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UccnenoBanbl Mecch6ayspoBCKue CIEKTPh MOHOKPUCTAILIOB Dopara xkene3a FeBO3s npu remmeparypax Bbi-

1€ U HrU2Ke TOYKHW MAarHUTHOT'O IIepexoaa IIpu pa3JII/I‘{H0ﬁ OPpHUEHTalIuUd KPUCTAJIIIOB OTHOCUTEJIbHO HAaIIPpaBJI€HUA

pacmpocTpaHenus y-KBaHTOB. [Ij1g onmcanust Mecc6ayIpPOBCKUX CIIEKTPOB pa3paboTaHa TeOPeTHIECKast MOIEb,

KOTOpad YYIUTHIBACT PA3IUYIHBbIE OPUEHTAIIUNW MATHUTHBIX MOMEHTOB B IIJIOCKOCTHU KPHCTAJLIA. yCTaHOBJ'[eHO,

qT0 HaJW4Yue B Oopare »Keje3a MArHUTHOM [TOMEHHOI CTPYKTYPBI CyIIeCTBEHHO BiauseT Ha (Gopmy Meccbays-

POBCKUX CHEKTPOB U MHTEHCUBHOCTU PE30HAHCHBIX MEPEXOI0B. HpeﬂJIO)KeHHaH MOZgesIb MOXKET OBITH TIOJIE3HA,

IIsT OTIpeIe/IeHnsT KOHMUIYPAIMH MAarHUTHON JOMEHHON CTPYKTYPHI MATepHajoB IO JAHHBIM MeccOayIpoB-

CKUIi CIeKTPOCKOINHA.
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1. BBegenme. Kpucramnnl 6opara »keje3a sABJIsI-
IOTCS KJTACCHIECKUM MOJETbHBIM 00BEKTOM [T UCCTIe-
JMOBaHUN B OOIACTH MATHETH3MA U HA HUX U3YUEH i
YHUKAIBHBIX siBIeHnit n abderron [1-5]. Beicokokaue-
crBernble 00pasnpl FeBOs, a TakKe HAHOKOMITO3UTHI HA,
X OCHOBE, HAXOJST CBOE MPUMEHEHHE B COBPEMEHHBIX
OTpAaCIsSX HAYKW U TeXHUKH [6, 7).

Kpucrannnyeckasi crpykrypa Oopara »Keje3a orm-
CLIBAETCA MIPOCTPAHCTBEHHON IPyHIoil cuMMerpun R3¢
[8]. O6pasupt FeBOs moryr GbiTh CuHTE3MpOBaHbI W3
PACTBOPOB B BBICOKOTEMIIEPATYPHBIX pacijiasax. B
9TOM CJIy4ae OHU KPHUCTAJIM3YIOTCS B BHJIE TOHKUX
6a3KMCHBIX [LTACTHH, MEPIEHIUKYISIPHBIX HHBEPCUOHHOM
ocu Tperbero mopsizka [9]. MarHuTHbIE MOMEHTHI aTO-
MOB JKeJIe3a PACIIOJIOKEHBI B CJIOSAX, MaPAJIETHHBIX Oa-
3UCY KPUCTAJLIA, U YIOPIA0YEHBI AaHTH(HEPPOMATHUTHO.
OpHako, BBUIY AHTUCHMMETPUIHOTO CyMepOOMEHHOTO
B3aumMozeiicteus  (3dpdexr I3samommuuckoro-Mopun),
MArHUTHBIE TIOAPEIIETKY CJIerKa CKOIIEHbI, 9TO CO3/IaeT
csiabblit  pe3yabTupyomuii MarHuTHbii MomeHT [10].
BekTop antudeppomarnerusma u caabbrii  deppo-
MarHUTHBII MOMEHT JIEXKAT B OA3WMCHOHM IJIOCKOCTH
kpucrasia. Hammame cmaboro MoMeHTa 00yC/IaBIHBAET

De-mail: niksnegir@yandex.ru

MPOIECCH MEPEMATHUYUBAHUS B 3ITHUX KPHUCTAJIAX.
Touka Heens cocrasmsier Ty = 348.3K [7].

B snepmHo-pe30HAHCHBIX WCCAEIOBAHUAX TIPW aHa-
JIU3e CBEPXTOHKOW CTPYKTYPBI CIEKTPOB OGopara Ke-
e3a HeOOXOIMMO pACcCMaTpUBaTh KOMOMHWPOBAHHOE
MarHNTHOE NNIMOJBHOE W JIEKTPUIECKOE KBAJIPYTIOIh-
HOe cBepxToHKOe B3aumoueiicrsue [7]. Tenzop rpauau-
enTa ssekrpnaeckoro mosust (IIII) B FeBOj smasier-
csl aKCHaJIhHO-CUMMETPUYIHBIM, €r0 TJIABHAST OCh OPTO-
POHAJIbHA MATHUTHBIM MOMEHTAM ATOMOB Keje3a U pe-
3y/IBTHPYIOMEMY CTaboMy (peppOMArHATHOMY MOMEHTY
[11]. 9TO MpUBOANT K XapaKTepHO aCHMMETPUH WHTEH-
CHUBHOCTEI MUHUIT B MeccOayIPOBCKUX CIIEKTpax Oopara
kemesa [7].

