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OTcyTcTBMe onpefeneHHoHl NPOCTPAHCTBEHHON CHMMETDHM Y CTPYKTYpsl 180-
rPaAycHOR foMenHOH FPAHHIBI B (JePPOMArHETHKAX C OTHIETENEHbIM HAWEHHEM KDHC-
TannorpagUECKoHt MATHATHON AHKIOTPONUM PHBOAHT K IOARAEHHIO YETHBIX 110 BHEMHe-
MY ABHIKYIEMY M&THHTHOMY NOMID 4/ICHOB B CKOPOCTH ONHOMepHON JOMeHHO rpaHMUEI
 ee apeidy B OCUKATHPYIOmEN mofe.

PACS: 75.60.Ch

B nacTofee BpemA WTTPHEBLIH (epporpanar, GeppuMarHeTHK C OTPULATENbHONK Ky-
OHuecKol AHW3OTPONMEH, WHPOKO MCMOAbIYETCA AIA WIYHEHHA HeAMHelHOH AMHAMHMKK
COnMTOHOB, AomeHHbIx rpaxuy (IT), 610X0BCKHX THHMA H Ap. B MarHeTHkaX. Boabmoi
WHTepec MpecTaBAAET rPyNna ”acHMMeTPUUHEIX” 5(QeKToB, 06HAPYKEHHaA B HTTPHe-
BOM hepporpaHaTe: 3aBMCHMOCTh CTIEKTPA MPUCTEHOUHBIX MATHOHOB OT 3HAKA CKOPOCTH
AT (u ofpatoe Bauanue) [1], apefd 6roxockux hunu# [2] u AT (3]. EcTectpenno caa-
3bIBATH 3TH 3(QerTr! ¢ XOpoIlo U3BECTHOR MarHHTOCTaTHHeCKO# acHMMeTpHel cnekTpa
oneGannk neonHomepro#t /AT [4-6]. Opnaro B nacTonmed paGoTe NOKA3ANO, UTO HAPALY
€ 3TUM MeXaHM3MOM BO3MOKEH W APYTOit MEXaHH3M, CYMeCcTBYIOmMHUHA ysxe B MPOCTPAHCT-
BeHHO OJIHOMEPHOM cliyyae H 0GYC/IOBNEHHBIA OTCYTCTBHEM NPOCTPAHCTBEHHON CHMMeT-
pum y peansHoit 180-rpagycuoit I B GeppomareTHKax ¢ OTPHUATENbHOH KyOMuecKol
AHM30TPONMeH (8HANOTHYHAA TOYKA 3PEHUA BhICKA3bIBANAC B [7]).

PaccmarpuBaerca oaHoMepran 180-rpapycuas /T, cocToAman B u3yuaeMbix ¢eppo-
MarHeTHKax u3 71-rpagycHoro 1 109-rpajycHOro y4acTKoB, W NOKA3bIBAETCH, YTO MIA
Hee BO3MOKEH MeXaHM3M Apeiida, COBEDIIEHHO OTAMYHBIA OT M3BECTHBIX B OJHOOCHBIX
¢eppoMargeTurax. OTIMYHMe, B HACTHOCTH, COCTOHT B TOM, YTO Jaxe B Npefeiax Hyle-
BOH YACTOTE! M BCEro MUIIL ONHOW KOMMIOHEHTH! BHEWIHEro Nojif NPHCYTCTBYET 3HAKOBaA
8CHMMeTPHA CKOPOCTH (YeTHEIe IO TOMIO YNEHB! B €€ PA3NOKEeHHH), 00YCIOBIEHHAA Ha-
PymeHHeM CHMMETPUK CTPYKTYPbI ucxonuo# AT.

B paccmaTpuBaeMbIX (eppoMarHeTHKAX HAMATHHYEHHOCTH B /IOMEHAX OPHEHTHPOBa-
Hbl BIome < 111 >, a maockocti AT coBnajaioT ¢ ofHOM W3 SKBUBANEHTHBIX JMAro-
HANBHBIX MIOCKOCTeR KyGuueckod pemeTku. IycTsb, ANA ONpeeNeHHOCTH, A€rkas och
HamarHHYHBaHHA ~ [111] u ock z KonTHHeapHa c Helt; HopMank k miockoctu AT (ock y) -
[110]; ock z, nemaman B naockoctu AT, — [112]. Toraa MIOTHOCTH SHEPTHM MoKeT GbITh
npejacTapieHa B BUje

