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MeTo/10M 30HHOI IJIABKY C OIITHYECKUM HAarpeBoM BbIpalneH MoHOKpucTast FeCroOy4 co cTpyKTypOit IImu-

HeJia. I1o 3aBUCUMOCTSIM TEILJIOEMKOCTH ¥ MarHUTHOMR BOCIIpUUMYHNBOCTU OT TeMIIEpaTyPhbl OlIpeJe/ICcHbl KPUTU-

JecKre TeMIEpaTyphbl YCTAHOBJIEHUsT opbuTaibHoro yrnopsinodenust Too = 138 K, dopmupoBanust cocrosiHust

KoJutnHeapHoro geppumarnerrka Iy = 65 K u dopmMupoBanust cuupaabHON MOYJISIIIN MArHUTHON CTPYKTY-

pot npu Ts = 38 K. Anomasust BocipunmuanBocty npu 1’ ~ 21 K| HiKe KOTOPO# KpHUBBIE 'HCTEPE3NCa IPUOO-

peraroT 6a609YKOMOMOOHBIM BUJI, BEPOSITHO, O0YCJIOBJIEHA M3MEHEHNEM MArHUTHON aHu3zoTponuu. OOHAPYKEHO,

9YTO CHEKTP MATHUTHOIO PE30HAHCA B MUKPOBOJIHOBOM X-auanasoHe (~9.4I'T'n) npu T' = 30 K mensiercst nupu

IIEePEKJIIOYCHUN HallpaBJICHHWs BHEIIHEIO MAarHUTHOI'O IIOJIsA Ha IIPOTHUBOIIOJIO?KHOE (HB.HGHI/IG H€B33,I/IMHOCTI/I).

HpOBe,ZLeHBI TEeOpeTUnvIeCKrue OICHKN MAarHUTHBIX U MHAYIUPOBAHHBIX JIEKTPUYICCKUX JUIIOJIbHBIX II€PEXO0/J10B.

O6napy»KeHHasi HEB3aUMHOCTb O0'bsICHSIETCsl HHTEP(EPEHITNEl ITUX ePEeXO0B.

DOI: 10.31857/51234567822030090

Kpucramwibt co cTpyKTypoii IIMTUHEH JTaBHO TIPUBJIE-
KAIOT [OBBIINIEHHOE BHUMAHNE KaK B IIPUKJIAIHOM aCIIEK-
Te, TaK U C TOYKY 3peHus (PyHIAMEHTATBHBIX UCCIIET0-
Bauuit. [logpobHOe 00Cy XK IeHIe TPOBEIEHHBIX UCCIIEI0-
BaHW HeJABHO TOJBITOXKEeHO B 0030pe [1]. CoBpemen-
HbIE MCCJIEJIOBAHUS COEIUHEHMIT CO CTPYKTYPOil IIInHe-
JIA CTUMYJIMPOBAHBI OOHAPY KEHIEM B HUX MATHUTOIJICK-
Tpudeckux 3pderroB. O630p 10 3T0i 11pobIEME TIPeT-
crasiieH B pabore [2]. Cpeau pasHoobpasust coeuHeHNH
CO CTPYKTYPOHl IIITHHEN sIPKO BBIJEISIOTCsT (heppuMar-
meruku FeCrySy, FeCroO4 u FeVoOy4. Maraurosnekrpu-
qeckre 3pDEeKThI, MOKa eIle He BIOJIHE sICHOTO ITPOUC-
xoxkienus, B deppumarantaoit daze FeCraS, obuapy-
»kenbl B paborax [3, 4]. TemueparypHble 3aBUCHMOCTU
anekTpudeckoii nosspuzanuu B FeCroOy4 u FeVo Oy, un-
JIyIIUPOBAHHON MaTrHUTHBIM YIIOPSAI0YE€HUEM, [TPUBEIIE-
HBI B paborax [5, 6] u [7], coorBeTcTBEHHO.

OO6Hapy:KeHHbIE MarHUTOJIEKTPUYECKHe 3(PDEKTHI
B [3-7] MoxHO KBasudunumpoBaTh KaK CTATHIECKUE.
Temnzop
OT YaCTOTHI.

