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1. Bae~eHHe 

B Teop:mr aHTmpeppoMarHeT:iroMa B Ka"IeCTBe napaMeTpa aHTmf>eppoMarHHTHoro 

ynop.!I;f:IO"Ieuwr o6bI"IHO. ncnoilb:JyeTCJI. BeKTOp aHTmpeppoMarHeTH:JMa · f, KOTOpbI:ii 

B cny"Iae ;[IByxnogpeweTO"IHoro aHTmpeppoMarHeTHKa paaeu. paauocTH ·MarHHTHbIX 

MoMeHTOB no;11peweToK : L = M1 ~ M2 • Oguaxo 0TOT napaMeTp .!IBll.!IeTCJI ueua~ 

6~rogaeMoii: :semI"IHHoii:,n no_0T0My nepexog H:J ueynop.!Igo"IeHHoii: <paabI B aHTH<pep­

poMarunT:ii:yro Bbirll.!Ij:llIT KaK • iieco6CTBeHHbIH - B TepMOj:llIHaMH"IeCKlIH · noTeH~M 

o6bI"IHO He BKlIIO"IaIOT cnaraeMbie nnueii:Hbie no L, KOTopbie onHCbIBMH 6bI B:Jan­

Mogeii:cTBlle aHTll<peppoMarHeTHKa c BHe~HHM noneM (1,2]. HccnegoBaHHe CBOHCTB 

aHTll<peppoMarHeTHKa npoH:JBO;[l.!IT lIHIIIb KOCBeHHO - no era B:JaHMogeii:cTBlIIO C Oj:IHO­

po;t1HbIM MarHHTHbIM noneM, T.e. ll:JMep.!I.!I MarHlITHyro BocnpHHM"IlIBOCTb. B TO ll<:e 

BpeM.!I MarHHTHaJI nO;[ICTPYKTypa aHTll<peppoMarHeTHKa npegCTaBll.!IeT co6o:ii npo­

CTpaHCTBeHHO Heoguopo;11uoe pacnpegenemle MarHHTHbIX gnnone:ii, KOTOpbie MOlKHO 

onncaTb c noMOlllblO HeKOToporo Ha6opa MYllbTllnOllbHbIX MOMeHTOB, KaK lIHTerpanb­

HbIX xapaxTepHCTlIK j:laHHOro o6paaI:(a. B OTllll"IHe OT BeKTOpa aHTll<peppoMarue­

Tll:JMa L, MYJibTHnOllbHbie MOMeHTbI .!!Bll.!IIOTCJI ua6nrogaeMbIMll Bellll"IHHaMH, npH"IeM 

KalKj:lbIH H:J HlIX geTMlIDllpyeT B:JalIMOj:leHCTBlle o6paaI:(a c ueoguopo;t1HbIM MarHlIT­

HbIM noneM. 

l(eJIL H8CTOS~eH pa60Thl pa3BHTL <!>opM8JIH3M MYJILTHUOJILHOrO 

onncaHH.!I aHTH<peppoMarHlITHOro o6paaI:(a (n gpyrux CHCTeM c npocTpaHCTBeHHO He­

Oj:IHOpOj:IHbIM pacnpegeneuneM MarHlITHbIX gnnoneii:), ycTaHOBHTb era CB.!I:J:& c o6bI"I­

HbIM onlICaHHeM n era npelIMYI1IeCTBo, KaK 6aaoBoro, npn paCCMOTpeHHH TepMOj:lll­

HaMH"IeCKHX cBoii:cTB aHTH<peppoMarHeTHKOB. B pa6oTe noxaaaHo, "ITO HOMepeuue 

MYllbTllnOllbHbIX MOMeHTOB Mai:'HeTHKOB (gall<:e TaKOH cneI:(H<pll"Iecxoii: KOH<pllrypar(HH; 

. KaK aHTll<peppoMarHeTlIK) no:JBOll.!IeT nony"IHTb 06 HX TeKcType nonuyro HH<popMa­

I:(HIO, KOTOpa.!I gocTynua B paMKax MaKpOCKOnll"IeCKOro nogxoga, TO"IHee,npH gony­

CTHMOCTH paccMOTpeHll.!I oagaHHoro lpHOH"IeCKOro o6t.eMa MeTOj:laMll Kli:aCCll"IeCKoro 

0nexTpoMarHeTHOMa. IlpnBeµ;eu p.!!g npnMepoB. 

CnegyeT OTMeTHTb, "ITO nocnegoBaTellbHOe onHCaHHe o6MeHHbIX MarHeTHKOB c 

noMOI1IbIO cncTeMbI MYllbTHnoneii: 6bino npegnoll<:eHo B pa6oTax AugpeeBa H Map­

"IeHKO [3,4], Oj:IHaKO B 0THX. pa6oTax rnaBHbIM o6paaoM HCCJiegyeTC.!I cnexi-p BO:J-

6yll<:geHH.!I CnHHOBbIX BOlIH H paCCMaTpHBaeTC.!I B:JaHMOj:leHCTBHe MaI'HeTHKOB TOJibKO 

c Oj:IHOpOj:IHbIM.MarHHTHbIM noneM. Cnoco6bI MYllbTHnOllbHOro OnHCaHWI COCTO.!IHHH 

npOHOBOJibHOH CHCTeMbI j:IHnoneii: H ee B:JaHMOgeii:cTBH.!I C ueoguopogm.IM BHeIIIHHM 



noneM noµ;po6Ho o6cy,Kµ;aIOTc.s: B pa6oTe [5]. B µ;aHHoii pa6oTe paccMoTpemte aH­

T.mpeppoMarHeTIIKOB npoBoµ;IITC.S: Ha OCHOBe noµ;xoµ;oB, pa:3BIITbIX B [3-5). Ba)KHYIO 

pom, B MynbTIInOJibHOM onncaHIIII nrpaioT MOMeHTbI TopoIIµ;Horo · ceMeIICTBa [ 6-8], 
KoTopoe 6bino Hanµ;eHo II noµ;po6Ho 1my'leHo B pa6oTax [9-10]. Ecnn MarneTIIK o6na­

µ;aeT µ;unoJibHbIM TOpOIIp;HbIM MOMeHTOM, TO OH MO,KeT pear11poBaTb Ha nepeMeHHOe 

oneKTpII'lecKoe none unn caM ero nHµ;yIJ;npoBaTb. 0TMeTnM TaK,Ke, 'ITO aHanorII'l­

Hoe (p;yanbHOe) .s:BneHIIe - BnII.s:HIIe nepeMeHHoro MarHIITHOro non.s: Ha CIICTeMy oneK­

TPII'leCKIIX µ;unoneii - MO)KeT Ha6n10µ;aTbC.S:, HanpIIMep, B aHTIIcerHeTrnmeKTpnKax, a 

TaK)Ke II B cpaBHIITenbHO Heµ;aBHO uccneµ;oBaHHbIX TaK Ha:JbIBaeMbIX apoMarHeTIIKax 

[11, 12]. 
IlnaH Imno,KeHu.s: pa6oTbI cneµ;y10ll\IIH. Bo BTopoM pa::iµ;ene o6cy,Kµ;aeTc.s: q>op­

MaITII:JM MynbTIIIIOnbHOro onucaHU.S: COCTO.S:HIIll pa::inII'lHbIX MarHeTIIKOB. CHa'!ana 

B Ka'!eCTBe ucxop;HbIX BenII'llIH ucrronb:JYIOTC.S: MarHIITHbie MOMeHTbI rroµ;perneTOK. 

lfoBeCTHO, ,'ITO MynbTIIIIOnbHbie MOMeHTbI MoryT ::laBIICeTb OT BbI6opa Ha'!ana ioop­

µ;IIHaT, B µ;a.HHOM cny'!ae OT pacrrono,KeHII.S: "IJ;eHTpoB" rroµ;perneToK, KOTOpbie MO)KHO 

BbI6IIpaTb rrpoII:JBOnbHbIM o6pa::ioM. ',I(n.s: ycTpaHemrn 3Toro npOII:JBOna HY)KHO IIC­

xoµ;IITb.II::3 rroH.s:TU.S: TaK l!a:JblBaeMoii He::iaBIICIIMoii o6nacTII MarHIITHOll CTPYKTYPbI 

( 06 IICIIOnb:JOBaHIIII 0Toro IIOH.s:TII.s: B KpIICTannorpaqJIIII. CM. [13]), KOTopa.s: . B KO~ 

He'!HOM C'leTe onpeµ;en.S:eTC.S: q>opMOll o6pa::iIJ;a. 3Ha.s: He'3aBIICIIMYIO o6nacTbj MO)KHO 

HallTII MynbTIIIIOJibHbie MOMeHTbI MarHeTIIKOB. Ha 6oJibllIOM KOlIII'leCTBe. npnMepoB 

IIOKa:JaHO, 'ITO MH_orIIe aH'I'IIqieppoMarHIITHbie CTpyK'I'ypbI. onIICbIBaIOTC.S:. MynbTII­

nonbHbIMII MOMeHTaMII.: B MarHIITHOil cpeµ;e - CKan.s:pHbIM, TOponp;HbIM. II KBaµ;py­

rronbHbIM, KOTOpbie HaII6onee xapaKTepHbI µ;n.s:· CTPYKTYPbI c aHTIIqieppoMarHIITHbIMII 

CBOllCTBaMII. B 0TOM )Ke pa::iµ;ene ·paccMaTpIIBaeTC.S:· MynbTIIIIOnbHOe OIIIICaHIIe Ma.: 

rHeTIIKOB B o6MeHHOM npII6n:tl,KeHIIII. KaK IIOKa:JaHo B pa6oTax [3,4], B 0TOM cny'lae 

paBHOBeCHOe COCTO.S:HIIe MarHeTIIKa ::iaµ;aeTC.S: He 6onee '!eM TpeM.S: BenII'lIIHaMII - TaK 

Ha:JbIBaeMbIMII BeKTOpaMII aHTIIqieppoMarHeTII:JMa. B paMKax CIIMMeTpIIHHOro aHa­

nima B pa6oTe YCTaHaBnIIBaeTc.s: CB.S::Jb Me)Kµ;y 0TUMII BeKTOpaMU II MYlibTIIIIOJibHbIMII 

MOMeHTaMII KaK µ;n.s: "6ecKOHe'!HOro" KpIICTanJia, TaK u µ;n.s: KpIICTanna KOHe'!HbIX 

pa::iMepoB, HO IIMeIO!l.\ero CUMMeTpU'lHYIO q>opMy "paIJ;UOHaITbHOro" MHororpaHHIIKa 

~~- . 

B TpeTbeM pa::iµ;ene o6cy)Kµ;aeTC.S: B::laIIMOµ;eiicTBUe MarHeTUKOB c BHellIHUM Heoµ;c 

Hopoµ;HbIM noneM. IloKa::iaHo, 'ITO rpaµ;ueHTbI oqiq>eKTUBHoro rron.s: Ha o6pa::iIJ;e onpe­

µ;en.s:10Tc.s: He TOJibKO noneM UCTO'lHUKa, HO U rrpocTpaHCTBeHHbIM pacrroJIO)KeIIIIeM 

CIIUHOB. B '!aCTHOCTII,OKa:JbIBaeTc.s:, 'ITO oq>q>eKTUBHOe none MO)KeT IIMeTb BUXpe-. 

BYIO II noTeHIJ;IIaITbHYIO _COCTaBIT.s:lO!l.\IIe (oqiqieKTUBHbie poTop, II µ;uBepreHIJ;UIO Ma­

rHIITHoro non.s:) µ;a)Ke B TOM cny'lae, Korµ;a BHellIHee none IIX He UMeeT. B 0TOM )Ke 

pa::iµ;ene· paccMaTpIIBaIOT~ non.s:, co::iµ;aBaeMbie CaMUMU MYlibTIIIIOlibHbIMII MOM~H­

TaMII - ,KBaµ;pyIIOlibHbIM, TOpoIIµ;HbIM II CKan.s:pHbIM, 'ITO IIO:JBOIT.s:eT ycTaHOBIITb cno­

co6 IIX perucTpaD;UII. KpaTKO o6cy)Kµ;aeTC.S: µ;uHaMIIKa MarH:IITHbIX MYlibTunonbHbIX 

MO~eHTOB Ha OCHO_Be o6MeHHoro npu6JIU)KeHu.s:. 

06ll\IIll pe::iyJibTaT pa60TbI CBOp;UTC.S:, K TOMY, 'ITO MynbTUIIOlibHbie MOMeHTbI 

p;aIOT YlIUBepcanbHbill cnoco6 onucaHU.S: MarHIITHbIX CTPYKTYPY _B TepMUHax BeJIU'lUH, 

Herrocpeµ;cTB~HHO _n::iMepIIMbIX s omrre. IlocTaHOBKa 0KcnepuMeHTOB no onpeµ;ene­

HUIO MYlibTIIIIOlibHbIX BocnpIIUM'lIIBOCTell - B '!aCTHOCTII, Topouµ;Holl, KBaµ;pynonb-
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HOU II ,, CKaIT.s:pHo:ii" , uccneµ;OBaHIIe npoIJ;eccoB. nepeMarHII'!eHu.s: MarHeTIIKOB Heoµ;~ 

Hopoµ;HbIM MarHUT~bIM IIOJieM, ycJIOBIIll q>op.MupoBaHU.S: MYJibTIIIIO;bHbIX µ;oMeHHbIX 

CTpyKTYP, 3:11amm MynbTIIIIOnbHbIX BKJiaµ;oB B cneKTpbI cnIIHOBbIX BOJIH - Bee OTO 

IIO:J_BOJIIIT IIOlIY'!lITb 6onee rny6oKoe riOHUMaHIIe q>II:JIIKII MarHUTHoro COCTO.s:HU.S: II 

pacrnupnT BO:JMOJKHbie o6naCTII npIIJIO)KeHu.s: MarHUTHbIX MaTepnanoB. 

2. ¥YJI_bTHilOJibHOe OilHCaHHe COCTOJIHHH MarHeTHKOB 

2.1. Muicpociconu1'ecicu icoH!fiuzypav,uz MOMeHmoB 

Byµ;eM npeµ;cTaBIT.s:Tb ce6e MarHeTIIKA KaK cucTeMy N cnnHoB, pacnono,KeHHbIX 

B y::inax KpIIcTanJIII'lecKo:ii perneTKII f;.: Sa ( a = 1, 2, ... , N), B:JaIIMoµ;e:iicTBIIe KOTO­

pbix Me)Kµ;y C060ll II C BHellIHIIM noneM OnIICbIBaeTC.S: raMIInbTOHIIaHOM it(l, 2, ... , N). 
3Ha.s: perneHu.s: ypaBHeHU.S: Illpeµ;uHrepa µ;n.s: 0TOll CIICTeMbI H Y'lIITbIBM TeIIJIOBbI!l 

Bo::i6y,KAeHn.s:, MOJKHO HanTH (xoT.s: 6bI B npnHIJ;nne) TO'!HYIO paBHOBeCHYIO MaTpney 

IllIOTHOCTH p(l, 2, ... , N), C nOMO!l.\blO KOTOpOll, B CBOIO O'lepep;b, Haxoµ;.S:TC.S: cpeµ;HHe 

:JHa'!eHU.s: JI106,o:ii BenH'!IIHbI f : 

< f >= Spjp . (2.1) 

.I(anee Hae 6yµ;yT HHTepecoBaTb cpeµ;Hne :JHa'leHU.s: onepaTopoB cnHHa < Sa >=. ma 

Ina = Sp Sap (1, 2, ... ,a, ... , N). . (2.2) 

IlpHHHMM CHCTeMy eµ;IIHHIJ;, B KOTopo:ii rIIpOMarHUTHOe OTHOWeHIIe 'Y II nocTO.S:HHM 

IlnaHKa n paBHbI eµ;IIHIIIJ;e (-y = 1, 1i = 1), MbI 6yµ;eM µ;anee OTO:lKµ;eCTBIT.s:Tb BeKTOp . 