w = (Va)? — bm? + m2(m, — V8m,)?/12+

+m2(1+m? +Tm2 +12v2m,m,)/12 + m2/Q — 2H,m... (1)
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[image: image2.jpg]BespaamepHan MIOTHOCTb BHEPIHM w OTHeCEHA K KOHCTaHTe KyGHyeckoft aHM3oTpo-
nuu |K1| v BoipameHa 4epes eWHWUYHEIC BEKTOPLI HAMACHHYEHHOCTH M, y.. Pacero-
AHMe BRONb KOOPAMHATH Y, HOpManu k mnockoctd JI, Hamepsercs B exuuuiax A =
(A/|K1])/? (A - obmennan mecTkocT); b > 0 — KOHCTEHTA ONHOOCHOW SHMIOTPONIA
MarEHTOYNPYFOro NPOUCXOMIEHUR, OTHecennan K |Kil; Q = 2rM?/|Ky| — daxTop Ka-
yectsa (M — HOMWHaNbHAA HAMATHKYEHHOCTH); H, — BHeWHee MarHMTHOe NOJE MO OCH
%, I3MEpAETCA B eAMHNIAX Noua annaoTponuu H, = 2|K,|/M.

VpaBHesye QBHMEHMA HAMATHWYEHHOCTH 3aNMIIEM B YIOBBIX NEPOMEHHBIX 7y =
= cos?, mg,. = sind (singp,cosgp) :

sindp— o = 160/d0, sind(9 +sin0g) = -%sw/w, @

B KOTOPBIX & ~ MapameTp 3aTyxanusa I'mabGepTa u BpeMA namepaeTcA B énununax 1/vH,
(y > 0 — MarEnTOMexaHuYeckoe oTHOmenHHe). CTanuoRapHoe pemeHye (2) WiieM B Buie
PpAKoB 1o ciaGoMy BhemHeMy nomo H:

Y-t =pot+pr+., BY—@)=m2+0+., (=@+tp+., (3)

rae ¢ — ckopocts /AT 4, 10 NpeNiNONOIKERHIO, BCe (PYHKUKH 38BHCAT TONbKO OT IOKANbHOR
KOOpAMHATEL Y — gt.
B HynesoM npuGnumenun asuxymanca T coxpaHAeT CBOIO CTATHYECKYIO HOpMY:

o =7/2, ((my)o=0); 4.1)
@h(y) = *sin po[(sin o — VB cos po)?/12 + b*/2, (4.2)
ctgpo = 1/(3V2K3) F (v/(36/4) + B /K3)sh(koy), (4.3)

rae k3 = 2/3 + b u nogpasymesaeTca 3amena y — y — gf. IlpuBefeHHoe pelnerne He
obnanaet onpezeneHHON NpocTpaHCTBeHHON ckMMeTpredt. [Ipn cMene 3HaKa Npon3BOAROA
(4.2) menAeTcA MOPANOK pacmonoxenuA 71-rpagycHore u 109-rpaxycroro yuacrros A
Ha ocH y — Hopmam k nnockoct A (arctgy/8 ~ 71°). YpaBHewws mepBoro nopamke
MMEIOT BH

Lypr = aghiy —~ H, singo, (5.1)

Loty = 16, (5.2)

+ ety

1y = —d®/dPy + 2/3 — sin® o /6 + sin o o8 po(8v/2sin® o — 3v/2 — 14singp €08¢0)/3,
(6.1)
Ly~ —d?/dy +1/Q, (6.2)

B KOTOPBIX, WAl GNPERENEHHOCTH, OYAYT HCNONbL30BATRCA Bhpamenun (4.2), (4.3) ¢ Bepx-
HUMM 3HakaMH. Bo BTOpOM onepaTope OmymeHE! Bce NOTERUMabHbIE WIEHEI NOPAAKE
EIMHHUb], TAK KAk B OGRIYHAIX Ky6U4eckux deppomardeThrax 1/Q > 1 (tak, B HTTpHe~
BoM Qepporpanate Q ~ 1/20).

