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1 DBsenenne

[locne pabor Bupmana [1] u I'ydana [2, 3], a Takxe 6onee nosanux pabor
palla IPYTHX McCilenoBaTelleil, B (EHOMEHONOTHYECKOH TeOpDHH (a30BEIX Ie-
pexonos Jlannay mponsola Ta KaHOHH3AIMs METONOB M i3bIKa (4], KoTopas
CBHOETEILCTBYET O NPEBPAICHHN 3TOTO pasfiesla TEPMONUHAMHKHM B COBEp-
LIeHHO OGHOBJIEHHYIO M CAMOCTOSTENbHYIO HAYYHYIO OUCHAIIHHY. AJroput™m
UCCIIeNOBaHHS TEPMOAWHAMUKH KPHCTAJIIa, HIIM MHON (PUIMIECKOH CHCTEMEI C
CUMMeTpHel, NpHobpesT HOYTH TaKyIO ke CTPORHOCTD ¥ OIHO3HAYHOCTD, KOTO-
poit XapaxTepH3yIOTCS METOAH KJIacCHYecKod MexaHukH. K coxaseHHio, ipu
HCCJIENOBAHUM MUHAMHUYECKUX CBOHCTB TOH X€ CHCTEMHl YIOMAHyTas CTPoii-
HOCTb U ONHO3HAYHOCTH PENENTOB TEPAETCH, ¥ HacTo npuxonurcs npuberath
K HeONpaBIAaHHO GOJBINOMY YMCIY IMPOM3BONIBHEIX IpennonoxeHui. Mexny
TeM, KaK OKa3hIBaeTCH, HET HUKAKHMX NPENATCTBHH K TOMY, 4TOOH obbenmu-
HUTBH METONHI MCCIIe[JOBAHUS TEPMONUHAMAYIECKAX CBOACTB C METONAMH HCClle-
IOBaHWUS NUHAMUYECKHX CBOMCTB. MEI XOTHM NpOIeMOHCTPHPOBATH BO3ZMOX-
HOCTH TaKOI0o €IMHOTO MOAXONa Ha IpHMepe CJI0XKHOTO aHTH¢eppOMarHeTHKa,
MarHUTHOe YNOpSIoYeHHe B KOTOPOM XapaKTepU3yeTCs MHOMOKOMIOHEHTHRIM
napaMeTpoM nopsaaxa ¢. Jlis sToro Mu 06obIuMM KilaccHyeckoe ypaBHEHHe
Jlapnay-JInpmuna ans ¢peppoMarHATHOrO MOMEHTa Ha IPOM3BOJILHEIA Mar-
HATHBIA NapaMeTp NOpAAKa C.

2 BriBog o0606imenHoro ypasHenmsa Jlammay-—
JIndpmnna

Ypasuenue Jlanmay-Jludpmuna nns BeKTOpa CHOHTAaHHOH HaMarHHWYEHHOCTH
M umeer cnenyrommit un [5]:

oM
ot

TZie 7 - THPOMAarHUTHOE OTHOMIeHWe; R - penakcanMOHHEIA 9ieH, OTBeYalio-
MR 3a MUCCHNAIMIO YHEPTHH CIWHOBLIX BOJH M MMEIOMHKH DelsTHBHCTCKOE
npoucxoxinex-me. OddexTunnoe maruuTHOe nonte H.;; onpenensercs U3 Tep-
MOIMHAMKYECKOTrQ TIOTEHNHaNa. GepPOMAarHETHKA C NOMOMIBIO Bapna.nnonnon
npou3BonHoOK. [5, 6] - iy

=y[HM+R, (O

oF L e

Hyp=—. o e

1= 5L (2)

[lepenumenm ypasuenne (1) B Tenaop*aou ¢opme (B npenebpexeHnn pellakca-
IHOHHBIM YJICHOM)

IM;