Ina C MarHIITHbIM MOMeHTOM 'laCTIIIJ;bI B TO'!Ke f;.. 0TMeTIIM, 'ITO npH TO'lHOM :Ja­

p;aHHH MaTpHIJ;bI IllIOTHOCTH p :JHa'!eHH.S: MarHHTHbIX MOMeHTOB Ina TaK:lKe .S:BIT.s:IOTC.S: 

TO'IHbIMH. lfo onpeµ;eneHU.S: {2.2) cneµ;yeT, 'iTO IIOCKOlibKY KOMnoHeHTbI onepaTopa 

cnnHa npIIHHMaJOT orpaHII'leHHbill p.s:µ; OHa'leHHll B HHTepBane OT -s µ;o s, xaJKµ;a.s: 

HO KOMIIOHeHT BeKTOpa Ina He MOJKeT 6bITb 6onbwe '!eM s, TO eCTb BeKTOp Ina BCerµ;a 

Haxoµ;n~c.s: BHYTPH ccpepbI o_rpaHH'leHHoro paµ;IIyca : 

m2 <s . . a- (2.3) 

B cny'lae CIIHHa S = 1/2 Ka:lKp;bIII BeKTOp ffia nonHOCTblO OITIICbIBaeT Oµ;HO'laCTII'l­

HOe COCTO.S:lIIIe a-ro CIIHHa • .I(eiicTBHTeJibHO, oµ;Ho'laCTH'lH8JI MaTpHD;a nnOTHOCTH, 

onpeµ;eneHHa.s: COOTHOWeHHeM 

p(l) = SP2, ... ,NP (1,2, ... ,N), 

B 0TOM cny'lae MO)!<,eT 6bITb npeµ;CTa.BneHa B BIIµ;e (14] : 

1 - ~ 
,o(l) = il +4m1S1) 

3 

(2.4) 

(2.5) 



·c II a.Hall0rlI''IH0 AWI ·crrirna c mo6bIM gpyrnM H0MepoM a);" Eciiu )Ke s > 1/2,. TO 

B Bbipa:lKeHIIII (2.5) Kp0Me S~jcne~eT Y'IIITbIBaTb TaK)Ke II APYrIIe HeIIpIIBOAIIMbie 
TeH::30pHbie onepaTopbI ( 6ollee·BbICoxoro paHra )i cocTaBlleHHbie Il3 KOMIIOHeHT ciriepa­

Topa S,;,;. 3Aec1, Allll rrpoCT0'.l'hl MbI orpa.HII'IHMCJI CJIY'IaeM s = 1/2'. TaxIIM 06p&10M, 

Ka:lKA0MY C0CT0i!HlIIO CIIlIHOBOH CIICTeMbI CO0TBeTCTByeT HeKOTOpoe pacrrpeAelleHIIe 

B IIp0CTpaHCTBe BeKT0p0B m.,, TO eCTb HeK0T0pai! 3aAaHHM BeKT0pHM q>yHKIJ;IIil 

K00pg11HaT m(r.,) = m.,, IIpIIHIIMaIOll\M l:3Ha'IeHII11 Ha gIICKpeTH0M MH0:lKeCTBe T0'IeK 

r.,. O'IeBIIAHO, 'ITO o6paTHOEiyTBep)Kgeirne, B006ll\e rcrnop11, ~ec'ripaBegimBo, TO eCTb 

m(r.,) He orrpeAelllleT C0CT011HlI11 CIICTeMbI, TeM He MeHee, B rrpn6lln:lKeHHOM 0IIIICa­

HIIII, HanpIIMep, B rrpn6llII:lKeHIIII CaM0C0rllaC0BaHH0ro II0JI11, M0:lKeT 6bITb HaiigeHO 

C0CT0i!HIIe,cooTBeTCTBYIOll\ee AaHH0MY pacrrpegeJieHIIIO m( r.,). 

2.2 .. J.!aa'll,Um'/1,ble noapewem-x;u 

<PyHKIJ;IIlI m(r.,) OaAaeT MarHilTHYIO KOH<pIIrypan;mo MarHeTIIKa MIIKp0CK0IIIl'Ie­

·cxII. C Maxpocxonn'Iecxoii T0'IKII opeHnil co'cTOilHliil o6paon;a K~ n;elloro oIIIICbI­

BaIOTCil HeKOTOpbIMII cyMMaMil OT· m., II0 BbI6pa.HHOH CilCTeMe T0'IeK. B rrepil0AII­

'IeCKOH peweTKe pacrrpegelleHIIe BeKT0P0B m., IIO rrpocTpaHCTBY TaK)Ke 6ygeT ne­

pIIogII'IeCKIIM, II03TOMY MbI MmKeM BbigellilTb n rrogcncTeM TO'IeK, C0CT0illl\IlX IIO 

N1,N2 , ... ,N.,. CIIIIH0B co0TBeTcTBeHHo (npn'IeM'I::k Nk = N), B K0T0pbIX MarHnT­

Hbie M0MeHTbI 0AilHaK0BbI ( TO eCTb paBHbI .II0 Bellil'IIIHe II rrapallllellbHbI Me)KAY, co~ 

.6oi'I) II Haxog11TCJI B 3KBilBadeHT:iibI; yollax KIJIICTallllil'IeCKOH peweTKH: m: = mb ;; 
:m,.. (a,b E Nk)- 8To AaeT B03M0:lKH0CTb BBeCTil cyMMapHbIH MarHIITHbIH M0MeHT k­
_oii IIOACIICTeMbI Mk (oAeCb k = 1, 2, ... , n), a TaK:lKe HaHTil ee reoMeTpII'IeCKIIH n;eHTp 

,}i,k, c K0TOpbIM ecTecTBeHHo cB110bIBaeTc11 BeKTop Mk: 

- 1 
Rk =NI: r., (a E Nk), 

. k " 

Mk= Nkmk; (2.6) 

:TaxnM o6p~oM, Mhl pao6nBaeM MarHeTnK Han rrogcncTeM·(rro~peweTox) ';BgBn­

HYTbIX" ogHa B APyry10. MoMeHTbI ·Mk - 3T0 T0'!Hoe orrpeAelleHIIe •. Toro, 'ITO gll11 

•'AaHHOro o6paon;a Mbl 6ygeM IIOHUMaTb IIDA MOMeHTaMII nogpeweT0K. lfo orrpeAelle-

1ilI11 (2.6) MO)KHO OaKJIIO'IIlTb, 'ITO paccTOi!Hile Me)Kgy TO'IKaMll IIpilBi!OKII M0MeHTOB 

ii,,,, TO eCTb MO~llII paoHocTeii IR; - Rkl,no rropi!AKY BellII'IHHbI paBHbI nocTOilHHoii 

:MarHIITHoii peweTKII a 
IR;-Rkl ~a• (2.7) 

.. . 3Ha'IeHlI1! BeKTopoB Mk, B006ll\e ~0Bop11, oaBnc11T OT. qiopMbI o6paon;a II OT Toro, 

'rge IIMeHH0 rrpoXOAllT rpa.HIIIJ;a o6paon;a no 0TH0WeHIIIO x ,yollaM KpHCTallllll'JeCKOH 

.peweTKII. Pagn qiopMMbHoii cTporocTII oroBopm.i; 'ITO o6paoen: IIMeeT AOCTaTO'IH0 

;~MaJibie paoMepbI'II ero II0BepxH0CTb He HMeeT. HUKaKIIX ''gIIKIIX" CBOHCTB. ,IlaJiee, KaK 

;~TO- 06bI'JHO AeJiaeTca; MbI 6ygeM rrpeHe6peraTb II0BepXH0CTHbIMil aq>q>eKTaMII, CBil­

>'38.HHbIMII C HapyweHIIlIMil rrepn~gWiecxoro patrrpegelleHnJI;llaJ.IarHII'IeHIIil mi rpa> 
· ;HIIn;e. B o6bI'lHOM onpegelleHIIIl MarHIITHbIX MOMeHTOB rroApeweiox nx npocTpaH­

,{cTBeHHoe paCIIOlIO:lKeHIIe OTHOCIITellbHO gpyr Apyra (To eCTb TO~KII "rrpilB113KII" 
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Rk) orrepegelll!IOTc.a: HeogH03Ha'IHo • .[{ello B TOM, 'ITO II CaMII 3lleMeHTapHi.i:e il'Ieiiui: 

KpxtCTalllla orrpegelll!IOTCil HeogH0OHa'IH0 - Bcerga M0:lKH0 BbI6paTb Apyroii Ha6op 6a-

3ltCHbIX BeKT0pOB peweTKII EpaBe C TeM :lKe 06'beMOM,3lleMeHTapHOH JI'IeHKII (cM., 

HarrpIIMep, (15], rr.129). ECJIII :lKe.•paccMaTpIIBaeTca o6paoen: 3agaHHoii qiopMbI, To 

.All11 Hero YKal:38.HHM HeOAH03Ha'IH0CTb ycTpaHi!eTCJI TeM, 'ITO_ pacnOllO:lKeHIIe rpa.HIIIJ; 

o6paon;a OTHOCUTellbH0 aT0MHbIX -IIllOCKOCTeii q>IlKCUpyeT .. TaK:lKe u onpegelleHHbIH 

BbI6op 6aoIICHbIX BeKTopoB. Ho 3TUX paccy:iKgemiii CJiegyeT, 'ITO ABa paoHbIX IIO 

q>opMe o6paon;a ogHoro n Toro :lKe MarHe:~xa 6yg)'T OIIIICbIBaThc11 B o6ll\eM CJiy'Iae 

paollII'IHbIMII COBOKYIIH0CTi!Mll BeKTOp0B M,. u R,.. .[{ll11 IlllllIOCTpaIJ;IIII Ha pnc. 1 

IIOKal:38.HbI ABa o6paon;a 0AH0ro u Toro :lKe aHTII<peppoMarHeTnKa (pIIC. I (a) H I (B) 

COOTBeTCTBeHHo). C II0M0ll\bIO q>opMyll (2.6) Alli! gaHHoro CJIY'IM He ClIO:lKH0 HaIITII 

MOMeHThl .rrogpeweToK Mk n BeKTopbI Rk, KOTOpbie U::306pa:lKeHbI Ha ; puc. I (6, r) H, 

xax BIIAH0 1ro pncyHxa, BeKT0pbI R,. OTllII'IaIOTc11 gpyr OT Apyra. 

EygeM C'IIlTaTb, 'ITO paccMaTp1rnaeMa11 MarHUTHM CTpyKTypa IlHBajmaHTHa OT~ 

HOCilTellbH0 HeKOTOpoii rpyrrrrhl TpaHClli!IJ;Im Q. EcllII BbI6paTb KaKOH-mr6yg1, Y3ell 

peweTKII a c gaHHbIM oHa'IeH~eM cmrna m0 , TO rrog AeiiCTBileM Bcex orrepan;uii cnM­

MeTpnu rpyrrrrhl g OH rrpeo6paoyeTC11 B 3KBilBalleHTHbie J3llbI. ThxilM o6paooM Mb! 

IIOllY'IIlM op6umy T0'IKII a 0TH0CIITellbHO rpyIIIIbI y. BbI6paB IIO ogHOH TO'IKe Il3 

BCex B0OM0:lKHbIX op6IIT, Mb! II0llY'IIlM TaKilM o6paOOM MH0)KeCTB0 T0'IeK, K0Topoe 

Ha3bIBaeTC11 'H,e3aBUCUM.Oi1. 0611,acmblo rpyrrrrhl (06 IlCII0llbO0Ba.Him 3Toro IIOHi!Tili! B 

KpIICTallllOrpaqiuu CM., HanpuMep, (13]). CllegyeT OTMeTIITh, 'ITO yxaoa.Hue Hel:laBII­

CIIMOH 06llaCTII u BeKT0p0B Tpa.HCll11IJ;IlII peweTKil II0llH0CTbIO q>IlKCIIpyeT MarHitT­

HYIO CTPYKTYPY KpIIcTMlla (16]. Tax KaK B He3aBilCIIMYIO o6llaCTh M0:lKHO BKllIO­

'IIITb llI06y10 T0'IKY op6IIThl, TO Alli! Ka:lKAOH rpyrrrrhl g CYll\eCTByeT 6ecKOHe'IHO 

MHoro crroco6oB · BbI6opa 3Toii o6llaCTII. Ho AaHHbIX BbIWe onpegellemrii o'IeBilAHo, 

H--4. H, 

~ ... +1-14 ·r--!I .. 

~,-~ ~T~ w. ~ I I 

L:----' ~ - .........1 H±R H--H · .. 2 M2. d ~ 
a 6 B I' 

Puc.1. Pacno1Lo'J!Ce'H,ue MoMe'/1,moB M.aa"H,Um'/1,1,1:z; noapewemoi. B 

a"H,mugjeppo.M.aa'll,em,u-x;e B 3aaucu.M.ocmu om gjop.M.bl 06pa:n1a. Ily'/1,-x;mupoM 
. noi.a3a'll,1,1 "H,e3aaucu.M.1,1e 0611,acmu. 

'ITO Bee n;eHTPbI. MarHilTHbIX rrogpeweToK R,. lle)KaT B Hex0Topo11 mi3aBUCilMOlf 06-

llac-r11 rpyrrµhl Tpa.H~~~ii y, a BeKT0pbI M,. napallllellbHbI MarH~ITHbIM MOMeHTaM 

aTOMOB, lle:lKRll\IlX B HeOaBuc1i:Moii 06llaCTII. ,[{llil o6paon;oB aHTU<peppoimrHeTirKa, 
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OOKll.38.HHl>IX Ha pnc. 1 (a, B), He:JaBllCUMbie o6JiaCTll Bbip;eJieHbI nyHKTllpOM. CpaBHll­

BllJI pHC. 1 (ai B) C pHC.-1 (6, r) . COOTBeCTBeHH0 1 Ha 0TOM npUMepe MO)KHO y6ep;UTbCJI B 

cnpaBep;lllIBOCTll cµ;eJiaHHbIX yTBep)Kµ;em1ii:. TaxuM o6paooM, Hroa.sncuMaJI o6nac-rh, 

Ka:K_ u IJ;eHTpbI noµ;peweTOK, qllIKCIIpyeTCJI pacnoJiolKeHUeM rpiulmi; o6paoIJ;a OTHOCll­

.TeJibHO yoJIOB KplICTaJIJIU'IeCKOH peWeTKll. B l];aJibHeii:weM, npu paccMOTpeHIIll npn­

. MepOB MarHIITHbIX CTpy:s:Typ, MbI 6yp;eM lICOOJib30BaTb Te lIJilI lIHbie He:Jru3lIClIMbie 

'.o6JiacTn pew~TKII, npeµ;noJiaraJI, '!To qiopMa KpncTaJI.Jia noµ;o6paHa cooTBeTCTBemio 
BbI6paHHoii: o6JiacTn. · -~,: 

2.9. My,,ibmtm0.4bHble MOMenmbl 

, ,r,;JIJI OlllICaHIIJI MarHIITHOli CTpyKTypbI O 6paoIJ;a lI ero B~~MOp;eliCTBIIJI C BHeWHlIM 

OOJieM µ;airee 6yµ;yT ncnoJibtlOBaHbl MYJibTIInOJibHbie MOMeHTbI, litl KOTOpbIX Han6oJiee 

Ba:lKHbIMH JIBIDIIOTCJI MarHIITHbili µ;unoJibHbili MOMeHT 

M =Em.,~ EM,., · (2.8) 

" k 

TOpOUl];HbIH ll KBaµ;pynoJibHbili MOMeHTbI B MarHHTHoii: cpeµ;e 

- 1 "'. . 1" - -T ~ 2 ~ [r.,m.,] = 2 ~ [R,.M,.], 

Q;,.= E {r'..m .. };,. = E {.R,..M,.};,., (2.9) 
·." k 

a TaKJKe CKaJIJipHbili MOMeHT ("MarHUTOl];lIOOJibHbIH oap11µ;") 

q = E (r'..m .. ) = E (R"M"). (2.10) 

" " 
Mym.Tunom.Hbie MOMeHTJ:.I 6onee Bb:icoxoro paHra JIBJimOTCJI Henpuiop;IIMbIMII TeH­

oopai.m, COCTaBJieHHi.rMU lltl npom:meµ;eHUli BeKTOpOB _Rk ll Mk ( CM. noµ;po6Hee [5]). 
B COOTHOWeHHJIX (2:8)-(2:10) ·xpyrJibie, KBaµ;paTHbie ll qiurypHbie CK06Kxi llCOOJib­

tlOBaHbI µ;JIJI o6ooHa'!eHHJI C_OOTBeTCTBeHHO CKaJIJipHoro, BeKTOpHoro n TeHoopHoro 

npouoBeµ;em Be~TOJ?OB. !Ioµ; TeHOOpHbIM nponoBeµ;eHneM ABYX BeKTOpOB a H b oµ;ecb 

nom'IMaeTCJI HenpHBOl];llMbIH TeHOop 2-paHra, COCTaBJieHHbili Htl HX KOMOOHeHT 

- 1 2 -{iib };" = 2(a;bk + akb; - 3(iib)8;,.), (2.11) 

Ha puc.2. no:s:aoaHbI npuMepbI pacnpeµ;eJieHuii: MarHIITHbIX µ;nnone:ii:, onucbIBae­

MbIX MOMeHTaMH .M, T, Q u q, µ;JIJI '!eTbipexnoµ;peweTO'!Horo MarHeTUKa; Ha pnc. 2a 

MOMeHT M onucbIBaeT CTPYKTYPY c napaimem,Ho:ii: opneHTaIJ;He:ii: MoMeHTOB noµ;pe­

weTOK. Topouµ;HbIH MOMeHT T cooTBeTCTByeT BHxpeBo:ii: cTpyKType (pnc. 26). CKa­

JIJIPHbIH MOMeHT q JIBJlj{eTCJI llHTerpam.Ho:ii: Mepoii: "ucTO'!HlIKa" HJill ·~ CTOKa" BeKTOp­

Horo norui: µ;u'noire:ii: (pm:. 2B). KBaµ;pynoJII:,HbIH MOMeHT Q onuchIBaeT CHMMeTpll'I-

HOe "Te'!eHue" BeKTop1foro noJIJI '<pm:. 2~). Ha 0TOM JKe pncyii:xe cnpii.Ba · (pnc. 2A) ,. '.. ' ,, . 
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Puc.2. IJpuMepbl pacnpeJe,,ie11,ui1, Ma21'UmUblX Juno,,ieil,, OnUCblBaeMblX 

MY.4bmUn0.4b'll,blMU MOMeumaMU. 

noKa::mHa MarHIITHaJI CTPYKTypa rpaHaTa Mn;iAl2Si3012 [16). Mo cpa.sHeHu11 0To:ii: 

CTPYKTYPbI C 1mo6pa)KeHlIJIMlI il:a PHC. 2(a-;i;) MO:lKHO BII)l;eTb, 'ITO OHa o6naµ;aeT CKa­

JIJipHbIM u TOpOHl];HblM MOMeHTaMlI. Kax noKaoaHO B pa6oTe (5], KOHe'!Hall CllCTeMa 

;a;unone:ii (poJib KOTOpo:ii B l];aHHOM cJiy'Iae nrpaeT COBOKYilHOCTb MOMeHTOB noµ;pewe­

TOK M,.) onnchlBaeTcJI KOHe'!HbIM 'ilICJIOM Heoa.sncIIMbIX MYJihTIInOJibHbIX MoMeHTOB, 

npn'!eM Bhl6op CaMnx HetlaBUClIMblX MYJibTUilOJie:ii: Heoµ;HOtlHa'!eH - B KOHe'IHOM C'ieTe 
OH qimccnpyeTCJI TOJibKo qinou'!ecKo:ii: nocTaHoBKoii: oaµ;a'in. 