MAarHATOYIEKTPUIECKON CBA3W HE 3aBUCHUT
3aBUCUMOCTL  TEH30PA,
TPUYECKOI CBsI3U OT YacCTOTHI OOyC/IaBJIMBAET HOBBIE

MaTr'HUTOJJICK-

sddekTor. Tak sBileHHEe W3MEHEHUWs] WHTEHCUBHOCTH
MpOXOXKieHnst cBera 4epe3 mnactTuiky CuBoOy, mpu
[IEPEKJIIOYEHNI HAIIPABJIEHUsT MATHUTHOIO IIOJIsI Ha

DCwm. JOTIOJTHUTEJIBHBIM MaTepruaJj K JaHHOII cTaThe Ha caiiTe
HaIero XypHaJjia www.jetpletters.ac.ru
2)e-mail: Roman. Yusupov@kpfu.ru

o0paTHOe IIOJIyYWsI0 HA3BAHME HEB3aUMHOCTH (Ujid
nonreciprocal  directional  dichroism) [8]. ZBienue
HEB3aMMHOCTH B ODJIACTH TepareproBbIX YaCTOT Ha-
6unogeno B kpucrauiax BasCoGeoO7 [9]. Onucanue
MAarHATOYIEKTPUIECKUX 3DHEKTOB B  PEIKO3EMETb-
HBIX mapamarsernkax Ho,Laz_,GasSiO14 HemaBHO
HOJBITOXKEHO B pabore [10].

B nmamnoit paboTe mpuUBOAATCS PE3YABTATHI UCCIETO-
BaHUS MATHUTHBIX CBOMCTB MOHOKpuCTA/LIOB FeCraOy,
BBIPAIIEHHBIX [0 OPUTUHAJIBHOM MeTotuKe. [IpuBojsarcs
Pe3yJIbTAThl U3MEPEHUI TEMIIEPATYPHBIX 3aBUCHMOCTEH
TEIIOEMKOCTH U MATHUTHOMN BOCIIPUAMYUBOCTH, 3aBUCHU-
MOCTEll HAMArHUI€HHOCTH OT TEMIIEPATYPBI IIPU PASHBIX
3HAYEHUAX MPUIOKEHHOTO MATHUTHOTO II0JIsI, KPUBBIX
[I€PEMArHUINBAHNUs, CIIEKTPOB MATHUTHOTO PE30HAHCA.

IIpu xomHATHON TeMIIepaType KPHUCTAJINIECKAS
crpykrypa coemunenus FeCroOy kKybOumdeckasi ¢ mpo-
crpancTBenHol rpyunoii cummerpun Fd-3m [11]. Wowst
Fe?t umeroT TeTpasIpuuecKoe OKPY KeHHEe U3 HOHOB
KHCJIOPOJAa M HAXOAATCS B OPOUTAIBHO-BBIPOXKIEHHBIX
cocrosgnuax °E. Wompm Cr3t szammmaloT okxTasmpn-
veckue mnosuiuu. OHU HaxXomsATCsi B OpOUTAJIBLHO-
HEBBIPOXKJIEHHBIX cocTosiHusX Ao, Ilpu T ~ 135K
IIPOUCXOJUT CTPYKTYPHBIN IE€PEXO] B TETPArOHAJb-
Hyto a3y ¢ npocrpaHcTBeHHOH Tpynmoit I41/amd
[12, 13]. KooneparusHoe ymopsijioueHre OpOUTAIBHBIX
cocrosnmit moma Fe?t obycnopmeno mx B3amMomeii-
CTBHEM dUepe3 moJie JedOpMaIyii, a TaKyKe BJIUSHUEM
JIEKTPOCTATUIECKUAX KBAIPYIIOIb-KBAIPYIOJIbHBIX B3a-
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Puc. 1. (IIBerHoit omnaiin) TeMneparypHas 3aBICAMOCTb MOJISIPHOM TEIIJIOEMKOCTH MOHOKpHCTasundeckoro oopasma FeCra Oy.

Ha BcTaBke mokazaHa 3aBUCUMOCTb MATHUTHOMN BOCIIpUUMYNBOCTU OT TeMIIepaTypPbl, U3MEPEHHAas B I10JI€ 100 9. O6OSH3,‘{6HI/I$I,

ncnoJsib3oBanuble Ha pucyHke: C — kybudueckasi Kpucrajuindeckast CTpykrypa, T — rerparonasibsnas, O — opropombuyeckast;
OO - opburanbHO-yIOpsifiodenHoe cocrostuue; PM — nmapamaraurHoe cocrosiuue, FiM — deppumarnunrnoe, FiM + spiral —