5 = = Qi M. (3)
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3necs ¥ Hanee MHI NOApa3syMeBaeM CyMMHPOBaHHME IO NOBTOpSIoeMycs (He-
MOMy) MEIEKCYy W He GylleM IMCaTh 3Haka CYMMBI. OJIleMEHTHl aHTHCHMMe-
TpuuHO# MaTpuubl (Y = —; BbIpaXKaloTCi Yepe3 KOMIIOHEHTHI BEKTOpa
Q = yH.4; ¢ noMowmpbio abCONIOTHO aHTHCHMMETPDHUYHOTO €IUHUYHOTO TEH-
3opa Jlesn-Yusura

Qik = —€ufl. v (4)

BriBeniem anasor ypapeenus (3) /1 CIMHOBEIX BONH B CJIOXHOYIODSIOYEH-
HOM aHTHbeppoMarHeTHKe, MarHUTHOE YNOpPAloueHHe B KOTOPOM ONMChIBa-
€TCs MHOIOKOMIIOHEHTHLIM ITapaMeTpoM nopsanka ¢. B cocrosnuu Tepmonuua-
MHMYECKOTO PABHOBECHA CpelHee 3HaueHNe MarHUTHOIO MOMeHTa mn(r) aToMa
Ha y3Jle KpUCTAUIHIECKOll PELIETKH 1 OpelefeTcs BhipaXeHneM

m(r) =3 ¢ $i(r), (5)

rae ¢;(r) - BekTOpHHIe Ga3ucHbe QYHKIMA HEIPUBOLMMOIO IPENCTaBIEHUS
(HII), no xoTopoMy npeobpasyeTcsa mapaMeTp nopsaika c¢. Ytobu paccMmo-
TPeTh AUHAMHKY MarHUTHON MOACHCTEMEI, 6YIIEM CYMTATH, YTO CPENHee 3Ha-
YeHHe MaCHUTHOTO MOMEHTA 3aBUCAT OT BPEMEHH, H 3Ta 3aBUCHAMOCTL OT Bpe-
MeHH olpelielISeTCs 3aBUCUMOCTBIO OT BpEMEHH IlapaMeTpa nopsnka c(t), Tak
YTO MMeeM:

m(r,t) = Y ai(t) - ir). ®)

IIpennonoxuM, 4To u3MeHeHNe BeKTopa (1, t) BO BpEMEHH IPENCTABIIET CO-
60it IPELeCCHIO 3TOrO BEKTOPa BOKPYT HEKOTOPOro HalpaBileHHs B IPOCTpaH-
cTBe 6e3 U3IMEHEHHS MIMHBI 5TOTO BeKTOpa. PU3NIECKH, COXpAHEHHE MOLYTIS
1 03Ha4aeT TO, YTO BeJIMYMHA ATOMHOTO MarHUTHOTO MOMEHTa ONpenenaeTcs
ropaszio 6oslee CUILHEIMA BHY TPHMATOMHEIME B3aUMONEHCTBUAMM, YEM B3AHMO-
IefiCTBUA, OlpeleIsIoIHe YIOPANOYeHNe U AUHAMHUKY MalHATHEIX MOMEHTOB.
Tak kak Gasucusie pynkuuu HII ¢;(r) ynosnersopsioT cooTHOUIEHMIO OpTOrO-
HaJibHOCTH ¢;(7 ), (r) = ik, To, Bo3Bons 0be yacTH pasencTsa (6) B kBanpar,

Oy IBM: :
mi(r,t) = ¥ (1), - (7
. [ .
Tak kKak KBaIpaT MONYJS BEKTOPA 7 €CTh, [0 HAIEMY NPENNOJIOKEHHIO, Be-

THYAHA NOCTOSHHag, TO, B34B NPOM3BONHYIO IO BpPEMEHM OT 0OeMxX vacTel
pasescTsa (7), nonyyuam

m =Y ag =0 ®



Mui Bunum u3 (8), 4TO CKOPOCTD W3MeHelNs BEKTOPA 17t OPTOrOHAJIbHA CaMOMY
3TOMY BEKTOPY, a NIpaBas 4aCTh ITOTO YPaBHEHU MOXeT GHITH 3allMcaHa Tak:

Jde
Tl 0. (9

To ecTh napameTp NopANKa C NPELECCHPYET B N-MEPHOM NEHCTBHTEILHOM
€BKJIMJIOBOM IIPOCTPAHCTBE ( €- MPOCTPAHCTBe Mo [2] uu nmpocTpaHcTBe 06pasa
no [4]) cornacHo ypaBHenuio