OrHOCHUTETbHbIE WHTEHCUBHOCTH JIMHUN B MeccHay-
9POBCKUX CIEKTPAX MOJAKPUCTALIHIECKAX 0OOPA3IOB
OTIPEJIENIAIOTCST  JIUTITh BEPOSITHOCTSIMH  COOTBETCTBYIO-
[IMX UM PE30HAHCHBIX 1epexonos [12,13].

B cayvae MOHOKDWCTAJIIOB, HHTEHCUBHOCTH JIMHU
3aBUCAT TaKKe OT HampabieHus >PQPEKTHBHOTO Mar-
HUTHOTO TIOJIS Ha Aapax rKeje3a (KOTOpOoe COBIAIAET
C HANpaBJEHUEM MarHUTHOrO MOMEHTa aTOMa, YKEJIe3a)
u rnapuoit ocu '] oTHOCUTENHHO HANPABICHUS BOJI-
HOBOI'O BEKTOPA, Y-KBaHTa K., UCIIYIIEHHOIO MCTOYHU-
KOM HM3JIy4deHusi. B 5ToM 3aKIi09aoTcs mOIspr3ainon-
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uble 3 deKThI B MecchayIpOBCKUX criekTpax. Habmromge-
HUE ¥ TPAKTOBKA TUX 3(D(HEKTOB BIEPBHIE BHIMTOTHEHbBI
B TIMOHEPCKUX paborax XaHHBI U coaBTOpoB [14,15], n
3areM pa3BuThl [oH3epom [16].

IMpu umcTO MATHUTHOM CBEPXTOHKOM B3aMMOJIEH-
CTBHH, OCHOBHOH ypOBeHb giep ' Fe B MarHHTHOE IO-
Jie pacIIenisieTcss Ha IBa MOy POBHS, a BO30Y K ICHHBII
YPOBEHb Ha YeThipe moaypoBHs. C yd4eToMm mpaBuj OT-
6opa, U3 BOCBMHU MEPEXO0B BO3ZMOXKHBIMU OKA3BIBAIOT-
Csl TOJIBKO IecTh [14, 15]. VIMeHHO u3tydeHne, COOTBET-
CTBYIOITIEE SHEPTHH ITUX TIEPEXOI0B, CTAHOBUTCS TTOJISI-
pusoBaHHBIM [16].

OrMernM, 9TO 3aBUCHMOCTb WHTEHCHUBHOCTEH DE30-
HAHCHBIX JIMHUH OT OPHWEHTAIMH 00pa3la MOXKHO Ha-
6s071aTh TaK)Ke W Ha TOJUKPHUCTAJIAX, €CJIW Bepo-
araocth 3dhderra Meccbayspa anuzorpornua (3dbdekr
Tonbaanckoro-Kapsiruua) [17].

CoorHolleHre WHTEHCUBHOCTEH TUHUN B Mecchaya-
POBCKHUX CIEKTpaxX (PeppOMArHETHKOB, HAMATHUIEHHBIX
BHEITHAM MATCHUTHBIM TIOJIEM, & TAKKe TMOJIAI0OMEHHBIX
deppoMarHeTnKoB, He O00JTAJAIONUX CIIOHTAHHON Ha-
MArHUYEHHOCTHIO, OMUCHIBACTCS U3BECTHBIMU U3 JIUTE-
parypsl Beipaxkenusivn [18]. OnHaxo, B caydae HAIHINS
CPABHUTEIHLHO KPYIHBIX MATHUTHBIX TOMEHOB, KOT/IA, UX
KOH(UTYpAIHs He ONPEIETACTCS CTATHCTHYECKUM Pa3-
OpPOCOM OpHEeHTAINii HaMarHUIeHHOCTEeH, TaKOW TMOIXO]T
OKAa3bIBAETCST HEITPUMEHUM.

Hennio nacrosmieit paboOThI SABISTIOTCS SKCITEPUMEH-
TAJbHBIE U TEOPETUIECKUE MCCIETOBAHNS BIUSHUS Mar-
HUTHOW JOMEHHON CTPYKTYPBI Ha MOJSPU3AIUOHHBIE
3 derTh B MeccOayIPOBCKUX CIEKTPAX MOHOKDPUCTAJI-
J0B Gopara, xene3a FeBOs.

2. 9kcnepuMeHTa bHasd 9acTh. lccaenoBanHbIi
monoKpucrat FeBOj3 BbICOKOrO CTPYKTYPHOTO COBEP-
[IEHCTBA OBbLT CHHTE3UPOBAH METOJOM U3 PACTBOPa B
BBICOKOTEMITEPATYPHOM PACIJIaBe, M MMeJT XapaKTepHbIe
pasMepBI OKOJIO 8 X 4 MM? B BA3HCHOH IIOCKOCTH, H OKO-
g0 0.15 MM B Tommmuny [9, 19].