dbeppuMarHuTHOE CO CIIUPATBLHON MOMYSINEH

umogeficteuii [14, 15|. TIpu mOHMKEHUN TEMIIEPATYPBI
mo T ~ 75 K nmoaBasgioTcs opTOpOMOMIECKHE NCKAXKe-
HUsl KPHUCTAJLUIMIecKoil pemrerku. lIpocrpancrBennas
rpymma cammerpun Fddd [16]. OpHOBpeMeHHO ¢ aTuM
n3-33a OOMEHHBIX B3aMMOIEHCTBUI IMPOUCXOINUT YIIOPS-
qpodenne cnwHOB. OTMETHM, 9TO TEeMIepaTypa 3TOro
Iepexo/ia CHIILHO 3aBHCHUT OT COjepKaHus noHoB Fedt,
3a9aCcTyio 00pa3yIouxcsa B 00pasIe B XO[e CUHTE3a, U
BO3PACTAET 110 Mepe yBEJUICHUS UX KOHIICHTDAIIHM.
Kpucrayuibl 0bLIM  BBIpAIIEHBI METOIOM 30HHOI
IUIABKA C OITHYECKUM HAIrPDEBOM U3 3arOTOBKH, IIO-
JIygdeHHOI TBepmoda3HbIM CHHTE30M. B KadecTBe
HUCXOMHBIX KOMIIOHEHT WCIIOJIb30BAJINCH OKCHJ XPOMa
Cro03 u aByxBoaHbIil okcasiar kejesa FeCoOy - 2H20
qncToThl He xyxKe 99.995% (Alfa Aesar). Cunres
oCyIecTBIsica B arMocdepe 0cob0 YHCTOTO aproHa
npu armocgeprnoM jgaieHnn. OCHOBHON CJIOKHOCTBIO
nostyuenust coequnennss FeCroO4, B KOTOPOM HOHBI
JKeJle3a Haxomarca B cocTognmu Fe?t | apmaercs merxoe
OKHcjleHne mocyieaaux jo cocrogumsi Fe3t. Bo usbe-
JKaHUe TaKOro OKHUCJIEHHsS JPyI'He aBTOPbI ITPOBOJIAT
CHHTE3 B CJIETKA BOCCTAHOBHUTEJBHOI aTmocdepe, co-
nepxkaiieit Bogopoy, [17] smubo monookcun yriepona CO
[18]. IIpy UCIOIB30BAHNA OKCAJIATA JKEJIE3a MOCIIEHUIT
IMucbma B 2K9TD 2022
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pacnajaerca B obmactu Temieparyp 470—570K ma
okcny, xkeje3a FeQ, yruekucibrit raz COg 1 MOHOOKCHT,
yriepoga CO, KOTOpBII aBTOMATHYECKH CO3/IaeT B
HY>KHBIfi MOMEHT BOCCTAHOBUTEJIbHYIO armMocdepy B
KaMmepe medn. PocT KpucTasia BBIIOJHSAJICS CO CKO-
pocTbio 4 MM/Y Ha MOJUKPUCTAJUIMYECKYIO 3aTPABKY
[IPU BPAIEHUN 3aTPAaBKU M 3arOTOBKH ¢ dJacToToir 10
000POTOB B MHUHYTY B IIPOTHBOIIOJIOKHBIX HAIIPABJIE-
Husix. /lerasbHOe ommcanwe CHHTE3a MOHOKPHUCTAJIOB
FeCroO4 Oymer mpeamMeToM OTHEJIBHON IyOJIMKAIUH.
Kpucramumaeckast ¢cTpykTypa n (Ha3oBblil cOCTaB KOH-
TPOJIMPOBAJIMCE METOIOM IOPOIIKOBOI PEHTTEHOBCKON
mudpaxiun (Bruker D8 Advance), nmpucyTcrsue HOHOB
Fe3+t METOJIOM MecCOAyIPOBCKON CIIEKTPOCKOIIHH.
OpuenTarys MOHOKPUCTAJLIMIECKUX 00PA3I0B BBIOJI-
HsJIACh HA TOM YK€ PEHTIeHOBCKOM JH(pPaKTOMETDE,
OCHAIIEHHOM CTOJIMKOM Dijiepa.

W3mMmepeHusi TEJIOEMKOCTH W CTATUYECKasl MarHU-
TOMETPHUS POBOIWINCH C HCIOJH30BAHUEM YHUBED-
CAJIbHOM CHCTEMBI HCCIIeI0Banns (bU3NIECKUX CBOMCTB
PPMS-9 kommanunn Quantum Design. B 3aBucumoctu
TEIJIOEMKOCTHU OJIyYEHHOTO 00pas3iia OT TeMIEePATYPhI
(puc. 1) UPOSBIIAIOTCS TPU AHOMAJIUK IIPU TEMIIEPATY-
138K, T 65K u Ts = 38K, orBeua-

pax Topo = =
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Puc. 2. (Ilsernoit onsaiti) TeMeparypHble 3aBUCHMOCTH HAMAIHUYIEHHOCTH MOHOKpHUCTaJLIndeckoro obpasua FeCraO4 mpu

