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1 BBe.n;euue 

HMeIOTC.SI BeIUeCTBa (HanpIIMep, KpIICTaJIJIH'leCKIIe_ [1]), 3JieKTp0Mal'HHTHI,Ie 

CBOHCTBa KOT0phIX M0)KHO 0IIHCbIBaTb rrpeIIMymecTBeHIIO pacrrpe.neJJeHHXMH 

.llIIIIOJieii. MynbTimOJibHOe pa3JI0)KeHHe IlJI0TH0CTII TaKoro pacrrpeJ{eJiemrn 

HMeeT P.Sl.ll OTJIII'lIIH OT pa3JI0)KeHHX TOKa 3ap.S1.ll0B, 'ITO npHB0.llHT K HHTe

peCHhIM CJie,llCTBlI.SIM 0TH0CIITeJibHO xapaKTepa B3aHMO.lleiicTBHI1: .llHIIOJibHhlX 

CHCTeM C BHellJHIIMH II0JJXMII. IIonHbIH aHanII3 3THX pa3JIO)KeHHH HMeeT ue 

TOJibKO aKa,lleMII'leCKIIH IIHTepec. 

HJBeCTHO [2, 3], <rTo B paMKax 3JieKTpo.nIIHaMIIKII MaKcBenna-Jiopem{a 

MJJibTIIIlOJibH0e pa3JI0)KeHIIe IIJI0TH0CTII 3ap.si:.na-T0Ka co.nep)KIIT TPII Bl!,lla 6a-

3IICHbIX .nnrrone11:: 3JieKTpII<recKnii Q, MarHIITHbIH M II (nom1pHb1ft) Topmul

HbIH T. 8neI<TpoMarHIITHax cpe.na, B KOTopoft HeT HI{ CB060.llHbIX, IIH CBSI-

3aHHbIX 3ap.si:.noB (p = 0), HII HeJaMKHJTbIX T0K0B (divj = 0), OIIIIChIBaeTCSI 

TOJibKO MarmITHhIMII II T0p0II.UHbIMII nonxp1i3aUII.SIMH [4]. IlpII omrcamrn pac

npe.neneHII.SI HaMarHII<reuuocTn B X,llpe, EnaTT H BaftcKomp ( CM. nx Kmrry [5], 
B KOTopm1: UHTIIpyzoTcsr nx rrpemuecTBeHHIIKII), no-BII.llIIMoMy BnepBT,re IT0JI 

Ha.:rnaHIIeM "IIH.UYUHpOBaHHbie 3JieKTpH'leCKIIe norrepe<rHbie MOMeHTbI". BBeJrn 

MarHHTHhle BKJia,llbl B T0p0II.llHhle II0JIXpII3aUIIII. Ilpn Knaccmp1n<aumr T0'le4'

HbIX rpynn MarHIITHOlf CIIMMeTpHII KpHCTanJI0B ua BbI,lleJieHH0CTh Tl-Illa CHM

MeTpnu, KOT0pbIM o6na.naeT TOpOII,llHhlH .lll!Il0Jih, YKaJbIBan0Cb B [6]-[9]. Mar

HeTHKH, .ll0IIJCKaIOmne cymeCTB0BaHHe TOpOH,llanhHOI'O ynopx.no•1emrn, 6hJJIH 

HaJBaHbI TOpOIIKaMH. IlpnMepbl MarHJITHhJX Kpl!CTaJJJI0B, ,ll0IIJCKaIOllUfX TO

pOII.llHOe ynopx.no<remre, rrpIIBe.neHbI B yrroM.si:HyTax Bhillle pa6oTax. vb no

cne.nHnx pa6oT 110 3KcrrepHMeHTanbH0MY IIJy<reHIIIO TOpOH.LUIOH Il0Jilip113cl.Ullll 