MecchayapoBckne CIeKTPHI MOMYIEHBI C ITOMOIIHIO
crekrpomerpa MS-1104Em ¢ ucrnosib30BaHuEM DPAINO-
axtupHoro ucrounuka Co°’(Rh). Uamepenus npu BbI-
COKOI TeMIeparype MTPOBOJWINCH C HCIOJTb30BAHUEM
“meccbaysposckoii” pesucruBuoit meun MRFEF — 750 K.
TouHOCTH TOAAEPIKAHNS TEMIIEPATYPHI OBLIA HE XyIKe
+1 K. Ucrounuk ~-u3mydenns HAXOMUICS IPU KOMHAT-
HOIT TemmepaType. B KadgecTBe 3TaJIOHHOTO 00pa3Ia, AIst
KaJMOPOBKYM M30MEPHBIX CIBUTOB MCITOJIH30BAJICS CTAH-
MapTHBIA TOrJIOTUTENh U3 TOHKON (osbru a-Fe.

st obecrieuennsi HEOOXOIUMOI OpPMEHTAIINM KPH-
CTAJITIA OTHOCUTETHHO HAIPABJIEHNS BOJTHOBOTO BEKTOPA
7-KBaHTOB K~ M3roTOB/IEHA ClIENUAIU3UPOBAHHALA Aueli-
Ka, KOTOpas MMeJia OTKJIOHSEMYIO TIOBUKHYIO TTaHes b C
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BO3MOXKHOCTBIO PEryJIMPOBAHKS YIJIa HAKJIOHA (C TOYHO-
cThI0 0K0JI0 +1°). O6pasen Kpenuscs Ha OTKIOHAEMOM
MOJBUKHON TIAHEIN, W IePYKATENbh PACTIOIATAJICS Ha, OTl-
THYIECKOH OCH CIIEKTPOMETpPA, JTUOO BBOIUJICS B IIAXTY
neun. Kpucramn FeBOg 6611 opueHTHPOBAH TaKUM 00-
pasom, uTo HopMmashb () K GasucHoit miaockoctn (001)
COCTaBJIdJIa yI'OJI 97 C HallpaBJIEeHHEM BOJTHOBOI'O BEKTO-
pa y-xBanToB k., (cm. puc.1).

z

Puc.1. (Ipernoit ommaiin) CxemMaTwdeckasl OpPUEHTAIWS
6azucuoit mrockoctu (001) momokpucranta FeBOs u Bos-
HOBOTO BEKTOpA y-KBaHTA k. 371€Ch 2 — 0Ch KBAHTOBAHUS
(marmrpaBieHe BEKTOpA MAarHUTHOTO MOMEHTA), ¢ — YTOJI
MeK Iy TIpoekInmeii Bekropa K., Ha m1ockocTs (y, z) 1 0ChIo
KBaHTOBaHUsd, 0, — yroa mexmy BekTopoM k., u ocbio

DKCIepUMEHTATbHBIE  MecCOAYIPOBCKUE  CIIEKTPhI
OBLTH CKOPPEKTHPOBAHBI C y4ueToM 3P DEKTUBHON
TOJIINHBI TTOTJIOTUTENST MO METOINKe, DPAa3BUTON B
pabore [7].

3. PesyabTarhl m ux obcyxkaenme. Ha pucyn-
Ke 2 cjieBa MOKa3aHbl MecchAYIPOBCKHUE CIEKTPHI MOHO-
kprcranna FeBO3 nns pasusrx 3navennit yria 6., momry-
YEHHBIE TPU KOMHATHON TEMIIEPATYPE, T.e. CYIECTBEHHO
HIUYKE TOYKW MArHUTHOTrO (ha30BOro mepexoma. BumaHo,
9TO C yBeJUYEHHEM yTya 0., MHTEeHCHBHOCTH [; mepBoi
U 11ecTOil JuHui crieKTpa (CBA3aHHBIX C PE30HAHCHbI-
MH TIepeXOJaMH MeXKIy s/IepPHBIME HOLypoBHAME °' Fe
C IPOEKNMSAMHU CIOHMHA sapa —3/2 — 1/2 u +3/2 —
— +1/2) yBequuuBalOTCs, a UHTEHCUBHOCTH BTOPOH U
nATol JinHuil (CBA3aHHBIX ¢ nepexomamu —1/2 — —1/2
un+1/2 — +1/2) ymensmatorcs. Coornornenne I5 5/11 ¢
cocrapysier 1.333(1), 1.102(2), 0.875(3) n 0.739(3) mas
yrmos 6, = 0, 20, 35 n 45°, COOTBETCTBEHHO.

