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1. Bne,t1eHHe 

IlpocTei"nnag MO)J;em,, ofrLllCHIIIO!l.18.!I MarHIITHI,IC CBOI°ICTBa q>eppOlKll)J;KOCTeJI, !IC· 

XO)J;UT Im Toro, 'ITO MarHIITHI,Ie qaCTlll[I,I He Bnal!MO)J;CIICTBYIOT MelK)J;Y co6011, II 

Il03TOMY B C1Ja6I,IX Il011.IIX MarHIITHM BocnpmtU'lllBOCTb IlO)J;'lllHl!eTC.11 naKOHY K10p11: 

2 1 
X = /taN 3kT' (1) 

r11e N • Il110THOCTb•'lJIC1Ja 'laCTIIU, µo • MarHJITHl,li"I MOMCHT O)J;HOJI 'laCTIIUI,I, k • 
IlOCTOllHHM Bo1lbl[MaHa, T . TeMncpaTypa. 0)J;HaKo, KUK noxa.,am1 MHOrO'lllC11eHHI,Ie 

3KCnepnMeHTI,I (cM. [1-5] ll yxa::iaHHYIO TaM m!TcpaTypy), Ha'HIJlbHal! BOCilplll!M'lll· 

BOCTb lmMeHlieTCll C TeMncpaTypoi"1 He no O!lKOHY K1op11 ( 1 ), a np1161111a<eHHO onn
CbJBaeTCll naxo110M K10p11-Bdicca 

1 
2N - )' X = l'o 3k(T - Tu (2) 

r;,,e To · 11eKOTOp8.!1 IlOCTOllHH!l.11 BCnll'IIIHa (ce Hitab!DaK>T TCMllepaTypoi"1 ynopll)l;O· 

'leHIJJI), :JaBHCllll.18.!I OT BnallMO)lei°ICTBllll Ut>)l(J:IY 'HlCTll!(aMII. Il HCKOTOpI,IX 3KCilCpll· 

MeHTax [l] Ha6111011aeMoe nua•1eu11e To 61,!1JO 110/JO)l(JITCIIbHblM, B 11pyr11x [2-3] . OT• 

puuaTe!lbHI,IM. ABTopI,I pa6oT (2-3] npegrronaraK>T, '!TO oTpnuaTenbuoe nua•1cHne 

To CBll3aHo C o6panoaauneM arperaTOB MarmITHblX 'HlCTIIU, IIUCK>ll{IIX KO!lbUeByIO 

MarHUTHy10 cTpyxTypy, no1106Hy10 aHT1tq>eppo1mruunmii. O;,,mi.xo, aoo6mc roaop11, 

naKOH K10p11-Be11cca llB1JlleTc11 He cTporuM, u ua6.JK>;x11:1oc1, Taxit:c Hcmrneiiuoe 110-

Bc,t1cH11e 06paTHOJ·1 BocrrpllllM'lllBOCTII B naa11c11110CTII OT Tc~mepaTypI,I [3]. 
QqeBl!,[IHO, 'ITO Ha61110gacMoe OTK!IOHeHJIC Bocrrp1111U'l!IBOCTJI OT naKOHa K10p11 

CBl!naHO co Bnal!MO)ICUCTBIICM uea<)l;y 'l!lCTIIU!lMII [6). O;i;uaxo KOHKpeTHbJe Mexa

HJl:JUbl era npol!B1Jeunll, Be)J;ymue K 3TOMY OTKllOHCIIIIK>, OCTalOTCll HCBbll!CHCHHI,IMJI. 

011tta un nepBI,IX IlOJJl,lTOK TCOpCTll'ICCKOro 06"hl!C11"HIIII [7) OCHOBbJBaeTCll Ha npc)'.1-

nonoa;cmm, 'ITO B Marm1THOl
0

! lKll)IKOCTII B OTCYTCTBJle 1mrHIITHOro IlOllll q>OpMII· 

pyeTCll aHTllq>eppmmrHUTHM CTPYKTypa, CO("TO!lllllUI 11::l npocTpaHCTBeHHO KOppe

m1poBaHHHI,IX !IUHeJ'iHblX ueno•1eK MarmITIILIX 'lflCTIIU, IIJ>II'ICM Harrpaancmrn HRMR· 

I'Hll'lCHllll B coce)J;HIIX uerrO'IKRX aHTllll!lpam1c;xb11bl. 01111aKo 3TO npe)'.lnonoa<eHne, a 

TaKit.e npe)'.lnonon<cHue o cymccTaonamm B Mar1111T11oii :,t;II)IKOCTII CTPYKTYP T1ma 

CJJIIHOBOro CTeKna He IIOl{TBcp:,i-;11a10TCII 3KCIIP-J>ll~1"11Tn.,bl!O. !l[ano~epollTHO TRKlKe 
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,, 

.. 

II cy111ecTBOBaHne 11pyrnx Kopperuru1wHHblX MeXaHll:JMOB C 601!1,IJJUM paµ;nycoM KOp· 

pe1Il!D;llll ( C "p;anbHllM nopllp;KOM"), KOTOpI,Ie 1Ie)KaT B OCHOBe TaK HaDbIBaeMOH cpe

p;Hecqiepll'ICCKOH MOµ;enn [8]. IIpeµ;cTaB1JlleTcll,'lTO Han6011ee BepO.IITHbIM Mexattnn

MOM K!Opll·Beii:ccoBCKOro noBeµ;eHnll MarHllTHOH )Kll/l;KOCTll .llB1I.lleTCll o6panoBaHne 

arperaTOB MarHIITHbIX 'laCTlIU, no npeµ;norro)KeHIIJO, cµ;enaHHOMY B pa6oTe [2]. 
B µ;aHHOH pa6oTe µ;eTaJibHO panpa6aTbIBaeTCll nMeHHO arperaTIIBHbIH MexaunnM 

npol!B1IeHilll B3aUMoµ;eii:cTBll.ll Me)Kµ;y 'laCTlll[aMll. CyTb era 3aK1IJO'laeTCll B cneµ;yJO

IUeM. Kax noKanaHO c noMOIUb!O Ha6nJOµ;eHuii: ManoyrnoBoro pacce.llHII.ll Heii:TpOHOB 

[9-10], µ;a)Ke B ycTOH'lIIBbJX MarHUTHbIX )Kll/l;KOCT.llX Bcerµ;a npncyTCTBYIOT arperaTbI 

nn He601IbIJJOrO 'lIICna (µ;o ·10) MarHUTHbJX 'laCTlll[. Ilpn 0TOM B GaBIICllMOCTU OT 

qiopMbl arperaTa, a TaK)Ke OT 'lllC1Ja qacTUU, nn KOTOpb!X OH COCTOUT, MarHIITHble µ;n

nonn qacTIIU o6panyJOT HeKoTopyJO yrrop.11µ;o'leHttyJO MarHIITHYJO cTpyKTYPY qieppo-,. 

aHTIIqJeppo- ll1III qieppl!MarHIITHOro Tnrra. Ilpn IIOBbillleHllll TeMnepaTypbI nponcxo

llllT panpyIJJeHne 3TOH CTPYKTJpbI, 'ITO ll rrpO.llBruieTC.11 KaK K!Opll•Beii:ccoBCKOe no

Beµ;eHne cycneH:JllII. Kax Mb! YBllp;llM, TaKall Moµ;enb nonB011.lleT o6'b.llCHIITb µ;aHHble 

3KcnepnMeHTOB [1-5]. 
KaK IIOKaDbJBa!OT pac'leTbl,· M.arHllTHall CTPYKTypa arperaTOB, o6ycnoBnCHHall 

µ;1mon1,-µ;11no11bHbJM B3allMOµ;eii:CTBlleM COCTaBn.llJOIUllX era 'laCTIIU,. BO MHornx cny
'lal!X UMeeT BnxpeayJO COCTaBIDIJOIUYJO, KOT0p8.!1 onllCbIBaeTCll Toponp;Hb!M MOMeH

TOM. IIoaTOMY µ;ononHnTe1JbHJ!O IIHqJOpMau;:iIJO 06 o6panoBaHllll arperaTOB MO)KHO 

nony'lllTb, ll:JMepllll TOponµ;HyJO BocnpllllM'lllBOCT~ arpernpoBaHHOH cycneHmm [11]. 
B µ;aHHOH pa6oTe paccMaTpnaaeTc.11 Moµ;en1, ")KeCTKnx" arperaToB (To eCTb Hell3· 

MeHHbIX no qiopMe), COCTOllIUIIX Im cynepnapaMarHIITHblX 'laCTll~. Ilpeµ;nonaraeTc.11, 

'ITO MarHllTHall CTpJKTypa µ;unoneii: BHYTPll arperaTa B03HIIKaeT Ga C'leT llX B3all

Moµ;eii:cTBll.ll Me)Kµ;y co6oii: rrpn µ;ocTaTO'lHOM nOHll)KeHJill TeMnepaTypbI. Ilpn 3TOM 

Bee paccMoTpeHne Beµ;eTc.11 µ;nll o6nacTn TeMnepaTyp BbJIJJe TO'lKn rrepexoµ;a B ynopll· 

µ;o'leHHOe COCTOllHlle, TaK KaK 06bI'lHO npn 6onee Hll:JKllX TeMnepaTypax cycrreH:Jllll 

aaMep:JaeT. Moµ;enb npeµ;cKa□bIBaeT 6011ee 0611111ii:, 'leM npocToii: K10pn-Beii:ccoBcKI1ii:, 

GaKOH ll3MeHeHilll BOCnpllllM'lllBOCTll C TeMrrepaTypoii:. 8To CB.113aHO C TeM, 'ITO 

arperaTbl B cycrrettnllll COBepIJJa!OT xaoTU'leCKOe 6poyHOBCKOe /l;Bll)KeHJie ll noaTOMY, 

HanpnMep, Op;HOpOp;Hoe none MO)KeT. cnoco6cTBOBaTb o6panc>BaHUIO He T011bKO TOH 

CTpyKTYPhl, KOTOpall o6panyeTCll npn nepexo11e 'lepea KpllTU'leCKYJO TeMnepaTypy, 

HO TaK)Ke ll µ;pyrnx CTPYKTYP, KOTOpbie TaK)Ke "pa□M.llr'la!OTC.ll" ·a61111nn TO'lKll ne

pexoµ;a. 