Pa3IMYHBIX 3HAYEHUsIX MAHUTHOIO IIOJIsl, IIPUJIOXKEHHOTO BIONIb KyOndeckoii ocu [001]. BaBucuMocTn u3MepeHbl B IpoLecce

OXJIazK ICHU A o6pa31_1a OT KOMHATHOM TeMIlepaTypbl B MAaroHuTHBIX ITOJIAX 0003HaYeHHON Ha, PUCYHKE BEJINYINHDbI

IONIUX M3BECTHBIM (PA30BBIM MEPEX0JIaM B COCTOSTHHE C
JAJIBHIM OpOUTAILHBIM MOPSIKOM B MOJIPENIETKE YKe-
sesa [12, 13|, cocrosinme ¢ deppuMarHuTHON CTPYKTY-
pO#l M COCTOAHME CO CHUPAJIBLHON MOILynIANueil MarHuT-
HOIl CTPYKTYDBI, coorBercTBeHHO [11]. Maruurabie me-
PEXO/IbI IIPOSABJIAIOTCS TAKKe B TEMIIEpAaTyPHOH 3aBUCH-
MOCTH MATHHUTHOW BOCIPUUMYUBOCTH OT TEMIIEPATYPHI,
[MOKa3aHHOI Ha BecraBke puc. 1. Kpome mepedncieHnbrx
BBIIE, B JAHHBIX 110 MATHUTHOHN BOCHPUUMYUBOCTHU OT-
MeTUM IMHUpOKni MakcumyM npu ~ 20 K, mpupomy ko-
TOPOro MbI 06cy UM 1o3Ke. OmnpeiesieHnast jisd Hale-
ro obpasma temieparypa Heensa B 65K saBasercs ogn-
HOW M3 CaMbIX HU3KHMX JJIs MOJO0HBIX 00Pa3IoB, UTO
YKa3BIBaeT Ha MHHEMAJbLHOE cofepKanne moHos Fedt
B HeM. B 11ej10M, MOJIyY€eHHbIE BEJTUNIUHBI KPUTHIECKUX
TEMIIEPATYP COIJIACYIOTCS C PE3YIbTATAMHY IIPEJIIIECTBY-
foux ucciaenopanuii [11-13, 17], KoTopble BBIIOJIHEHBI
HA TOJUKPUCTAJUIMIECKUX TOPOIMIKOBBIX obpasmax. O-
HAKO, MMEIOTCSI ¥ HOBbIE€ PEe3YJIbTATHI, B YACTHOCTH, JIe-
TAJIU3UPYIOIIKE TEMIIEPATYPHbBIE 3aBUCUMOCTHU CPEJIHErO
MATHUTHOTO MOMEHTA Ha OJIHY (hOPMYJIBHYIO IUHUAILY U
¢dOopMy [eT/Iu rucTepesuca.

Ha pucynxke 2 nokasam HabOp TeMIepaTypHbIX 3aBH-
CcUMOCTEl HAMAIHUYEHHOCTH, U3MEPEHHBIX [IPU PAa3HBIX

BeJIMYMHAX [PUJIOXKEHHOTO K 00Pa3Ily MAarHUTHOTO II0-
Jist. TToJte IpUKJIaIbIBAIIOCH B10JIb KyOndeckoii ocu [001]
obpasna. Popma 3aBUCHUMOCTENl U3MEHSIETCSI C BEJIMYU-
Ho#t moJtst. [Ipu yBennueHNN HANPSIXKEHHOCTH TIOJISI BCE
6oJtee BBIPA2KEHHOM OKA3bIBAETCS aHOMAJIUs B 00/1acTH
20 K, mposiBJISIfOIIasicsi B Pe3KOM CIIaJie BeJIMYUHBI Mar-
HATHOTO MOoMeHTa. VHTepecHbIM (HAKTOM 3/1€Ch SABJIS-
€TCsl TO, 9TO ITa AHOMAJIAA CJIA0O MPOSABJISAETCA B 3a-
sucumoctu M (T'), usmepennoit B noste 3MT u BooG1Ie
orcyrcTByer nipu u3Mmeperuu B mosie 3 T. Obpamaer Ha
cebsi BHIMAaHUE, YTO BEJIMYNHA MATHATHOIO MOMEHTA Ha
0/iHY (POPMYJIBHYIO €IUHUILY JayKe MPU OXJIAXKIEHUH B
nosie 3T mocrarouno weBenuka, ~ 0.7 pp.