PaccMOTpUM B Ka'leCTBe npnMepa 1!Byxn.9;a;peweTO'iHbill aHTU<peppoMarHeTIIK, 

omICbIBaeMbI:ii: Bcero µ;ByMJI BeKTopaMn M1 II M2 , "npIIMtlaHHbIMII" cooTBeTCTBeHHO 

K TO'!KaM .R1 II .R2, npn'ieM .M1 = -.M2. (pIIc.3). BeKTOp aHTII<pep·poMarHeTIItlMa 

L = M1 - M2 XOTJI II noKaobIBaeT opIIeHTaIJ;IIro MOMeHTOB .M1 II .M2, Ho He onn­

CbIBaeT lIX BtlaIIMHOro npocTpaHCTBeHHOro pacnOJIO)KeHIIJI. Bonee noCJieµ;oBaTeJibHO 

µ;JIJI onIICaHIIJI KOH<pIIrypaIJ;nlI BBeCTlI MYJibTIInOJibHble MOMeHTbI. B paccMaTpIIBae­

MOM npIIMepe cyMMbl no k B Bbipa)KeHIIJIX (2.8)-(2.10) 6yµ;yT f:Op;ep:lKaTb TOJlbKO no 

µ;Ba cnaraeMbIX. Tax Ka:K B ;a;aHHOM cny'!ae cyMMapHbIH MarHIITHbIH MOMeHT cncTeMbI 

.M paBeH Hynro, To MOMeHTbI T, Q n q He oaBIICJIT OT BbI6opa Ha'IaJia Koop;a;IIHaT, 

IlO:lTOMY y;a;o6Ho C'ilITaTb Ha'IaJIO Koopµ;IIHaT pacnoJIO:lKeHHbIM B IJ;eHTpe OTpeoKa 1-

2, coe;a;IIHJIIOJI(ero TO'iKlI 1 lI 2 Ha pIIc.3, TO eCTb MbI C'illTaeM, 'iTO .R1 = -.R2, B 
peoyJihTaTe IIMeeM : 

- 1 -- . 1 --T = 4[RL]; Q = 2{RL}; 1 --q = 2(RL), (2.12) 

r;a;e R = R12 = .R1 - .R2, .licHo, 'ITO IItl µ;eBJITII KoMnoHeHT. T, Q n q (HanoMHIIM, 

'ITO TeHoop 2-p~ra Q - HenpIIBOl];lIMbili lI noaToMy OH lIMeeT Bcero IlJITb Heoa- . 

BIIClIMbIX KOMnOHeHT) TOJibKO Tpn JIBJIJIIOTCJI He:3aBlIClIMbIMlI. -BbI6epeM B Ka'!e'CTBe 

HeoaBIICIIMbIX MOMeHTOB, HanpnMep, q, T.,, II T11 (ocb z C'IIITaeM HanpaBJieHHo:ii: no R). 
Y'ilITbIBM, 'ITO corJiaCHO (2.12) T.,, = -¼ RL11 , T11 = ¼RL.,,, q = ½RLz, MbI MO)KeM 

BbipatllITb KOMnOHeHTbI BeKTopa L 'Iepea BbI6paHHbie MOMeHTbI T.,,, Tl/ n q: 

L.,, = 4T11 /R, Ly= -4T.,,/R, Lz = 2q/R, (2.12') 
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-M 1, 

... 
K,, - -M2. 

K2. 

Puc.9. Mo.w.eumbl noapew.emo7,; tL 14eumpbl u:z; "nptL6Jl31(;1.L" attJl 
aBy:z:noapew.emO'l,'/tOZO aumuifieppo.w.azuemu7,;a. 

'ITO gaeT B0:3MO)KHOCTb, B CBOIO O'IepeJ];b, Bbipa:3UTb KBagpynoJibHbill MOMeHT Q, a 

TaJOI{e BCe MYllbTIIllOJIII 6onee BbICOKoro"paHra 'Iepen HenaBIIClIMbie. KaK y:lKe 6bIJIO 

OTMe'IeHO BO BBegemrn, nepexog K MYllbTIIIIOJibHOMY OlllICaHUIO IIMeeT TO npenMy!lle­

CTBO, 'ITO B OTJIU'!Ue OT BeKTOpa aHTmpeppoMarHeTimMa MYllbTIIIIOJII,Hbie MOMeHTbI 

MoryT 6bITb HerrocpeJ];CTBeHHO II:3MepeHbI Ha OIIbITe. 

2.4., IIpu.w.epbl . .w.yttbmunottbuozo onucauuJI .w.azuumub1:z: cmpy7,;myp 

,Il;JIJI BbIJICHeHIIJI oco6eHHOCTen MYJibTIIIIOJibHOrO omrcaHIIJI MarHeTIIKOB Mb! pac­

CMOTpIIM HeCKOJibKO xapaKTepHbIX npuMepoB. KaK rmBeCTHO, Bee MarHlITHbie CTpyK­

TYPbI pangeJIJIIOTCJI Ha KOJIJIIIHeapHbie II HeKOJIJIIIHeapHbie. B nepBOM cn:y'Iae MarHIIT­

Hbie MOMeHTbI Bcex rrogperneToK gaHHoro MarHeTIIKa Mk rrapanneJII>HbI gpyr gpyry 

II ll0i3TOMY JII06on rm HIIX MO)KHO namrcaTb B Bup;e 

Mk= Mkii, (2.13) 

rµ;e eguHII'IHbIH BeKTop ii HarrpaBJieH rro "ocu KOJIIIUHeapHoCTlI". Ilop;cTaBITJIJI Mk 
B BIIp;e (2.13) B cpopMYllbI (2.8)-(2.10), nony'!aeM cneµ;yrowue :3Ha'IeHlIJI Bbip;eJieHHbIX 

HaMII MOMeHTOB 

M=Mii; 

rµ;e BBep;eHbI o6onHa'IeHIIH 

M=EMkj 
k 

- 1 -- __. .... T = -[RL]; · Q = {RL}; 2 . 

R = EMkRk/L IMkli 
k k 

q = (RL), (2.14) 

L=EIMklii. (2.15) 
k 

BenII'IIrna M - cyMMapHbIH MarHnTHblll MOMeHT o6pan~a, BeKTOp L MO)KHO HaaBaTb 

o6o6meHHbIM BeKTOpoM aHTIIq>eppoMarHeTII3Ma, a BeJIII'IIIHa R IIHTeprrpe-rIIpyeTCH 
. I" • ',. 

KaK paccTOHHIIe Me,Kp;y ~eHTpaMlI rrogperneTOK C llOJIO)KUTellbHbIMU II OTpn~aTeJib-

Hb!MII aHa'IeHIIHMII Mk. EcnII o6oaHa'IIITb noc:peµ;cTBOM M{, Rt II M;;, R;; rronmKII­

TeJibHbie II oTpu~aTerrbHbie rrpoeK~IIII Mk Ha ocb KonmrneapHocTu ii u ux paµ;IIyc­

BeKTopoB, TO BeKTOp R MO)I,HO aanucaTb B BIIµ;e 

R= R,+ -R-; R,+ = EMtRt/EMt; 
k k 

R- = EM;;R;;/EM;;. 
k k . 

(2.16) 
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To eCTb BeJIU'IlIHbI Mf IIrpaIOT pollb IIOJIO:)KIITeJibHbIX lI OTpm~aTeJibHbIX "1,,tarHIITO­

J];lIIIOJibHbIX napHµ;oB" Ha aToMax, a BeKTop R HarrpaBJieH OT ~eHTpa oTpn~aTellbHbIX 

"napHl];OB" - K ~eHTPY IIOJIO)KIITeJII,HbIX. 

CpaBHIIBM cpopMyllbI (2.14) II (2.12), MO:)KHO BIIl];eTb, 'ITO MYllbTIIIIOllbHbie MO­

MeHTbI KOJIJIIIHeapHon cTpyKTYPbI Bbipa:)KaIOTCJI 'Iepen R II £ aHaJIOrII'IHO MoMeHTaM 

p;Byxnoµ;perneTO'IHoro aHTIIq>eppoMarHeTrIKa. Iloi3TOM,Y, eCJIII He Y'IUTbIBaTb BbIC­

lllI!X MYllbTlIIIOJien:, TO MO:)KHO C'IIITaTb, 'ITO JII06on KOJIJil!HeapHbIII MarHeTlIK i3KBII­

BaJieHTeH HeKoTopoMy µ;Byxnoµ;pemeTO'IHO~IY MarHeTnKy. CnegyeT OTMeTIITb, 'ITO 

BO MHOrnx KOJIJil!HeapHbIX CTpyKTypax MOMeHTbI rroµ;perneTOK Mk paBHbI Me:)KJ];Y co-

6on rro a6coJIIOTHon Bemr'II!He. B i3TOM_ cny'Iae coBrraµ;eime KonmrneapHon cTpyKTYPbI 

II HeKOTOporo :,cpcpeKTl!BHOro p;Byxnoµ;perneTO'IHoro MarHeTUKa MO)I(HO C'IIITaTb 6y­

KBaJibHbIM, TaK rmK B o60IIX CJIY'IMX He:3aBIICIIMbIMU BeJIII'IIIHaMII .![BJIHIOTCH Bcero 

p;Ba BeKTopa - BeKTop HaMarmr'!emrn n BeKTop aHTucpeppoMarHeTnnMa. 

Ilpe,Kµ;e 'IeM rrepexop;HTb K Herrocpep;cTBeHHOMY aHanrmy KOHKpeTHbIX MarHl!T­

HbIX CTpyKTYP, yKa)IrnM rrpoCTOII crroco6 HaXO)I(l];eHJIH HenaBIICMbIX o6nacTei'r rro na­

p;aHHOMY pacnonmKemrro cmrn~B B rrepIIop;n'!eCKOII perneTKe. CHa'Iana cneµ;yeT BbIH" 

BUTE, nepIIOJ];bI TpaHCJI.![~Jill, OTHOCIITe/IbHO KOTOpbIX ClIMMeTpI:l'IHa paccMaTpII:eae­

MM CTPYKTypa (rrpu i3TOM Y'IIITbIBaeTC.![ He TOJII,KO rrpocTpaHCTBeHHOe paCIIOJIO:)Ke­

HJie aTOMOB, HO II BemI'!lIHbI IIX MarHIITHbIX MOMeHTOB). 3aTeM HY~(HO Hal!TII ynJibI, 

KOTOpbie COBMemaIOTC.![ Me)I(J];Y co6m'i rrpu TpaHCJI.![~lIHX (i3KBlIBaJieHTHbie yanb!) II 

KOTOpbre, cneµ;oBaTeJibHO, Jie)KaT Ha Ol];HOll op6rITe. Ecmr BbI6paTb IIO Ol];HOMy;rrpegs 

cTaBIITeJIIO OT Ka)I(l];Ol! op6IITbI, TO Mb! I:I llOJIY'!lIM He3aBIIClIMYIO o6JiaCTb µ;amimr 

MarHIITHOII CTPYKTypbI. IlpII i3TOM Hy)Imo cnep;IITb aa TeM, '!T06bI 06'1,eM Heaamr­

cnMol! o6JiaCTII He rrpeBbilllaJI 06'1,eMa i3JieMeHTapHOlvI JI'!elIKII. PacCMOTpIIM )];JI.I[ npu-

! 
~ J $ 'I- -

0J~51 ~ 1 I 

1 2 
--7 __ _J.... 

Puc.4- He3a6UCUM.ble 061tacmu 1-5 7,;01t1tuueapuozo aumuifieppo.w.azuemu7,;a 6 

npocmou 7,;y6u'l,ec7,;ou pew.em7,;e. 

Mepa aHTucpeppoMarHeTIIK RbM nF3 • MarmrTHbie rroHbI MapraHria ynopHl];O'IeHbl B 

rrpOCTOll Ky6II'IeCKOll perneTKe (puc.4). JierKO BlIJ];eTb, 'ITO i3Ta CTPYKTypa UHBapnaH­

THa OTHOCIITeJil,~O 'TpaHCJI.![~lIII B HanpaBJieHlIHX guaroHanei'I KBaµ;paTOB [110], [101] 
II [011]. Ilo:,ToMy B gaHHOM cny'Iae Mb! IIMeeM µ;Be op6IITbl - K OJJ;HOII OTHOCHTCH 

BCe aTOMbl co ClllIHOM BBepx, a K gpyro11 - co ClllIHOM BH!I3. Bb16nprur rro Ol];HOMY 

aToMy 1m Ka:)Kl];0l! op6IITbl, Mb! rrony'IaeM panmr'!Hble He3aBl!Cl!Mbie o6nacTn. Tono­

norir'!eCKII Hei3KBIIBaJieHTHble o6nacnr rror,anaHbl Ha pnc.4 crrpaBa. IIepBrur n BToprur 
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:iro HIIX o6naµ;aIOT TOnbKO eKan.!lpHbIM MOMeHTOM q, npII'IeM y nepBOll - "MarHIITHblll 
aap.1!µ;" oTpm~aTeneH (q < 0), a y BTopmr - nono:lloITeneH (q > 0). TpeTb.!I o6naeTb 

o6nag~e~ TOnbKO TOpOIIIJ;HblM MOMeHTOM T, a 'IeTBepTrur u Il.!ITaJI - KaK eKan.l!pHbIM, 
TaK II Toponµ;HbIM MOMeHTaMII. 

(t~-(i 
I :1v, I 
k__,...LJ. I 

- _ _J....7"' 

Puc.5. A11.muefiepp0Mae11.umua.1l cmpyicmypa OI(K. 

PaeeMoTpIIM Tenepb eTpyKTYPY e KonnnHeapHbIM aHTmf>eppoMarHIITHbIM yno­
p.nµ;o'!eHIIeM B 06'beMOI:1eHTpnpoBaHHOll Ky6II'IeeKoii (OUJ{) pe!lleTKe (pIIe.5). 8Ta 
eTpyKTypa llHBapnaHTHa OTHOeIITenbHO TpaHen.!II:l!Ill Bµ;onb pe6ep Ky6a (HanpaBne­
HII.I! [100], [010], [001]). Bee aTOMbl B Bep!UIIHax Ky6a npIIHaµ;ne,KaT 01];HOH op6IITe, 
a I:1eHTpanbHblll aTOM ~ µ;pyroii. IIoaToMy B He:JaBUCIIMyro o6naeTb Mo,1(eT Bxoµ;IITb 

I:leHTpanbHblll aTOM II 01];IIH II:J aTOMOB B Bep!UIIHe Ky6a. Oµ;Ha II:J He:JaBIIeIIMbIX 06-
naeT~ll aTou eTpyKTYPbI noKa:JaHa enpaBa Ha pue.5; nerKo BIIµ;eTb, 'ITO aTa eTpyK­
Typa o6naµ;aeT eKan.l!pHbIM II TOpOIIIJ;HbIM MOMeHTaJ,,,IH. 

~I--- ~,)1 
I ! J>t, I 
1 )t--l-)· 
li __ _y 

1 

~-­
f-,--r"7 
1i~' 
~~y 

2 

Puc.6. Aumuefiepp0Mae11.umua.1l cmpyicmypa I'I(KJ. 

/1--~ 

t,t-.-(1 
J -~-.L~ 
~ -- _y 

3 

IIepenµ;eM K aHannay aHTmf>eppoMarHHTHbIX eTpyKTYP B rpaHeI:1eHTpIIpoBaHH011 
Ky6II'!eeKOII pe!UeTKe (µ;rr.n KpaTKOeTII ru;K-pe!UeTKa). CTpyKTypa ru;K1 IlOKa:JaHa 
Ha pIIc.6 eneBa. ,I:(rr.n ynporu;eHII.!I pucyHKOB aµ;ecb u µ;anee aTOMbl e aHTIInapannenbHon 
opIIeHT~eII enIIHOB 1mo6pa)l(aIOTe.n TeMHbIMII II eBeTnbIMII KPY)l(KaMII. B eny-qae 
ru;Kl BeKTOpbI TpaHen.nI:11IU IIMeroT HarrpaBneHII.n[00l], [110]'II[I10]. IIoaToMy aT~MbI 
Ha BepXHeII II HII)l(HeII rpaH.nx npIIHaµ;ne)l(aT oµ;Ho:11 op6nTe, a I:leHTpanbHble aTOMbl 
6oKOBbIX rpaHeII - µ;pyroii. IlpIIMepbI He:JaBIICIIMbIX o6naeTen noKa:JaHbI Ha pIIe. 6 
enpaim. Bonee enO)l(Hbie He:JaBneIIMbie o6naCTII IIMeIOT µ;pyrIIe ru;K-pe!lleTKll aH­
TmpeppoMarHeTIIKOB. B Ka'!eeTBe npIIMepa Ha pue.7 noKa:JaHa e.TPYKTypa ru;K3A. 
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BeKTOpbI TpaHCIT.!IIll!ll Hanpa:sneHbl no pe6paM npl!MoyronbHoro napannenenIIneµ;a, 
npu'IeM B ropuaoHTMbHOM Hanpa:sneHHII nepIIoµ; paBeH yµ;BoeHHOn µ;nHHe pe6pa 
Ky6a. He:JaBIIellMaJI o6naeTb eoµ;ep,KIIT BoeeMb aTOMOB. Oµ;nH II:J npnirnpoB o6naeTU 
noKa:JaH Ha puc. 7 enpa:sa. C noMOill;bIO cpopMyn (2.16) µ;rr.n aTon cTpyKTYPbI MO,KHO 
HaIITlI Koopµ;uHaTbI I:leHTpa nonmKRTenbHbIX 11 IleHTpa OTpIII:laTenbHbIX opueHT~ll 
MOMeHTOB (T~MHbie n eBeTnbie KPY)l(Kll Ha

0 

pne.7 enpa:sa) : ii,+ = (1/8,3/8,3/4) u 

ii,- = (3/8, 1/8, 3/4). OTeroµ;a cneµ;yeT, 'ITO BeKTop R ne)l(UT B nnoeKOCTII xz. OT­
MeTuM, 'ITO Bee µ;pyrne He:JaBUeIIMbie o6naeTII MO)l(HO "reHepIIpOBaTb", IICXOIJ;ll II:J 
o6naeTn,noKa:JaHHOll Ha pnc.7 'nyTeM eµ;BI_1ra nro6on 11:J aTOMOB B :lKBIIBaneHTHYIO 
IlO:JUI:llIIO e nOMOill;bIO mJBeeTHbIX BeKTOpOB TpaHCIT.!II:lllll (He :Ja6bIBrur, oµ;HaKo, 'ITO 
o6'beM o6naeTn He µ;on)l(eH npeBbI!llaTb o6'beMa aneMeHTapHoII .l!'!enKII). 