2 Quer. - (10)

B MHOroMepHOM NMpPOCTPaHCTBE, KaK U B OOLIYHOM TPEXMEPHOM, MOXHO MOJIy-
YHTHL BEKTOp () MyTeM B34THA BapHAIMOHHON NPON3BOIHOIL:

-2 (1)

de :

roe § yxe He TpeXMcpHLIi’, a n-MepHBIH BEKTOP B POCTPAHCTBE ITapaMeTpa
nopsanka. Ho B IpocTpaHCTBe, pa3MEpPHOCTL KOTOPOro Golibllie TPEX, MBI YXKe
HE MOXEM BLIPa3HTh KOMIIOHEHTHI aHTHCHMMETpPHYHOro Tensopa (l; uepes
xomnoHeHTH BekTopa 2. Takum obpasoM, TpadapeTHoe obobleHre ypaBHe-
Hus (1) BO3MOXHO TOJLKO O M3BECTHOM CTENEHH U IJIs NOMyYEeHUus ColepkKa-
TeNLHEIX Pe3yJbTaTOB TpebyloTcd NONONHHTENbHbE dusnyeckne coobpaxe-
HMA.

3 HanpHeWmmas KOHKpeTHU3allMA MeTOAaMM
nuddepeHINaILHOA reOMeTpUH

Kak xopomo ussectro [7], B n-MEPHOM NIpOCTPAHCTBE CYIUECTBYET OPTOHOD-
MHPOBAaHHLIA 6a3uC, B KOTOPOM aHTUCHMMETpPHUHasd MaTPHIa MMeeT MaKCH-
MaJibHO NIPOCTOM (KaHOHMYecKkuil) Bu. KoMIakTHYIO ¥ KOBapHaHTHYIO 3allMCh
HYXHBIX HaM COOTHOLUECHHU# ynoBHee BCEro MOIY4YHTb, MCHONIL3YS 3JIEMEHTHI
Teopuu BHEmHUX dopm [8, 9]. AHTHCHMMETPHYHOH MaTpPHLE COOTBETCTBYET
6usekTop (), KOTOPHIA BHIPAXKAETCA YEPE3 KOMIIOHEHTH! 3TOM MaTPHILI Cleny-
IolKuM obpasoM: .

= Q,-je; Aej, (12)

a BHelnHee NpousperneHne Ga3vCHEIX BEKTOPOB aHTHCHMMMETPHYHO: €; A e; =
—e; A e;. B xaHoHMYeckom Gasmce pa3noxeHne GUBEKTOpa MMeEeT BUL

Q=Y wa’nb’. (13)
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SlBHas 3amuch GOPMYJIH M €€ reoMETPHYECKOE TOJKOBAaHHE HECKOIBKO OT-
IMYAIOTCA IS CIy4as YETHO-MEPHOIO M HEYETHO-MEPHOIO €BKJIMIOBLIX IIpPO-
crpancts. [lajee, aHTHCUMMETPHYHYIO MATPHUIY X COOTBETCTBYIOLIMHA €l Gu-
BeKTOp GyneM 0603HaYaTh ONHMM ¥ TEM e CHMBOJIOM ().