Ilist naJibHeInero BbIsICHEHUsI OCODEHHOCTEN Mar-
HATHBIX cBOiicTB coemmuennsa FeCroO4 6bLIM MCCaemo-
BaHBI KPUBBIE TIEPEMATHIIUBAHIS TOTO K€ 00pa3Ia mpu
remmeparypax 10 u 23K (puc. 3), HIXKe U BbIIIe TeM-
[IepaTyPhbl AaHOMAJINH, [IPOSIBJISIIOIIECS B 3aBUCUMOCTSIX
M(T) na puc.2. HabmomaeMble KpUBble KadeCTBEHHO
paznuualtorcsd. [Ipu T = 23 K 3aBucumocTh KBa3mobpa-
TUMasl C KOIPUUTUBHOMN cuyioit ~ 48 MT u BBIXOJIOM Ha
mouTn JimHeiiHyo B mojsx Beime 371. Ilpu T = 10K
HabJII01aeTCs 6a00IKOIOMOOHAS KPUBAsi C BBIPAXKEHHOM
HEOOPATUMOCTBIO B JIMAIla30HE I10Jiell BILUIOTH j10 5T,
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Puc. 3. (IlperHoii onuaitn) Kpussle nepemarananBanusl MOHOKpuUcTasuimdeckoro obpasua FeCroO4 npu Temueparypax 10 n

23 K B moJte, mpuIOXKEHHOM BIOJTb “KyOudaeckoi” ocu

[001]

TaKKe BBIXOIAIIAA HA MOYTH JIMTHEWHYIO C MAJIBIM IOJIO-
KHUTEJIbHBIM HAKJIOHOM; IIPA 3TOM KOSPIUTUBHAS CUJIA
B 00J1aCTU MaJIbIX MarHUTHBIX II0JIEHl OCTaeTCsl CpaBHU-
TesibHO HeboubInoi, ~ 98 MT. Memennoe smHeitHOE Ha-
pacTaHre HAMATHIIEHHOCTH B 00J1aCTU OOJIBIIIIX TOJIEH,
CKOpee BCero, CBSI3aHO CO CKAIMBAHUEM OTHOCUTEIHHBIX
HAIIPABJIEHUII CIIMHOB B IOJIPEINIETKAX XPOMa U 2KeJjie-
3a. Bo3MOXKHBIM OObsICHEHHEM CYIECTBEHHON Heobpa-
THUMOCTH B KpUBBIX nepemaranuuBanus rpu 10 K moxker
OBITH (POPMUPOBAHUE JIOMEHHOU CTPYKTYPbI, IPUBO/IsI-
uiee B 3apucumoctax M (T') wa puc. 2 K clajly HaMaruu-
vennoctu ipu T ~ 20 K. B o3y sToro dpakTa roBopst
OTCYTCTBUE aHOMAJIUI B TEMIIEPATYPHBIX 3aBUCUMOCTSIX
TEIUIOEMKOCTH, U3MEPEHHBIX B HEHYJIEBOM IPUJIOKEH-
HOM MATHUTHOM IIOJI€ U HCYE3HOBEHWE CKAYKa HaMar-
HuvyeHHocTH B 3aBucumoctu M (T'), u3MepeHHOH B 110J1e
3T. B peaspuoCTH, cuTyarus MOKeT OBITH OOJIee CII0K-
HO#1, TOCKOJIPKY HOMWMO CITaJ[a HAMATHUIEHHOCTHU DU
20K, B xpuBbix M (T') Ha puc.2 mposiBJISIETCS] TAKXKe
MTOJIOKUTEJIbHBIN CKAYOK HAMArHUIeHHOCTH Tpu ~ 44 K|
MIPOUCXOXKIEHIE KOTOPOTO TPYIHO CBA3ATH C (DOPMUPO-
BaHMEM MATHUTHBIX JOMeHOB. [losromy HabJromaembie
IMucbma B 2K9TD  Tom 115 2022
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ua puc. 2 anomasnu upu 20 u 44 K| a rakxke cymecTBeH-
HYI0O HEOOPATUMOCTh B KPHUBBIX IEPEMArHUYIUBAHUS HA
puc. 3 ¢ 60JIbITeil BEPOSTHOCTHIO CJIEJIYET CBA3ATH C UH-
JOyOUPOBAHHON MAarHUTHBIM IIOJIEM IIePEeCTPOUKOI Mar-
HUTHON CTPYKTYPBI U MATHUTOK PUCTAJINIECKON AHI-
sorponuu. O Ka4eCcTBEHHO CXOIHOM HAOJIIOJIEHUN B M30-
cTpykrypHOM cysibduaaom coemuuennn FeCraSy coob-
majock B HenasHeil crarbe [19]. Tperuit BapuaHT MH-
TepIpeTanuu MOXKeT ObITh CBA3aH C JUHAMUKON CTPYK-
TYPHBIX JIOMEHOB (JBONHUKOBAHMUSI), BOSHUKAOIIUX [IPU
MMOHVKEHUN CHMMETPHUH KPUCTAJUIMIECKONU CTPYKTYPBI
(kak 110 TeTparonanabHol nmpu 138 K, Tak u 10 pombude-
ckoit npu 65 K), o6yciiosienHoit MarauToynpyrumu 3g-
dexramu. OHAKO TaKOE 00bICHEHUE HAM TIPEJICTABIIS-
€TCsl MAJIOBEPOSITHBIM, IIOCKOJIBKY B 9TOM CJIydae TPYI-
HO OXKWJIATH CUMMETPUIHON OTHOCHTE/ILHO 3HAKA ITOJIsT
kpuBoit nepemaranuusanus M (B).