O6paTumMcs cHayana k ypasrennio (5.1). Ha puc.1. uaoGpamen noTeHuuan onepatopa
El, He MMelomuit onpesieeHHOA NPOCTPAHCTBEHHO! CHMMETPHH, i €ro iBe COOCTBeHHbIS

¥ B HHUX BXOJAT ONEPATOPEL
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[image: image3.jpg]Pyc.1. CTLIOINAR KpUBAR — MoTeHUan oneparo-  Puc.2. CIAOmMAA KPHBAR — pemeHHe YPaBHEHKA
pa Ly; ITPHXOBAA W MyHKTHPHSR KpWsas - He-  (5.1), MACIITa® M0 OCH OPAKHAT yMeHbmeH B 10
HOPMHPOBAHHEA GEIAKTHBALMOHHER K NepBaR BO3- Pa3; WTPHXOBAA KPHBAA — NMOTEHLMAA ONEpaTopa
GympenHan Mofa L1, COOTBETCTBEHHO L1; NYHKTHDHAR KDHBAR — NpaBaA uacTs (5.1)

AMCKpETHBIe MORBI: @h(y) ¢ sHepruedt E = 0 u ykasanuan B [8] Gonee Bbicokas Moga —
E ~ 2b. Tax kax onepatop Ly ocobuiit (L1} = 0), To y6siBatomee ra y — oo pewenne
cymectByeT, ecnn ph(y) oprorosansHo mpaso#t wactu (5.1). DTo ycrosme onpegenser
ckopocTe AT B nepaom npubanseRuyu No BHELIHEMY NONIO:

1+4b/3
@ = H:/(elef)), () =ko+ # 3/ a.tcsmam Arsh\/—

rae (...) o6oanauseT, 3fech u B JanbHelinem, HHTerpan B GeCKOHeUHsIX NpeAenax no dy.
Hocne nogcranosky (7) B npaByio yacTh ypaBHenus (5.1) OHO CTAHOBHTCA KOPPEKTHLIM.
Yucnentoe pemenne (5.1) npefcTasneHo Ha puc.2 Ans QyHKuMH @ /H, He 3aBucAmeR
ot H, (cnyuait urTpHeBoro depporpanara, b = 0.01). O6pamaer Ha ce6A BHHMaHHE THK
pemeHuA B 06I1acTH BTOPOA AMbI MOTeHuuans. B ero gopMupopanwe, Kak NOKassiBAIOT
TpOBefieHHEIE OLEHKHM, BTOPOA AMCKPETHBIA yposenb ¢ E ~ 2b BHOCHT ToNBKO ~ 1/4 BEI-
COTHI, TAK YTO OCHOBHOM BKJaJ CIEfyeT OTHECTH K MHTeppEepeHNUH MOJ HenpephIBHOrO
cnextpa L. ToUHOCTb pelleHMA KOHTPONHPOBANACH NPHMEHEHMEM AIIMYHBIX PA3HOCT-
HBIX CXEM, & TaK#e NPAMBIM NPEACTARICHHEM PEmleHHA Yepea KBAIPETYPLI MO ABHBIM
pemennaM ofHopoxHoRt vactu (5.1):

)

walo) i) [ dufe ®

H ObUIA HE HMMe ABYX PaIPAZOB MOCIHe NECATHYHOH TOUKH,
Ypassenue (5.2), B CBOIO 04epe/b, HMeeT OYEBHINOE pelleHHe:

000 = 42 [ s exptoly -V ©

OHO NepBOT0 MOPAAKE MANOCTH N0 H, i B NpeAene Maibix Q GYHKUHOKANLHO He CHILHO
oTaMyaeTcA oT wy(y).
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[image: image4.jpg]OK&3LIBEETCA, YTO ANA NONYYEHNA HCKOMOH KBafPATHYHOM MONpaBxy K cKopocTd AT
(7) BocTaTOuHO YKe ypaBHeHMH MepBOro NpuGAuMerHa (5). ITO CTAHOBUTCA OUEBUAHBIM,
€CIH BOCHONL30BATHCHA ypaBHeHHeM OanaHca IIOTHOCTH dHepruk (1) AnA ypaBHenu# (2):

W = —2a(d? + sin’ 9p°) + 2(9'D + sin’ ¢'p)". (10.1)

Ero unTerpansnas ¢opMa B CTaUMOHAPHOM cayuae, korga 3/0t = —gd/dy, npunamaer
dopmy

§=2H,/{p?sin® 9 +9?), (10.2)