IInau pa6oTbl cneµ;yJOIUUH. Bo BTopoM panµ;ene BBop;nTCll Moµ;enb )KeCTKIIX arpe

raToB. B TpeTLeM - paccMaTpnBaeTCll npn6nu)KeHUe cpeµ;Hero nonll rrpnMeHnTenbHO 

K o6cy)Kµ;aeMOH aaµ;a'le. IIo cpaBHeHll!O C o6bl'lHbJM BapllaHTOM 0TOro npI16ID1)Ke

Hllll aµ;ec1, µ;ononHnTe111,Ho BBO/l;llTCll ycpep;HeHne no opneHTaUll.llM arperaToB. B 'le

TBepToM panµ;ene paCCMOTpeHbl TllnbI MarHUTHoro ynop.11µ;o'leltll.ll µ;nnone:ii B03Hll· 

KaJ0111ero npn nepexoµ;e 'lepen TO'IKY KIDpu. IlpnBeµ;eHbl peayn1,TaTbI 'lUClieHHoro 

pac'leTa HeKoTopb!X CTpJKTYP· B Il.llTOM panµ;ene nony'leHo 06111ee Bbipa)KeHue µ;rur 

Ha'laJibHblX BocnpllllM'IIIBOCTeii: cycneH3llll (MarHIITHoii:, TOpOIIp;HOH II "nepeKpecT

Hoii:") µ;n.11 )KeCTKoro arperaTa nponnBonbHoii: qiopMbI n noxanauo, 'ITO TeMnepaTyp

Hall GaBUCllMOCTb BOCnpnllM'lllBOCTeii: UMeeT 6onee 06JUYIO qiopMy, 'leM B npocTOM 

3aKOHe KIDpn~Beii:cca. B IJJeCTOM • 0Tll BOcnpIIIIM'lIIBOCTll BbI'lllC1JeHbI 11.11.11 C11J'lall 

n.,, .. . .• ., ., ..... .,.,.,.,..:r, i 
(;rt.,., .. A, .. ·- "'8.L.4 .. : t•·:l<Pii:.4 ;i· J :. 
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HaII6onee 'laCTO BCTpe'IaIO~IIXCJI - ABYX'laCTlI'lHbIX arperaToB. IloKa:JaHo, 'ITO OCHO

BHOII BKnag 0TIIX arperaTOB B MarHIITHYK> BocnpIIIIM'llIBOCTb lIMeeT "<I>eppoMarHUT

HYK>" npnpogy,. 'ITO COOTBeTCTByeT Tllny ynopJigO'leHHOrO COCTOJIHUJI :JTIIX arpe

raTOB. B OTOM )Ke pa:Jgene np1megeHbI proyl1bTaTb:i 'IIIcneHHoro pac'leTa ::iaBIICJIMo

CTII BocnpUIIM'llIBOCTeii OT TeMnepaTypbI gnJI HeKOTOpbIX <I>opM arperaToB, BKnK>'laJI 
nnoTHO ynaKOBaHHbie. 

2. Mogenb )KeCTKHX arperaTOB 

Me)Kgy 'laCTIIIJ;a.MU cycneH:JlllI cy~eCTByeT gBa OCHOBHbIX BIIga B::lalIMOge:ikTBUJI 

- MarHIITHOe g1mon1,-gunonbHOe II KOH<l>IIrypan;IIOHHOe. Ilog nocnegHIIM Mb! llMeeM 

B Bngy B:3aIIMogeiicTBIIe HeMarHUTHOH npIIpOghI, IlplIBOAJI~ee K OTTMKIIBaHUK> 'la

CTIIIJ;. 0Ho BO::IHUKaeT 6narogapJI HMII'llIIO Ha noBepXHOCTII qacTIIIJ; o6ono'IKII IlOBep

XHOCTHO aKTIIBHoro Be~eCTBa, cny)Ka~eii gnJI npegOTBpa~eHIIJI KOarynJIIJ;IIII cycneH

:JIIII. 3aBIICllMOCTb 3HepriiII B:Ja1IMoge11cTBIIJI OT paCCTOJIHIIJI Me)Kgy 'laCTIIIJ;aMII r Ka

'leCTBeHHO IIMeeT.BIIA, npegcTaBneHHbin: Ha pIIc. 1. MIIHIIMYM A cooTBeTCTByeT Ma

rHIITHOMY npIITJI)KeHIIIO Me)Kgy 'laCTIIIJ;aMII. IloTeHIJ;IIMbHbin: 6ap1,ep G - OillICbIBaeT 

OTTMKIIBaHIIe o6onoqeK nosepxHOCTHO aKTHBHoro Be~eCTBa II, HaKoHen;, BTopoii MII" 

HIIMYM - B - eCTb cnegCTBIIe cIInbHOH CBJI:311 'laCTIIIJ;, KOTOpbIM ygaeTCJI npOHUKHYTb 

qe"pro BbICOKIIn: noTeHIJ;UMbHbin: 6ap1,ep G. Ka'leCTBeHHO MO)KHQ npegcTaBllllTb ce6e, 

'ITO B 3TOM cny"<Iae qacTIIIJ;bI IIMeK>T 06~10 o6onoqey IIAB • .I(anbHen:IUeMy c6nm1rn-

HIIK> 'laCTIIIJ; npenJITCTByeT IIX "TBepgaJI cepgneBIIHa". . 

V 

C 

Puc.I. 3a6UCUM.OCmb 3Uepauu 63auM.oaeitcmBU.K M.e:)l(;ay ·•ta'cmu-qa.M.u .M.a2Jl,Umuoit 

cycneu3uu om paccmozuus. 

B COOTBeTCTBlIII C XapaKTepoM pacCMOTpeHHOro B:JaIIMogenCTBII.ll 'laCTIIIJ;, B cyc

neH:31III MoryT cy~eCT.BOBaTb arperaTbI p;Byx TIInOB : 1) "MarHIITHbie" arperaTbI, 

KOTOpbIM COOTBeTCTByeT MIIHIIMYM noTeHn;IIana A Ha pnc.l :ii 2)"KoH4>11rypau;110H

Hbie"' B0:JHUKaIO~IIe npu p;ocTaTO'IHOM c6nn:lKeHIIII 'laCTIIIJ;. B nepBOM cnyqae <pop-
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MOo6pa:JyK>~eii cnnoii cny,KIIT MarHIITHOe npIITJI:lKeHIIe Me,Kgy 'laCTI!IJ;aMU. Ilpo

u;ecc arperuposamrn B 3TOM cnyqae JIBnJieTCJI o6paTIIMbIM, 4>opMa u pa:3MepbI arpe

raTOB MoryT nm,teHJITbCJI nog BnUJIHIIeM BHeIUHero nollll II Tennosoro ABII:lKeHUJI. 

"IucneHHbIH pac'leT n MaKpoMogennposaHIIe, nposegeHHbie B pa6oTe (12], noKa:JbI

BaK>T, 'ITO 3Tll arperaTbI B u;enoM IIMeK>T BbITJIHYTYK> 4>opMy, 'ITO COOTBeTCTByeT 

aHII:30TpOnHOMY xapaKTepy gmIOnb-AIII!OnbHOro roanMop;eiicTBllJI. KoH<l>tirypau;1IOH

Hbie arperaTbI, Hao6opoT, IIMeK>T nnOTHO ynaKOBaHHYK> npocTpaHCTBeHHYIO c~pyx

TYPY, TaK KaK KoHqinrypau;110HHhie. cIInbI B nepsoM np116n11:lKeHn11 MO:lKHO cq11TaTb 

n;eHTpanbHO CIIMMeTpII'IHbIMII. Ilpu 3TOM' 4>opMy arperaTOB B IUIIpOKOM llHTepsane 

TeMnepaTyp MO:lKHO c'IIITaTb He::iaBIICIIMoii OT BHeIUHIIX B03p;eiicTBIIn:. IloaToMy ga-

nee Mbl 6yp;eM C'IIITaTb IIX ":lKeCTKIIMU". . 

IlpII IICcnep;oBaHIIII MarHIITHoii cTpyKTYPhI arperaToB 6on1,IUoe ::iHa'lemre IIMe~T 

xapaKTep CBJI:JII Me:lKp;y MarHIITHbIM MOMeHTOM OTp;enbHOll 'laCTIIIJ;bI m II opIIeHTa

IJ;IIeii CaMOll 'laCTIIIJ;bI, KOTOpaJI ::iap;aeTCJI HeKOTOpbIM seKTopoM ii, :lKecTKO CB.!maH

HbIM C 'laCTIIn;eii (ocb aHII:JOTponII~)- Tun 3TOH CBJI:JII ::iaBIICIIT OT BenII'IIIiihI 3Hep

rIIII aHII:JoTponIIII KV (::ip;ecb K - KOHCTaHTa aHII:JOTponIIII, V - o6'beM qacTIIn;hI) no 

cpasHeHUIO c aHeprueii Temiosoro p;BII:lKeHIIJI kT. EcnII KV ~ kT, To CBJI:Jb Me:lKp;y 

BeKTOpaMII m II ii MO:lKHO C'IIITaTb :lKeCTKOH (Mop;enb "BMOpo:lKeHHbIX" p;Unonen:). 

.I(pyroii npep;enbHbIH cny"<Iaii'so::iHIIKaeT, ecnII BbinonHJieTCJI o6paTHOe HepaBeHCTBO: 

KV ~ kT . .I(IInonbHhin: MOMeHT m cna6o csn::iaH c opIIeHTaIJ;IIeii BeKTopa ii, II 'la

CTIIIJ;a C'IIITaeTCJI cynepnapaMarHIITHOH. TaKIIM o6pa:30M, B :)aBIICIIMOCTII OT TIIna 

<popMoo6pa:JyIO~lIX CIIn II xapaKTepa CBJI:JII Me:lKp;y BeKTopaMII m II ii BO:JMO:lKHbI 

'leTbipe npep;enbHbIX TIIna arperaToB, KOTOpble YKa:JaHbI B Ta6nIIn;e 1. 

Ta6nIIn;a 1. ThnhI arperaToB MarHIITHbIX 'laCTIIIJ; 

<t>opM006pa:Jy10~11e CIInhI MarHIITHble CBOn:CTBa oTp;enbHoii qacTIIUbI 

BMopo:lKeHHhIH p;IInonb. CynepnapaMarHIITHM 

: 

KoH<pIIrypan;IIoHHble I II 

MarHIITHhie III IV 

Mo:lKHO C'IIITaTb, 'ITO arperaTbI I TIIna (BMopo:lKeHHhie p;IInonII, KOH<pIIrypau;IIoH

HhIH TIITI npocTpaHCTBeHHOH CBJI::iII) Boo6~e He II::iMeHJIIOT CBOIIX CBOHCTB nog BnII

JIHIIeM BHeIUHIIX BO::ip;eiicTBIIH (MarHIITHbIX II TennoBbIX).ArperaTbI II TIITia IIMeIOT 

:lKeCTKYIO 4>opMy, HO IIX MarHIITHbie CBOHCTBa MoryT MeHJITbCJI B :JaBIICIIMOCTII OT 

TIOITJI II TeMnepaTyphI, 'ITO onpep;enJieTCJI 6e::ipa:3MepHbIM · napaMeTpOM >., paBHbIM 

OTHOIUeHIIIO 3HeprIIII MarHIITHOro B:3aRMogeii:CTBIIJI µ5/ a 3 K TennoBOll 3HeprIIII ( a -

5 



cpe)'.IHee paCCTO.!IHlie Me:lK)'.IY '!aCTmi;aMH) 

µ5 
>. = a3kT' (3) 

Ilpn). ~ 1 oa C'leT 6orrblll0li BemI'llIHhl MarHlITHOro B3alIMO)'.leliCTBlI.!I arperaT JIMeeT 

:ii:eK0Topy10 MarHIITHYIO CTPYKTYPY [13]. IIpII yBemI'leHmI TeMnepaTyphr, Kor11a ,\ 110-

CTHraeT HeKOToporo KpHTII'lecKoro OHa'!emrn Ac ~ 1, arperaT cTaHOBIITC.!I cynepna

paimrHHTHhlM, ero MarHIITHa.H CTPYKTypa llC'!eoaeT. TaKoe ll3MeHeHire MarHIITHbIX 

CBOliCTB arperaTOB MaKpOCKOnlI'leCKII npIIBO)'.llIT K nO.HBlleHIIIO oco6eHHOCTeli B oaBJI

CIIMOCTII Bocnpll!IM'IIIBOCTII OT TeMnepaTyphl.Ecmr arperaTbI OTHOC.!ITC.!I I( TIIIIY III 
lI~II IV, TO BHelllHIIe BOO)'.leliCTBII.!I MoryT IIOMeHIITb He TOllbKO lIX MarHIITHbie COCTO

.!IHII.!I, HO II q,opMy. B ::!TOM crry'!ae TaK:lKe )'.IOll:lKHbI Ha6rr1011aTb aHOMamrn BOcnpmIM

'llIBOCTlI. B )'.laHHOli pa6oTe Mhl orpam1'IIIMC.H paccMoTpeHlleM TOllbKO arperaToB II 
T!Ina. KaK 6meT .!ICHO no J];aJibHelilllero, B TaKlIX arperaTax BOOMO:lKHhl q>a30Bbie ne

pexO)'.lbl KaK no q,eppoMarHlITHOMY "cri;eHap1110", TaK II no "aHTIIq>eppoMarHIITHOMy" 

IIllll no HeICoTopoMy 6onee cnmKHOMY IIX co'!eTaHnIO. 