PaccMOTpHMM BHaualjle YeTHO-MepPHRIA ciydait n = 2r. Torza, cymmuposa-
gue B popmyne (13) nzer ot s = 2 mo s = r. B nnockocTn, onpenensemoit 6a-
sucunMy BekTopamu (a',b'), Bpamenus BekTopa ¢ He mpoucxoauT. B kaxaoil
U3 IUIOCKOCTel, onpelleliseMBIX Napoii BekTopos (a’,b®), npoucxonuT Bpalme-
HUE BEKTOpa € C YIII0BO# CKOPOCTHIO w,. OTMeTHM, 4TO O6LENUHEHNE BEKTO-
poB KaHOHHYecKoro Gasuca B naphl (a®,b’) mpomukToBaHO cnenmyommM 06CTO-
ATeNBCTBOM: COGCTBEHHbIE 3HAYEHAS aHTHCHMMETPHYHON MAaTPHIL ABIAIOTCH
9HCTO MHUMEIME; {12° = iw,z’, a COOTBETCTBYIOIIME COBCTBEHHEIE BEKTOPH!
ABNAIOTCA KOMITEKCHUMU: z° = a® + ib® (7, 8]. Bupasum xommnonenTh 6u-
BekTOpa §); UYepes cOGCTBEHHEIE 3HAYEHUS w,, KOTOPHIE, 6e3 moTepy obuIHO-
CTH, MOXHO CYATAThH NOIOKHUTEILHHMH ! YIOPSANOYEHHHIMH 10 BenyuHe [7].
Ilns aToro cienyer BHIpa3uTh BEKTOPH KaHOHW4Yeckoro Gasmca {a*,b’} ue-
P€3 MCXONHEI OPTOHOPMUPOBaHHLI 6a3uc B e-npocTpaHcTBe {€;}: a*® = ale;,
b* = bie;. IloncTaBnas stH pasnoxenns B (13) u yuuTHIBas CBOHCTBa BHElI-
HEro YMHOXeHHs Ga3MCHEIX BEKTOPOB, IOJIyYaeM MCKOMYIO CBA3b:

QO = fjw (a2b; — a3f) . (14)

=2

B neuyerHO-MepHOM €-mpocTpaHCTBe CymmupoBanue B ¢popmyne (14) naunna-
ercd ¢ s = 1, Tak Kak B 9TOM ciydae, And §{)-MaTpHLK o6iero B, UMEeTCH
TOJBEKO OHOMEPHOE MOANPOCTPAHCTBO, HHBAPHAHTHOE OTHOCHTENILHO MOBOPO-
TOB BOKPYT COOTBETCTBYIOLIETo HanpaBiieHus [7].

Yucto anrebpamdyeckue paccyXIeHHs NPABOOAT K BO3MOXHOCTH Cylle-
CTBOBaHUA 7 — 2 Pa3lINYHHIX COOCTBEHHBIX 3HAYECHUH Y Q—M&Tpuum H B YETHO-
MepuoM (n = 2r), B HeueTHO-MepHOM (n = 2r — 1) ciy4ae npu OTCyT-
CTBHM BHIPOXIEHHS. B TpexmepHOM NPOCTPaHCTBE CyLIECTBOBANO TONBLKO
OZIHO COBCTBEHHOE 3Hau€eHNE {}-MaTPHIILI, KOTOPOE ONPENeNINoCh MOLYJIEM BEK-
Topa 2 = vH,.;;. YUtobu TepMmomuHaMuuecKHe paccyKAEHUS MOTIIH 3aMbl-
KaTh Hallly CXeMy M B n—MEPHOM Clly4Yae, MHl JONyCTHM, 4TO cObGCTBEHHBIE
3HadeHHs (}- MaTPHULI BRIPOXIEHK U UX KBAIPaThi PABHBLI BEHIHHE

OF 8F
U)z = wz = "a—c:-a—c:. (15)

Pusnueckn, Takoe TpeGoBaHME MpPENCTABISETCS ONPABHaHHHIM, TaK KakK He-
BO3MOXHO IIPEICTaBUTh, YTOGH BHEIIIHEE II0JI€ YaCTOTH W IMPUBOMAKIIO K KOle-
6aHUAM C pa3sHBIMH YaCTOTAMHU B Pa3HBIX IIIOCKOCTSAX.
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Kocnemcs Tenepn ompenenenus kasonumdeckoro Gasuca {a®,b’}. B xon-
KPETHOM CJIy4ae pacieTa ClieKTpa HU3KOYACTOTHHIX KosieGaHWil MarHHTHOrO
nmapaMeTpa NOPANKa € MOXHO BHIIE/INTh HHBAPHAHTHYIO INIOCKOCTH IPH N =
2r uny MHBapHMaHTHOe HalpaBieH#e npu n = 2r — 1. Ilpu sTom BexkTOpH
{a’, b} obpasyior 6a3uc B OPTOrOHANLHOM NOTOJIHEHHH K 3THM HHBADHAHT-
HBIM nomnpocTpaHcTBaM. OTMETHM, YTO CTaHNApPTHHIE anreGpandecknil aj-
FOPUTM HaXOXMIEHNUS OPTOHOPMHPOBAHHOTO Ga3MCa B OPTONOHAILHOM MOTIONHE-
HAM K HEKOTOPOMY MHB3apHaHTHOMY MONNPOCTPAaHCTBY NpHBeNeH, HaIpUMED,

B [8].