(':--~-~~ 

I 'r,f-1~2.-i-~ 
I er.-~-+.,~-hac I 
\-~~\-+-±'!( I 
'-L-'-- ~--~ 

Puc. 7. AumuefieppoMaeuumuaJl cmpyicmypa I'I(KSA. 

Ilepeiiµ;eM Tenepb K paeeMoTpeHnro HeKonnnHeapHbIX eTpyKTYP· Jlro6yro TaKyro 
CTp)'KTYPY Mb! MO)l(eM npeµ;eTaBIITb KaK eynepnm3UI:llIIO HeKOTOporo (He6onblllOro) 
'IIIena KonnnHeapHbIX eTpyiTyp. IlyeTb iiA - oen KonnIIHeapH0CTn aTnx eTpyKTYP, 
MkA n RkA - HaMarHn'IeHHoeTII noµ;pe!lleToK, OTHoe.nw;nxCll KA-on eTpyKType, n nx 
IleHTpbI. IIpnMeH.!lll K Ka)l(1];0ll 11:J HUX eOOTHO!lleHll.!I (2.14), µ;nll cyMMapHbIX MynbTII­

nonbHbIX MOMeHTOB nony'IIIM Bbipa)l(eHU.!I : 

➔ ➔ 1 ➔ ➔ 
M = :EMAiiA; T = 2 :E[RALA]i 

A 

Q = :E{RALA}i 
A 

q = :E(RALA), (2.17) 

rµ;e BeITII'IIIHbI MA, RA II LA onpeµ;erreHbI cooTHoweHlllIMII,aHanorII'iHbIMII Bbipa)l(e­

HII.!IM (2.15) c TeM oTnII'ineM, 'iTO TaM eneµ;yeT aaMeHIITb ii, Mk" II Rk Ha ii A, MkA II 

RkA eooTBeTeTBeHH0, a eyMMnpoBaHIIe npoBoµ;IITb TOnbKO no noµ;pemeTKaM µ;~mon 

KonrrnHeapHon cTpyKTypbI. 
PaccMoTpnM B Ka'ieCTBe npnMepa cTpyKTYPY rpaHaTOB Ca3SbSnFe3012, 

Na3Te2Fe3O12 II YCa2Zr2Fe2,1sGo,2sO12 . ,I:(anee µ;rrll KpaTKOeTII Mb! 6yµ;eM o6oaHa­
-qaTb IIX cIIMBOnaMII Gl, G2 II G3 eooTBeTCTBeHHO. B aTIIX Beru;ecTBax HroaBIICIIMbie 
o6nacTII coµ;ep)l(aT no 12 MarHIITHbIX IIOHOB )l(enroa, KOT0pbie :JaHIIMaIOT B CTpyK­
Type rpaHaTa noµ;peweTKII 24( d). Ky6II'ieeKne Koopµ;I1HaTbI aToMoB B He:JaBileIIMoii 

o6naCTII, noKa:JaHHOll Ha pIIC. 8, IIMeIOT :JHa'ieHllll : 

1(3/8 0 1/4), 2(1/4 3/8 0), 3(0 1/4 3/8), 4(1/8 0 3/4), 
5(3/4 1/8 0),· 6(0 3/4 1/8), 7(7 /8 0 1/4), 8(1/4 7 /8 0), 

9(0 1/4 7 /8), 10(5/8 0 3/4), 11(3/4 5/8 0), 12(0 3/4 5/8). 
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BeKTOpbI TpaHCIDI~Im HanpaB11eHbI no ocJIM x, y, z. ITo gaHHbIM HenTpoHorpaqm'le­

CKIIX UCCJiel];OBaHIIll (gaHHbie 0ailMCTB0BaHbI un MOHorpaqmii (16]) BCe II0HbI )Kenena 

pangelIJ!IOTCJI Ha TPII KonmmeapHbie rpynnbI A(l,4,7,10), B(2,5,8,11) II C(3,6,9,12) 

(ngecb D CK06Kax YKOOaHbI H0Mepa aT0M0D Ha puc. 8), K0T0pbie Jie,KaT D K0Opl];IIHaT­

HbIX nJI0CK0CTJIX. ,I(l!Jl rpaHaTa Gl ocu KOllliIIHeapHOCTU yKanaHHbIX rpynn aT0M0B 

UMeIOT HaIIpaBJieHlIJ! fiA = [111), fiB = (111), fie = [111), a npoeK~UU M0MeHT0B aTo­

M0B Ka:iKl];OII rpynnbI Ha C00TBeTCTBYIO~Ue 0CII paBHbI Me:iKgy co6oii. rpaHaT G2 

0TJIU'laeTCJI OT rpaHaTa Gl T0llbK0 TeM, 'ITO ocu K0lllIUHeapH0CTU Tex :iKe rpynn 

aT0M0D UMeIOT HanpaBJieHUJI fiA = [011), fiB = [101), fie= [110). Y rpaHaTa G3 0Cll 

K0JIJIIIHeapH0CTII HanpaBneHbI T3K )Ke, KaK Hy. rpaHaTa G2, HO M0MeHTbI B rpynnax A, 

B, C nonapH0 aHTimapanneJibHbI (Ha puc. 8(b) 0HU 0TMe'leHbI TeMHb!MU n CBeTJibIMII 

KpJ:lKKaJ,,rn). Ha pnc.8 noKOOaHbI BbI'lUCJieHHbie no qiopMynaM (2.16) Pa.llHYCH-BeKT0phl 

~eHTpon rpynn RA,RB,Re: Ha pnc.8(a) - gnJI Gl u G2 (µ;M K0T0pbIX oHu.cosna-

µ;aroT ), a Ha pnc.8(6) - µ;nJI G3. ' 

X 

z 

Pg 

a 

{2 
0 

06 

z 

!I 

6 

Puc.8. Pacno1to:J1Ce11,ue Ma211,um11,01x uo11,0B B 11,e3aBucu.M.ou 3011,e cmpyicmypo1 

2pa11,amoB. 

!I 

I'paHaT Gl IIMeeT cyMMapHbill MarHIITHblll M0MeHT, HanpaBJieHHbill no OCII [l, r, 1). 

1ITo6bI nony'lIITb nHa'leHIIJI MJJibTIInonhHbIX M0MeHT0B T, Q II q, He naBIICJI~ue oT 

BbI6opa Ha'lana Koopµ;rmaT, BbI'lTeM un MoMeHTa Ka,Kµ;oii noµ;peweTKU Mk (k = 
1; 2, ... , 12) BeKTop M /n II 6yµ;eM C'lIITaTb nony'leHHbie panH0CTII (To ecTb BenII­

'lIIHbI Mk= Mk - lv[ /n) H0BbIMII M0MeHTaMII noµ;peweT0K. 

OTHOCIITeJibHoe pacnono:a<eHIIe seKTopos RA, RB H Re II o6o6~eHHbIX BeKTopoB 

aHTIIq>eppoMarHeTIIOMa ' opIIeHTIIp0BaHHbIX no 0CJIM KOlllIIIHeapHOCTU, l];lIJI rpaHaTOB 

Gl, G2, G3 noKOOaHO Ha puc.9. Bee TpII MarHIITHbie CTPYKTypbI IIMeIOT OTJIU'lHbIH 

OT HYl!Jl TOpOUIJ:Hblll M0MeHT. 1ITo KacaeTCJI CKMJipHoro MOMeHTa, TO IJ:lllI rpaHaTa 

Gl OH nono:iKnTeneH, gnJI G2 - oTpu~aTeneH, a l];JIJI G3 - paseH Hynro. 
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Puc. 9. CyMMap11,01e MOM.eHmol KOJULUHeapHblX zpynn amoMoB B cmpyicmype 

zpa11,amo6. 

IIpoBegeHHOe paCCMOTpeHue JICHO noKOObIBaeT, 'ITO MJllbTIInOllbHbie M0MeHTbI 

JIBJIJIIOTCJI yHJrnepcanbHb!M cpeµ;CTBOM omrcaHJrn panHoo6panHbIX MarHUTHbIX CTpyK­

TYP, OHU BeCbMa 'IJBCTBUTellbHbI K TOHKI:IM µ;eTaJIJIM npocTpaHCTBeHHOro pacnpeµ;e­

JieHUJI MarHUTHbIX MOMeHTOB. MarHeTUK0B. HecOMHeHHbIM npeuMy~eCTBOM MarHUT~ 

HbIX MJllbTUnone1'i nepeµ; BCeMU µ;pyrnMII napaMeTpaMu MarHIITHOII .cTyKTYPbI JIB­

JIJieTCJI IIX Ha6nroµ;aeMOCTb Ha 0nbITe. 3aMeTUM TaK:l!(e, 'ITO 'leM MeHbllle panMepbI 

(MaKpo)o6pan~a, TeM 6onee Gq>q>eKTIIBHO ero onIICaHIIe c noMO~bIO MJllbTIInOJibHbIX 

MOMeHTOB. 

2.5. 06.M.euuoie Ma2uemuicu 

.il:nJI onpeµ;eneHJrn MJllbTUnOllbHbIX MOMeHTOB naµ;aHHOll MarHUTHOH CTPYKTJpbI 

Heo6XOIJ:IIMO IIMeTb TO'lHbie µ;aHHbie O 0Ha'leHIIJIX cpegHIIX aTOMHbIX cnIIHOB II ux 

pacnoJI0:lKeHIIII B KpIICTaJilII:I'leCKOir peweTKe, 'ITO u 6bIJIO IICnOJib0OBaH0 B npegbIµ;y­

~eM panµ;ene npu aHanime KOHKpeTHbIX npIIMepoB MarHeTIIK0B. HeKOTOpbie o6~IIe 

0aKJIIO'leHJ:IJI O MJllbTIIn0JibHbIX MOMeHTax M0:lKHO cµ;enaTb, OCHOBbIBaJICb Ha coo6-

pa2KeHIIJIX CIIMMeTpirn. TaK, HanpuMep, m:rnecTHO, 'ITO rm 122 MarHIITHbIX KJiaCCOB 

CI:IMMeTpuu 31 gonycKaeT cy~ecTB0BaHUe BeKTOpa M II 31 - BeKTopa T [8]. Mo:iKHO 

Tarrn<e BbIJICHIITb, KaKI:Ie KllaCCbI MarHI:ITHOII CUMMeTpmr µ;onycl(aIOT cy~eCTBOBaHIIe 

µ;pyrIIx MJJibTIIUOJihHbIX MoMeHTOB. Oµ;Harm nµ;ecb MbI He 6yµ;eM namrirnTbCJI G<J:oxr na­

µ;a'ien. ropa3gO 60JiblllIIll lIHTepec npegCTaBJIJieT aHaJIII0 MJllbTimOllhHbIX.MOMeHTOB 

Ha ocHoBe o6MeHHoro npu6i:rir,KeHIIJI, cnpaBeµ;nuBoro l];l!JI 6onhworo 'lIIcna MarHnT­

HbIX CTPYKTYP· 
KaK noKanaHo B pa6oTax AHi:\peesa II Map'leHKO [3,4), nHa'lnTeJibH<;Je ynpo~emre 

B MaKpOCKOIIll'leCKJIO Teopu10 MarHeTimMa BHOCIIT nocneµ;oBaTellbIIbIH y'leT rnaBHOll 

(o6MeHHon) CIIMMeTpmt MarHeTIIKOB. IlpeHe6peraJI B raMIIJihTOH:IIaHe cnirHoBoii cu~ 

CTeMbI aHI:I30TpOnHblMII BOaUMOIJ:eHCTBIIJIMII, UMeIO~IIMU pelIJ!TIIBIICTCKIIll nopHiJ:OK 

MMOCTII no cpaBHeHIIIO c o6MeHHbIMU, MO)KH0 IICcneµ;oBaTb o6MeHHYIO CTpJKTYPY 

MarHeTIIKa, KOTOpaJI naBIICIIT TOllbK0 OT OTHOCUTeJibHOll opueHT~Im cnIIHOB, HO 
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He OT l!X opIIeHT~IU no 0TH0llleHII!O K perneTKe. Ha OT0M nyTu 6bIJIO BhIJICHeH0 

[3,4], 'ITO o6MeHHhle MarHeTUKII 0ill!CbIBa!OTCJI He60liblllUM 'II!ClIOM MaKpOCK~mr'!e­

CKlIX napaMeTpOB - BeKT0paMl! fr,,, npeo6paayl01.l.\UMIICJI no HenpIIBOAl!MhIM npeA­

CTaBlieHIIJIM npocTpaHCTBeHHOH rpynnhl KpUCTaJilia G. OAHaKO npII OT0M opIIeH­

Tari;mI. BeKT0p0B fr,, 0TH0CUTeJibH0 peweTKlI OCTaeTCJI npOU:3BOlibHOH ( 0 6MeHHOe 

BhlpmKAeHIIe). Ponb aHII:J0TponHhIX B:JaIIMOAeHCTBIIH B nepBoM npu6im:arnmm co­

CTOIIT B TOM, 'ITO 0HII CHUMa!OT OTO BhlpOJKAeHIIe (xoTJI lI He BcerAa IlOlIHOCTb!O) 

II TeM CaMhIM qmKCIIpy!OT CilltHhl OTHOCl!TelibHO perneTKlI. Hawa :JaAa'!a C0CTOUT B 

TOM, 'IT06bl YCTaH0BlITh CBJI:Jb Me)KAY napaMeTpaMn fr,, II MYlibTIIn0libHhIMlI MOMeH­

TaJ.m u HaIITlI 'Il!ClIO He:JaBl!Cl!MhIX M0MeHTOB, KOTOpbie Tpe6y!OTCJI AlIJI onucaHIIJI 

MarHIITHOil CTpyKTYPhl npl! :JaAaHHOH ClIMMeTplm peweTKU. 

CneAY.S: pa6oTaM [3,4], p&llI0JKlIM MIIKpOCKOill!'!ecKy!O nnoTH0CTb MarHIITHOro 

MOMeHTa m(r) (nponopUIIOHaJibHY!O BBeAeHHOH B P&lAeJie 2.1 q>yHKUIIlI m(r'.,)) no 

HenpIIB0AIIMhIM npeACTaBneHIIJIM npocTpaHCTBeHHOH rpynnhl KpIIcTanna G 

m(r) = I:fr,.tI>r,,Cr), (2.18) 

r 

rAe 4>YHKUlIJI 4>r,,(r) npeo6pa:.iyeTCJI no r-oMy HenpIIBOAIIMOMY npeACTaBJieHll!O rpyn­

nhl G, IIHAeKc µ HyMepyeT q>yHKUIIII, npIIHaAneJKaWIIe AaHHOMY np~ACTaBlieHII!O. B 
cyMMe (2.18) Y'IlITbIBaeTCJI, 'ITO HeK0T0pbie HenplIBOAlIMble npeACTaBJieHIIJI MoryT· 

nOBT0pJITbCJI AO Tpex p&l. Pa:.ilI0JKeime (2.18) COOTBeTCTByeT npIIHJITOMY npeAnO­

lIOJKeHII!O 06 o6MeHHOM npII6JIII)KCHlIII, TaK KaK KOMnOHeHThl BeKTOpHOH q>yHKUIIII 

m{r) B {2.18) paccMaTpIIBa!OTCJI KaK CKalIJipbI. KaK noK&l1l.HO B [3,4), MaKCl!MaJibHOe 

'IlIClI0 0TlilI'IHbIX OT HYlIJI BeKT0pOB fr,, lI MaKCl!MaJibHaJI p&lMepHOCTb npeACTaBne­

HlIJI r paBHhl TpeM. KpoMe Toro, B Tex ClIY'IaJIX, KOrAa CTpyKTypa onIIChIBaeTCH 

ABYMJI l!lilI TpeMJI BeKT0paMII fr,,, 0HII B::JalIMHO opT0rOHaJI~Hhl. Ilepe'Il!CJieHne BCex 

BO:JMOJKHhIX MarHIITHhiX CTPYKTYP (o6MeHHhIX KJiaccoB) AlIJI rpynn Cl!MMeTpnu, co­

OTBeTCTBY!Ql.l.\lIX KplICTaJilIII'IeCKlIM KnaccaM, MO)KH0 HaHTlI B pa6oTe [4].. KpoMe 

OTOro B0:JMO)KHhl TaK)Ke relIIIKOllAaJibHhl~ o6MeHHhle CTPYKTyphl [3], KOT0pbie ::JAeCb 

Mb! He 6YAeM paccMaTpl!BaTb. B CBJI:JII c OTIIM noA rpynnoH CIIMMeTpnu G AaJiee 

6YAeT noHIIMaTbCJI OAHa 11a 32 TO'Ie~HbIX rpynn, cooTBeTCTBY!Ol.l.\IIX KpncTaJilIII'!e­

cKnM KnaccaM. 