W3BecTHO, €TO CMEKTP TOIJIOMIEHNS Y-KBAaHTA
c sHeprmeit E = hw omnpenenasercs CIeAYIONIAM
BeIpaxkenueM [20]:

o(w) = UGQFOIm; PR

mgrme
Jrmj
X — _ <me|ﬁlj> : V#f)m , (1)
O =N +wgmg+ilo/2 T
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Puc. 2. (Ilpernoit ommaita) MecchGayIpoBckue CIeKTpbl MOHOKpucTawta FeBOs, opmeRTHpoBaHHOTO Ga3WCHONW TIIOCKOCTHIO
(001) mox pa3nMMYHBIMEK yriIaMM K BOJHOBOMY BEKTODY Y-KBaHTOB k. (cMm. puc.1). CHekTpbl MOJIyYeHBI [IPU TEMIIEPAType
205K (T < Tn, crera) u 373K (T < Tn, cupasa). Cunme TOYKH — KCIEPUMEHTAIBHBIE JAHHBIE, KPACHAs OTMOAIOMAsT
JIMHUST — Pe3yJIbTaT MOJE/ILHON 06paboTkn crnekTpa. CBepxy yKa3aHBI MOPSIKOBBIE HOMEPA PEe30HAHCHBIX JIMHUN

rae 0, — 3PPEKTUBHOE CeUeHne TOrJIOMEenns, I’y — ecTe-
CTBeHHAs NIMpUHA JuHuU, W = w — Fo/h, Ey — sHep-
THsT PE30HAHCHOTO TTEPEeXoa, S\j — coDCTBEHHbIE 3Hate-
HUs TAMU/IbTOHUAHA, 110 — LIPOEKIUU #AJIEePHOIO CIIUHA
HA OCh KBAHTOBAHWS, JIJIsi KOTOPOW TaMUJIHTOHHUAH CH-
CTEeMBI B BO3OYIKIEHHOM COCTOSTHUW SIIPA, TUATOHAJIEH U

npeacTaB/JIEH B BUIE:
~ N 1 N N
A = w1l +q| I = S1(0+1) + g(fg/ - ).
(2)

31ech ¢ — KOHCTAHTA KBAIPYTIOIBLHOTO B3AUMOIEHCTBHIS,
7 — mapaMeTp aCHMMETPHH, Wq . — JAPMOPOBCKHE JaC-
TOTHI IPENECCUH ANCPHBIX CIIMHOB, Mg U M, — MPOEK-
[UU SIAEPHOTO CIKWHA JJIs OCHOBHOTO W BO30Y2KIEHHO-
'O COCTOSTHHI, COOTBETCTBEHHO, I — AIEePHBIA CIIUH, fz/,
fz/, fy — OMEepaTOPBI MPOEKINHI AJepHOrO CIUHA B BO3-
Oy>»KIEHHOM COCTOSIHWW Ha, HAIPABJIEHNE TJIABHBIX OCEH
rerzopa ['II1. Vn(i)mg — MATPUYHbBIE 3JIEMEHTHI Olepa-
TOpa B3aMMOJEUCTBUSA TaMMa-KBAHTa C MOJApU3aIueit
¢ m dapa, KOTOpbIe OMpPenensitiorcs Kodduimentamm
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Knebma—/I:xopaana n pyHKIHEH yriioBOro pacupeene-
HUST MHTEHCUBHOCTY M3JIYIeHUS 71T 3aJaHHOrO HAMPaB-
nennst (yria ) BOJTHOBOIO BEKTOPA raMMa-KBaHTA k.
OTHOCHUTEJIbHO OCU KBaHTOBaHud z [21].

B nameii npeapiayeii padore [7] 6bu1 paccMorpen
ciIydaif, Korma BeKTop k, HampaBieH BIOIh HOPMAJIHN K
[MOBEPXHOCTU KPHUCTAJIA, TaK YTO yCPEIHEHUE B CIIEK-
TpaX, U3MEPEHHBIX [IPU HU3KUX TEMIIEPATYPAX, MO Xa0-
TUYIECKO TTOISTPU3AINH Y-KBAHTOB CBOIMIIOCH K CYMMe
110 {BYM ITPOEKIIMSIM OTIEPATOPA, AIEPHOTO TOKA, .J, 1 jy
c paBubimu Becamu (M. [21]). IIpu arom B MeccHayapos-
CKOM CHEeKTpe COOTHOITIEHNEe MHTEHCUBHOCTEH map Kpaii-
HUX JuHnil Io 5/ ¢ MATHUTHON CBEPXTOHKON CTPYKTY-
pblL (6e3 yuera 3pdexkToB ciaboii acuMMeTpUU nap Jiu-
HUI 33 CYeT [ePeMEeIIUBAHUI KBAHTOBBIX COCTOSHUIL)
BBIPAYKAJIOCh TIPOCTOH (hopMyIioii [7]

£ 4

~ = (3)
90
iy 3

Brech wepes 1199 oBo3naMEHBI WHTEHCHBHOCTH JIMHMI
s caydas, koraa ¢ = 90° (cm. puc. 1).

Onnaxo, Koria BekTop Kk, OTK/IOHsSETCS OT HOpMa-
JIU, OTIMCAHHBIHA BBIIIE CIyYail YCIOKHACTCS, TOCKOJIBKY
HEOOXOIMMO YUUTHIBATH OPUEHTAIMIO TJIOCKOCTH TIOBO-
poTa BeKTOpa K, OTHOCHTE/IbHO OCH KBAHTOBAHUL 2 UK
OTHOCHTEJIbHO HAIPABICHUS MATHUTHOIO MOMEHTA, aTO-
Ma ¥Kenesa (cM. puc. 1).

