHasl KpUBasi COBIIAJAJIA C IKCIIE-
PUMEHTAJIbHOI 3aBUCUMOCTBIO, MOYXKHO HATH BEJIMYUHY
pOM3BeeHNs OOMEHHOTO Toyisi Hp W TOJisi BHYTPHIIL-
sockoctHoit annzorporun H 4. IIpu temneparype 4.8 K
OHO OKa3aJIoCch IpuMepHO paBHbIM 0.34 T2, UTo6b! BBI-
JIEJIATH U3 3TOrO TPOW3BENEHUS 3HAYECHUE TOJIsS AHW-
30TPONUH, HEOOXOUMO UCIIOJIH30BATh PE3YILTATHl Mar-
HUTHBIX (HEPE30OHAHCHBIX) W3MEPEHMil, & TaK¥Ke JINTe-
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paTypHbIe JAaHHBIE O BeJIMYMHE OOMEHHOTO B3aMMOIEii-
CTBUS.

Tlonyuennas npu T = 4.2 K 3aBuCUMOCTb HaAMATHU-
YEeHHOCTH uccefoBanHoro Kpucrasuia EuFesAsy oT Be-
JIMYWHBI BHEIITHETO TI0JIsI IIPUBEIeHa Ha puc. 4. Ir1a 3a-

8 ' . - : .

M (n,/ fu)

0 0.5 1.0 15
H(T)

Puc. 4. (Lpernoii onnaiin) HamMaramaeHHOCTD KpHCTAILIA
EuFe;Asy (B eqununax pp/HopMyIbHYIO €IMHUAILY) B 3a-
BUCHMOCTH OT BEJIMYMHBI BHEITHETO IOJIS IPU TEMIIEPATY-
pe 4.2 K. ITlone napasiensuo miaockoctu ab. BumaHo, uro
HaCBIeHNI0 Hamaraudennoctu npu H ~ 1T upesmime-
CTBYeT 3aTAHYTHIIl METAMAIHUTHBIN T1€pex0T (B AMana3oHe
0.4-0.7 T1) Tuna “spin canting” [11]

BHCHMOCTbH IIO3BOJISET OIICHATH BEJIMYNHY HAMAIHAIECH-

HOCTHU HAChImeHns: M U MOJIyduTh 3HAYeHne OOMEHHO-

IO TOJIsA, UCIOJIb3ysl cooTHomenne Hy = AM,; (A = H%)
B

[22]. MBI ncnionb30Bady BeIMYNHY OGMEHHOIO MHTErpa-
aa J = 0.093 M3B u3 paborsl [7], rj1e oHa Gbl1a paccau-
TaHa IO JAHHBIM MATHUTHBIX M3MEPEHUN HA KPUCTAJ-
se EuFeyAsy, anamornanom namemy. IIpunHsiB Besndu-
Hy HAMATHUYeHHOCTH Hachimenus M; = 6.7up (puc.4)
MBI oty anim 3uaderne Hp ~ 10.5 T u coorBeTcTBEH-
no Hy =~ 32MTn. YtoObl MOHATH, HACKOJIBKO peajib-
Ha [IOJIyUeHHAsT HAMHU BejuanHa H,4 U CPaBHUTH ee ¢
JINTEPATYPHBIMA [TAHHBIME, HEOOXOINMO IT€PEBECTH II0-
Jie aHU30TPOINNN B KOHCTAHTY aHU30Tponnu K | NCmoib-
3ys coorHorrenue H, = % IlepeBon maer 3nadveHue
K ~ 1.2-107°sB upu T = 4.8K. Dror pesyisrar
BIIOJIHE CPABHHUM C OIEHKOW KOHCTAHTHI AHU30TPOIINH,
cliesaHHoOl B paboTe 7] Ha OCHOBe M3MepeHuil HaMarHu-
vyenHocTH rpu TemiepaType 4.2K: K = 7.4-107%5B.
OrmeTuM, 9TO MaJjas BeJIMINHA TOJIsI AaHI30TPOIINN
1o cpasHeHHIO ¢ oOMenHbIM nosieM (Ha/Hp ~ 0.003)
XOPOIIIO COIVIACYeTCsl C HUCCJEJOBAHHON cuTyarmei. A
UMEHHO, OOMEHHOE B3anMOJIEHICTBUE ITPOUCXOUT B CJI0E
MOHOB €BPOIINs, HEIIOCPEICTBEHHO MeXK 1y Humu. B or-
JIndure OT HEro, IOJie aHU30TPONnu (DOPMHUPYETCS OIO-
CPEJIOBAHHO, IIPU YIACTHH HOHOB KeJIe3a, PACIIOJIOKEH-

HBIX B COCEIHEM CJIOe, depe3 OUKBAIPATUIHOE B3AUMO-
neiicrue [8]. TlosToMy aHM30TpONMsI B HAIPABJIECHUH
OCH ¢ MOXKET OBITH OOJIBITON, & B MJIOCKOCTUA — MaJias.