.I(M pellleHIIJI B0npoca O TOM, KaKIIe l!MCHH0 MYlibTIInOJibHhle MOMCHTbI gony~ 

CKaeT AaHHaJI o6MeHHaJI CTPYKTypa, Heo6XOAIIMO :JHaTb opIIeHTaD;lI!O MOMeHTOB noA­

perneT0K (a C Hl!MII II BCKTOp0B fr,, 0TH0ClITClibH0 KplICTaJilIOrpaq>u'IeCKlIX oceH), 

KOTOpbie onpCAeM!OTCH aHlI:JOTpOnHhIM B:JaUMOACHCTBlICM. KaK MOJKHO BIIAeTb Ha 

npIIMepe AByxnoApellleT0'lHOro MarHeTIIKa, paCCM0TpeHH0M.B P&lAeJie 2.3 (puc.3), 

B oaBl!Cl!M0CTlI OT opl!eHTaD;l!lI BCKT0pa .aHTmpeppoMarHeTU::JMa f 0THOCl!TeJibH0 

p~ca-sexropa R, coeAIIHJI!OUJ;ero ueHTphl noApeweToK, MoryT MeHJITbCJI BemI'IlIHbI 

MYlibTunonbHbIX M0MeHT0B (2.12). B '!aCTHOCTII, npII napannelibHOH opIIeHTaUUII 

(RIIL) nMeeM q =/- 0, T = 0, To ecTb 0TlIII'IeH oT HYM CKaJIJIPHbIU MoMeHT, a Topo­

uµ;Hblll M0MeHT paBeH HYlI!O, ecnu JKe R l. L, TO Hao6opoT, q = 0, T =/- 0. 
.I(M YA06CTBa µ;anbHeHwnx paccyJKµ;eHIIH 6yµ;eM H&lbIBaTb 'IIICJIO napaMeTp0B, 

K0T0pbIM oaµ;aeTCJI MarHIITHaJI CTPYKTypa ( TO eCTb o6UJ;ee 'Il!ClI0 0TlIII'!HbIX OT HYlIJI 

K0MnoHeHT BeKTopoB Lr,.) KpaTHOCTb!O BbipoJKAeHllH µ;aHHoro o6MeHHoro cocTo.s:-
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HllJI. ThKnM o6pa:.ioM, 6ro Y'JCTa aHU::30Tponl!lI BO::JMOJKHhl Tpex-, UleCTl!- II µ;eBJITU­

KpaTHhle BbipoJKµ;eHIIJI o6MeHHOH OHepruu B n0lIO)KCHl!Il MllHIIMyMa, KOTOphlii pea­

mmyeTCJI AaHHOH CTpyKTypoH. TaK KaK ammoTp0nHhle B::JaIIMOAeHCTBlIJI l!Me!OT pe­

MTIIBIICTCKIDI nopJIAOK ManocTu, Mhl M0JKeM ux y'leCTb no Teopmx BO::iMyUJ;eHIIH. B 
nepB0M npu6mx:arnmm B0::JMyUJ;eHIIe npIIBOAIIT lllllllb K CHJITU!O Bbip0JKAeHIIJI no 0pl!­

eHTaD;IIJIM M0MeHT0B. KaK o6bl'!HO, B paMKax CIIMMeTplIHHOro n0AX0Aa Mhl M0JKeM 

HaHTlI,MCJKAY KaKl!MlI C0CT0JIHlIJIMlI 6meT CHJIT0 Bhlp0JKAeHIIe ( CM., Hanpl!Mep, [171), 

'ITO B HallieM cny'!ae KaK pa:.i u 6yµ;eT 0::JHa'!aTb YK&laHl!e BO::JM0JKHbIX opueHTaUIIU 

BeKTopoB Lr,. 0THocIITeni,Ho perneTKn. · 

.I(M peweHIIJI OTOH ::JaAa'IU Tenepb ClICAYeT Y'IlITbIBaTb npeo6p&lOBaHUJI "cnIIHO­

BOro" UHAeKca BeKTopoB Lr,. npII npeo6paaoBaHIIJIX rpynnbl G. Ila OT0MY IIHAeKcy 

BeJIU'IIIHhl Lr,. npeo6pa:.iy!OTCJI KaK nceBAOBeKTOphl; T0'!Hee roBop.s:, 0HII peanu::iy!OT. 

nceBAOBeKT0pHo.e npeACTaBlieHIIe rp rpynnhl G, KOT0poe B o6UJ;eM cny'lae JIBlIJICTCH 

npl!B0AlIMbIM. Pa:.inoJKIIB OTO npeACTaBJieHue Ha HenpIIB0AUMble, Mb! MOJKeM YTBep­

)KAaTb, 'ITO KaJKA0MY l!::J Hl!X 6myT CO0TBeTCTBOBaTb. P&lHbie ::JHa'!eHUJI OHeprIIII 

aHII:J0Tpomm. To ecTb cq>epn'!eCKaJI CIIMMeTpu.s:, KOToprur npeAnonaranacb npu BBe­

ACHIIII o6MeHHoro npII6lIUJKeHIIJI, Tenepb 6meT CHJITa "noneM", UMC!Olll;l!M ClIMMe­

TplI!O, omicbIBaeMy!O rpynnoH G. 
PaccMoTpIIM HeCK0libK0 npocTbIX npIIMepoB. CornacHo Ta6nuue, npIIBCAeHHOH B 

[4], rpynna C2v A0nycKaeT, HanpnMep, cyUJ;eCTBOBaHue o6MeHHbIX CTPYKTYP, K0T0-

. phle onIICbIBa!OTCJI OAHIIM BeKTopoM Lr, npeo6pa:.iy!OUJ;IIMCJI no 0AH0MY u::i 0AH0-

MepHbIX npeACTaBneHuH OTOH rpynnhl (r ~ A1,A2 ,B1). To eCTb B OTOH rpynne 

cyUJ;eCTBYCT TPII TpexKpaTH0 Bbip0JKAeHHhIX MYlibTl!nlieTa, npoHyMep0BaHHhIX ClIM­

BOliaMlI C00TBCTCTBY!OUJ;lIX npeACTaBJieHlIH. IlceB):i;OBeKTOpHoe npeACTaBlICHIIe r p B 

rpynne C2v pa3JlaraerCll B cyMMY OAHOMepHbIX npeACTaBneHIIH cneAY!OUJ;UM 06-

pa:.ioM : r P = A2 + B1 + B2 , npu'IeM no npeACTaBJieHIIJIM B1, B2 II A1 npeo6pa:.iy!OTC.iI 

COOTBeTCTBCHHO K0MnoHeHThl Lx, Ly lI £,. ThKIIM o6p&lOM, M0JKH0 CK&laTI, 1 'ITO B 

AaHH0M cny'!ae o6MeHHOe Bbip0JKAeHIIe MYlibTIInlieTOB n0JIHOCTb!O CHl!MaeTCH, npu­

'!eM BeKT0p Lr HanpaBneH no OAHOH II::J oceH 1<0opAIIHaT x, y, z, opueHTaUIIJI KOT0pbIX 

::iaAaHa ClIMMeTpIIeH Kp1ICT~1Illa. 

B rpynne D4 pa:.inmKeHue nceBAOBeKTopHoro npeACTaBJieHIIJI rP Ha HenpIIBOAU­

Mble '!aCTlI l!MeeT BIIA.: r p = A2 + E' npu'!eM no npeACTaBJieHlI!O A2 npeo6pa:.iyeTCJI 

Z~KoMnOHCHTa nceBA0BeKTopa, a no npeACTaBJieHlI!O E - era X•II.y-K0MnOHeHThl. Ta­
KUM o6p&loM, B AaHH0M cny'!ae Mb! l!MeeM AClI0 c '!aCTlI'!HbIM ·cru:iTUeM o6MeHHoro 

Bbip0JKAeHlIJI. EcnII B cocToJIHUU A2 oHepru.s: MeH1,we, '!eM B coCTOJIHlllI E, TO npn­

HJIT0 roB0plITb, 'ITO MarHeTlIK OAHOOCHhlll. 

PaccMOTplIM Tenepb Clly'Ia~ Kor~ CTpyKTypa onncbIBaeTCH ABYMJI B::JaIIMH0 nep­

neHAUKyMpHbIMlI BeKT0paMn L1 II L 2 • B rpynne C2v, rAe nceBA0BeKT0pHoe npeA­

CTaBJieHIIe .P8:'.?11araeTC!:, HJ Tpu 0AHOMepHbIX, BeKTopbI L1 u L2, peanu::iy!OUJ;ue co­

cToJIHlIJI {A1A2) IIlIII (B1B 2), MoryT 6b1Tb HanpaB1IeHbl no ABYM B::JaIIM_Ho nepneHAII­

Kyn.s:pHbIM 0CHM ClIMMeTpuu. B pe::iynbTaTe wecTUKpaTH0e o6MeHH0e Bbip0JKACHUe 

CHUMaeTCH B OTOH rpynne n0lIH0CTb!O. MoJKHO nOK&laTb, 'ITO B aHaJIOrlI'IHOU CUTya­

UlllI (µ;ByXBeKTOpHaJI CTPYKTypa) B rpynne D4 nponcX0AlIT lllllllb '!aCTlI'!H0e CHJITl!e 

BblpoJKµ;eHu.s:. Mb! He 6meM noApo6Ho ocTaHaBlIIIBaTbCH Ha GTOH U Ha ApyroH aHa­

noru'IHOH oaAa'Ie AM TpexBeKT0pHbIX cTpyKTYP· 
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ThKUM o6paooM, B Hll:JKOCllMMeTpU'IHhIX rpynnax o6MeHHOe Bblpoaq~eHne nolIHO­
CTbIO lllilI '!aCTII'IHO CHIIMaeTCll II MOlKHO yKaoaTb BO0MOlKHble opneHT~lIII BeKTOpOB 
aHTmpeppoMarHeTimMa Lr,, OTHOCIITelibHO KpncTaJililI'!ecKnx ocen. B Teipaoµ;p1I'!e­
cKnx II Ky6n'!eCKIIX rpynnax KOMnOHeHTbl nceBp;OBeKTOpa npeo6paoyIOTCll no O)J;HOMY 
TpexMepHOMY npep;CTaBlieHIIIO. IloaTOMY B nepBOM npII6lIUlKeHlIII BblpOlKp;eHIIe He 

CHIIMaeTCH II Heo6xop;IIMO Y'IIITbIBaTb 6onee BhICOKIIe CTeneHII npn6mIJKeHIIll. Op;HaKO 
B aTnx KpIIcTannax CHHTne BhlpolKp;emur MOJKeT npoucxop;nTb uo-oa cna6hlx µ;eqiop­
M~IIH KpIICTaJilia, noHIIlKaIOmIIX ero CIIMMeTpIIIO, KOTOpbie,KaK npaBIIlIO,conpoBO­
lKp;aIOT nepexoµ; B MarHnToynopllp;O'!eHHOe COCTOllH!Ie. 

,Il;nll Bhl'IIIClieHIIH MYlibTIInOlibHhIX MOMeHTOB cneµ;yeT YMHOlKIITb q>YHK~IIIO iii( r) ' 
oap;aHHYIO COOTHOWeHIIeM (2.18),Ha HenpIIBO)J;llMblll TeHoop, COCTaBlieHHbill II0 KOM­
noHeHT paµ;uyc-BeKTopa r II nponHTerpIIpoBaTb no o6'beMy KpIICTalilia. ,Il;anee Mhl 
6yp;eM IIHTepecoBaTbC.!I TOlibKO MOMeHTaMII nepBoro nopllp;Ka nor - CKal!llpHhIM, TO­
pOIIl];HhIM u KBaµ;pynolibHbIM ( OCTal!bHble ·MoMeHTbl MoryT 6hITb pacCMOTpeHbl aHa­
norII'!Ho ), KOTOpbie B COOTBeTCTBIIII c onpeµ;eneHIIeM (2.9) MoryT 6bITb npeµ;cTaBJieHbl 

B BIIp;e 

q = I)Lr,,r''r,,); 
_r,, . 

- 1 "[- L- ]· T = - L.J rr,, r,, , 
2 r,, 

Q = E{r'r,,Lr,,}, 
r,, 

(2.19) 

oµ;ecb CllMBOlIOM r'r,, o6ooHa'!eH BeKTOpHblll IIHTerpan no o6'beMy KpIICTaJilia, UMeIO­

mIIn BII)J; 

fr,, = j r<l>r,,(r) dV. (2.20) 

V 

ThK KaK BeKTOp r'r,, - nonllpHbIH, OH npeo6paoyeTCll no BeKTOpHOMY npep;cTaBne­
HIIIO r., rpynnhl G. Ha Bonpoc O HeHyneBhIX 0Ha'!eHllllX 0TOro BeKTOpa MO:,KHO OTBe­
TIITb Ha OCHOBaHIIII coo6pa,KeH!Ill CIIMMeTpIIII. EcnII IIHTerpIIpOBaHIIe B (2.20) npo­
BOl];IITCH·no 6eCKOHe'!HOll o6naCTII ("6ecKOHe'!Hhlll" KpIICTanlI), TO IIHTerpan OTlIII'IeH 
OT HYlill B Tex ClIY'IaHX, Korµ;a npoII0Bep;eHIIe BeKTOpHoro npep;cTaBJieHIIll rpynnbI r V 

H IIpHBO,l:IHMOro npe,1:1CTaBJieHHll r cop;eplKIIT ep;IIHII'IHOe npep;CTaBlieHIIe. ,Il;pyroH 
BalKHblll npeµ;enbHblll cny'!all COOTBeTCTByeT o6naCTII IIHTerpIIpOBamrn, COBnaµ;a­
romen no CIIMMeTpIIII C rpynnon KpIICTaJilia G, TO eCTb q>OpMa ipIICTaJilia npep;­
CTaBlilleT co6on TaK Haobrnaei:.rhln pau;IIoH'anbHhIH MHororpaHHIIK (13]. B aTOM cny­

'!ae IIHTerpan (2.20) OTlIII'IeH OT HYlill, eClIII npoII0Bep;eHIIe npeµ;cTaBlieH!Ill r., 
II r coµ;eplKIIT O)J;HO II0 HenpIIBOl];IIMbIX npep;cTaBJieHIIH, BKlIIO'IeHHhIX B BeKTOpHoe 

npep;cTaBJieHIIe r v· 

· PaccMoTpIIM npIIMepbI. B rpynne 0 2., BeKTOpHoe npeµ;cTaBneHIIe r., pacnaµ;aeTcll 

B npllMYIO cyMMY npep;CTaBneHIIll A1(z), B1(x) II B2(Y) (B CK06Irnx yKaoaHhl COOT­
BeTCTBYIOmIIe 6aoUCHble q>YHKIJ;IIII). Ilpep;cTaBJieHIIe r, B COOTBeTCTBIIII C Ta6JIIII~ell 
B [4], Mo:iKeT 6hITb paBHhIM A1, A2 IIlIII B1. IlpoIIoBeµ;emie npeµ;cTaBneHIInT., u r 
B )J;aHHOM cny'!ae pacnaµ;aeTCll Ha npllMYIO cyMMY HenpIIBOl];IIMhIX npeµ;cTaBlieHIIll 
rpynnhl cneµ;y10mIIM o6paooM: · 

r., x A1 = A1 + B2 + B1; r., x B1 = B1 + A2 + A1; 

r., x A2 = A2 + B1 + B2; r., x B2 = B2 + A1 + A2-
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(2.21) 

BIIp;IIM, 'ITO ep;l!HII'!Hoe npeµ;cTaBneHIIe A1 He coµ;ep,KIITC.!I TOlibKO B npmmBep;emm 
r V X A2. Cneµ;oBaTelibHO, B 6eCKOHe'!HOM KpI!CTaJilie MOMeHTbl nepBoro nopllp;Ka 
MoryT 6hITb OTlIIl'IHhl OT HYlill p;lill CTPYKTYP T1ma A1, B1 II l!X KOMnoonu;m'i c A2 II 
B2 • B p;anbHe1'iweM, 'IT06b1 ncKJIIO'Il!Tb TpnB11anbHbl11 cny'Iai'1 r = A1 , oµ;ecb 11 µ;anee 
Mb! 6yµ;eM C'IIITaTb, 'ITO Ha'!aJIO Koopµ;imaT BbI6paHo TaKlIM o6paooM, 'ITO lIHTerpan 
r'.4, paBeH HYlIIO. lfo npoBeµ;euuoro auanuoa cneµ;yeT, 'ITO B C0CTOllHlllI B1 OTlill'!Ha 

OT Hynll T0libKO x-Kor-moueHTa BeKTopa fii,. Bhlwe 6blno noKaoaHo, 'ITO BeKTop LB,, 
OilI!CbIBaromI1ii: MarHI!THYIO CTPYKTYPY B 3T0M COCT0llHUII, npII y'!eTe aHII0OTpomm 
MOli(eT 6bITb opIIeHTUpOBaH no OCI! x, 11 lllilI z. Eciu1 OH HanpaBlieH no OCII x, TO 
n COOTBeTCTBIIII c (2.20) OTlIII'!eH OT HYlill CKal!llpHhlll MOMeHT q, B p;Byx µ;pyrux 
ClIY'IaHX OH paBeH Hynro, HO OTlilI'!eH OT HYlill Toponp;Hhlll MOMeHT. B COCTOllHIIHX A2 
II (A1A2) )J;llll 6ecKOHe'!HOro KpIICTaJilia M0MeHTbl nepBoro nopllp;Ka OTCyTCTBy!O'r; 

B cocTollHUI! (B1B 2 ) OTlIIl'IHhl oT HYlill KaK cKanllpHhIH, TaK II Topoup;Hhlll MOMeHThl. 
,Il;nll KpIICTaJilia KOHe'!HhIX paoMepoB, HO ClIMMeTpl!'IHOro no q>OpMe, BeKTOp r'r,, 

B rpynne C2v oTlIII'IeH OT HYlill Bcerµ;a, TaK KaK npmmBeµ;emrn npep;cTaBJieHIIH r .,, r 
(2.21) coµ;ep,1rnT HenpuBop;I!Mhle npeµ;cTaBnemrn A1 , B1 II B2 , Bxop;llmue B cocTaB 
BeKTOpuoro npep;cTaBJieHI!ll: Ilpu 3TOM l!HTerpanbI r'.4, I!MeIOT OTlilI'!Hble OT HYlI.!I 

nee TplI KOMIT0HeHTbI; a r'.4,' rii, II rii, - KOMn0HeHTbl X I! y' X I! z ' y II z COOT­
BeTCTBeHHO. OTcroµ;a cneµ;yeT, 'ITO BO Bcex aHTmpeppm.rarHI!THbIX CTPYKTypax 3TOI'i 
rpynnhl OTlIII'IHhl OT HYlill MOMeHTbl nepBoro nopllp;Ka. 