3 KOTOPO#t, Nocie 06PAMEHNA K PasnoeHnAM (3), 04eBH/HO, 4TO KBAAPATHYHAR NONPaR-
xa K ckopocTy no (10.2) onpesenfAeTcA ToAbKO BKIafoM uHTerpana (o (y)@i(y)) ~ Hz,
Tak Kax cornacHo (9) 92 ~ 93 ~ H2. B cuMMeTpHYHBIX Cy4anx (HanpuMep, OXHOOCHOrO
WM KyGuuecKoro GeppoMarHeTHKa ¢ NONOKUTeNbHON AHH3OTPOMHEN U IP.) COOTBETCTBY-
I0IIMe MHTerpaibl papibl Hyio. Ckopocts T ¢ y4eToM BOSHHKAIOMEH KBaAPATUYHON O
BHeIIHeMY MO0 NONpaBKH, TakWM 06pasoM, paBHa

2H,7A (1+ f(b) MH)

= U e TRl

)
3necs f(b) = (4 (y)p1(y)/H:) - dyuruns, He sapucAman oT BHemuero noxs; (pg) —
onpegieneHo B (7), ocTanbkble 0603HAYCHHA BBE/IeHE! panee. UHCICHHEIE OUEHKH [IA CIy-
4aa WTTpUeBoro epporpanarta AaoT: (o) = 0.95 u £(0.01) = —0.62. 3uax f(b) me-
HAETCA NPH Nepexofe Kk HuxHeMy 3HaKY B (4.2) — (4.3), 10 ecTb K 180-rpagycuofi 1T c
NPOTHBONOJOMHEIM HANPABIEHKEM NIOBOPOTA HAMATHHYEHHOCTH H OOPATHLIM PacTIoNoze-
HueM 71-rpagyctoro u 109-rpanycHoro yyacTkos B-Heit.

HnorroceTs maces: AT B anuaGaTHyeckom npHOAKMKEHNH onpefenneM o6bIYHBIM ofpa-
30M ¢ moMowbio GyHkuuy (9) Kax

(12)

Boipasenun (11) u (12) nossonsioT 3anucath 5pGeKTHBHOE ypaBHEHMe RBHIKEHUA 180-
rpanycHoit JIT, He comepskanielt GNOXOBCKMX NMHHH, B JOCTATOYHO cla6OM MArHHTHOM
noae:

2M,  2f(b) M

== =2MH,(t). 13,

w T e lu“ L 3
3peck m — maotHocth Maccht T — (12); g = 2yA/(a(pf)) — nogsmmnocts AT: k —

roatpuument mectrocrn AT

Cornacho (13), B ocyuanupyiomem none H, = Hg coswt [T ncneireiBaer apeitd, cko-
POCTb KOTOpOro
SO H  ut
"~ W8) Ha 1+ (w/admyM)*’
JNaunbiéi MexaHuaMm Apeitda, KOHEUHO, He ABNACTCA €NMHCTBEHHO BOIMOMHBIM B UTTpHe-
BOM (pepporpanaTe (cM. ApYrue MeXaHW3MBI IJIA OJHOOCHOTO dieppomarHeTuka [9], Tpe-
6yiomue, ofiHako, 1ByX monapusanuit noan). Ho on mHTepeceH TeM, uTO Jeallee B ero
ocHoBe HapyweHue cummeTpust JIT MozeT npHBECTH K ONpefieleHHOMY BKAay M B Apyrie
acMMeTpHuHble 3((eKThI, 06HapyseHube B [1-3].

AsTop 6rarogaput B.M.HukuTenko 3a nonesnoe ofcyssienue paGoThl ¥ 3aMeUaHHSA.

(14)

826




[image: image5.jpg]~

PENao P e

. V.8.Gornakov, V.LNikitenko, I.A.Prudnikov, and V.T.Synogach, Phys. Rev. B48, 10829 (1992).

. L.M.Dedukh, V.S.Gornakov, and V.LNikitenko, Phys. Stat. Sol. (a) 75, K117 (1083); B.C.TopHaxos,
JI.M.Jlenyx, B.H.Hukntenko, JRIT® 88, 1505 (1984).

. B.K.Bracko-Bracos, JI.C. Yenenckan, AOT® 01, 1494 (1986).

J.F.Janak, Phys. Rev. A134, 441 (1964),

H.A.Tunnrckuh, 7T 68, 1032 (1975).

A.V.Mikbailov and LA Shimokhin, Phys. Rev. B48, 9569 (1993).

V.S.Gornakov, V.LNikitenko, and V.T.Synogach, IEEE Trans. Magn. 20, 2073 (1993).

T.E.Xonenros, OTT 81, 226 (1989).

B.I'Bapbaxrep, 10.1.opoteu, C.H.Jenncos, K3T® 98, 1345 (1990).

827