3. Ilp~omrn-:eHHe cpe11Hero non.11 

By)'.leM paccMaTpHBaTb :iKecTKIIli arperaT TIIna II, cocTO.!IUJ;IIII H3 n '!acTIIIJ;. IIycTh 

r,, - pa)'.llIYChl-BeKTOphr, a r,,. -MarHIITHble MOMeHThl '!aCTlIIJ; ( 011ecb lIH)'.leKC a npo6e

raeT OHa'!eHlI.!I 1, 2, ... , n). Pa1111ychl-BeKTOphl, HanpaBrreHHbre OT 'laCTIIIIhl a K '!a

CTlIIJ;e b 6Y)'.leM o6o3Ha'!aTb C~MBOllaMlI 

Tab= r'a -1). (4) 

B )KeCTKOM arperaTe BOalIMHbie paCCTO.!IHll.!I MelKIIY '!aCTlIIJ;aMII C'll!TaIOTC.!I qnmcu

poBaHHbIMII. 1I11cno 'laCTIIIJ; n Mb! 6y)'.leM C'IIITaTb He ClllllllKOM 6oJibllllIM (n:::; 10), Kai( 

::!TO o6bI'IHO lIMeeT Me.CTO B YCTOli'IIIBhlX cycrreH3lI.!IX. IIoaTOMY arp,eraT MOlKHO C'llI

TaTb 6poyHOBCKOli 'laCTlIIJ;eli. B COOTBeTCTBIIII c nplIH.!ITOli MO)'.lellhIO arperaT IIMeeT 

crre11y101.IJ;1Ie CTeneHII CB060)'.lhl: 1) OH MOJKeT KaK ri:erroe COBeplllaTh nocTyrraTeJihHhle 

lI BpaUJ;aTellhHble )'.IBII:lKeHII.!I II 2) BeKTOphl ma, OIIIICblBaIOUJ;IIe MarHIITHble COCTO.!IHII.!I 

arperaTa, MoryT lIOMeH.!ITh CBOIO op11eHTaIJ;1110, OCTaBa.HCh nplI ::!TOM IIOCTO.lIHHhIMll 

no BemI'llIHe. B )'.laJihHenweM Mhl He 6meM paccMaTp!IBaTh nocTyrraTellhHOe )'.IBIIlKe

HIIe, TaK KaK OHO He cyUJ;eCTBeHHO )'.lllll paccMaTpuBaeMOli O)'.leCh oa11a'11I 06 lI3MeHeHHII 

MarHIITHoro COCTO.!IHH.!I. 

<PyHKIJ;ll.!I pacrrpe11eneHH.!I no Bhl6paHHhlM cTerreH.HM cB06011hr onpe11enneTC.H aHep

r1teiI arperaTa, KOTOpa.H BKllIO'!aeT )'.IIInOllh-)'.IIIIIOllhHOe BOalIMO)'.leliCTBUe '!acT·IIIJ; Me)K

IIY co6oiI 

U = - I:,I:ma;A;k(rab)mbk, (5) 
a a<b 

r11e o6o3Ha'leHo 

A;k(r) = (3x;xk - 5;kr2) 
rs ' (6) 

6 

a TaKJKe B3aI!MO)'.lei°ICTBIIe C BHelllHlIM norreM, KOTOpoe Mhl 3an11llleM B BI!)'.le 

U1 = - 'I:,(mJJ.). (7) 

311ech npe11rrorraraeTc.H, 'ITO arperaT B3a1IM011eiicTByeT, B006UJ;e roBop.H, c HeO)'.IHOpo

llHhIM rrorreM H(r) II Ha= ii(ra) - none, 11e11CTBYI01.IJ;ee Ha a-IO '!aC'rHIJ;y. B 6orrhlIIIIH

CTBe crry'IaCB none C'Il!TaIOT cna6o HeO)'.IHOpO)'.IHhlM, 11 IlOGTOMY ero MO:lKHO paorrO:lKlITh 

B pn11 B6mmn Ha'!arra KOOp)'.llIHaT, BbI6paHHo_ro BHYTPll arperaTa 

- - 1 - -H(r) ~ H(0) + -[r(v' H]0] + r · {v' H}o · · ·, 
. 2 (8) 

r)'.IC rpa)'.IIIeHThI IIOllll 6epyTCll B TO'!Ke r = 0, 'ITO OTMe'IeHO IIH)'.leKCOM 0. KBa

)'.lpaTHhie CK06KI!, KaK o6hI'IHO, o603Ha'IaIOT BeKTOpHoe npo1I3Be)'.leHire, a qmrypHble 

- TeH30pHoe npmmBe)'.leHIIe BeKTopoB; KOTopoe orrpe11erreHo KaK 

- 1 2 -{ab};k·= -(a;bk + akbi - -(ab)5;k). 
2 3 

(9) 

C rreToM paonmKeHirn (8) aHeprmo B3aI!Mo11eiicTB1rn arperaTa c noneM (7) MmKHO 

3anucaTh B m111e 

u, = -(MH0 ) - (TG) - (Q: F), (10) 

rp;e BBep;eHhI MYJihTI!IIOllhHhie MOMeHThl arperaTa - 1,mrHIITHhlfr M, Topm1p;HhIII Tu 
rrnap;pynorrhHhlli Q : 

- ~ -M =~ma; - i ~[- - l T= - ~Tama j 
2 a 

Q = 'I:,{rama}, 

a Ta!OI(e BBC)'.leHhI o6o3Ha'!eHirn )'.Ill.II norrn II ero rpa11neHTOB : 

Ho = H(O); G = [v' H]o; F = {v' H}o, 

(11) 

(12) 

n p;allhHeIIllleM Mhl He 6yp;eM 3p;ech paccMaTp1rnaTh rrnap;pyrroJibHOe B3aIIMOp;e:i'1cTB1Ie. 

IIcnOllh3Y.!I Bhipa,KeHirn (5), (7), q>YHKIJ;IIIO pacnpep;enemrn MO)KHO 3aIIIICaTh B 

BII)'.IC 

dW(1n1,m2, ... ,mn,n) = exp{-/3(U + u,)}dm1 .. ,dmndn, (13) 

rp;e /3 = 1/kT - o6paTHa.H TeMnepaTypa B aHeprer11'!ecKIIX ep;rmnri;ax. Cnl\morrou n 
o603Ha'IeHhI yrnhI opueHTaIJ;IIII arperaTa. TepMOl];IIHaMII'!eCKIIC CBOi°ICTBa CIICTCl\!hl 

onpep;ell.l!IOTC.!I CTaTJICTU'leCKIIM IIHTerpaJIOM 

Z = j dW = j exp{-/3(U + U1) }dm1 ... dmndf!. (14) 

MeTOl];bI BhI'IIIClleHirn lIHTerparroB TaKoro TI!Ila Heop;HOKpaTHO 06cylKp;am1ch B lIIITe

parype [14-16]. B pa6ore CaHo n ,IJ;on [14] ucnorrh3yercn rrpu6rrmi..:eHHhri°1 Merop;, 

ocHoBaHHhlfr Ha.q,opMyrre raycca. 8ror Merop; aKBirnarreHTeH Merop;y cpep;Hcro rrorrn. 

B pa6orax.[15-16] OHa•reHIIe lIHTerparra rrorry'ICHO B Bl!l];C 6ecKOHC'IHOro pa3lIOlKCHllll 

B pnp; no q>yHKIJ;IlllM Beccerrn. ,D;arree Mhl 6yp;eM ucnoJih30BaTh rrp116mDKCHHhii°I l\!CTOp; 
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cpep;Hero noJIJI (17], KOTOpbIIr IlO:JBOJIJieT Hau6onee npOCTblM u Harmip;Hb!M cnoco6oM 

nony'IIITb IIHTepecyIOlllIIe Hae penyJibTaTbl. KpoMe Toro, aTOT MeTop; nerKO peamr

nyeTCH 'IUCJieHHO ( cp. [11-13]). B HaweM cny'lae ~teTOI]; cpep;Hero noJIJI CBOl];lITCJI K 

cnep;y101lleii nocnep;oBaTeJihHOCTil waroB. Ilpep;cTaBIIM MarHIITHhIH MoMeHT Ka,Kp;oii 

'laCTIUJbl B BII)J;e cyMMbl HeKoToporo cpep;Hero :JHa'!eHIIJI [1. II qmyKTyaIJIIU 5. 

iii. = [1. + s •. (15) 

Cpep;Hee :JHa'leHIIe JIBJIJieTCJI HeII:JBeCTHOll noKa <pyHKIJIIeii TeMnepaTypbl ,8, MarHUT

Horo noJIJI H II opIIeHTaIJIIII arperaTa n 

[1. =< iii. >= [1.(,8, ii, n). (16) 

Ilop;CTaBJIJIJI iii. B BIIp;e (15) B Bbipa)KeHIIe l];JIJI aHepnrn B:JaIIMop;eHCTBIIJI U (5), Mbl 

MO)KeM npep;CTaBIITb ee B mrp;e cyMMbI Tpex CJiaraeMbIX, cop;ep)KallllIX <pnyKTyaIJIIII 

C. coOTBeTCTBeHHO B HyneBoi'1, nepBoii II BTopoii cTeneHJIX. IIpeHe6peraJI 'llleHoM, 

cop;ep)KalllIIM KBap;paTbl <plIYKTyaIJIIll (B aTOM II COCTOIIT OCHOBHOe npep;nonmKeHIIe 

MeTop;a cpep;Hero nOJIJI) II Bb!pa)KaJI C nOMOlllbIO (15) 80 'lepen µ~ II iii 0 , aHepnrIO U 
MO)KHO npep;cTaBIITb B BIIl];e 

U = Uo - L iii.· :E(Aab · µb), (17) 
a bcfca 

rp;e o6onHa'!eHo 

Uo = L L(fla · Aab · µb)- (18) 
a b>a 

TaKIIM o6panoM, B 0TOM npu6nmKeHIIII Mbl Y'IJIII TOJibKO cpep;Hee none I: (Aab . j1b), 
, b# 

p;eiicTBYIOlllee Ha Ka)Kp;yxo 'laCTIIIJY co CTOpOHbl BCex OKpy)KaIOlllIIX ee p;pyrIIX 'laCTIIIJ. 