Auanorl!'!HbII'i aHaJIII0 µ;pyrux o6MeHHbIX MarHeTI!KOB no:JBOlilleT ycTaHOBI!Tb, 
'ITO 6onbWIIHCTBO 110 HIIX o6naµ;aeT MOMeHTa~u nepBoro nopllp;Ka (q, T 11 Q). Ilo­
CKOlibKY, C µ;pyron CTOpOHbI, MaKCIIMal!bHOe 'IlIClIO napaMeTpOB, KOTOpbIMll OilIIChl­

BaeTCll MarHlITHaH CTPYKTypa B o6MeHHOM npII6lIIDKeHIIll He npeBbIWaeT p;eBllTII, 
TO nyTeM m1HeHHOII oaMeHhl rrepeMeHHhIX Bcerµ;a Moarno Bhlpam1Tb BeKTOphl fr,, 
'!epeo rroµ;xop;llmn~ KoMnoueThl MOMeHTOB M, q, T n Q II C'IIITaTb, 'ITO OHII, a He 
Lr,, , llBlillIOTCll HeoaBIICIIMbIMII rrap~MeTpaMu cocTOllHI!ll. TaK~IM o6paooM, 1mMepe­

HIIe MoMeHTOB nepBoro rropllp;Ka (BMecTe c M) µ;aeT BO0Mo,1,HoCTb B 6onbWIIHCTBe 
cny'!aeB IIOlIHOCThIO onIIcaTb MaI(pOCKOill!'!eCKYIO CTPYKTYPY KpIICTaJilia B o6MeHHOM 

rrpu6mnKeHm1. 

3. Boal!MOp;eHCTBIIe MarueTIIKOB c HeOp;Hopop;HbIM noJieM 

S.1. 8uep2uJI B3au.MoaeucmBuJI c Ma2uumub1M no.ieM 

Pa_ccMoTpIIM Terrepb B:JaIIMoµ;e11cTBI1e c Heoµ;Hopop;HhIM MarHl!THhIM rroneM H(r) 
o6paou;a MarHeTIIKa,.KoTopoe orrucbIBaeTcll orrepaTopoM 

i{F = - L(SaH(r,.)). (3.1) 

Ilocne ycpeµ;HeHIIll no cocTOllHI!llM cucTeMbl cornacHo crroco6y, rrpeµ;cTaBneHHOMY 
B paoµ;ene 2.1, aTo Bhlpaa,emie npnHIIMaeT Bnµ; £F = - I:(iiiaH(r,.)). Y'IIIThIBaH 

a 
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onpeµ;eneHWl MOMeHTOB noµ;peweToK Mk, MbI MO)KeM npeµ;cTaBIITh ero B BIIµ;e 

CF=< 1iF >= - "L,(Mkiik)i 
k 

- 1 -Hk = N "I:, H(ra), 
k aEN• 

(3.2) 

rµ;e BBeµ;eHo cpeµ;Hee mine iik, µ;encTByro~ee Ha k-yro noµ;peweTKy. 
,Il;JIJI Toro 'iT06bI Bbip&mTh amprIIro B3anMoµ;encTBII.S: 'iepeo MYJihTIInOJihHhle MO­

MeHTbI, BBeµ;eM BMeCTO BeKTOpOB Hk HeKOTOpbie TeH30pHble napaMeTpbl p(I) ... , riollb­

oy.s:cb MeTOl];IIKon; paoBIITOll B pa6oTe [5]. 

Hka = F!0l + F!~Rk{) +.F!~..,Rk{)Rk-, + ... + F!~-, ... 5Rk{)Rk-,RkaRk{)••·Rk5, (3.3) 

rµ;e rpe'ieCKIIe IIHl];eKCbI o6ooHa'iaIOT µ;eKapTOBbI KOMnOHeHTbI TeH30pOB. 8To paBeH­

CTBO CJieµ;yeT paccMaTpIIBaTb KaK HeBbipmKµ;eHHOe JIIIHellHOe npeo6pao0Bam1e, CB.S:-

0bIBaro~ee µ;Be COBOKynHOCTII nepeMeHHbIX jjk II p(I)' npII'ieM 'iIIClIO nepeMeHHbIX 

B Ka)Kl];Oll COBOKynHOCTII Ol];IIHaKOBO II paBHO 3n. BbI6op napaMeTpOB p(I) orpaHII­

'ieH TOJihKO Tpe6oBaHIIeM HeBbipO)Kl];eHHOCTII npeo6paooilaHII.S: (3.3), a B OCTallhHOM 

OCTaeTCj[ npoIIOBOJlhHbIM. 
Iloµ;cTaBJI.s:.s: (3.3) B nepBoe II0 paBeHCTB (3.2), MbI MO)KeM oanIIcaTh :meprIIro 

BOa:HMOµ;encTBWl CF B BIIµ;e 

(~) 1 p(i) 1 T, p(i) Q p(i) Q p(P) CF= -MaFa - 3q - 2 a a - a{) a{) + •·• + a{)-, ... 5 cx{)-, ••• 5 • (3.4) 

rµ;e· p(i) II pJi) - CKaJI.s:P II BeKTOp, KOTOpbie MmKHO Bhil];eJIIITh H3TeH30pa2-ropaHI'3 

F!~. OcTaJihHbie, CIIMBOlIII'iecKII npeµ;cTaBJieHHbie 3µ;ech cnaraeMbie, cooTBeTCTBYIOT 

BOa:HMOl];ellCTBII.!l:M BbIClllIIX MYJihTIInOllhHOCTell. 
BHelllHee Heoµ;Hopoµ;Hoe MarHIITHoe none H(r) B 6oJihlllIIHCTBe cny'iaeB MmKHO 

C'iIITaTh Meµ;JieHHO MeH.S:IO~IIMC.S: c Koopµ;IIHaTaMII, TO eCTh MaClllTa6 Heoµ;Hopoµ;Ho­

CTII non.a: l Mall no cpaBHeHIIIO c nepIIoµ;oM peweTKII a (a~ l). Kax 6hIJIO rioxaoaHo 

Bbillle, MarHIITHYIO cTpyKTYPY MmKHO npeµ;cTaBJI.s:Th ce6e B BIIµ;e nepIIoµ;ll'iecxoro 

noBTopeHWl HeoaBIICIIMOll o6nacTII. TaKa.s: CTpyKTypa cxeMaTII'ieCKII noxaoaiia Ha 

pIIC. 10 l];ll.S: µ;By=oµ;peweTO'iHOro aHTmiJeppoMarHeTIIKa. Ha OTOM )Ke pIICYHKe nyH­

KTIIpOM noxaoaHbI MarHIITHbie CIIJIOBbie JIIIHIIII HeOµ;Hopoµ;Horo MarHlITHOro non.a:, 

HaJIO)KeHHoro Ha o 6paoeu;; II p oBeµ;eM paoJio)KeHIIe non.a: H ( r) B cTeneHHOll p.s:µ; no r 
B6JIIIOII u;eHTpa r., Ka)Kµ;on "xonIIII" HeoaBIIClIMOll o6nacTn 

ii(r) ~ ii(ra) + ½1r rotii(r..)l + r{V ii(ra)} + ... , (3.5) 

rµ;e r OTC'ilITbIBaeTC.!I OT "Ka)Kµ;oro" r:., a apryMeHT y rot.ii II HenpIIBOl];IIMOrO TeH­

oopa rpaµ;neHTa MarHlITHOro noJI.s: {Vii} YKallbIBaeT, 'iTO 0Ha'ieHWl 0TIIX BeJIII'ilIH 

l];OJI)KHbI 6bITh B0.S:TbI B u;eHTpe paccMaTpIIBaeMOll HeOaBIIClIMOll o6JiaCTII r:,. B 
paolIO)KeHIIII (3.5) OTCYTCTByeT CKall.S:pHbill 'iJieH Blll];a r divH, TaK KaK cornaCHO 

ypaBHeHIIIO MaxcBenJia div.ii= 0. OTMeTIIM TaK)Ke, 'iTO BllxpeBoe none (rotH =/- 0) 
MO)KeT 6bITh CO0l];aHO Ha o6paou;e TOJihKO npoTeKaro~IIMII no HeMy TOKaMII ( TOKaMII 

npoBOl];IIMOCTll IIJIII TOKaMII CMe~eHn.s:). 
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Iloµ;cTaBJI.s:.s: paono)Kemrn (3.5) B cpopMyny (3.2), no KOTopoii onpeµ;en.s:eTc.ir cp~­

µ;Hee none iik, nony'iaeM 

- - 1-- -Hk =Ho+ 2[RkV] +Rk,U + ... , (3.6) 

rµ;e BBeµ;eHbI ycpeµ;HeHHbie no BCeM He0aBIIClIMbIM o6naCT.!IM - oµ;Hopoµ;Ha.s: 'iaCTh noJIJI 

H0 II npmmBOl];Hbie V lI U : · 

iio =; "E,ii(r..); - n '°' -V = N 6 rotJI_(r'..); u =; "L,{VH(r'.,)} (3.7) 

( cyMMIIpOBaHIIe Beµ;eTC.!I no u;eHTpaM f;,). IlpII BbIBOµ;e Bbipa)KeHW[ (3.6) npeµ;nonara­

JIOCh, 'iTO Ha'iaJIO KOOpl];IIHaT BbI6paHo B u;eHTpe "ocHOBHOU" HeoaBIICIIMOll o6JiaCTII, 

nocTpoeHHOll Ha BeKTopax Rk. 
CpaBHIIBM paBeHCTBa (3.6) II (3.3), MO)KHO BIIµ;eTh, 'iTO napaMeTpbI p(l) MoryT 

6bITh npeµ;cTaBlleHbI B BIIµ;e p.s:µ;oB no npom3BOl];HhIM noJI.!I, 'iTO no0BOJIJieT Haxoµ;IITh 

IIX 0Ha'ieHII.S: c nro6on CTeneHbIO TO'iHOCTII. ,I(n.s: IIlllIIOCTpaD;lIII pacCMOTpIIM Clly-'Iall 

µ;Byxnoµ;peweTO'iHoro aHTII<peppoMarHeTIIKa. IIycTh Hi II H2 - cpeµ;HIIe oHa'ieHII.S: 

noJI.!I Ha Ka)Kl];Oll II0 noµ;pellleTOK (pIIc.ll(a)). B COOTBeTCTBIIII c (3.3) BBeµ;eM BMeCTO 

BeKTopoB Hi, H2 TeH30pHbie napaMeTpbI pU> .... B µ;aHHOM c~y'iae npeµ;cTaBJI_eHIIe 

(3.3) MO)KHO 0aIIIICaTb B BIIµ;e 

Hk = _#(O) + p(i) Rk + !1f<i) Rk]i . (k = 1, 2) 
2 

(3.8) 

TaKlIM o6paooM,B Ka'ieCTBe He0aBlICIIMbIX napaMeTpOB BbI6paHbI : CBepTKa TeHoopa 

2-~ paaraF!~, a TaK)Ke X•II y-KOMnOHeHTbI BeKTOpa FJi), µ;yanhHOro HeClIMMeTpll'iHOll 

'iaCTII TeHoopa F!~ (TaKon BbI6op napaMeTpoB onpeµ;en.s:eTC.!I CIIMMeTpnei\: .!I'ienxn). 

Ocb z, KaK II paHee, C'iIITaeTc.s: HanpaBneHHOll no. BeKTopy R = Ri2 , coeµ;~m.s:ro~eMy 

u;eHTpbI noµ;peweTOK. PaBeHCTBO (3.8) cneµ;y'eT paccMa.TpIIBaTb KaK JIIIHeUHOe npeo6-

paoOBaHIIe OT wecTII nepeMeHHbIX non.a: Hi, H2 K HOBbIM - wecTII )Ke - nepeMeHHbIM 
f<0>, p(i) II p(i) (npII µ;onoJIHIITeJibHOM ycJIOBIIII (.Rf(i)) = 0). Ilpeo6paooBaHIIe 

(3.8) nerKO o6paTIITh, TO eCTh BbipallIITh HOBbie nepeMeHHbie 'iepeo CTapbie. Ilpeµ;~ 

nonara.s:, 'iTO Ha'iaJIO KOOpl];IIHaT BbI6paHo B u;eHTpe OTpeoKa 1-2 (pHc.lla),: nocne 

npocTbIX npeo6paooBaHIIn nony'iaeM 

-c) 1 - -F O = -(Hi + H2); 
2 

l 
p(i) = -(Hi. + H2,)I R; 

2 

pp> = -2(Hi11 + H211 )/ R; pp> = -2(Hix + H2.,)/ R. (3.9) 

BBeµ;eHHbie non.II p(O)' p(i) II p(i) IIrparoT pOllh acpcpeKTIIBHOro oµ;Hopoµ;Horo non.a: 

(f<0>), acpcpex°TIIBHOll l];IIBepreHIJ;IIII (F(i)) II poTop"a (f(i)) Heoµ;Hopoµ;a:oro non.II, TaK 

KaK B cornacIIII c (3.4) lIMeHHO OHII onpeµ;eJIJIIOT BOa:HMOl];ellCTBIIe MYJihTIInOllhHbIX 

MOMeHTOB cIIcTeMbI c'noJieM. Iloµ;cTaBJI.s:.s: BMecTo iik ero paoJio)KeJrne B p.s:µ; {3.6), 
MbI MO:lKeM Bbipa::mTh acpcpeKTIIBHbie non.a: (3.9) 'iepeo "IICTIIHHbie" : 

_#(o) = Ho; p(i) = V,,,; Fji) = U., + 2V.11i FJi> = u11 - 2v;,.,. {3.10) 
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Cne;a;yeT OTMeTIITb, 'ITO oq>q>eKTIIBHblll BIIXpb (BeKTOp p(ll) MmKeT cy~eCTBO­

BaTb ;a;a)lrn B TOM cny'!ae, Kor;a;a· "IICTIIHHoe" none JIBmreTcJI 6e:JBIIxpeBbIM (V == 
rotH == 0). ThKax c1ITyau;1rn BO:JMm1ma npn onpe;a;eneHHoii op11eHTau;IIII MarHIIT­

HOII JI'IellKII OTHOCIITenbHO co6CTBeHHblX oceii cpe;a;Hero rpa;a;neHTa MarHIITHOro nonJI 

V0 p, Kax OTO JICHO Bllp;Ho II:J pnc.116. Ha OTOM pIIcyHxe nyHKTIIpOM OTMe'IeHbl c11-

nOBble m1HIIII 6e:JBIIxpeBoro Heo;a;Hopo;a;Horo MarHIITHoro rronx II yKa:JaHbl nonx H1 
II H2, ;a;eiicTBYIO~IIe B Y:Jnax 1 II 2. BeKTOpbI H1 II H2 6y;a;yT IIMeTb KOMnoHeHTbl, 

rreprreH;a;IIeynxpHble .R12 IIpII ycnOBIIII, 'ITO HII o;a;Ha II3 rnaBHblX oceii Tem30pa Vc,p He 

COBrra;a;aeT C .R. 8TII paccy,K;a;eHIIJI IIOKa:JblBaIOT, 'ITO Ha6n10;a;emre Topon;a;Hoii rro­

nxpII3aIJ;IIII aHTIIq>eppoMarHeTIIKa (3a K0Topy10 OTBeTCTBeH oq>q>eKTIIBHblll BIIXpb 

BHeurnero rronJI p(ll) OKa:JblBa~TCJI B0:JMO)KHbIM II B CTaTII'IeCK0M pe,KIIMe. 

~ 
/ 

-/_~I¼ 
7--::- -1- -=-. ~, "~v> ~ 
~ ,L___) /rt__. - /l 

'\..-~\II~ 

I 
..... 
R, -o Rz. 

~ 

a~ 

/I ~-:-_- ./ I I 

-
-~ 

2. 
I 

\ -4 

~H.t. 
6 ....... " \ cc---..,;__; .:--,-►:-..~ 

. >~'-
/ --- - -:-----...-

1 / --

Puc:10. ,l(Byxnoapewemo'l{11,b1u anmurfieppo.Ma2nemu1C 6 neodnopoano.M no1Le. 
Puc.11. CyMkapnb1e ,1,1,a211,umnb1e no1LJ1 na nodpewem1Cax: (a) - B npou3BOILbno,w. 

c/Ly'l{ae; (6) - B 6e3auxpe60M. ,w.a211,umuo.M· noae. 