IloBbIIeHHOTO BHUMAHWS, HA HAII B3TJIAJ, 3aCJy-
KUBAET BEJMYNHA MACHUTHOTO MOMEHTA COEeIUHEHUS
FeCroO4 B MArHUTOYTIOPSITOYEHHOM COCTOSTHUY, HE TIPe-
Boimaromas B moJsx 10 9T Besmmannsr 1.25 pp Ha dop-
MyJIbHY0 equauIy (puc. 3). 90-rpajycHoe cynepoOMeH-
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Hoe B3anMogeiicTare camaos Cr3t wepes nonsr kuemopo-
Jia CIIocOOCTBYET UX (PePPOMATHUTHOMY YIIOPSIIOYEHHIO.
O6mennas ceszb crmnoB Fe?t (S = 2) co ciimmanvu Cr3+
(S = 3/2) nocur anTudeppOMArHUTHBIA XapakTep, HO
fABJISIETCA OTHOCUTEJBHO cyaboii. B pesynbrare sTmx
B3aUMOJIEACTBUI MOXKHO OXKHUJATH YCTAHOBJIEHUS KOJI-
JmHeapHO! heppuMarHUTHON CcTPYKTYpHhI. [lpn nmeastn-
HOM (DEePPUMATHATHOM YIOPSIOIEHUN CPEIHAN MATHAT-
HBIIl MOMEHT Ha OJIHY (POPMYJIBHYIO €UHUILY OXKUIAETCS
6b1Th pasHbM 2 - 3up(Crt S = 3/2) — 4up(Fe*t, S =
= 2) = 2pup. OnHAKO, COMNIACHO JAHHBIM paborsl [17] u
HAIIMM pe3yJbraTaM (puc. 2, 3), ero peajbHasl BeJIUIH-
Ha 3HAYUTE/IbHO MeHbIne. Kcjm He mojBeprarb COMHeE-
HUIO 9KCIIEPUMEHTAJHHO YCTAHOBJIEHHOTO (haKTa KOJIIU-
HEaApHON (hepPUMATrHUTHON CTPYKTYPBI, TO JJisi 00bsiC-
HEeHUsI HabJIFOIaeMOro OTINYNs U3MEPEHHOIO MArHUTHO-
'O MOMEHTA OT BBIIIEIPUBEICHHON OIEHKH, CJIEIYeT JI0-
[yCTUTDb, YTO MArHUTHBIE MOMEHTHI (10 Kpaiineil mepe,
JaCTUYHO) UMEIOT He YHCTO CHMHOBYIO Hpupojy. B ca-
MOM Jiejie, B [IPUBEJIECHHOI BBINIE OIEHKE HE YIUTHIBA-
ercsi PoJib OPOUTAIBLHOIO MOMEHTa MOHA »Keje3a. Pac-
CYNTAB SHEPreTUIEeCKyI CXEeMy YPOBHEH, MBI HAIILIU,
9TO0 B 3((DEKTUBHBI MArHUTHBIA MOMEHT HUKaMIIIEe-
ro cocrosnus tepma Fe’t(PE) snaunrenbublii BKa
JlaeT OpOUTAJIBHBII MOMEHT, IIPUYEeM 3TOT BKJIAJ, €ro
AHM30TPOIHBIN (CM. JONOJHUTENbHBIH MaTepuad). st
uccyieioBanusg MarauTHoit crpykrypbl FeCroOy Heman-
HO OBLIN TPEAIPUHATHI UCCIIe0BAHNS MeccOAYIPOBCKUX
criekTpoB [20] Ha IpeaBAPUTENHHO CJIETKA CXKATHIX 00-
pasnax npu remeparypax auke 75 K. Opnako, aBTopbl
OTMETHJIN, UTO JIJIsi OMPEEICHIS CIIMTHOBON CTPYKTYPbI
TPEOYIOTCSI JOMOJHUTEIbHBIE UCCIIEI0BAHMUS.