Ilop;CTaBJIJIJI Bblpa)KeHIIe l];lIJI aHeprIIII (17) B CTaTIICTil'leCKIIll IIHTerpan (14), 
MO)KHO BII)J;eTb, 'ITO OH npeo6panyeTCH K BIIl];Y 

Z = j dnexp{-.BUo} IT] exp{,B(iii.h.)}diii., 
a 

(19) 

rp;e BBep;eHO o6onHa'leHIIe l];lIJI aq>q>eKTIIBHoro noJIJI 

ha =Ha+ :E(Aab · [1b) 0 (20) 
bcfca 

MHTerpaJibI no m. B npaBOII '!aCTII COOTHOWeHIIJI (19) (p;anee 6yp;eM o60:JHa'laTb IIX 

CIIMBOJiaMII Za) JierKO Bbl'IIICJIJIIOTCJI: 

z. = j exp{,B(iii.h.) }diii. = 471' sht.); 

np;ecb CIIMBOJIOM €a o6onHa'leHo 6enpanMepHoe none 

€a= ,Bµoh •. 
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(21) 

(22) 

Ilpu Bbl'llICJieHlrII IIHTerpana z. Y'IIITbIBaJIOCb, 'ITO MOMeHT iii._ IIMeeT qmKcupoBaH
HYIO p;mrny µo, II noaTOMY IIHTerpIIpoBaHIIe npOBOl];IIJIOCb TOJibKO no yrnaM opueHTa
IJHil BeKTopa iii •. Ilop;cTaBJIJIJI (21) B (19), nOJIY'IIIM 

-Z_=f dnexp{-.BUo} rrz .. 
a 

(23) 

.il:JIJI OKOH'laTeJibHOro Bbl'IIICJieHIIJI CTaTIICTII'leCKOro IIHTerpana Z He06XOl];IIMO 

npoBeCTII IIHTerpIIpoBaHIIe no yrnaM opIIeHTaIJIIII arperaTa n, p;JIJI 'lero Heo6xo

l];IlMO 3HaTb <pyHKIJIIIO [1. (16). ::hy <pyHKIJilIO MO)KHO HaHTII Il:3 ycJIOBIIJI MlIHIIMyMa 
CB06op;HOH aHeprIIII <I>, KOTOpaJI o6bl'!HbIM o6panoM Bblpa)KaeTCH 'lepen IIHTerpan 
Z: 

1 
<I>= -i3'1nZ. (24) 

He1mBeCTHhie <pyHKIJilll [1. HaXOl];JITCJI II:J ycJIOBIIJI paBeHCTBa HYJIIO BapllaIJIIOHHOll 
nponnBop;Hoii: 

S<I> 
a[1.(n) = 0· (25) 

Ilop;cTaBJIJIJI Z B Bllp;e (23) B COOTHOWeHIIe (24) 
npocTbIX npeo6panoBaHIIH nony'IIIM 

II Bbl'IIICJIJIJI npoII:JBOl];HYIO, nocne 

_ µoC( €.)ha 
µ. = h. ,' 

rp;e BBep;eHa <pyHKIJillI JiaH)KeBeHa 

1 
·£(0 = cth(€)- €° 

(26) 

(27) 

Ilony'leHHoe ypaBHeHIIe (26) uMeeT npocToii: <pII:JII'lecKIIH CMhICJI : opneHTaIJHJI Ma

rHIITHOro MoMeHTa Ka,Kp;oii '!aCTIIIJhl arperaTa onpep;enJieTCH cyMMapHbIM noneM h. 
(20), BKJIIO'laIOllllIM BHewHee none II noJIJI OKpy)KalOlllIIX 'laCTIIIJ. 

PewaJI HeJIIIHeiiHoe ypaBHeHIIe (26) OTHOCIITeJihHO nepeMeHHbIX [1., Mbl HaHp;eM 

IIX B BIIp;e <pyHKIJIIH (16). Ilop;cTaBJIJIJI OaTeM [1. B (23) II IIHTerpnpyJI no yrnaM 

opneHTaIJIIII arperaTa n, Mbl noJiy'iIIM OKOH'laTellbHOe Bbipa)KeH'ue p;nJI CB060p;HOH 

aHeprIIII KaK <pyHKIJIIII BHeWHero MarHIITHOro noJIJI II TeMnepaTypbI • .il:JIJI Bbl'IIICJie
HIIJI BOcnpIIIIM'iIIBOCTII cnep;yeT HaHTII ~TOpble npoIIOBOl];Hble CB06op;HOH 0HeprIIII no 

non10 (Ho IIJIII G). 8TII Bhl'IIICJieHIIJI ner'le Bcero npoBeCTII B p;Ba aTarra. CHa'lana', 

BbI'iIICJIJIJI nepBhle npOIIOBOl];Hble, Mbl nony'IIIM cpep;HIIe OHa'leHIIJI MYJihTIInOJibHbIX 

MOMeHTOB 
a<I> 

< M >= - aiio; 
a<I> 

< f >= - aa· (28) 

Ilop;bIHTerpaJibHOe Bblpa)KeHIIC B CTaTIICTII'leCKOM IIHTerpane (23) OaBIICilT OT noJIJI 

l];BOJIKIIM o6panoM - JIBHO, 'lepeo BCJIII'IIIHY ii. II HeJIBHO - 'lepeo <pyHKIJIIIO [1 •. TaK 

KaK corJiaCHO ypaBHCHIIIO (25) npOIIOBOl];HaJI OT 4> no fla paBHa HYJIIO, TO npII l];II<p~ 

<pepeHIIIIPOBaHIIII CJiep;yeT Y'IIITbIBaTb TOllbKO JIBHYIO oaBIIClIMOCTb OT noJIJI. Ilocne 
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Bbl"IHCJieHIIJI.npom:mop;Hblx (28) cpeµ;HHe ::JHa"IeHirn MoMe~ToB < M > 
0

n < T > MmKHo 

npeµ;cTaBIITb B Bnµ;e 

< M >= ½ J dilexp{-:-.BUo}MilZadn; 
a 

< T >:::;: ½ J dilexp{-.BUo}TilZadn, 
a 

(29) 

rµ;e MOMeHTbI Mu T onpeµ;eJIJUOTCJI BbipalKeHJUIMll (11) c OaMeHOH ma Ha ila•. IloCJie

µ;y10m;ee µ;n<p<pepem:~npOBaHlle cpep;HllX OHa"IeHllH MoMeHTOB no IlOJIIO µ;aeT BOOMO)K

HOCTb HaHTll BocnpnllM"IIIBOCTll - MarHIITHYIO XM, Toponµ;HyIO XT II nepeKpecTHYIO 

x™: 

M •o<M 
Xik =N i > 

8Hok ; 
Xik = N f) < T; > · 

8Gk ; 
fM = Na < M; > = Na < Tk > (3o) 

X,k 8Gk 8Hoi 

rp;e N - IlJIOTHOCTb "IIICJia arperaTOB p;aHHoro copTa. 

3aBllCIIMOCTb BOCilpllllM"IIIBOCTeii: cycneHOllll OT IlOJIJI Bp;allll OT TeMnepaTypbI ne

pexop;a arperaTa·B ynopJip;o"IeHHOe cocToJIHlle T0 paccMaTpnBarracb B pa6oTe [11]. 
B aToii: o6rracTn (T < T0 ) MOMeHTbI "IacTIIU: crra6o OaBIICJIT OT TeMnepaTypbI, 'ITO 

µ;aeT BOOMOlKHOCTb paccMaTpnBaTb arperaT KaK CTpyKTYPY C IlO"ITll BMOpolKeHHbIMlI 

p;HIIOJIJIMll. B µ;aHHOH pa6oTe MbI llHTepecyeMCJI BOCilpllIIM"IlIBOCTJIMll B6Jill0lI TeM

rrepaTypbI nepexop;a T Z- T0 • B cnJibHbIX MarHHTHbIX norrJix, Tarrnx, 'ITO aHeprnJI "Ia

CTIIIJ;bI B norre OHa"IllTellbHO rrpeBbilllaeT 0HeprnIO BOallMOp;eii:cTBlIJI Me,Kµ;y "IaCTHIJ;aMH 

BHYTPII arperaTa, arperaT MOlKHO C"IllTaTb cyneprrapaMarHIITHbIM. IIoaToMy OCHO

BHOH llHTepec rrpep;cTaBJIJieT "Ha"IaJibHM" BocnpIIIIM"IllBOCTb cycrreHOIIH, TO eCTb 

BO~IIpIIHM"llIBOCTb B Clla6bIX IlOJIJIX, KOTOpaJI HaII6orree "IYBCTBHTeJibHa K MarHII_THOH · 

cTpyKType arperaToB. 

4.TunbI MarHHTHoro ynop.11µ;o'leHU.ll arperaTOB 

IIpelKµ;e 'leM nepexop;HTb K BbI"IIICJieHIIIO BOCilpllllM"IlIBOCTeii:, pacCMOTplIM pe

llleHIIe Hemrneii:Horo ypaBHeHllJI (26) B OTCYTCTBlle BHelllHero IlOJIJI. 8TO IlOOBOlllIT 

HaM ycTaHOBllTb TlIIIbI MarHllTHbIX CTPYKTYP, o6paoyeMbIX innoJibHbIMll MOMeHTaMn 

"IaCTiin; BHYTPll arperaTa B o6rraCTll TeMnepaTyp HlllKe TO"IKll nep~oµ;a (B ynopSI

p;o"IeHHOH "qiaoe"). B npeµ;errbHOM crryqae T -+ 0, 'ITO cooTBeTcTByeT € ...,.+ oo, 

<PYHKIJ;IIIO JlaHJKeBeHa £(0 B ypaBHeHIIll (26) MOlKHO C"IHTaTb paBHOH eµ;nHnn;e. Ilo-

0TOMY ypaBHeHIIe (26) npIIBOp;IITCSI K Bnµ;y 

_ µoha 
µa=--, 

ha 
(31) 

rµ;e egIIHII'lHbIH ~eKTop· ha/ha, corrracHo BbipalKeHIIIO (20) (B KOTopoM cneµ;yeT norro

lKIITb ifa = 0), opneHTIIpOBaH B HanpaBrreHIII! cyMMapHoro IlOJIJI, ,n;eii:CTBYI<>lll;ero Ha 

"IaCTIIIJ;Y co CTOpOHbI OKpylKaIOlll;lIX ee coceµ;eii:. YpaBHeHne (31) MO)KeT 9bITb pellleHO 
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'lIICJieHHO. Ilpon;ep;ypa pellleHirn OCHOBaHa Ha IICilOJibOOBaHim MeToµ;oB MIIKpoMarHe

TIIOMa, KaK aTo noµ;po6Ho omrcaHo aBTopaMI! pa6oTbI [13] 11 rµ;e TaKJKe nprrne,n;eHbI 

peoyrrhTaTbI pelllemrn ypaBHemrn (31) ,n;rrn 6onbllloro "IIIcna paomr"IHbIX no <pcipMe 

arperaTOB. ,il;rrJI paCCl..iaTpIIBaeMbIX op;ecb lKeCTKIIX arperaTOB C CIIJibHbIM ~peo6rra

p;aHIIeM KOH<pnrypan;IIOHHoro BOaIIMo,n;eiicTBil.lI II B npe,n;~_OJIOlKeHim, 'ITO BCe "IaCTIIIJ;bI 

O,ll;IIHaKOBbI. !IO- paoMepy II IIMeIOT cqiepII'leCKYIO <popMy, Haa6onee BepoJITHbie npo

CTpaHCTBeHHbie cTpyKTypbI ( TO ecTb CTPYKTYPbI c. Ha1I6orrb1I1eii nrroTHOCTbIO yna

KOBKH II MaKCI!11aJibHOII aHepruei'i CBJIOII), 06paoy10m;necJI rryTeM noc~eµ;oBaTeJibHoro 

npucoe,n;rrnemrn 0/J;IIHO"IHbIX "IaCTIIIJ; TaKOBbI [18] 
- npaBilllbHbIII TpeyroJibHIIK (3 "IaCTIIIJ;bI); 

- TeTpaa,n;p ( 4 'laCTIIIJ;bI ); 

- TpIIroHaJibHM 6rm11paMI1p;a (5 "IaCTI!IJ;)j 

- 6nnupaMIIp;a c TeTpaa,n;poM ("lllaIIKoii:") Ha op;Hoii: uo rpaHeii: (6 "laCTiln;); 

- cep;bMaJI "Iac711n;a MmKeT o6paociBaTb "lllaIIKy" Ha rpaHII npep;bip;ym;ero arpe-

raTa, HO 3Ta qiopMa JIBJISieTCJI HeycTOil"II!BOII, II OHa ::mMbIKaeTCJI B rreHTaroHaJibHYIO 

611m1paMI1p;y (7 "IaCTIIn;). 