B cHHXPOTPOHHBIX HCTOYHMKAX W3/IydeHHEe OObIYU-
HO SIBJISIETCSI MOJISIPU30BAHHBIM. B TtabopaTopHbBIX Mecc-
6ayIpPOBCKUX YCTAHOBKAX U3JIYUYEHHUE OT PAJIMOAKTUBHO-
rO WCTOYHUKA HE MOJIIPU30BAHO, TIOITOMY HEODXOIUMO
BBIMIOJIHUTD YCPETHEHUE OMepATOPa B3aUMOIEHCTBUS Y-
KBaHTa, C SIIPOM IO XAOTUUECKH DPACITPEIEICHHBIM BEK-
ropaM moasapu3anyuu ¢ B TJIOCKOCTH, TEPIEHIUKYIISP-
HO#1 BekTOpYy k. Takoe ycpemmennme Hambomee ymoOHO
MPOBOJIMTH TIO TIPOIIE/TY e, TIPEJJIOKEHHOM B pabore [21]
17151 cymeponeparopa D ¢ MATPHYHBIME IeMeHTAMI

Dm’em;memg = Z(Cj+)memg(C*3)mlnge (4)
<

B pesynbrare mpeobpazoBaHuii MoIyIaem
o 1 /74, 2
(D) = 3 (Jj]z (cos® 0. cos® ¢ + sin? ?) +

+ JFJpsin? 6, + jy*jy (cos? 6, sin® ¢ + cos? gf))) . (5)
DTOT cymepornepaTop u OyIeT OMpemeIsiTh COOTHOIIE-
HI€ HHTEHCUBHOCTEH JTUHUH MeccOayIPOBCKOTO CIEKTPA,
B Hallleil 9KCIEePpUMEHTAJIBHON CXeMe.

PaccMoTpum  HECKOTHKO TpeaebHBIX OPUEHTAIINH
MarHuTHBIX MOMEHTOB aTOMOB 2KeJie3a B IIJIOCKOCTU HC-
creayeMoro Kpucrasna. Eciu KPUCTAT UMEET euH-
CTBEHHOE HATTPaBJEHWEe MATrHUTHBIX MOMEHTOB, TO I
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¢ = 0 moBopoT BekTopa k, TPOMCXOANT B MIOCKOCTH
(xz), Torma

(D) = 3 (Jsz cos® 0, + Jf J,sin 0., + J;Jy) , (6)

U COOTHOIIIEHNE WHTEHCUBHOCTEN nap KpallHuX JIMHUN B
CTIEKTPe MPUHUMAET BU/,

ﬂ _ 4cos® 6, _ 7)
]1('06) 3 (1 + sin? 97)

Breck wepes I(9) 0Go3HAUEHBI HHTEHCHBHOCTH JIJIst CIIy-
qad, korma ¢ = 0°. daa ¢ = 90° coorHomenwe wH-
TEHCHUBHOCTEH Map KPAWHUX JUHUI OYIeT OMpeaeaThCs
BbIpaXkeHueM (3).

IIpu mpoM3BOMBLHBIX 3HAYEHUSIX () COOTHOIIEHWE WH-
TEHCHUBHOCTEH Map KPalHUX JUHUN CIeKTpa Oymer Ha-
XOJUTHCA B MHTEPBAJIE MEXKJY ero 3HadeHUusAMH B (3)
u (7). IIjs crydast XaOTUIECKU OPUEHTUPOBAHHBIX Mar-
HUTHBIX JOMEHOB B IJIOCKOCTH KPUCTAJLIIA, T.€. Xa0THYe-
CKOT'O pacIpe/iesieHrsi BEKTOPOB MArHUTHBIX MOMEHTOB
aTOMOB JKeJie3a B 3TO# MIOCKOCTH MOJTYIaeM:

(D) =~ x (8)

N

X ((jjjz + j;jy) (1+cos?0,) + JFJ, sin? 97) ,
9ITO JaeT B
Lis 2(1+cos?0,)
L 3 -
3nech uepes I 00O3HAYEHBI YCDeJHEHHBIE 3HAYEHHUs
HHTEHCHBHOCTH JJISI CJIy9asi XAOTHIECKON OpPHEHTAINN

(9)

MArHUTHBIX JOMEHOB.
B kpucrannax FeBOgs cymecrByer cnoumcras mar-
HUTHAS TOMEHHAsT CTPYKTypa. JloOMeHHbIe CION TapaJ-
JIeTHHBI 6A3WCHON TIOCKOCTH KPUCTAIA M PA3/IeIeHbl
GJIOXOBCKUMU JOMEHHBIME TPaHUIAMU. BHYTPH KaxK10-
rO CJIOST JTOMEHBI PA3IEISIIOTCS HEeJeBCKUMU T'DAHUIA-
MW, OPTOTOHAJIBHBIMU GA3MCHOM TIOCKOCTH [22, 23].
Ipynna cummerpun kpucramna FeBOs comepxur
HHBEPCHOHHYIO OCh TPETHEro MOPSIKA, KOTOpas OpTO-
rOHAJIbHA, GA3UCHON TJIOCKOCTH (T.€. HAPABJIEHA BIOJb
ocu x Ha puc.l). DTO O3HAYAET CYIIECTBOBAHUE IIECTU
OpUEHTAITUH 71 HAITPABJIEHU HAMATHUYEHHOCTH B 10~
Menax. Hampapienre HaMarHmaIeHHOCTH OTPEIesTeTcst
cIabbIM (PEePPOMATHUTHBIM MOMEHTOM, KOTOPBIi 0Opa-
30BaH 3a CYET CKOCA JABYX AHTU(MEPPOMATHUTHBIX MOJI-
peIeToK Kejesa. B mpeHeOpeskeHnn CKOCOM MATHWT-
HBIX TOApenierok (55 yri. MuH) Bbipaxkenue (5) Hy»KHO
YCPEIHHTD II0 LIECTH OpUeHTaIuAM BekTopa k., orHOCH-
TEJIbHO OCH KBAHTOBAHUSA z C yryamu ¢, = ¢g + n60°
(n=0,1, 2, 3,4, 5). Takasg MOJeIb MO3BOJIAET yIECTh
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FeBO, single crystal, 7/ T,, = 0.99