4 3axnouyeHue

IIpu mccienoBanuy NMHAMHUKE KOHKDETHOIO KPHCTAla IapaMeTp MOPAAKa
YIOOGHO Pa3/IOXHTh Ha KPUTHYECKUIl U HEKDHTHYECKHE MapaMeTphl IOPAOKa,
npeobpasyiommecs no pasnayasiM HII rpynnel cummerpry napaMarHETHOTO
kpucraiia. [Ipu TakoM criocobe paccCMOTpEHHS KPHTHYECKUM GyneT MarHuT-
HEIl MapaMeTp NMOPSAKa, & CPeAy¥ HEKPHTHYECKUX MOryT GHITh H TakHe, KO-
TOpHIE ONHCHIBAIOT HEMATHETHHIE CTENEHH CBOOONH KPHCTANIIA, HAaOPHMED,
ynpyrue Konebanus KpucTajia nin KojebaHus 3JIeK TPHIECKOR NOIApH3aNn
B CErHETOMArHETHKaX. TaK Kak KOMIOHEHTH JIOGOro M3 BTOPHYHEIX Iapa-
METPOB NOPAAKA BXONAT B MOTEHIOHMAJ B BANE KBAJAPATHYHOIO MHBADHAHTA M
B BHIIE CMEIIAHHHIX MHBAPDHAHTOB, JIMHEHHHIX IO KOMIIOHEHTaM BTOPHYHOIO
napaMeTpa IOPSAKa H HeJIMHEHHEIX [0 KOMIIOHEHTaM KPHUTHYECKOro IapaMe-
Tpa mopsaxa [10], To ArHaMuUEcKHe ypaBHEHHS AN KaXXIOTo U3 BTOPHYHEIX
HapaMeTpoB NOPAAKa HMEIOT yHEBePCAJIbHEIA ¥ Golee MPOCTON BHI, 4€M aHa-
JIOTHYHOE ypaBHEHHe IUIS KPHTAYECKOro NapaMeTpa IOpsAIKa.

Ilpu obcyxpeHum Bompoca O CHHH-BOJHOBOM 4YacTOTe B JIHTEPAType
(cM. [11] u ccputkn k [11]) passepHyIach MIEpOKas KACKYCCHS O CIPABEIABO-
CTH MoIen® “3acThBIIed” pemreTKH, HWJIH, HAPOTHB, “cBOGONHON” peLIeTKH.
B namem monxone CATyanus NPOSBISETCA CTONb IIPO3PAadYHLEIM 0Gpa3’oM, 4YTO
MecCTa IUIA KHECKYCCHH He ocTaeTcd. lleficTBUTeNbHO, U3 H3JIOXKEHHOIO BHIIIE
SCHO, YTO MBI PACCMaTPHBAEM IUHAMHUKY Ha ()OHE YCTAHOBHBINEIOCS PaBHO-
pecHoro coctosuus. Ilonaras, 4To HepeMeHHas COCTaBISIOUIas N0 MOLYIIIO
3SHAYMTENBHO MeHbIlle PABHOBECHOTO 3HAYEHHS apaMeTpa MOpANKa B JIHHea-
pu3ys ypasterne Jlannay-/In¢pmuna (10) cranmapTHEIM criocoboM, Mul Toiy-
YaeM JiHHelHoe ypaBHeHHe Ha (oHe “sacTmBliei” pemerks. “3acTuBmas”
pelleTka, B KaXIod M3 HU3KOCHMMETDHUHHIX (a3, XapaKTepH3yeTCs paBHO-
BeCHBLIMHM 3HaYEHHSMY KPETHIECKOTO C,r H HEKPHTHIECKHX C; IAPAMETPOB IO~
pAlKa, BXOOSMIMX B IOJHEIH KOHAEHCAT CTAaNMOHAPHEIX BEKTOPOB, a TaKXe
COOTBETCTBYOILEH rpynnoi cammerpud Gp. Ecim xe paccmaTpuBaeTcs 3Bo-