,Il;arree arperaTbI 06paoy10TCJI nocpep;CTBOM npI1coep;IIHemrn "1I1ano"IHbIX" "IaCTIIIJ; Ha 

rpaHJIX ceMI!"IacTII"IHOro arperaTa. MarmITHM cTpyKTypa Hau6onee nnoTHbIX arpe

raToB c "Il!ClIOM "IaCTIIIJ; n :S 5 IIOKaoaHa ua pI!c.2. IIoµ;po6HbIII aHarrno MarmiTHOII 

CTpyKTYPbI 0TIIX II ,n;pyrux BOOMO)KHbIX arperaTOB IlOOBOlll!JI ycTaHOBl!Th, 'ITO OHa · 

Hau6onee nonHo om1chmaeTcJI Marm1THbIM II TOponp;HbIM MOMeHTaMII M II f. 3Ha"Ie

mrn 0TI!X MQMeHTOB yKaoaHbl B nop;nlICI! K pnc.2 ,ll;JIJI noo6pa)l.;:eHHbIX Ta1I arperaTOB. 

~ 
Puc;2. Ma211,um11,a.Jl cmpyi;;mypa n,wm11,o ynai;;0Ba11,11,b1x ·a2pe2amoB J11,Jl cay11,air mpex 

(a),'11,embzpex (6) u nllmu (B) 11,acmu"lf. CyMMapnb1e Ma211,um11,b1e M0Me11,mb1.A1 mpex

u 11,emb1pex11,acmu11,11,b1x a2pe2amoB pa611,b1 11,y,1,10, 'a da.Jl nllmu•tacmu11,no20 a2pe2ama 

M = 1.59µo. Topoud11,b1e M0Me'H.mb1 paB'H.bl coomBemcmBen11,o 1, 73; 2,0 u 2,68' (ii 
eau'H.U"lfaX aµo), 

lioMeHCHI!e MarHIITHOI! CTpyKTypbI c TeMnepaTypofr MO)l,:CT 6bITb HaII,D;CHO nyTeM 

"IIIcneHHoro pellleHirn ypaBuemrn (26). Ilpon;ep;ypa "II!CJieHHoro pellleHI!H aHarroril"IHa · 

Oill!CaHHOH B [13]. B 60Jibllll!HCTBe cn"y"IaeB Ha6n10µ;aeTCJI nJiaBH_M oaBIICIIMOCTb na

paMCTpOB BO BCeII o6nacTII TeMnepaTyp, KpoMe TO"IKI! To, r,n;e rrpoucxop;l!T CilOH

TaHHOe BOOHIIKHOBeHIIe CTPYKTypbI. Ha pI1c.3 Imo6pa)l,CHbI ::mBl!CIIMOCTII MarHI!T

HOro n Toponp;Horo MOMeHTOB arperaTa OTTeMnepaTyp1,1 ,n;nn,arperaToB B qiopMe 

npaBIIJibHOrO TpeyroJibHI!Ka, TeTpao,n;pa, Tpl!rOHaJibHOI! 6rmupaMI!,ll;bI II rrpaBI!llbHOII 
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Puc.S. ::JaBucuM.ocmb M.azuumuozo M / µo u mopouduozo T / aµ0 M.oM.eumoB 
azpezamoB om meM.nepamypb1 (ffiopM.a azpezamoB noica3aua 11.a puc. cnpaBa 

,·66epxy). Ho ocu a6c~ucc om110:J1Ce11.a meM.nepamypa 6 6e3pa3MepublX 
eduuu~ax (1/ ,\) 

"IeTbipexrpaHHOH nupaMup;bI. Kax MO)KHO Bnµ;eTh II:J aToro pucyHKa, µ;rrJI nocneµ;Hero 

arperaTa cymecTByeT µ;Be TeMnepaTyphI nepexoµ;a B ynopJIµ;o"IeHHoe cocToJIHIIe. Bo

nee noµ;po6Ho µ;eTarrII nepexoµ;a 6yµ;yT o6cy)Kµ;aTbCJI B crreµ;yrome:ii: ny6rrnK~IIII. 

5. BocnpHHM'IHBOCTb BbIWe TO'IKH nepeXOAa 

B6nnon TO"IKII nepexoµ;a B o6nacTn T > T0 MhI MO)KeM C"IIITaTb cpegHne oHa"IeHnJI 

MarHilTHbIX MOMeHTOB "IaCTIIq i1a MallhIMII BeJIIl"IlIHaMn, nponopqIIOHallbHbIMil npn

lIO)KeHHOMY crra6oMy MarHIITHOMY norrro. PaarraraJI cpyHKqnro JlaH)KeBeHa £(0 (28) B 

ypaBHeHIIII (26) B CTeneHHOH pHµ; no MalIOMY (: £(() ~ (/3, MbI MO)KeM npeo6paao

BaTh ypaBHeHne (26) B .CIICTeMy JIIIHeHHbIX ypaBHeHIIH OTHOCilTellbHO HeIIOBeCTHhIX 

i1a : 
- 1 ' 2- .1 2 - ~ -
µa = 3/3µoha = sf3µo(Ha + ~ Aab · µb). 

b;,!a . 
(32) 

B IJ:allbHe:ii:weM ygo6HO nepeHTil K 6eopaaMepHbIM nepeMeHHhIM, C"IlITaJI ep;IIHllqaMil 

IIOMepeHIIJI p;lllI MOMeHTa ila, MarHIITHoro nolIJI Ha, paCCTOJIHilJI r II TeMnepaTyphI T 
COOTBeTCTBeHHO 

1 . 
(µa) = µo;. [Ha) = -/3; [r) = a; . . . µo 

12 

[T} = ka3 
2 • 

µo 
(33) 

,J, 
1 

}·\1: 1,' 
\~, 

I 

tti/ 1\1 , , 
I. 

,Il;rrJI 6e:JpaaMepHhIX nepeMeHHhIX MhI 6)1AeM ncnorrh:JOBaTh npe:amne 060:JHa"IeHIIJI. B 
HOBbIX nepeMeHHbIX ypaBHeHne (32) IIMeeT Bilµ; 

3µa - ,\ LAab • µb = Ha, (34) 
b;,!a 

rµ;e ,\ - napaMeTp B:JaIIMOµ;e:ii:CTBIIJI, onpeµ;erreHHblli COOTHOWeHIIeM (3). 

HeII:JBeCTHbie BelIII"IIIHbI µa; yµ;o6Ho npeµ;CTa.BIITb B Bnµ;e 01];HOCTOlI6qoBOH Ma

TpIIqbI, IIMerome:ii: 3n aJieMeHTOB, KOTOpyro MbI 060:JHa"IHM CUMBOlIOM 1w >. KpoMe 

aToro, MhI BBeµ;eM 3n 6aauCHhIX BeKTopoB lai >, nMeromnx Bcero oµ;Hy KOMnoHeHTY, 

paBHYIO eµ;1mnqe, KOTOpaJI Haxoµ;IITCJI B CTpOKe C HOMepoM 3( a - 1) + i MaTplI"IHOro 

cTorr6qa. C noMombro 6aancHhIX BeKTopoB lai > ;BeKTop MarHIITHoro cocTOJIHilJI 

arperaTa IW >= col (µix, µ1y, ... , µny, µnz,) MO)KeT 6bITh oanncaH B Bnµ;e 

1w >= :Eµadai >. (35) 
ai 

AHarrorn"IHO KOMnOHeHThI nolIJI Hai MbI MO)KeM paccMaTplIBaTb Ka.K KOMnOHeHTbI He

KOToporo 3n-MepHoro BeKTopa·norrJI IH >, npn"IeM paarro)KeHne 0Toro BeKTopa no 

TOMY )Ke 6aancy lai > nMeeT Bnµ; 

IH >= L Ha;lai > . (36) 
ai 

KoacpcpuqueHThI ypaBHeHIIlI (34) Aab = A;k(r'..b) Mbl MO)KeM paccMaTpuBaTb Ka.K KBa

µ;paTHYIO MaTpney it paaMepoM 3n X 3n 1-laibk = A;k(r'..b). C noMombro BBeµ;eHHhIX 

0 60:JHa"IeHIIH ypaBHeHIIe ( 34) :JanuweTCJI. B BIIµ;e 

(3 - ,\it)lw >= IH > (37) 

· · MaTpnqa it, y)KJ no cnoco6y ee onpegerreHnJI, JIBlIJieTCJI ge:ii:cTBIITellbHo:ii: n cnM

MeTplI"IHOH. Ilo0TOMY OHa IIMeeT ge:ii:cTBIITellbHbie co6CTBeHHbie OHa"IeHIIJI II opToro

HallbHbie co6cTBeHHbie COCTO.I.IHIIJI, KOTOpbie Mbl MO)KeM onpegelIIITb, pewaJI oaga'ly 

Ha co6cTBeHHhie ::ma'leHIIJI ' 
itlwm >= EmlWm >, (38) 

npn'IeM cOCTOJIHIIJI IWm > o6paayroT opTOHopMnpoBaHHhIH 6aan.c 

< WmlWm• >= Cmm'• (39) 

BeKTOp COCTOJIHIIJI 1w > MO)KeT 6bITb paaJIO)KeH no OTOMY 6aancy: 

1w >== :E CmlWm >, (40) 
m 

. rµ;~ KOOq>q>nqneHThI pa::3lIO)KeHII.I.I CB.I.IOaHbI C IICXOIJ:HhIMII napaMeTpaMII µai HeKOTOpbIM 

COOTHOWeHneM. ~T06bI HaHTII 0TY CB.I.IOb, oaMeTIIM, 'ITO B curry opTOHOpMIIpOBaH

HOCTII 6aanca lai > IIO cOOTHOWeHIIJI (35) MhI MO)KeM BbipaanTb µa; 'Iepeo npoeKqnn 

BeKTopa COCTOJIHII.1.1 Ha 6aanCHbie BeKTOpbI : 

µai =< ailW > . (41) 
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IIoµ;cTaBITJIJI B 3TO COOTHOllleHire BMeCTO 1'11 > ero pannmKemre ( 40) no co6CTBeHHhlM 

BeKTopaM l'1'm >, nony'IIIM ncKOMYIO CBJI:Jh B Birµ;e 

µai = LCm < ail'11m >. 
m . 