Heo6xo;a;iIMO rro;a;'IepKHYTb, 'ITO MynbTIIIIOnbHble M0MeHTbl MarHeTIIKa cornaCH0 

Bblpa,KeHIIIO (3.4) B:JaIIMo;a;e11CTBYIOT C oq>q>eKTIIBHbIMII nonJIMII p(IJ, KOTOpble Y'III­

TblBaIOT He TOnbKO aHII30Tp0IIIIIO Heo;a;Hopo;a;Horo BHellIHero rronJI, HO TaK)Ke II aHII-

30TpOIIIIIO caMoro MarHeTIIKa. Pa:JnII'IIIe Me)l(}l;Y Oq>q>eKTIIBHblMII rpa;a;IIeHTaMII rronJI 

p(I) II cpe;a;HIIMII IICTIIHHbIMII rpa;a;IIeHTaMII < rotH >, < {V H} >, ... , cocTOIIT 

B TOM, 'ITO CBJI3b Me,K;a;y cpe;a;HIIMII rronJIMII Ha rro;a;pellleTKaX jjk II TeH30paMII p(I) 

cornacHo orrpe;a;eneHIIIO (3.3) JIBnJieTcJI TO'!Hofr : Bblpa,KeHIIe (3.3) - OTO rrpocTo rrepe­

xo;a; OT o;a;mxx nepeMeHHblX K ;a;pyrIIM. IloOTOMY cyMMa B (3.3) COCT_0IIT Im KOHe'IHoro 

'IIICna cnaraeMblX B cnny KOHe'IHOCTII 'II!Cna aTOMOB B o;a;Hoii He:JaB_llCIIMOH o6na­

CTII KpIICTanna. B TO )l(e BpeMJI cyMMbl (3.5), (3.6) orpaHII'IeHbI TOnbKO ,CTeneHblO 

B:JJIToro rrpII6nu)KeHlrn II B rrp1rnu;IIne MoryT 6bITb npo;a;on)l,eHbI ;a;o 6ecKoHe'IHOCTI1. 

JlerKO Bn;a;eTb; 'ITO cJHeprIIIO B:JaIIMo;a;efrCTBUJI ;a;Byxrro;a;pellleTO'IHOro aHTHq>eppo-. 

MarHeTIIKa c Heo;a;Hopop;HbIM noneM MbI MornII 6bl TaK,Ke :JarrncaTb 6ro' o6pa~eHUJI K 

MynbTIInonbHblM MOMeHTaM, Henocpe;a;cTBeHHO Bblpa,KaJI ee 'Iepe3 BeKTOp aHTIIq>ep-
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poMarHeTl!:JMa: 

- - - - 1- - -EF == -M1H1 - M2H2 == - 2L(H1 - H2). (3.11) 

O;a;HaKo B ;a;anbHe11I1IeM, paccMaTpirnaJI ycnoBirn Ha6n10;a;emrn aHTnq>eppoMarHIITHoii 

rronxp1mau;nn, HaM Bee paBHO rrp11I1Inocb 6bl pa:J;a;en.!ITb pa:Jm1'IHble MynbTI!nonbHble 

BKna;a;bl B oneKTpOMarHIITHOe none, CO:J}l;aBaeMoe nonxpimoBaHHHblM o6pa:JD;OM. OT­

MeTIIM, 'ITO B o6MeHHOM npu6mrn,emm B:JaIIMo;a;e11cTBIIe C Heo;a;Hopop;HbIM MarHJIT­

HblM noneM MO)KHO :JamrcaTb aHanorll'IHd (3.11) B Bn;a;e 

EF == - "L,(LnHn). (3.12) 
r>. 

3.2. BbicmpauBanue Me/L'ICUX 'l{acmu14 aumu¢eppo.Ma211,emuna 6 ueodnopoano:U 
no/Le 

Hann'Ine MynbTHnOnbHbIX MOMeHTOB y o6pa:JD;OB aHTnq>eppoMarHeTnKa MO)KeT 

6blTb o6Hapy,KeHo no Bmrnm110 Heo;a;Hopo;a;Horo MarHIITHoro rrom.1 Ha ;a;BII)KeH11e Men­

KIIX 'IaCTIIIJ; aHTllq>eppoMarHIITHOro MaTepuana , B:JBellleHHbIX B no;a;xo;a;.1I~e1'i: Hecy­

~efr )KI1}l;KOCTI1. ~T06bl rrony'IIITb Bblpa,Kemre ;a;n.!I OHepruu, y;a;o6Hoe ;a;nx paccMoTpe­

HII.!I }l;BU)Ky~uxc.!I '!acTnu;, 6y;a;eM npe;a;nonaraTb, 'ITO BHellIHee Heo;a;Hopo;a;Hoe none 

cna6o MeHJieTC.!I Ha npOT.!I)KeHIIII pa:3MepoB 'IaCTIIIJ;bl,II noOTOMY. OHO' MO)KeT 6bITb 

pa3JIO)l(eHO B p.!I;a; OTHOCHTenbHO u;eHTpa 'IaCTIID;bI ( cp. pa;:;nO)l(eHI;e (3.5)). B m1Heii-
HOM npII6muKeHIIII IIMeeM . 

- - 1 - ·-H(r) == H(O) + -[rrotH(O)] + r · {V H(O)}. 
2 

(3.13) 

IIpe;a;cTaBIIM OHepn110 B3aIIMO}l;CllCTBirn 'IaCTIIIJ;bI C Heo;a;Hopop;HbIM noneM B Bll}l;C IIH­

Terpana EF == - f m( r)H( r)dV, KOTOpbI!l 6epeTCJI no o6'beMy 'IaCTI!D;bI. IIo;a;cTaBnJI.!I 

B OTOT IIHTerpan 3Ha'Iemrn nonx (3.13) II ucnonb:JYJI ;a;amioe BblWe onpe;a;enemre MJnb­

TIIIIOllbHblX MOMCHTOB, rrony'IaeM 

E;.. == -(M H(O)) - (TrotH(O)) - ( Q : {V H(O)} ). (3.14) 

MoMeHTbl M, T n Q q>IIKcnpoBaHbl OTHOCIITeJibHO oce1'i: Koop;a;1rnaT, )l,ecTKo CBJI­

:JaHHblX c caMofr '!acT11u;e1'i:, a rpa;a;neHTbl non.II - OTHOCIITenbHO oce1'i: na6opaTopHofr 

CIICTeMbl KOOp}l;IIHaT. IlooTOMY OHeprirn £F :JaBIICIIT OT yrnoB 81mepa, :Jap;aIO~IIX 

OTHOCIITenbHYIO opueHTaIJ;IIIO TOIi II ;a;pyr01'i: CIICTeMbl KOop;a;1rnaT. MoMeHT Clln R, 
p;ellCTBYIO~IIll Ha 'IaCTIIIJ;Y, MO)ICHO nony'IlITb, }l;IIq>q>epeHD;I!py.!I OHeprUIO no yrnaM : 

I{== -LEF, (3.15) 

r;a;e L - onepaTOp 6eCKOHe'IHO Manoro noBopoTa. IIo;a;cTaBnJI.!I (3.14) B (3.15) 11 BbI­

'IIIClIJIJI npoII:JBO}l;HYIO, Haxo;a;nM 

I(== -[MH(O)] + [TrotH(O)] + [Q · {V H(O)}]. (3.16) 
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YpaBHeHIIe )l;BilJKemrn "IaCTilqhI B B.lI3KOH :amp;KOCTil IIMeeT BUA 

J-0.=-..\•D.+I<, {3.17) 

rp;e J - TeH30p XIHepqllll, ,\ - TeH30p Bpall\aTeJU,HOro TpeHil.lI, D, - yrnoBM CKOpOCTb 

"IaCTIIqhI. B CIIJibHO B.lI3KOH lKII)l;KOCTil MmKHO npeHe6pe"Ib B ypaBHel!xm )l;BU:a,emrn 

UHepqUOHHhIM "IneHOMj TaK 'ITO B COOTBeTCTBUU c {3.17) yrnoBM CKOpOCTb OKa.JhI-
BaeTC.lI paBHoii 

n = ,\-1 -R, (3.18) 

rp;e _\-l - TeH30p, o6paTHhIH K ..\. Y"IIlThIBM, 'ITO mo6oii BeKTOp e, :li(eCTKO CB.lI3aH­
HhIH c "!aCTIIqei'1, II3MeH.lieTC.lI no .JaKoHy 

i= (f2eJ, (3.19) 

II nop;cTaBn.lI.lI B aTo Bbipa:arnHue yrnoByro CKOpOCTb (3.18), MO)KHO BU)l;eTb, 'ITO B 

proynhTaTe p;eiicTBil.lI nocTO.lIHHoro Bo BpeMeHu nomr "!aCTIIqa npuMeT onpep;eneH­

Hyro opueHTaquro. EcnII JKe none ocqunnupyeT c "!acToToii w, To u "!aCTIIqa 6yp;eT 

ocqunnupoBaTb (coBepwaTb Bpall\aTenbHhle Ka"!aHu.lI) C TOH JKe "IaCTOTOH, npII"IeM 

C)l;Bilr q>ru:JhI.MeJKp;y Kone6aHil.lIMil non.lI u "IaCTUqhI OaBUCUT OT COOTHOWeHirn MeJKp;y 
BpeMeHeM opIIeHTaquoHHoii B.lIOKoii penaKcaquu II 'iacToToii w. 

IloJI.lI H(O), rotH(O) II {V H(O)} MoryT 6brTh coop;aHhI HeoaBIICIIMhIMII UCTO"I­

HIIKaMu. HanpuMep, op;Hopop;Hoe none H(O) - q1muHp;pu"IecKoii KaTywKoii c TO­

KOM (~pu :)TOM "IaCTilqa p;omKHa HaxOp;UTbC.lI B qeHTpe KaTyWKII). BuxpeBoe none 
rotil B cny"Iae I!enpOBO)l;.lII.l\ero MarHeTuKa MmKeT 6bITb C03)l;aHO TOKaMu CMell\e­

Hil.lI : rotH = ¼E, B03HilKaIOI.l\UMII, HanpuMep, B nnocKoM KOH)l;eHcaTope unu B .Ja-

3ope nuHeiiHoii aHTeHHhI. A CilMMeTpII"IHbIH TeH.Jop rpap;ueHTa non.lI {V H(O)} - cu­

CTeMoii· KaTyWeK C TOKOM. lfo npoBe)l;eHHbIX BhIWe paccyJKp;eHUH cnep;yeT, 'ITO ecnu 

"!aCTUqa, BOBeWeHHM B B.lI3KOH lKil)l;KOCTU, o6nap;aeT cyMMapHhIM MarHUTHhIM MO­

MeHTOM M, TO OH 6yp;eT opI1eHTIIpoBaT1,c.lI no HanpaBneHuro non.lI H(O) (a BMecTe 

c HIIM II CaMa "!aCTuqa) nop;o6Ho TOMY, KaK opueHTilpyeTC.lI no nonro CTpenKa KOM­

naca. B HanpaBneHIIIl JKe, nepneHp;ueylI.lipHoM nonro, opI1eHTaqII.lI "!aCTilqhI ocTaeTc.lI 

npOI13BOnbHOllj OHa onpep;en.lieTC.lI Ha"IaJibHhIMII ycnoBU.lIMII )l;BU:lf(eHil.lI. AHanOrII"IHO, 

ecnII "!acTuqa o6nap;aeT Topoup;HhIM MOMeHTOM T, To aToT MOMl:HT 6yp;eT opueH-

TupoBaT1,c.lI no HanpaBneHuio npoII.JBO)l;Ho:ii aneKTpu"IecKoro non.lI E. Ecnu aTo none 

MeH.lieTC.lI co BpeMeHeM nepIIO)l;Il"IeCKU, TO u "!aCTilqa 6yp;eT nepHO.Zl;H'lecKH nepeopil­

eHTUpOBaTbC.lI, no;a;o6HO TOMY, KaK nepeopueHTilpyIOTC.lI B nepeMeHHOM MarHIITHOM 

none MenKile "IaCTilqhI apoMarHeTilKa (11, 12], o6nap;aIOI.l\Ile aKCUaJibHhIM (aneKTpil­

"!eCKilM) TOpOil)l;HhIM MOMeHTOM. ThK JKe MOJKeT 6h!Tb npoBegeH u aHaJIIl3 )l;BIIJKe­

HU.lI KBap;pynonbHhIX "IaCTilq. TaKilM o6pru:JOM, eCJIIl "IaCTilqa aHTilq>eppoMarHilTHa 

n, CJiep;oBaTeJibHo, He o6nap;aeT MarHilTHhIM MOMeHTOM (M = 0), To ee MarHUT­

HM CTPYKTYPhI MOJKeT 6h!Tb aKcnepnMeHTaJibHO o6HapyJKeHa npII Ha6nro;a;eHilU ee 
opileHTaqlIOHHoro ;IJ;BlllKeHil.lI B Heop;HopogHhIX nomrx rotil Ilnil {Vil}. 

22 

9.9. IloA.Jt .Ma2uumub1x -"YAbmtt~~aetl 

061.l\M cxeMa pru:JnOJKeH;J.lI aneKTpil"IeCKIIX n MarHilTHhIX none:ii no MYJibTilnOJib­

HhIM BKnap;aM 6hIJia pru:3BIITa .I{y6oBilKOM c COaBT. (cM. ofoop.bI (6,9,10].). Kax noKa­

oaHO B 0TIIX pa6oTax, KpOMe o6hI"!HhIX MYJibTIInone:ii - aneKTpil"IeCKIIX Il MarHIITHhIX 

)l;Ilnone:ii, KBap;pynone:ii II T.)l;., MYJibTUllOJibHOe Pru:JJIOJKeHI1e cop;eplKilT, BO-nepBhIX, 

noJI.lI MOMeHTOB TOpOII)l;Horo p.!Ip;a, H3 KOTOphIX nepBhIM .lIBJI.lieTC.lI TOpOil)l;HbIH MO­

Me. HT 'I', II, BO-BTOphIX,· Tax Hru:JhIBaeMh!e cpep;HeKBap;paTwm:hle pap;uyc.bI, K "IIICJIY . , ' 

KOTOp.bIX OTHOCllTC.lI II CKalI.lipH.bIH MOMeHT.q. 

1ITo6.bI nony"IIITb oHa"!eHll.lI none:ii UHTepecyroll\UX Hae MYJibTIIIIone:ii M,q,T,Q, 
onUC.bIBaIOI.l\IlX MarHIITHYIO CTPYKTYPY, ecTeCTBeHHO paccMaTpIIBaTb C03)l;aBaeMhle 

IIMil nolI.lI KaK CYMMY BKnap;oB OTAenhHhIX MarHIITH.bIX p;IInone:ii. B yp;eM IICXO)l;UTb II3 

B.bipa:a-eHuii )l;JI.lI MarHIITHoro II aneKTpII"Iecxoro none:ii To"!e"!Horo MarHUTHoro p;n­

nolI.lI, KOTOphle MO:a(HO npep;CTaBUTb B Bilp;e {cM., HanpIIMep, [18], c. 232, :rp;e )l;JI.lI 

nepexop;a OT none:ii aneKTpII"IecKoro p;unoJI.lI J K nonaM MarHUTHoro m, CJiep;yeT cp;e­

naTb OaMeHy d-+ m, !-+ il, il-+ -~): 

ilm = ~<vm) - .!.. ~. 
r c2 r' 

➔ 1 rii 
Em =--(V-]. 

C r 

., .: 

(3.21) 

B aTux .B.bipaJKeHII.lIX npep;nonaraeTc.lI, ~To oHa"IeHll.lI MOMeHTa m(t) p;on:a-H.bI 6.bI'l'b 

BO.lIT.bI. B. peTapp;upoBaHH.bI~ MOMeHT.bI Bp,eMeHU t' = t - r /c. Pru:Jp;elIIlB MarHeTHK 

Ha He.JaBllCllM.bie o6nacTn, COOTBeTCTBYIO~Ile reoMeTpIIII o6pru:Jqa, pru:Jno:a-nM noJI.lI 

(3.21) rio Ma.JlOMY napaMeTpy a/r ~6JIII3ll qeHTpa xa:a-p;o:ii Het38.BllCHMO:ii o6na~~.II, a' 
, . , . .. . •. - - ~ -. , ". '""\. 

oa-reM cn:ep;yeT npoBec-;-i.:cyMMnpoBrurne no BceM He.JaBHCIIM.bIM, o6nacT.lIM • .n;aoo·e 

M.bI orpaHII"IIIBaeMC.lI BLI"IncneHneM noneii: TOnhKO o;a;Hoii He.JaBncnMoii: o. 6nacTn. , · 

Kax llOBeCTHO, pru:Jno:a-eHne qlYHKqnn B CTeneHHOH p.!I~ B nepBOM npn6nn:a-eHnll 

aKBIIBaJieHTHO p;eii:cTBllIO Ha Hee onepaTopa 1 - r'v : 

f(r - ra) ~ (1-- (ra V) + ... ]f(r). (3.22) 

IIorii.oy.licb aTIIM cBoii:cTBoM, oannweM' B.bipa:a-eHll.lI )l;ln[ cyMMapH.bIX noneii: (3.21); co­

~p;aBaeMhIX CllCTeMOll MarHHTHhIX p;nnone:ii ma, pacnono>KeHH.bIX B TO"!Kax r., B6nm:m 

Ha"!ana xoopp;UHaT B BIIp;e 

Hr:, ~ E(l - (ra V))Hmai 
(I 

Er:,= E(l - (ra V))E;;;a. 
(I 

(3.23) 

Y"IIlT.bIBall onpep;eneHll.lI MYJibTilnOJibHhIX MOMeHTOB (2.8)-(2.10), a T~:a-e IICnon1,oy.lI . 

q>OpMYnY pru:Jno:a-eHU.lI np.lIMOro npoII3Be)l;eHII.!I ;a;Byx BeKTOpOB Ha CKaJI.l!PHoe; BeKTOp­

HOe II TeHOopHOe (cM. (2.11)) npOII3Bep;eHU.lI 

: :.. 1 ➔ ·.1 ➔ .... 

a;b1c ={ab};,.+ 2e;1:;(ab]; + 3(ab)5;1c, (3.24) 

nocrie npocThIX B.bI"IllcneHn:ii nony"IIIM 

Hr:, = HM+ Hq + HT + Hq, Er:, = EM+ Eq +Er+ Eq, (3.25) 
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rge BBegeHbl norur cyMMapHoro M!l.l'HIITHOro MO~eHTa M 

- M lM 
HM= v'(v'-)- --; 

r c2 r . 
- 1 JJ EM= --[v'-]· 

C r ' 

MarHIIT_Horo 1rnagpynorur 

· - · '·' .. . 1 1 .. 1 
Hq = -,-v'(v'v': Q)- + 2(v'Q)-; 

r c r 

TOpOII}J;HOro MOMeHTa . 