B sakjoueHme ormeruMm, 4TO B HACTOsiIeil pabo-
Te OBLIO IMPOBEIEHO WCCJIETOBAHNE MATHUTHBIX B3aud-
MOJIEHCTBUN, KOTOPBIE OIPEIE/ISAI0T MATHUTHYIO CTPYK-
Typa Kpucrtajuia EuFesAss B MarHUTOYIOPSTOYEHHOM
cocrogann nupu 1 < 19K. UccmenoBanne BBIIOIHEHO
MeTojaMu MarHurTomerpuu u crekrpockonnun DCP ma
vacrore oxkosio 1010 T, Bosrukaromiee B 3T0# 061aCTH
TeMIIepaTyp I0Jie AHM30TPOIUHU MPUBOIUT K OOJIBIIO-
MY CMEIIEHUIO0 PE30HAHCHOI'O CUTHAJIA B BBICOKHE IIOJIS.
Kpome Toro, curaaj pacuierisiercst Ha JiBe KOMIIOHEH-
ThI, COOTBETCTBYIOIIE IBYM I'PYIIIaM MarHUTHBIX J10-
MEHOB, pa3BepHYThIX Ha 90° IpyT OTHOCUTEIHLHO APYTA.
Y1006 pa300paTHCS B 0COOEHHOCTSIX MArHUTHOM CTPYK-
Typbl EuFesAsy, ipu T' = 4.8 K Gbl1a u3MepeHa u 1po-
AHAJM3UPOBAHA YIJIOBas 3aBUCUMOCTDH PE30HAHCHBIX I10-
Jieli Ipy BpaleHuu 06pasia BOKPYT ocu ¢ (HAIPaBJICHUE
BHerHero noJist H|jab).

Ha ocHOBe mpoBeeHHOIO aHAJIN3a CJEJIaHbI CJIeITy-
omue BoiBogbL: (1) coenunenne EuFesAsy npu remie-
parype T' < 19K saBnsiercst anTudeppoMarHeTUKOM ¢
IJIOCKOCTBIO JIEFKOIO HAMAIHUYUBAaHUSI, COBIIAIAIOIIEN
¢ kpucrasuorpadudeckoil miockocrbio ab; (2) B 210i
IUIOCKOCTHU TaKKe BOZHUKAET AHU3OTPOINS C IEPUOIOM
noBTopeHust 180°, cBsA3aHHAS C CYNIECTBOBAHUEM OCEit
JIEFKOI'0 HAMAIHUYUBAHUSI, IAPAJIIEJIbHBIX KPUCTAJLIO-
rpadudeckoit ocu a; (3) HaIMIME MATHUTHBIX JIOMe-
HOB, CBSI3aHHBIX C KPUCTAJIOIPAUIECKUME TBONHIKA-
MU, [IPUBOJIUT K BO3HMKHOBEHUIO JBYX YIJIOBBIX 3aBU-
cumocteit ¢ mepuomom 180°; caBunyThix Ha 90° apyr
oTHOCHUTEIHbHO Apyra. Hamuaume ocu BToporo mopsizka B
KaxKJIOM JIOMEHEe MOXKHO pPacCMaTpPHUBATH KAaK HEMaTH-
9eCKOe yIopsijouenne. TeopeTndecKas AlIPOKCIMAIINST
YIJIOBOIl 3aBHCHUMOCTH IIO3BOJISIET CIEJIATh OIEHKU Be-
JauauHbl 0oMenHoro nods Hr ~ 10.5 T u noss anuso-
tporuu Hy ~ 32MmTn npu T = 4.8K. Iocnenuss Be-
JIMYWHA XOPOIIIO COTJIAYETCs C OIEHKON KOHCTATHBI AHU-
30TPOIINH, CIEJAHHON Ha OCHOBE MarHUTOMETPUYECKUX
J@HHBIX [7].

Hacrosimast paboTa BBINOJIHSIJIACH B paMKax roc3a-
nmanusg OUIL KasHII PAH. sMmepennss HaMarHu4aeHHO-
CTH IIPOBEJIEHBI C KCIIOJIb30BaHueM obopyrnoBanust [len-
Tpa KoJuleKTUBHOrO 1ojib3oBanus @VAH B IlenTpe BbI-
COKOTEMITEPATYPHON CBEPXIIPOBOIMMOCTA U KBAHTOBBIX
Marepuasios uM. B.JI. I'uazbypra ®usnyeckoro MHCTH-
ryra umenu 1. H. JIebenea PAH npu nommep:xke Poc-
cuiickoro HaydHOro ¢ouma, rpaut # 21-72-20153.

Wsmepennst DCP 9acTUYIHO BBIIOJHEHBI C HCIIOIB30-
BaHueM 000pyIoBaHus Pacipe e eHHOr0 KOJIIEKTUBHO-
ro crekTpo-aHajuTudeckoro llenrpa usydeHusi crpoe-
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HccnenoBanne nemarukn anrueppomarauTHoro cocrosiausi B EuFeg As,. . .
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