(42) 

O6paTIIMCJI Tenep1, K ypaBHemrro (37). PannmKIIM BeKTop nonJI IH > no co6-

CTBeHHblM BeKTOpaM Ma:TpIID;bl i{ : . 

IH >= LHmlWm >, (43) 

IIoµ;cTaBIIB, µ;anee, B (37) BMeCTO 1'11 > ero panno)KeHire no 6a:JIICHhlM BeKTOpaM 

l'1'm >, µ;nJI Ko0cpcpuu;ueiITOB Cm nony'IIIM ypaBHeHue 

(3 - >..Em)Cm = Hm (44) 

oTKyp;a Haxop;nM perneHne 

Cm= 3->..Em 
Hm 

IIoµ;cTaBnJIJI Cm B COOTHOllleHne ( 42), nony'!aeM :JHa'!eHirn KOMnOHeHT cpep;HIIX Ma-

rHIITHhlX MOMeHTOB '!aCTIID; B BIIp;e 

Hm 
µai = L < ailWm > 3 - >..Em. 

m 

( 45) 

Ko0cpcpnu;neHTbl panno)KeHIIJI Hm BeKTopa nonJI IH > B cooTHorneHmI ( 43) MoryT 

6h!Tb Bhlpa)KeHhI '!epe:J ncxop;Hhle KoMnoHeHThl nonJI Hai aHanorn'IHO TOMY, KaK 6hlna 

Hanp;eHa CBJI:JI, Me)Kµ;y Cm II /lai : 

Hm =< WmlW >= L Hbk < Wmlbk > • 
bk 

IIoµ;cTaBITJIJI 3TO Bbipa)KeHne B ( 45), nony'IIIM 

µai =LL< ail'11m > _ ~E < Wmlbk > Hbk· 
m bk 3 m 

(46) 

(47) 

TaKnM o6pa:JoM, Mhl Harnmr perneHne ypaBHeHlIJI (34). ,IJ:nJI p;anhHenrnero npeo6pa

ayeM ero K HeCKOIThKO 6onee yµ;o6Hon cpopMe. Bo-nepBbIX, BBep;eM BeKTOphI 

Llam) =< ai!Wm >, (48) 

'ITO no:JBOITJieT :JanIICaTb COOTHOllleHne ( 4 7) B IIHBapnaHTHOM Bnµ;e 

_ t"' t"' -(am) (f,<bm) · Hbk) 
µa - L., L., L 3 - >..E . 

b m m 

(49) 

Bo-BTOphlX, Y'llITbIBaJI, 'ITO Me)Kp;y :JHa'leHUJIMII nonJI Ha '!aCTlID;aX Hb II nonJIMII Ho 
II G cyru;ecTByeT CBJI:Jh Birµ;a ( CM. (8), (12)) 

- ' - 1 -
Hb =Ho+ 2[Grb), (50) 
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rµ;e Ho IIMeeT CMhlCJI oµ;Hopop;Horo nonJI, a G - BIIXpJI MarHIITHoro nonJI, Mhl Mo)KeM 

nepenncaTb cooTHornemre (49) TaK: · 

ila = LL£(am} (i,<bm)Ho) + ½([ri,f<bm)]G) 
b m 3- >..Em 

(51) 

OTMeTIIM, 'ITO BeKTOphl £(am), :Jap;aHHble µ;nJI Ka)Kp;Oll '!aCTIID;hl B COCTOJIHIUI, 

Jwm >, no:JBOJIJIIOT HarnJip;HO reoMeTpII'IeCKll IIHTepnpeTnpoBaTb co6CTBeHHble co

CTOJIHlIJI l'1'm > KaK HeK0Topy10 coBoKynHOCTh BeKTOpOB ("MoMeHTOB"), aaµ;aHHhlX 

Ha Ka)Kµ;oii: '!acTnu;e. 

. ,IJ:nJI Bhl'IIICJieHllJI BOcnpmtM'IUBOCTen cneµ;yeT o6paTl!TbCJI K COOTHOllleHIIJIM (29)
(30). B paccMaTp1rnaeMoM npu6nu)Kemm cna6hlx nonei'i: MO)KHO orpaHll'IIIThCJI im
HenHhIM npII6nmKeHneM no non10 npu Bhl'l1tcneHnll cpep;Hux MOMeHTOB < M > II 

< T >. IIocKon1,Ky M II TB cooTBeT.cTBrm c ux onpeµ;enemteM (11) 11 Hai'ip;eHHhlMII 

:JHa'!eHlIJIMII MarH.IITHhlX MOMeHTOB (51) nponopD;IIOHaIThHhl npunO)KeHHbIM nonJIM, 

TO µ;nJI OCTaITbHhlX COMHO:llmTe_nen noµ; :JHaKOM IIHTerpana B Bhlpa)KeHIIJIX (29) Mhl 

MO:ll(eM orpaHII'IIIThCJI HyneBhIM npu6mt)KeHneM no nonro. B 3TOM cny'!ae BMeCTO . 

COOTHOllleHIUI (29) npu6mrn(eHHO IIMeeM 

- 1 J ' -<M>=- drl,M· 871"2 , 

1 ·,, 
< f >= 

8
71"2 J anf. (52) 

IIoµ;cTaBITJIJI :JHa'IeHlIJI MOMeHTOB,'laCTIIIJ; arperaTa (51) B cpopMynhl (11) (rµ;e, Ha

noMHIIM, ma cneµ;yeT :JaMeHIITh Ha IIX cpeµ;mte :JHa'lemrn ila) KOTOphlMII onpeµ;eneHhl 

Toponp;Hhlll II MarHIITHhlII MOMeHThI, nony'laeM. 

M = L £(am) (f<bm)Ho) +'½([rbf{bm}JG) 
mab . 3 - })Em j 

T = ~ L[r,,f<am)) (f<bm}Ho) + ½([ri,f,<bm}]G) 
mab 3- >..Em 

(53) 

Ilop;cTaBnJIJI 3TII Bhlpa)KeHIIJI B paBeHCTB3. (52) II Y'IIIThlBaJI, 'IT!) pe:JyIThTaT ycpep;He- ' . 

mm npoII:JBon1,Horo TeHaopa BToporo paHra no yrnaM nponopu;uoHaneH ero cBepTKe 

1 J 1 - n-kan = -D--h 871"2 I . . ' 3 JJ I l 
(54) 

c nOMOID;blO cpopMyn (31) Mhl MO)KeM HanTII TeH:JOphl BocnpIIUM'IIIBOCTII cycneH:JUU 

B _BIIp;e xft = XM5,k; xT,!'f = XTM-Ciki x~ = XTfo, rµ;e cKanJipHhle Ben~I"iIIHbl XM, 
.XTl',f n· XT IIMeIOT BII/1; . 

_ 1 
2 

/3 (f,<am) . f{bm)) 
. XM = 3µ0N >.. L ' T - E , 

abm m 

XMT = ~µ~N1 L (f<am)[rj,f{bm))) 
abm T-Em ' 

(55) 

15 



XT = l~µ~N~ L {[r,,£<•m)] • [ri,£<bm))) 
abm f- Em , 

rµ;e BBep;eHa 6ropaoMepHaJI TeMnepaTypa T =;= 3/ .X. 
TeMnepaTypHaJI ::JaBlIClIMOCTh BOcnpIIlIM'IlIBOCTe:ii: MO)KeT 6bITh npeµ;cTaBneHa B 

0 6ll.leii q>OpMe B BIIp;e 
a(c) 

X(T) = LLNc____!!!__E(c)' 
c m T- m 

(56) 

rµ;e Ne - nlIOTHOCTh "IlIClla arperaTOB µ;aHHOro copTa, a~> -HCKOTOpbie "IlIClleHHbie KO

aq>q>II~lieHTbI, ·a E~) - ·co6CTBeHHbie :::rna"IeHIDI COOTBeTCTBYIO!l\elI µ;amioMy arperaTy 

MaTpII~bI i£(c), KOTOpbIMII onpeµ;eJI.!IIOTC.!I TeMnepaTypHbie C}J;BlirII. 3Ha"IeHII.!I napa

MeTpOB a~> II E~l ~eJIIIKOM onpeµ;eJI.!IIOTC.!I reoMeTpIIe:ii: arperaTa II, KOHe"IHO, Tn'noM 

MarHIITHOro B::3aIIMoµ;eiicTBil.lI Me)Kµ;y "JaCTII~aMII - aµ;ecb - µ;IInOJib-p;IInOJihHOro, a B 

o6'beMHbIX q>eppoMarHeTnKax - o6MeHHOro, Co6cTBeHHbie ::3Ha'!eHn.!I MO~YT 6bITh 

KaK noJIO)KllTeJihHbIMlI, TaK II OTpII~aTeJibHbIMlI; a B cyMMe no C II no ITT coµ;epc 

)KllTC.!I; B006ll\e roBop.!I, HecKOJihKO cnaraeMbIX, noaToMy nony'!eHHaJI aaBIICIIMOCTh 

OT TeMnepaTypbI (56) IIME!eT 6onee CJIO)KHhlli Bnµ;, "IeM npocTo:ii: aaKOH K10pII-Beiicca. 

IlpII"IllHa :JToro aaKJIIO'IaeTC.!I B TOM, "ITO }];JI.II nOKO.!Ill\erocJI arperaTa· BocnpnIIM'IlI

BOCTb aHU::30TpOnHa (B c1my ammoTponnII p;IInOJibHOro B::3aIIMoµ;e:ii:cTBll.!I), TO eCTh 

JIBJIJieTCJI TeHaopoM BToporo paHra,· a npu ycpeµ;HeHIIII no opIIeHTa~II.!IM arperaTa 

rnaBHbie ::3Ha"IeHII.!I :JTlIX TeH30pOB CKJiap;bIBaIOTC.!I, "ITO, B KOHe"IHOM C"IeTe, lI np1rno

}J;IIT K 6onee CJIO)KHOli TeMnepaTypHo:ii: aaBIICIIMOCTll. B caMOM µ;ene, ecnn nocTpOIITb 

rpaq>IIK B OC.!IX X II T, TO, B006ll\e roBop.!I, aTa ::3aBIICIIMOCTb B COOTBeTCTBIIII ·c (56) 
6yµ;eT Hemme:ii:Hoii, "ITO COOTBCTCTByeT µ;aHHbIM aKcnepIIMeHTa [2,3). 