v (mm/s)

Puc. 3. (Ilpernoit ommaita) Mecc6GayIpoBckue CreKTpbl MOHOKpucTawta FeBOs, opmeRTmpoBaHHOTO Ga3WCHONH TIIOCKOCTHIO

(001) mox pa3nMMYHBIMEK yriIaMM K BOJHOBOMY BEKTODY Y-KBaHTOB k. (cMm. puc.1). CHekTpbl MOJIyYeHBI [IPU TEMIIEPAType

BOsmm3m maramtHOrO (dazosoro nepexoma (I ~ Tyn). CuHME TOYKM — SKCIEPUMEHTAIBHBIE JAHHBIEC, KPACHAS OrHOAIONIAS

JIMHUS — Pe3yIbTaT MOJIEeTHHOU 00PabOTKU CIEKTPa

BCEe KOMOWHAINW, KOTIA B3aWMHBIE ODUEHTAIMN HAMAT-
HUYEHHOCTel B qoMenax obpasyior yrist 60, 120 u 180°.
B pesynbrare momyuaem

(D) = (10)

=

X ((jjjz + j;jy) (1 + cos? 97) + ijjm sin® 97) ,
NI TIPOU3BOIBHBIX (g U

15n50 1+ cos® 0,

10 ~ 3(3—cos26,)

(11)

Brech gepes [(160)

30HAHCHBIX JIMHUH JJI CJIy4asi, KOTIa KOH(MUTYpPAIWs
HAMPABJIEHWH MATHUTHBIX MOMEHTOB B OA3WCHON MJIOC-

0003HAYEHBI HHTEHCUBHOCTHU pe-

KOCTH KPHUCTAJLIA OMpeesercs KakK ¢, = ¢g + n60°.

9T BbIpaykeHusi ObLIM WCIOJIb30BAHBI HAME IS
OMMCaHUsT MECCOAYIPOBCKUX CIIEKTPOB MOHOKPHUCTAJLIOB
FeBOg3. Kak MOXHO BHETH U3 PHC. 2,3, SKCIIEPHMEH-
TAJbHBIE TAHHBIE HAXOAATCS B XOPOIIEM COMJIACHH C Pe-
3yJbTaTAMU MOJIEIHLHOW 00PAbOTKH.

Meccbayaposckue criekTpbl FeBOg3, oty ueHHbIe BBI-
1Ie TeMneparypbl MaruuTHoro yunopsaodenus (T > Ty)
MOKA3aHbI HA PUC. 2, CipaBa. VIHTEHCUBHOCTH JINHUI 32~
BHUCAT oT opueHTanyn ocu ['DI] oTHOCHTEIHLHO BEKTOpA,
k, m oT BemmYMHLI HapaMeTpa acuMMmerpun 7). IIpn ak-
cuanbHo cumMerpuanoMm I'DII (n = 0) orHocHTeNbHAS
WHTEHCUBHOCTDL JIHUH [ B aybsere Kak (DyHKIUS yriaa
0, mexny raasuoit ocbio ['9II (koropasi, HampasmeHa
BJIOJIb OCH TPEThEro HOpsijiKa, T.e. & Ha puc. 1) u BeKTO-
pom k. nmaercs Buipaxeruem [13]:

I _1—1—005297 (12)
I, §+Sin297'

B coorBercTBHU C 3THM BBIpAYXKEHNE, MHTEHCUBHOCTH Pe-
30HAHCHBIX IepexonoB +3/2 — +1/2 yObiBaer ¢ yBesu-
JeHneM yria 6., a HHTEHCHBHOCTD Iepexonos +1/2 —
— +1/2 pacrer. B Mecc6ayIpOBCKHUX CIEKTPAX 3TO BHI-
pakaercsa B MOCTENEHHOM ‘BbIPABHUBAHUN WHTEHCHB-
HOCTEH JIMHWH [yOsera MpH MOBOPOTE KPHUCTAJLIHYIE-
CKOll IJIACTHHLI OTHOCHTEILHO BeKTOopa k, (cM. pumc. 2,
crpaBa).