HoBpie pesyibrarbl ObLIM IIOJYyYEHBI IIPU UCCTIE-
TOBAHAU  OPHEHTAIMOHHOM CIEKTpa,
SIIP/OMP monokpucraumdeckoro obpasua FeCraOy.
ClekTpbl HU3MepA/IACh Ha CEPUIHOM CIEKTPOMeTpe

3aBHUCUMOCTH

Bruker ESP300 wmempepsiBroro meitcrBus. Coemume-
nue FeCroOy siBiIsieTcsi MArHUTOKOHIIEHTPHUPOBAHHOM
CHUCTEMOIl, I03TOMY BCJIEJACTBHE CHJIBHOI'O JIUIOJIb-
JIATIOJIBHOTO YIIUPEHUsI B MAPAMATHUTHOM COCTOSTHUHU
KAKNX-JM00 BBIPAYKEHHBIX CIEKTPOB MATHUTHOLO pe-
30HAHCA B MHKPOBOJHOBOM X-IuanasoHe (dacrora
9.4TTu) obuapyzxeno He 6buI0. JJ0CTATOYHO IMUPOKO-
ITOJIOCHOE TIOTJIOIIEHHUE IMOSABJISETCH IIPU TeMIepaTypax
mmke 60K. Haubosee sApKo CTpyKTypa CIEKTPOB
BbIparkeHa [IPU MACHUTHOM I10JIe, HAIIPABJIEHHOM BIIOJIb
kBasuKyoudeckux oceit (100). ITpn moHwMKeHNH TeMIle-
parypsl HuzKe 20 K cuekTpbl CHOBa He HAOJIIOIAIOTCH,
YTO MOXeT OBITh CBSI3aHO KaK C (OPMUPOBAHUEM
MArHATHON JIOMEHHON CTPYKTYPBI, TAK U C IEPECTPOit-
KO#l (peppUMATHUTHOTO COCTOSHHUsI, OOCY:KIaBIIeics
BBIIIIE.

OpueHTanuoHHasi  3aBUCUMOCTH  CIIEKTPOB  IIpH
T =30K mnokazana ©Ha puc.4 B JIBYMEPHOM WHTEH-
CUBHOCTHOM NDEJICTABJIeHNN (BepXHsisl IIAHEIb) U B
TPAIUIINOHHOM BUJE JJIsi M30PAHHBIX YIJIOB, OTBEYAIO-
KX HapaBieHUsM Kybmdeckux oceii (100). Baknast
OCODEHHOCTh 3aKJIIYAeTCsl B HEMJIEHTUYHOCTH CIEK-
TpoB 1pu noBopore obpasma Ha 180 rpasgycos (s
map cruekTpoB 0-180, 90-270 n 180-360 rpajycoB Ha
HIKHEH THaHequ puc.4) npu OPaKTHIECKH WJIEHTHY-
HO# mx crTpyKType misi mapbl 0-360 rpamgycoB. D10
HEXAPAKTEPHO KAaK JJIs aPAMATHATHBIX, TAK U MarHU-
TOYIOPSIJIOYEHHBIX CUCTEM, O0JIaIAI0IMX CHUMMETpPUEit
[I0 OTHOIIEHHWIO K OOpallleHHIO 3HaKa BpemeHu [21].
Cucrema FeCryOy, cornacuo ¢daszoBoit amarpamme,
mpu 30K mmeer opropomMOndeckyio CHMMETPHUIO, T.€.
KaxKjasl "3 KyOMdYecKuX OcCeil YeTBepTOro IOPsiIKa
IIPU 9TOI TEMIEPATYpPe CTAHOBUTCH OCHIO0 BTOPOTO IIO-
pagka. O6paser mpeacTasisyi coboi TPIMOYTOIbLHBIH
napaJuiejieliies], ¢ T'PaHsIMHU, [IePIEHIUKYJIsIPHBIMU
ocam (100) B kybuueckoit daze, mosromy daxTop
Pa3sMArHUYNBAHUS TAKXKE XapaKTePU3yeTCs CHMMET-
pueii BrTOporo mnopsijika. Hade TOBOpsl, CHMMETPHUS
KPUCTAJIITIECKO CTPYKTYPBl U (POPMBI OIUCAHHOI'O
SABJICHUS HE OObSICHSET.