TeMnepaTypa nepexoµ;a arperaTa B ynop.!Ip;o'IeHHoe MarHIITHoe cocTO.!IHIIe onpe

~eJIJieTCJI MaKCIIMaJibHbIM co6CTBeHHbIM ::3Ha"JeHIIeM (Em)max• 8TIIM :JHa'!eHIIeM onpe

µ;eJIJieTC.!I n HII)KHJI.!I rpaHn~a npnMeHIIMOCTII q>opMyJI {55). Te BOcnpIIIIM'IIIBOCTll, 

y KOTOpbIX B cyMMe no ~ KOaq>qm~neHT am, COOTBeTCTBYIO!l\IIll (Em)max, OTJIII'IeH 

OT HYJIJI, npn npn6JIII)KCHIIII K TO'!Ke nepexoµ;a llMeIOT oco6eHHOCTb TeMnepaTypHOll 

:JaBIICIIMOCTII Buµ;a 1/x, a Bee OCTaJibHble - He lIMeIOT. Onpeµ;eJIIITh, KaKaJI II::3 BOC

npllIIM"IllBOCTe:ii: llMeeT aTy rJiaBHYIO oco6eHHOCTh, MO)KHO, BbI'IIICJI.!I.!I Koaq>q>II~lleHT 

Hm, npII l'llm >, COOTBeTCTBYIO!l\eM (Em)max (B }J;aJibHeii:weM COCTO.!IHIIe l'llm >, 
' nMeIO~ee MaKCllMaJibHOe co6CTBeHHOe aHa"JeHne, 6yµ;eM HOObIBaTb OCHOBHbIM, a Bee 

O~TMbHble - Boa6y)K~eHHbIMll), a TaK)Ke 'n IICXO}J;.!I ll:::3 npoCThIX coo6pa)KeHIIll CIIMMe

TpllII • .I(JI.!I JIIIHellHbIX arperaTOB B OCHOBHOM COCTO.!IHIIll ( TO eCTb B TOll CTPYKType, 

KOTOpa.!I BO:JHIIKaeT nocne nepexoµ;a "Iepe::3 TO'IKY Tc= (Em)max) MOMeHThI opneHTll

poBaHbI B}J;OJib OCII arperaTa. O'IeBIIp;Ho, "ITO npn T > Tc :JTOli CTPYKTYPbI ell\e HeT, 

HO oµ;Hopoµ;a:oe none llMeeT TaKyIO )Ke CIIMMeTpuIO, KaK II "6yµ;yll\aJI" CTpyKTypa, 

noaTOMY B MarHIITHOll BocnpnlIM"IIIBOCTII :JTIIX arperaTOB npo.!IBIITC.!I aTa rJiaBHa.!I 

oco6eHHOCTb. B TO )Ke BpeMJI BllXpeBoe none He MO)KeT npIIBeCTII K JinHen:HoMy 

HaMarHu"IeHIIIO arperaTOB, noaTOMY TOpOII}J;HaJI BOCnpnllM"IIIBOCTb He 6yµ;eT IIMeTb 

rJiaBHOll oco6eHHOCTII. ,I(JIJI KOJib~eBbIX arperaTOB nOJIO)KeHne MeHJieTC.!I : TaK KaK 

ocHOBHoe cocTO.!IHIIe aTnX arperaTOB KaK pao IIMeeT KOJib~eByIO (BIIXpeBy10) cTpyK

TYPY, TO rJiaBHaJI oco6eHHOCTb 6yµ;eT coµ;ep)KaTbC.!I B TopOII}J;HOll BOcnpIIIIM"IIIBOCTII, 

a B MarHnTHo:ii: ee He 6yµ;eT. 
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OTMeTIIM TaK)Ke, 'ITO B caMOll TO'!Ke nepexoµ;a }J;OJI)KeH Ha6n10µ;aTbC.!I MaKCII

MYM Ha KpIIBOll x( T) }];JI.II TOII BocnpnIIM"IlIBOCTII, KOTOpaJI IIMeeT rnaBHYIO oco6eH

HOCTb. IlpII'IeM :JTOT MaKCIIMYM nponop~OHaJieH "IUCJiy arperaTOB µ;aaaoro COpTa. 

IIocKOJibKY B cycneH3lIII IIMeIOTC.!I arp.eraTbI paoHbIX copTOB c 6mmKIIMlI TeMnepa

TYPaMII nepexoµ;a, "ITO B0::3MO)KH0 XOT.!I 6bI 11::3-:Ja pao6poca "IaCTII~ cycneH:JIIII no 

paoMepaM, :JTOT MaKCIIMYM 6yµ;eT paoMbIT. <l>opMyJibI (55) coxpaH.!IIOT CBOll BIIµ; II 

}];JI.II :JaMopo)KeHHm'i cycneamnt B npeµ;noJIO)KeHnu, "ITO opneHTa~UJI arperaTOB xao

Tit"IecKaJI. 

IIepeKpecTHaJI BocnpIIIIM"IIIBOCTh MO)Ke'): 6bITh OTJIII'!Ha OT HYJI.!I TOJibKO }];JI.II Tex 

arperaTOB, KOTOpbie MoryT_ npuo6peCTII cyMMapHbill MarHHTHblli MOMeHT noµ; µ;eii:

CTBIIeM BIIXpeBoro MarHIITHOro noJI.!I. O'!eBII}J;HO, "ITO :JTO BO:JMO)KHO. TOJibKO B TOM 

cny"Iae, ecnu q>opMa arperaTa no cIIMMeTpIIII µ;onycKaeT cyll\eCTBOBaHIIe nceBµ;o

CKaJI.!Ipa (xupaJihHbie arperaTbI). ArperaTbI'c nnoTHoii: ynaKoBKo:ii: u cocTO.llll\IIe =' 
oµ;nHaKOBbIX "IaCTII~ aXIIpaJibHbI. Oµ;HaKo, KaK y)Ke roBopIIlIOCh, B peaJihHbIX cycneH-

3II.!IX Ha6rr10µ;aeTC.!I :JHa'!IITeJibHbill pan6poc '!aCTII~ no paoMepoM u, KpOMe Toro OHII 

He IIMeIOT TO'IHO cq>epII"IeCKO:ii: q>OpMbI, noaTOMY CKOpee Bcero arperaTbI lI:::3 TaKIIX 

'!aCTII~ xupaJibHbI. B :JTOll pa6oTe Mb! He 6yµ;eM o6cy)Kµ;aTb :JaBIICIIMOCTb nepeKpe

CTHOll BocnpIIIIM"IIIBOCTlI OT TeMnepaTypbI, XOT.!I ee II3MepeHne MO)KeT µ;aTb Ba)KH_bre 

CBeµ;eHII.!I O npOCTpaHCTBeHHOll CTPYKType arperaTOB, "ITO oco6eHHO cyll\eCTBeHHO 

p;JI.ll 06'b.!ICHeHII.!I onTII"IeCKHX .!IBJieHII:ii:, B KOTOpbIX Ha6rr10µ;aeTC.ll Bpall\eHIIe nJIOCKOCTII 

noJI.!IpII3~lilI CBeTa, npoxop;.!Ill\ero "Iepea TOHKIIe ClIOlI cycneH:JlilI. 

6. IlpHMepbI 

KaK noKa::3bIBaIOT He:ii:TpOHOCKOnII"JeCKIIe uccrreµ;oBaHII.!I [9,10), B MarHIITHOll :llrn

p;KOCTII Bcerµ;a npucyTCTBYIOT arperaTbI II::3 p;Byx "IaCTII~, II noaTOMY OHII µ;aIOT cy

ll\CCTBeHHbill BKJiaµ; B BocnpIIIIM'IlIBOCTb cycneH:JlIII. B :JTOM npOCTOM cny'!ae BCe 

BbI'IlIClleHII.!I MO:lKHO npoBeCTlI B .l!BHOM BIIµ;e, "ITO µ;aeT BO:JMO:lKHOCTb µ;eTaJihHO pac

CMOTpeTb Te oco6eHHOCTlI TeMnepaTypHoro noBep;eHII.!I BOcnpIIIIM"IIIBOCTII; KOTOpbie 

o6~y)Kµ;aJinch Bhrwe . .I(anee TaK:lKe 6yµ;yT paccMoTpeHbI arperaTbI 6orree CJIO)KHoii: 

qiopMbI, KOTOpbie Tpe6y10T "IIICJieHHbIX pac'!eTOB. 

' 3anuweM CHa"JaJia B .l!BHOM BIIµ;e ypaBHeHIIe (34). Y"IIIThIBa.!I onpeµ;eneHIIe TeH

aopa A;k(Tab) (6), µ;JI.II paccMa.TpIIBaeMoro crry"IaJI (µ;Byx"IaCTII<iHhie arperaTbI) .Mhl 

MO:lKeM npeµ;cTaBIITh ero B BIIµ;e 

A;k(ri.2) = 3n;nk - 8;k, (57) 

rµ;e ii - eµ;IIHII'!Hhlll BeKTop, HanpaBJieHHbIR no JIIIHIIII, coep;IIH.!IIO!l\e:ii: ~eHTpbI "Ia

CTII~. Iloµ;cTaBll.!I~ TeHaop (57) B ypaBHeHue (34 ), norry"IaeM CIICTeMy ypaBHeHIIll }J;ll.!I 

onpeµ;erreHII.!I cpep;HIIX ::3Ha"IeHuii MarHIITHbIX MOMeHTOB "JaCTII~ 

{ 
3µ1 - .X(3ii(iiil2) - il2) = ii1 
3il2 - .X(3n(iiil1) - il1) = ii2 · 

(58) 

BbI6epeM CIICTCMY KOOpp;IIHaT TaKIIM o6paooM, "IT06bI OCh Z 6bIJia HanpaBJieHa no 

BeI{TOPY ii, u aanuweM ypaBHeHII.!I (58) B MaTpII"IHOM BIIµ;e (37). Ilpu YKOOaHHOM 
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BbI6ope CIICTeMbI Koopµ;1rnaT MaTpmi;a it µ;mr µ;aHHo:ii naµ;a"III B 6a:JIICe lai > (a= 
1, 2; i = x, Y, z) IIMeeT BIIµ; 

0 0 0 -1 0 0 
0 0 0 .o -1 0 

it= I 0 0 0 0 0 2 , . (59) -1 0 0 0 0 0 
0 -1 0 0 0 0 
0 0 2 0 0 0 

JierKO noKa:JaTb, "ITO co6cTBeHHbie :JHa"IeHII.II II co6CTBeHHbie COCTO.IIHII.II 0TOli Ma-

TPIIIJ;bI BbirJIJIµ;JIT, KaK B Ta6JI.2. KaK 6bIJIO OTMe"!eHO BbIWe, KaJKµ;oMy COCTO.IIHIIIO 

Ta6JIIIIJ;a 2. Co6cTBeHHbie :JHa"!eHII.II II co6cTBeHHbie COCTO.IIHII.II MaTpIIIJ;bI it µ;irn 

µ;BJX"IaCTII"IHoro arperaTa 

m Em 1'11,,:> 

1 2 (llz > +l2z > )/../2 
2 1 (llx > -l2x >)/,./2 
3 1 (lly > -l2y >)/,./2 
4 -1 (llx > +l2x > )/../2 
5 -1 (lly > +l2y > )/ ,./2 
6 -2 (llz > -l2z > )/,./2 

MbI MO)KeM conocTaBIITb Ha6op BeKTOpOB .f,(am) Ha "IaCTIIIJ;ax, onpeµ;eJieHHbIX COOT

HOWeHIIeM ( 48). CpaBHIIBM onpeµ;eJieHIIe BeKTOpOB .f,(am} c µ;aHHbIMII Ta6JIIIIJ;bI 2, 

JierKO BIIµ;eTl>, "ITO B paccMaTpirnaeMOM CJIJ"!ae 0TII BeKTOpbI IIMeIOT :JHa"!eHlI.II, y1rn

:JaHHbie B Ta6JIIIIJ;e 3, rµ;e eµ;IIHII"IHbie BeKTOpbI i II J HanpaBJieHbI no OC.IIM x u y 
BbI6paHHOli CIICTeMbI KOopµ;IIHaT. BeKTOpbI .f,(am) nOKa:JaHbI Ha. pnc. 4. COCTO.IIHIIe 

I '1f 1 >, B KOTOpOM MOMeHTbI "!aCTIIIJ; napaJIJieJibHbI II Hanp_aBJieHbI no OCII, Z OTBe

"!aeT MaKCIIMaJibHOMY co6CTBeHHOMY :JHa"!eHIIIO MaTpIIIJ;bI it II OHO B µ;aHHOM CJIJ"!ae 

.IIBJIJieTCJI OCHOBHbIM. Benpa:JMepHM TeMnepaTypa nepexoµ;a Tc B 0TO COCTO.IIHIIe B 

COOTBeTCTBIIII c µ;aHHbIMII Ta6JI. 2 paBHa 2 : Tc = 2 ( OHa COBnaµ;aeT c MaKCIIMaJib

HbIM co6CTBeHHbIM :JHa"!eHIIeM). 0TMeTnM, :.i:To B OCHOBHOM COCTOJIHIIl! MIIHIIMaJibHa' 

MarHIITHM 0HeprII.1I arperaTa, a co6CTBeHHbie :JHa"IeHII.II Em paBHbI 0HeprIIII C 06-

paTHbIM :JHaKOM. 