Ha pucynke 3 mokazaHbl CIEKTPhl MOHOKPHCTAJLIA
FeBos, nosyuenubie BOJW3U TeMIIEPATYPHI MATHUTHOTO
dazoBoro mepexoza. B aToit obmacTu HaMmYIne KOMONHM-
POBAHHOTO MArHUTHOTO JUTIOIHLHOTO W JEKTPHIECKOTO
KBaJIPYMOJIHHOTO CBEPXTOHKOTO B3aNMOIEHCTBIS, & TaK-
JKe TeMIepaTypHbIX (BIIyKTyalyii, CyIIeCTBEHHO MOIH-
durupyer GopMy CIEeKTPa U ACUMMETPHIO HHTEHCHBHO-
creit map yuauit [7]. Kax u B c1yuae MArHUTHOTO CEKCTe-
Ta, C yBeJIMYEHUEM yIia 6, BO3PACTAIOT HHTEHCUBHOCTH
KpallHUX JTMHUN U yMEHbIIAETCS ACAMMETPHS [IEHTPATb-
HBIX JUHUN CIEKTPA.

CMoOzIeTMpOBaHHBIE B COOTBETCTBUU C BBIPAYKEHWUSI-
v (1) u (10) MeccHayIpOBCKHE CEKTPHI MOHOKPHCTAJI-
sna FeBOj3 mpencrasmenst Ha puc.4a. Ias meranbHOM
BU3yaM3aliy MOKA3aH HANA30H CKOPOCTEH, OrpaHu-
9eHHBIH [—6; —2] MM/c, T1e PACIONOXKEHbI 1-5 U 2-51 -
HUU CIEKTpa. BUIHO, 9TO B OT/IMYME OT CTAHIAPTHOTO
cirydasi peppomarueTrka (Korjaa MMeercs e JUHCTBEHHOe
HAIPABJIEHUEe MAarHUTHBIX MOMEHTOB), B Gopare xKeJie3a
WHTEHCUBHOCTH 2-if (M, aHAJIOTMYHO, 5-if) JIMHUM CTIeK-
Tpa He obpamiatorcs B HOsb mipu 6 = 90° [17]. DTo sB-
Jigercs cieacreueM cyiecrsopanusg B FeBOs maruur-
HOM JOMEHHO# CTPYKTYPHI U, COOTBETCTBEHHO, HAJIUYUUST
HECKOJIBKUX HAMPABJICHUI MArHUTHBIX MOMEHTOB. JlaH-
HBI (HaKT HEOOXOJAMMO MPUHUMATH BO BHUMAHHE MPH
HCCJIEIOBAHUSAX, HAIIPUMED, MPOIECCOB CIUHOBBIX Mepe-
opueHTaIuii B c1ab0(heppOMArHUTHBIX KPUCTAJLIAX.
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Puc. 4. (IIsernoit ormaita) (a) — CMomeMpoBaHHbBIE MecC-
Oays3poBCKUe CreKTpbl MOHOKpucTayuia FeBOs mpu T =
295 K myis cirydast opueHTaImn 6a3uCHON TIJIOCKOCTH KPH-
cramra (001) Mo pa3IMIHBIMA yTIaMA K BOJTHOBOMY BEK-
Topy v-kBaHTOB ky (cM. puc.1). (b) — VYriosas 3aBucu-
MOCTH OTHOINIEHUS MHTEHCUBHOCTEH smanit I2.5/11.6 Mecc-
6ay>POBCKOr0 CIIEKTPa, PACCYUTAHHALA JJId CJLY9IAEB eIUH-
CTBEHHOT'O HAIIPABJIEHUS MArHUTHBIX MOMEHTOB B ILTIOCKO-
CTH KpucTa/uta (YepHad JVHUSA) W XAaOTUIECKU OPUEHTH-
POBAHHBIX MArHUTHBIX JOMEHOB (KpacHas juaug). CuHsas
JIMHWS TPEICTABIIEHA sl CIydas, KOTJa MArHUTHBIE MO-
MEHTBHI B JIOMEHAX OPUEHTUPOBAHBI BIOJb KPUCTAJLIOTPA-
dudecKux oceil TPUTOHAJBHON PEeIIeTKH B COOTBETCTBUN
C BBIDAJKEHUEM ¢, = ¢ + n60°. CHEMME TOUKaAMU TTOKa-
3aHBl KCIIEPUMEHTAIbHBIE 3HaueHust Io5/11.6, TOIyden-
HBbIEe B Pe3yJbTaTe MOIEIHHON 00paboTKu MeccHayd>poB-
CKUX CIEKTPOB, MPEICTABIEHHBIX Ha PUC. 2