http:HaXOJK,lleHH.SI
http:Onpe,lleJIeHH.SI
http:KOCHeMC.SI

JIOIMA NapaMeTPOB NOPAAKa U3 CHIILHO HEpaBHOBECHOTO COCTOSHHSA, TO TOX-
XOll, OCHOBaHHLIA Ha ypaBHenuu Jlamnay-JIudmnua, He roguTca, M ClienyeT
NPEMEHATDb CYLIECTBEHHO MHBIE METOMLl MCCIIENIOBaHMS, H3JIOXEHHEIE, HallpH-
Mep, B [12]. :

Crnenyer OTMETHTb, YTO NPH pafie YCIOBHH (CBEPXTOHKHME IUIEHKH, CM.,
Hanpumep, [13], nau Ranmume cnaboro dpeppomarHeTH3Ma, Hanpumep, [14])
OCHOBHAd 4acThb MHKPOMarHeTH3Ma B MarHETHKe “pacxoiyeTcs” Ha CO3lia-
HHe BHXPEBHIX CTPYKTYp. Torza onmcanMe MX NOBENEHMS KAK ME30OCKOMH-
geckux obpazoBanuit TpebyeT MCIONB30OBaHMsS aHayora ypasHenus Jlamnay-
Jlupmnna, ONUCHBAIOLIETO YBOIOLMIO TOPOUNHKIX aunonei [15, 16]. Onuca-
HME )€ MarHUTHOH Cpefil B 5TOM citydae 6yner TPOH3BONKTECH TaKIKe MOIIH-
¢duunpoBaHHKIMA ypaBHeHHsMu Maxcsemna [17, 18].
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Bopnakos X.II., ly6oeuk B.M., Xy6ues P.X. P17-99-274
AHanior ypaBHeHus Jlanmay — Jindusua i MHOTOKOMIOHEHTHOTO
napameTpa MarHHTHOrO nopsaxa

IMonyyeHo o6obuieHHoe ypaBHeHHe Jlangay — JIncunia ais npon3BoabLHOro
MarHHTHOIO napaMeTpa nopsaaka. 1o ypaBHeHHe 06/1alaeT TeM NPEUMYILECTBOM,
YTO MO3BOJISET afeKBaTHHIM OOPa3OM YYMTBIBATH CHMMETPHIO KPHCTA/LIa Ha BCEX
sTanax pacyera. Kpome Toro, ypasHeHue W1 ONHCAHHS HHHAMHKH CJIOXHOIO aH-
TH(pepPOMAarHUTHKA NONYYAETCA MO EAHHOMY IrOPHTMY H He TpebyeT BBEXEHHS
JOMOJHHTE/bHBIX MPOH3BOJILHBIX MPEANONOXEHHH, 328 HCKIIOYEHHEM TeX, KOTOPhIE
dHrypHpoBanu B KiaccHyeckoil pabore Jlannay — JInguuua.

PaGora BeimonueHa B JlaGoparopun TeoperHyeckoi ¢usnuku um.H.H.Boro-
mo6osa OHSAH.

Mpenpunt OGbeAHMHEHHOTO MHCTHTYTA ANEPHLIX Hccnenosanuit. dybua, 1999

Borlakov Kh. Sh., Dubovik V.M., Khubiev R. Kh. P17-99-274
Landau — Lifshitz Equation for Multicomponent Magnetic
Order Parameter

The generalized Landau — Lifshitz equation for any magnetic order parame-
ter is derived. This equation allows an adequate consideration of symmetry of a
crystal at all stages. Besides, the equation for the description of dynamics of a
complex antiferromagnet is obtained by a unique algorithm and does not require
introduction of additional assumptions, except for those, which appear in the clas-
sical work of Landau and Lifshitz.

The investigation has been performed at the Bogoliubov Laboratory of Theo-
retical Physics, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 1999
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