Y"IIITbIBM, "ITO paµ;uycbI-BeKTOpbI "!aCTIIIJ; ri n fi IIMeIOT KOMnOHeHTbI (0 0 1/2) u 

(0 0 -1/2) II noµ;cTaBJIJIJI :JHa"IeHIIJI BeKTOpOB .f,(am)' npIIBeµ;eHHbie BbIWe, B Bbipa,1rnHIIJI 

µ;JI.II BOCnpIIIIM"IIIBOCTeii (55), nOJIJ"IIIM OKOH"IaTeJibHO npn T > 2 : 

2 2 /3 1 2 ,)· 1 2 /3 1 
XM = 3µ0N >.(T - 2 + T + 1 ; XT = 6µoN >. r - 1; XTM = 0. (60) 
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I 

Ta6m1ri;a 3 

m 1 2 3 4 5 6 

,J2£<1m) ii i . j i j ii 

,J2£<2m) ii 
.., 

j -ii -i -1 i 

/!- /1-I-/1-/r~/ 
6 

Puc.4, Ma2uumub1e icouifjuzypau,uu Jayx'l/.acmu11,uo20 a2pe2ama a cocmo1rnu1lx 

l'1'm > (u,uifjpaMu 1, ... ,6 yica3aUbl uoMepa cocmoEuuu 6 coomBemcmauu c ma61t.2). 

TaKIIM o6pa::30M, KaK II rrpeµ;rron~raJIOCb, B µ;aHHOM cny"!ae rnaBHJIO oco6eHHOCTb 

1/(r - 2) IIMeeT MarmITHM BocnpmIM"Il!BOCTb. KaK MO)KHO BIIµ;eTb II::3 pnc. 5(a), 

o6paTHM MarHIITHM BocrrpIIUM"IlIBOCTb HennHeJIHO :JaBl!CllT OT Te~mepaTypbI, 'ITO 

o6'hncHneTcn HaJIII"!JieM a"roporo CJiaraeMoro B BbipaiKemm µ;JI.II XM B (60). XoTJI ::iTo 

cnaraeMoe He IIMeeT oco6eHHOCTll (HaIIOMHIIM, "ITO npm,IeHl!MOCTb Bhipal!,eHIIII (60) 
orpaHn"IeHa o6JiaCTbIO r > re), TeM He MeHee OHO ImMeHJieT xoµ; TeMnepaTypHOII 

:JaBIICIIMOCTl! BOCIIpIIHM"IIIBOCTII. 

KaK IIOKa:JbIBaIOT "IlICJieHHbie pac"!eTbI, aHaJIOril"IHbIII xapaKTep :JaBUCIIMOCTII 

BOCIIpIIIIM"IIIBOCTell OT TeMrrepaTypbI IIMeIOT I! µ;pyrne lIIIHeJIHble arperaTbI, 'ITO 

MmKHO Bnµ;eTh 1m pnc. 5(6) Ha npnMepe mrne:ii:Horo arperaTa 11n mi~11 "IaCTllIJ;. )lJin 

K011bIJ;eBbIX arperaTOB, a TaKl!(e µ;nn CllMMeTpII"IHbIX arperaTOB C II110THOIVI yn_aKOBKOII 

OCHOBHOe COCTO.IIHIIe IIMeeT BI!XpeByro CTPJKTYPY, II II00TOMY rna1;maJI oco6eHHOCTb 

coµ;ep)KlITC.II B :JaBUCIIMOCTlI TOpOI1µ;Ho11 BOCIIplll!M"Il!BOCTI! OT Te~mepaTypbl, :'ITO 

MO)KHO BIIµ;eTb Im pnc. S(B,r), rµ;e 1mo6pal!(eHbI :JaBIICIIMOCTI! OT TetmepaTypbI 06-

paTHbIX BOCIIplUIM"IIIBOCTe11 µ;nn K011bIJ;eBoro arperaTa 11::3 "!eTbipex "'iacTIIIJ; I! µ;m1 

arperaTa II::3 IIJITII "!aCTI!IJ; a cpopMe TpnroH~bHOII 6mmpaMIIµ;bI. 
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7. 3aKJIIO''leHHe 

8 

IlpoBeµ;eHHOe nccrreµ;oBaHIIe IlOK&3bIBaeT, 'ITO B paMKaX paccMoTpeHHOlI MOµ;emI 
:lKeCTKlIX arperaTOB C cynepnapaMarHHTHI,IMlI Bt3alIMOp;el1CTBYIOlll,lIMlI 'laCTHIJ;aMH 
MarHHTHruI BOCilplIHM'llIBOCTb cycnem:rnn He noµ;'lnmreTCH 3aKoHy Kropn. 8To HB
JIJieTCH crrep;CTBHeM CilOHTaHHOrO B03HlIKHOBeHlIH ynopHp;o'IeHHOlI MarHHTHOlI CTpyK
TypbI, ·o6p&3yeM~l1 µ;nnoJII,HbIMlI MOMeHTaMlI 'laCTIIIJ;, lI3 KOTOpbIX COCTOlIT arperaT. 
3aBHClIMOCTb BOcnpnHM'llIBOCTlI OT TeMnepaTypbI B o6lll,eM crry'lae lIMeeT 6orree 06-
lll,lilI xapaKTep, 'leM B 3aKOHe Kropu-Beiicca. KaK crreµ;cTBHe aToro, o6paTHruI Bocnpu
IIM'llIBOCTh HelIIIHeRHO 3aBlIClIT OT TeMnepaTypbI . .I(onOJIHHTellbHYIO lIHq>op:t,faIJ;lIIO 
0 CTpyKType arperaTOB MO:lKHO norry'lIITb, lI3MepHH Toponµ;HyIO BOCilplIHM'llIBOCTb 
cycneH3IIH, a TaK:lKe nepeKpeCTHYIO - MarHIITHO-TOponµ;HyIO - BOCilpIIHM'llIBOCTb. 

P&3BlITa.!I B BTOR pa6oTe TeopuH Il03BOJIJieT paccMOTpeTI, IlOBeµ;eHne BocnpnuM
'llIBOCTlI BO BCeM lIHTepBarre TeMnepaTyp - KaK BbIIIIe, TaK lI HlI)Ke TO'lKlI nepexoµ;a, a 
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TaK)Ke y•recTh B03MO)l<HOCTb II3MeHeHirn q>opMbI arperaToB (Tlmhl III II IV B Ta6~.1), 
'!To 11 npeµ;norraraeTcH cµ;erraT1, B nocrreµ;y10lll,1IX ny6mIKaIJ;IIHX. 

ABTopbr pa6oTbI npnHOCHT 6rraroµ;apHocTh A.H.3axrreBHbIX 3a norre3Hbie o6cy)K
µ;emrn. 
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)fy6oaHK B.M., Mapu;eHIOK M.A., Mapu;eHIOK H.M. 
Teopm1 KIOpH-BeHCCOBCKOI'O noBe,!leHHll 
arpernpOBaHHOH MamHTHOH cycneH3HH 

Pl7-93-456 

IlocrpoeHa TeOpHll, OUbllCHlllOW.all 3KCnepHMeHTIIJibHO Ha6JIIO,!laeMoe OTKJIOHeHHe OT 3aKOHa 
KiopH TeMneparypHOH 3aBHCHMOCTl1 Ha'lllJibHOH MamHTHOH aocnpHHM'IHBOCTl1 arpernpOBaHHOH 
MamHTHOH cycneH3HH. Pac'leT aocnpHHM'IHBOCTH npOBO,!IHTCll ,!IJill MO,!leJIH )KeCTKHX arperaTOB B 
npH6JimKeHHH cpe,!IHero IlOJlll c yqeTOM ycpe,!IHeHHll no opHeHTaD;HllM arperaTOB, IlpH'IHHOH «KIO
pH-BeHCCOBCKOro• noBe,!leHHll cycneH3HH SIBJllleTCll TeMneparypHOe H3MeHeHHe MamHTHOH crpyK
TYPLI arperaTOB (j)eppoMamHTHLIX 'laCTHD;, KOTopoe npoHCXO,!IHT no cu;eHapHIO (j)a30BOI'O nepexo.z1a. 
HaMHOI'O'IHCJieHHLIX npuMepax noKa3aHo, 'ITO napaMeYp nop11.z1Ka nepexo.z1a onpe.z1en11eTc11 (j)opMou 
arperaTOB. J:Ln11 CHMMeTpH'IHblX arperaTOB, KOTOpL1e HMelOT paBHblH ffYJIIO MamHTHblH MOMeHT 
( «aHTmpeppoMamHTHall crpyKrypa•). pOJib napaMeTpa nopll,!IKa HrpaeT TOpOH,!IHbIH MOMeHT. Ilo
Ka3aHO, 'ITO a peanLHblX yCJIOBHSIX ,!IJ!ll IlOJIHOI'O IlOHHMaHHll xapaKTepa TeMneparypHOH 3aBHCHMO
CTH MamHTHOH eocnpHHM'IHBOCTH cycneH3HH He06XO,!IHMO TaKJKe npOBO,!IHTb H3MepeHHll TOpOH,!1-
HOH aocnpHHM'IHBOCTH. 

Pa6oTa BbIIlOJIHeHa B Jia6opa_TOpHH Teopern'leCKOH (j)H3HKH HM. H.H.lioroJ1106oaa OlUill. 

IlpenpHHT O61.e,!IHHeHHOI'O HHCTHyYTa ll,!lepHblX HCCJle,!IOBaHHH. )fy6Ha, 1993 

IlepeBO,!I aeTOpOB 

Dubovik V .M., Martsenuyk M.A., Martsenuyk N.M. Pl7-93-456 
The Theory of Curie-Weiss Behaviour of Aggregated Magnetic Suspension 

The theory of the experimentally observed deviation in the temperature dependence of the initial 
susceptibility of aggregated magnetic suspension from the Curie behaviour is developed. The model 
of rigid aggregates is considered. The susceptibility is computed in the mean-field approximation when 
averaging over the aggregate orientations is taken into account. The reason of the Curie-Weiss 
behaviour of magnetic susceptibility of a suspension is the thermal change of the magnetic state of 
aggregates that is analogous to the phase transition of a condensed phase. It is shown that the order 
parameter depends on the aggregate form. The aggregates of a closed form («antiferromagnetic 
structure•) with their total magnetic moments equal to zero have the toroid moment as an order 
parameter. Some examples of aggregates are considered and the temperature dependence of the initial 
susceptibility is calculated for the interval T >Tc.It is shown that for a realsuspension into the complete 
set of observables the toroid susceptibility has to be included. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna, 1993 


	undefined: 
	4: 
	fill_2: 
	undefined_2: 