DKCIEPUMEHTATILHO ONPeIe/IeHHAs YTIOBas 3aBUCH-
MOCTh OTHOIIIEHWS] WHTEHCUBHOCTEH PE30HAHCHBIX JIH-
Huil (cunue TOUKM, puc. 4b) XOpoIo Coraacyercs ¢ pac-
CYNTAHHON IS CJIy4asi, KOTJA B3aWMHBIE OPUEHTAIIUN
HAMArHUYEHHOCTeH B JoMeHax obpasytor yribr 60, 120
u 180° (r.e. kouburypamuu ¢, = ¢g + n60°) (cunss
sunus, puc. 4b). Hebosbioe otimane skcnepuMenTaIb-
HBIX U TEOPETUYECKH PACCUMTAHHBIX 3HAYCHUH MOXKET
OBITH CBII3AHO C TEM, YTO JJIS TPOCTOTHI MOIEJH MbI TIPe-
HeOperiu CyIeCTBOBAHUEM CJIOMCTON (BIOJIL OCH Tpe-
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THEro MOPsKA) J0MeHHON cTpykTypsl [23]. Kpome To-
r0, TAKOE PA3ININE MOKET OBITH 00YCIOBIEHO MEXAHN3-
MaMU, CBI3aHHBIMU C MArHUTOYTIPYTUM B3aUMOI€HCTBY-
eM, KOTOpOe B bopare 2Keje3a MPOsiBISeTCs IPe3Bbluaii-
HO CHJIBHO, M3-33 OCOOEHHOCTET ero KPUCTATHIeCKON 1
MAaTHUTHOW CTPYKTYDHI [24].

Takum 0oO6pa3oM, CpaBHEHHE 3KCIEPUMEHTAJIbLHON U
TEOPETUYIECKON YTJIOBBIX 3aBHCHUMOCTEl COOTHOIIEHUS
MHTEHCUBHOCTEH JTUHUN B MeccOAyIPOBCKHUX CIEKTPAX
MTO3BOJISIET OIEHUTH KOHMUTYPAIUI0 MATHUTHBIX TOMe-
HOB B MCCJIEyeMOM KPUCTAJIIIE.

BreiBoabl. B manHOM wmccliegOBaHWEH, HA IPHMEpE
MOHOKPHUCTAJIJIOB OOpaTa keje3a, MOKA3aHO, KaK Mar-
HUTHAs JOMEHHAs CTPYKTYPA MOXKET BJIUSTH HA MOJIs-
pusarmoHube 3P (EKTh B MeccOHAyIPOBCKUX CIEKTPaX.
ODTO TPOUCXOIUT 33 CUYET PABIUIHON OPUEHTAIMH BEK-
Topa n3nydenns k, OTHOCWTEIHHO HATTPABJIEHNS HAMAr-
HUYEHHOCTH B IOMEHAX.

Paspaborana Teopermdeckass MOIEIb IS OMKUCA-
HAS MecCOAydIPOBCKHUX CIEKTPOB MOHOKPHCTAJIIOB 0O-
para keje3a C y4eToM HAJWYWs B HUX MATHUTHON [10-
MEHHOM CTPYKTYpPhI. PACCMOTpEHBI TPeIeIbHbBIE CTyIan
KOH(UTYpAIuU MArHATHBIX JOMEeHOB. [losryuensr skce-
PUMEHTATbHAS U TEOPETUYECKAs YIJIOBbIE 3aBUCUMOCTHU
OTHOIIIEHUS] WHTEHCUBHOCTEH JIMHWI MeccOay3IpOBCKOTO
CIIEKTPA. YCTAHOBJIEHO, YTO HAWJIYUIIIEe OMUCAHUE IKC-
MEPUMEHTAIBHBIX JAHHBIX JOCTUTAETCH B PAMKAX MOe-
JIW, KOTJA B3aUMHBIE OPUEHTAIINNA HAMATHUYIEHHOCTEH B
nomeHax obpasyrot yrier 60, 120 u 180°.

Onucanuplii B paboTe TOAXO, MO3BOJSIET OIEHUTH
KOH(UTYPAINI0 MATHUTHBIX JIOMEHOB B WCCJIEIYyEMOM
KPHUCTAJLJIE 10 JAHHBIM MecCOaydPOBCKUN CIEKTPOCKO-
nuu. [lomydenubie pe3yabTaTbl MOTYT OBITH ITOJIE3HBI
st ipuMenennst kpuctajios FeBO3 B HOBBIX BBICOKO-
TEXHOJIOTUIHBIX OTPACIISX.

WccmemoBannsi BBIMTOTHEHBI TIPU (DUHAHCOBON MOJI-
nepxke Poccuiickoro ¢ponma pyHmaMeHTaTbHBIX HCCTe-
noBanuii, npoekt # 19-29-12016\21-Mk, B 4acTu 1mos-
TOTOBKY KPUCTAJIINIECKUX 00pa3I0B, MecCcOAYIPOBCKUX
UCCJIETOBAHUN W TEOPETUIECKOTO AHAJII3A.

Pa3paboTka, W3roTOBJIEHHE W ampodaIns CIeIna-
JU3UPOBAHHON SKCHEPUMEHTAJIBHON AYelKH, a Tak¥Ke
onTudeckas oOpaboTKa IKCIEPUMEHTATLHBIX OOPA3IOB
MPOBEJEHBI TIPU MOAAEep:kke MuHHCTEPCTBA HAYKW U
BBICITIEro 0Opa3oBanuss P® B paMKax BBITOJHEHUS Da-
6ot mo locynapcreerromy 3amaruio @HUIT “Kpucrasn-
sgorpadusa u porounka” PAH.

Maremarudeckne pacdyeTbl MTPOBEIEHBI B PAMKAX
Tocynapcreennoro 3amannsg ®TUAH um. K. A. Banuesa
PAH Muno6praykun P® no reme FFNN-2022-0019.
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