- 1 . ·. · 1 
Eq = --[v'v'Q]-; 

C, . r 

. - 1 .·, -::.1 
. HT =.2 (v'T)-; 

C r 
- 1 :.; 1 
ET= --:-[v'[v'Tj]-; 

C r 

H CKaruipHoro MOMeHTa 

(3.26) 

(3.27) 

· (3.28) 

- 1 1 -H9 = 2 'vij-'; E9 = 0. (3.29) 
C r 

B OTHX BblpruKeHHJIX TO'iKH Hap; CHMBOnaMH 060::rna'iaIOT gmpq>epeHI~HpOBaHHe no 

BpeMeHH CnHHOBl>IX nepeMeHHbIX~ TO eCTb MOMeHTOB ffia, C KOTOpbIMII nIIHeHHO CB.!I­

OaHbl 'MynhTHnoiii.Hble MOMeHTbl. 

Kax MO:lKHO BII}l;eTb, B CTaTII'IeCKOM CnY'iae non.II TOpOII}l;HOro H CKaruipHoro MO­

MeHTOB OTCYTCTBYIOT. 8neKTPII'ieCKOe none TOpOH)J;HOro MO~eHTa aq>q>eKTIIBHO OK-

IIIIBaJieHTHO nonro oneKTpII'ieCKOro }l;Imon.11 . BenII'iIIHbl J = -TI c. MarHIITHOe none 

CKaJI.!IpHoro MOMeHTii, COOTBeTCTByeT nonro "MaI'HIITHOro.oapJiga",paBHoro ij/c2: Ho-

. CKOnhKY norur (3.25)-(3.28) HMeIOT paoHoe npocTpaHCTBeiui:oe pacnpegeneH~e, OHII 

MoryT 6bITb HeoaBncnMo noMepeHbl c noMO~bIO · cooTBeTCTBYIO~IIX ycTpoii:cTB ( Ka~ 

TyllleK n KOH}l;eHCaTopoB onpeµ;eneHHOH KOHq>IIryp~IIII), cM:, HanpIIMep, (20]. · 

s.4. ,l(u-naMU'X:a MYAbmUnOAb'nbl:Z: MOM.e-nmoB 

PacCMOTpIIM xpaTKO }l;IIHaMIIKY MarHIITHOH CTPYKTYPbI B paMKax o6MeHHoro npII-

6nn:lKeHIIJI, paoBIITOrO B pa6o'Tax [3,4]. IJo OTHOllleHHIO K. CIIIIHOBbIM nepeMeHHbIM 

Bee MynbTIIIIOnbHbie MOMeHTbl BeeyT i:e6.11 KaK. BeKTOpbI, n?OTOMY, npII 6e~KOHe~HO 

MMOM noBopoTe CIIIIHOBoro npotTpaHCTBa, oagaBaeMOM BeKTOpHbIM napaMeTpOM 

60, OHH npeo6paoy10TC.1I cnegy10~IIM o6paooM: 

6M = [60M'J; 6q := (60T); 
_, - - 2 ➔ 

6T = Q60 + [60T] - -q60; . . 3 

6Q = {60 x Q} - {60T}. 

BBegeM yrnOBble CKOpOCTH noBOpOTa B cnIIHOBOM npocTpaHCTBe 

- 60 U=-· dt' 
{i. _ 60 
,- dx·' • 
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(3.30) 

(3.31) 

rge X; - noKMbHble KOOp}l;IIHaTbl MarHeTIIKa. KaK noKaoaHO B [3,4], q>yHK~IIJI JiarpaH­

:lKa B nepeMeHHbIX d II U; 6eo y'ieTa penJITIIBIICTCKIIX BOaIIMogeii:cTBIIH MO:lKeT 6bITb 

OaIIIICaHa B BII}l;e 

1 · 1·<:· .. 
C = 

212
Xop(11c, + ,Ho)(Up +,Hp)+ 2Aip11;o11kp - &p, (3.32) 

rge MarHIITHaJI BocnpxmM'iIIBOCTh Xa/J II napaMeTpbI Bpa~aTenbHOH ynpyrocTu A~p 
IIMelOT CIIMMeTpIIIO, oagaBaeMyIO paBHOBeCHOH opneHT~IIeii: MynhTIInOnhHblX MO­

MeHTOB. B cf>YHK~Im JiarpaH:lKa gononHIITellbHO Y'iTeHO B:JaIIMO}l;eHCTBIIe MarHeT~Ka 

c HeO}J;HopO}l;HbIM MarHIITHbIM noneM &p. KOTopoe nogpo6HO o6cy:lK}l;MOCb B paogene 

3.1. TaxIIM o6paooM, npII HMII'illll HeO}l;HOpO}l;HOro non.II IIOlIBruieTC.!I BOOMO:lKHOCTb 

go"rr~nHIITenbHOro BO:J6ylK}l;eHllll cmIHOBbIX BOnH. 

4. 3axmo'ieHIIe 

Ha6nrogemre MynhTimonbHhIX MOMeHTOB OHa'iIITenbHO paCllIIIp.!IeT OKCnepIIMeH­

TMbHble MeTO}l;hI MarHeTIIOMa. 8TII BemI'iIIHbl· MOI'YT IICIIOllbOOBaTbC.!I KaK napa­

MeTpbI nop.!I}l;Ka gn.11 IIHTepnpeT~Im cf>aoOBhIX nepexO}J;OB B MarHIIToynop.!I}l;O'ieHH_Oe 

COCTO.!IHlle n gn.11 OIIIICaHIIJI }l;OMeHHhIX -~TPYKTyp. MoryT 6h!Tb uccne}l;OBaHbl npo­

~eCCbl MynbTIInonbHOro nepeMarHII'ieHIIlI MarHeTIIKOB, KaK OTO paccMaTpHBMOCb B. 

pa6oTe [17) Ha IIpIIMepe TOpOII}l;HOrO: nepeMaI'HII'ieHII.!I arperaTOB MaI'HllTHbIX ~a­

CTII~, 'iTO gaeT BO:JMO:lKHOCTb IICnonbOOBaTb HOBble MarHiiTHble cpeghl (HarrpIIMep, 

aHTIIq>eppoMaI'HeTIIKII) gnJI BhICOKonnoTHOH Mal'HIITHOII oanncII II XpaHeHII.!I 1rnq>op­

M~IIII. 

B Ka'ieCTBe np11Mepa MynbTilnOnhHOH IIHTepnpeTa~Im CBOlICTB MarHeTIIKOB pac­

CMOTpIIM q>aoOBblll nepexog B ynop.11µ;o'ieHHOe COCTOJIHIIe µ;Byxnoµ;pellleTO'iHOro aH­

TIIq>eppoMarHeTIIKa. KllK II:JBecTHO, Tei.mepaTypa He en.II. TN, j Koropasi onpe11e.n:sie-r 

TO'iKY nepexoga, He .!IBn.!IeTC.!I TO'iKOH, rge MaI'HIITHaJI BOCIIpIUlM'iIIBOCTb o6pa~a­

eTC.!I B 6eCKOHe'iHOCTb, KaK OTO IIMeeT MeCTO, HaIIpIIMep, gnJI q>eppoMarHeTIIKOB. 

8T; o&.!ICH.!IeTCJI TeM, 'ITO. OIJ;HOpO}l;HOe none He MmKeT "coO}l;aTb" aHTllq>eppoMa­

rHIITHOe ynop.11go'ieHIIe. JierKo,· ogHaKo,noKaoaTb, 'iTO TeMnepaTypa Heen.11 onpeµ;e­

n.11eT_ oco6eHHOCTb TOpOII}J;HOH BocnpIUIM'iIIBOCTII aHTIIq>eppoMarHeTIIKa; B CaMOM 

µ;ene, B paMKax npocTeii:I1Ieii: MogenII cpegHero norur (cM., Hanp11Mep, [2]) HaMarm1° 

'ieHHOCTII nogpellleToK M1 II M2 B o6nacTII TeMnepaTyp T:> TN ygc>BneTBopJIIOT 

ypaBHeHIIJIM 

_, C _, _, _, 

M1 = 
2
T(Hi - aMi - ,M2); 

_, C _, _, _, 
M2 = 

2
T(H2 - aM2 - ,Mi), (4.1) 

rge no cpaBHeHIIlO c [2] Y'iTeHo, 'iTO MarHeTIIK '- HaxO}J;IITCJI B HeO}J;HOpO)J;HOM MarHIIT­

HOM none,11 no3TOMY Ha noµ;pellleTKII µ;e:iicTyIOT paoHble MarHIITHble non.II Hi 11 H2, 

KaK OTO 6bl~O noKaoaHO B paoµ;ene 3.1. 
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,ll;JIJI pewemrn ypaaHem1:ii ( 4.1) BBep;eM HOBble nepeMeHHble 

M±= M1 ± M2, - 1 - -H± = 2(H1 ± H2 ), (4.2) 

rp;e M+ - aTo MarHJITHblH MOMeHT, a 1\1_ - B~KTop a.HTmpeppoMarHeT1mMa. B HOBblX 
nepeMeHHblX ypaaHemur (4.1) MoryT 6blTh npep;cTaB~eHbl B BJI)J;e 

- C - - -
M± = -T(2H± - aM± =F -yM±), 

OTKy;a;a Haxo;a;HM IIX peweHJie 

2 . 

2cff± 
M±= T+c(a±-y)l2 

(4.3) 

(4.4) 

Ilepexoµ;H K MynhTIInOnhHblM MOMeHTaM B COOTBeTCTBIIII c COOTHOWeHIIHMII (2.13), 

(3.1 ), nony'l:aeM 

M- cHo 
- T-ri 

_ cffi1) . 
T= T-TN' 

r;a;e BBeµ;eHhl _060::rna'l:eHHH µ;irn TeMnepaTyp 

cF(o) 
q = T-TN' 

(} = -c(a +-y)l2; TN= -c(a - -y)l2 

(4.5) 

(4.6) 

IIony'l:eHHhle COOTHOWeHHH (4.5) noKa.JhlBaIOT, '!:TO TeMnepaTypa HeenH onpep;e-
JIJieT Oco6eHHOCTh TOpoHµ;HoH H "CKanapHOli'! BOCITpHHM'lHBOCTeH aHmcl>eppoMame-
THKa, noµ;o6Ho T0MY KaK TeMnepaTypa K10pu onpeµ;enneT oco6eHHOCTh BocnpuuM<iH• 
B0CTH c;l>eppoMarHeTHKa. <Pm3H'l:eCKaH npH'iHHa aToro proynhTaTa BnonHe 0'ieBHµ;Ha: 
He0µ;Hopo;a;Hoe none CBoe:ii BIIXpeBOH HnlI noTeH~HaJihHOH COCTaBnHIOU(eH, B OTnH'l:He 
oT o;a;Hopoµ;Horo noJIJI, M.o:HCem nepeBeCTH aHTmpeppoMarHeTHK B ynopnµ;o'l:eHHoe 

COCT0JIHHe. 
KaK m:3BeCTH0, MarHIITHaH BocnpHHM'iHB0CTh q>eppo~arHeTHKOB xtppo •B6nm:m 

T0'l:KII K10pH Tc HMeeT nopaµ;oK BenH'l:HHhl 104 ••• 105 rcl8, a MarHHTHaH BOCilpHHM'iH­
BOCTh aHTHq>eppoMarHeTHKOB XMTU nopaµ;Ka IQ-:5 

..• 10-:-3 rcl8. IIocxonhKY noae;a;ekue 
TOpOHAHOH BocnpHHM'ilIBOCTH aHTHq>eppoMarHeTHKa XT B6nH3H TN aHaJIOrII'l:HO no­
Be;a;eHHIO MarHHTHOH BOCnpHHM'iHBOCTH q>eppoMarHeTHKa xtppo B6nm:m Tc, TO cne­
;a;yeT o:am;a;aTh, · lffO y aHTHcl>eppoMamerHKa · BocnpHHM'iHBOCTb · XT 6yµ;eT Ha MHOro 
nopn;a;xoB npeBhlWaTh BocnpmtM'iHBOCTh XMTll· 8To o6'hHCHHeTca TeM, '!:TO B6nncin 
TO'l:KII nepexo;a;a pa.3MHr'iaIOTCJI COOTBeTCTBYIOU(He CTeneHH c'Bo6oµ;hl cnHHOB H no- . 
aTOMy.;a;a:lKe CJia6oe BHXpeBoe MarHHTH0e none MO:lKeT Bbl:JBaTh :JHa'l:HTenhHOe H:JMe­

HeHHe Topon;a;Horo MOMeHTa, '!:TO MO;KeT 6h1Th ucnonh::JOBaHO µ;na ero H3MepeH1IH. 

Aamopb1 6aa2odap'l{.bl A.cJ>.A"H.dpeeay 3a noae3"H.oe 06cy:J1Cde'l{.ue 3moi1. pa6omb1. 
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,l(y6oBHK B.M., Mapu.eHIOK M.A., Mapu.eHIOK H.M. 
MyJibTHIIOJibHOe onHC3HHe aHTitq>eppoMamHTHblX CfPYKTYP 

P17-93-455 

IIoK333HO, 'ITO MamHTHaSI crpyKzypa o6paau.ou aHTitq>eppoMamernKa KOHe'IHhIX paaMepou 
MOJKeT 6&1Tb OnHcaHa CHCTeMOH 0,llH03HaqHo onpegeJieHHblX MJJibTHnOJibHblX MOMeHTOB. «Bbtpe-
33!1• 113 gaHHOl'O aHTitq>eppoMameTHKa TOT HJill 11HOH o6paaeu., Mbl 0,llHOBpeMeHHO q>HKCHpyeM 
He33BHCHMJIO OOJiaCTb nepHO~eCKOH MamHTHOH crpyKyYpbI, no KOTOpOH MOJKHO yCTaHOBUTb, 
KaKHMH HMeHHO MOMeHTaMl1 OnHCbIBaeTCSI gaHHbIH oopaaeu.. PaCCMOTJ)eH pSig KOHKpeTHblX npHMe­
pOB am11q,eppoMamHTH&1X CfPYKTYP 11 nOK333HO, 'ITO }J;JISI OnHC3HHSI 6on&wHHCTB3 113 HHlC }:IOCTa­
TOqHo HCnOJib30BaTb TOpOH,llHbIH H CK3JIS1pHblH MOMeHTbI. ,AJi!I OOMeHHblX MamernKOB JK333Ha CBSl3b 
MeJK}:ly MJJibTHnOJibHblMH MOMeHTaMH 11 napaMeTJ}aMH AH}:lpeesa H MapqeHKO. IlOK333HO, 'ITO 
HaJIHqHe MY JlbTHnOJibHblX MOMeHTOB y o6pa3U.OB Mamumoro MaTepHaJia MOJKeT 6&ITb yCTaHOBJieHO 
no HX B3aHMO}:leHCTBHIO C HCO}:IHOpO}:IHbIM nOJieM onpei:1eneHHOH npOCTpaHCT»eHHOH KOHq>urypa­
U.HH, a caMH ~JlbTHnOJibHble MOMeHTbl MOryT 6&ITb H3MepeHbI no HX BKJia}:ly B CJMMapHOe none, 
C03}:lasaeMoe o6pa3U.OM. O611J.HH peayJI&TaT 33KJIIOqaeTCll B TOM, qTo MJJibTHnOJibHOe OnHcaH11e 
COCTOSIHHH MarnentKOB CTaBHT BOnpoc O HeOOXO}:IHMOCTl-1 HOBOl'O 3KCnepHMeHT3JlbHOl'O nogxoi:1a K 
113yqeHHIO HX MaKpOCKOnHqecKHX CBOHCTB. 

Pa6oTa s&mOJIHeHa s Jla6opa~opm-1 TeopeT11qecKoii q>H3ttKH ttM. H.H. Boron106osa OIUIH. 

IIpenpttHT O6"1,e):lttHeHHOl'O HHCTttyYTa SigepHblX HCCJiegOBaHHH. ,l(y6Ha, 1993 

IIepeBO}:I aBTOpOB 

Dubovik V .M., Martsenuyk M.A., Martsenuyk N.M. 
Multipole Description of Antiferromagnetic Structures 

Pl7-93-455 

It is shown that the magnetic structure of samples of antiferromagnetic materials of finite sizes 
can be described by a system of uniquely determined multipole moments. The advantage of this 
description is the possibility to find these moments experimentally. Cutting a sample of some form of 
the given antiferromagnetic materials one fixes the «independent region• of a periodic magnetic 
structure. Knowing the independent region it is possible to point out which moments describe the given 
samples. A series of concrete antiferromagnetic is considered and it is shown that for a great number 
of them only two moments can be used: - toroid and scalar ones. For antiferromagnetics of the 
exchange kind the connection between the multlpole parameters and the Andreev-Marchenko 
parameters is established. The conditions of observation of the multipole moments of the 
antiferromagnetic samples are considered. General conclusion is that the multipole description gives 
a more precise understanding of magnetic states of small macroscopic samples. For example, it is shown 
that the Neel temperature isl-point of toroid susceptibility of an antiferromagnetic (i.e. toroid moment 
is a «real• order parameter). 

The investigation has been performed at the Bogoliubov Laboratory of Theoretical Physics, 
JINR. 
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