B mamewm ciryaae obpasern HAXOMMICS B IPAMOYTOJIb-
mom CBUY-pesonarope ¢ momoit TEMsig B smueiino-
noJisipu30BaHHOM  KBasuoxHopogaom CBY-mose (ero
MATHUTHOH KoMIIOHeHTe Bi), u mpu mosopore oGpas-
na #a 180 rpajaycoB BOKpPYT HampasJieHus moss By cu-
Tyalysl 110 OTHOIIEHUIO K IIOCJIEeIHEMY He H3MeHseT-
csa. V3meHsieTcst JIMib HaIIpABJIEHUE BHEIIHErO IIOCTO-
AHHOrO MarauTHoro mojs B. Ilomobmas 3aBrcHMOCTD
CIIEKTPA IOTJIONIEHUs] OT HAIIPABJICHUS HAMATHUIEHHO-
cru ObLIa ONUCAHA B IOCJIEIHEE BpEMsi JJIsi MYJIbTH-
deppouros CayCoSia07, SraCoSiaO7, BasCoGexO7 [9],
BasMgaFe12099 [22]. 9ddexTy npucsanpammcs nassa-
HUAA “OJIHOCTOPOHHEN MTPO3padHOCTH’, “KBajXxpousma’,
“MarHUTOYIIPABJIAEMOTO ONTHIECKOro auona’ u “HeB3a-
HMMHOTO JIMXPOU3MA 10 OTHOIIEHIIO K HAITPABJIEHUIO PAC-
npoctpanenust’. Kak ciienyer u3 Ha3BaHWil, siBJIECHUE
MOXKET JIeXKaTh B OCHOBE (PYHKIIMOHAJBHBIX YCTPONCTB
[23, 24]. dua coequuenus FeCraOy, HACKOIBKO HAM U3~
BECTHO, 0 TaKOM 3P deKTe paHee HE COODIIAIOCE.

B zaksrodenne ormerum, 9TO JUIA HADJIOAEHUS 00-
HAPY2KEHHOI HaM{ HEB3aUMHOCTU B CIIEKTpe ¢eppo-
MarHUTHOTO PE30HAHCA He TpebyeTcs IpeBapuTe/IbHOM
MIPOTIEIYPhI MOJISPU3ANNAN 00PA3Ia BHEITHUM JIEKTPH-
YeCKHUM II0JIeM, KaK 9TO JIeJIAIoch B pabore [6] mist Ha-
OJIFOJIEHUs] CTATHYECKOIO MArHUTOJIEKTPUIECKOrO -
dekra B FeCroOy4. Mbl CKIOHHBI cUMTATH, 9TO OOHA-
DPyKEHHOE HAMU sIBJICHHE [IMHAMUYECKON HEB3aWMHO-
cTu 00YCJIOBJIEHO MHTEPdEPEHIIneil MArHUTHBIX U DJIEK-
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Puc. 4. (Lpernoit onmaitn) OpreHTanuoHHast 3aBUCUMOCTb criekTpa DIIP/®MP monokpucrasinaeckoro obpasua FeCraOy,
n3mepensas npu I’ = 30 K npu Bpamenun B KkBasukyoudeckoii minockocru (001); wacrora CBY 9.414 I'T'u. Yros orcunThiBaer-
cs1 or ogHOro u3 Hanpasienuii (100) B mrockocru (001). BepxHsisi 1aHes b — NHTEHCUBHOCTHOE IIPEJICTABIIEHIE OPUEHTAIOHHOMN
3aBUCHMOCTH, U3MEPEHHON IPU BpalneHnn obpasia 6ojiee YeM Ha IOJIHBIA 000pOT C IIaroM 5 I'pajlyCcoB; HUIKHSIS ITaHEJb —
n30paHHbIE CIEKTPHI U3 U3MEPEHHON OpPUEHTAIIMOHHON 3aBucumoctu yis yrios 0, 90, 180, 270 u 360 rpamycos

TPUIECCKUX OUIIOJIBHBIX IIEPEXOJ0B MEXKIAY COCTOAHUA- JeficTBUE CIIMHOBBIX MOMEHTOB C QVIEKTPUIECCKUM IIOJIEM
MU HOHa Fe2+. HpI/I 9TOM MBI IIOJIara€M, 4TO B3aHMO- CBSI3aHO C COBMECTHBIM JIEHCTBUEM HEYETHOT'O KpucTaJ-
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P. B. FOcynos, M. A. Yepocos, B. @. I'a6bacos u Jp.

JIMYIeCKOro moJid Ha moHax Fe?', cnmm-opbuTambHoro n

OOMEHHBIX B3aUMOJIEHCTBHI, KAK 9TO 00CY K IAJIOCh B Pa-

ooT
Bel

e [25]. OcHoBaHUsI JJIst TAKOTO TIPE/IIOIOKEHUsT IPU-
€HbI B JIOMOJIHUTEIbHOM MaTepUaJie.
Pabora 6buta mommeprkana Poccuiickum HayIHBIM

dougoM, npoekT # 19-12-00244.
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