OTMeTHM ee II3MepeHIIlI B MarHHTH0M nhe303JieKTpHKe Ga2-x FcxO3 [10] II B 

MarHIIT03JieKTpHKe Cr203 [11]. 
B 1986 r. B annapaT 3JieKTpomrnaMHKII CilJI0IIIHhIX cpe.n 6bIJJO BBCJICII0 

ceMeHCTBO al{CHanbHbIX TOpOH,llllhIX MOMeJITOB [12] 1. lloBOJJbHO rnopo 3THM 

MOMCHTaM 6b!JIO Hal'i.neuo BeCbMa lipKoe npuMe11e1rne B <plI31IKe MOJICKJJJ. B 
1991 r. 6bIJJO YKaJcl.HO [13], 'ITO MOJieKyJihl p.si:.na apoMaTil'TeCKHX COCJIHHCHHII 

(a1ITpaueu, cpenaHTpeH, ne1ITauen II .np.) npn KpncTannw1ccK011 ynaKoBI<e 

MoryT C03,llaBaTb aKcIIaJ1bHbll1 TOpOII.UHhlfr MHKpommoJJb 3a C'lCT ynoplI.ZI0-

qemrn 3JieKTpn<reCKHX mmoncl1: aT0M0B B C0CTaBe BKJIIO'lennoro B CJIO)KHJJO 

MOJleKJJJY UJil(JlH'leCK0ro <j)parMeIITa 6CH30JlbHOro K0JlhUa C6 ( CM. PHc. J). 
8To II03B0JJIIJlO o6bSICHHTb B3a!IMO,llelkTBHe MIIKp0Kp!ICTanJIOB apo?-.faTJFie

CKIIX nemecTB C nepeMeHHh!M MarHHTHhlM Il0JieM [14]. TaKm1: uco61,1qub1fr BHJI 

MarIIHT03JJeKTpH'leCKOll lHIJlYKUHII 6b!JI HaJBaH apoMarHCTH3M0M. 

8TH ycnexH, a TaJOKe ucy.not!JieTBOpemmcTb C0BpeMelUJbIM C0CT0lJHIICM 

I Ilo 1-ICTOpl-1•1eCKIIM npwmHaM [8) 6a3IICHblii JlllITOJJb 3Toro ceMe1icTna 111,or Jla 060311a•1a
eTCll KaK G. 
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TeopHII 3cpcpeKTa BoMa-AapoHona (15] H noirnnen1:1e ero aHanoroB { CM., Barrp., 

(16]) JacTaBm!eT 6onee CHCTeMaTII'IeCKH OTHeCTHCb K B0rrpocaM MJJlbTHIIOJJb

HbIX rrpe,llcTaBJJeHHll pa3JJH'!HhIX KOH<jmrypau1:1ft, K0TOphle MoryT B03HHKaTb, 

HarrpHMep, B .lllIIl0JihHhIX cpe.nax, HK Bbl6opy rrapaMeTp0B ,llJI.Sl·0IIHCaBHlI 3JJeK

TpOMarHHTHh!X CBOHCTB KBaHTOBhIX o6beKTOB, HaIIpHMep, M0JieKJJI CO CJJO)K

HhIM CTpoeHHeM. 

B HaCTOJIIUeft CTaTbe Hall,lleHhl IIOJIHhle Ha6ophl 6aJHCHhIX ,llHIIOJieft .nmi: 

cpH3n<recKH Ha1:16onee JHa<rHMhIX .llHIIOJihHhIX cpe.n (9). llanee, ncxo.n.si: HJ MaTe

MaTH'!ecKoro cpaKTa HX cymecTBOBaHII.SI; YKaJaH p.si:.n B03M0)KHhIX He06hl'!HhIX 

cpyHKUHH 0TKJJHKa BemecTBa, HaX0.ll1!1Ueroc11 B KOH,lleHCHpOBaHHOM COCTO.SIHHH, 

Ha He0,llH0pO.llHhle 1:1/HJJH mrnaMH'leCKHe 3JieKTpn<recKHe H MarHHTHhle II0JJ.SI. 

B 3TOM 0TH0llleHHH ,llaHHalJ CTaTblI .SIBJI.SleTC.SI pa3BHTHeM pa6oT [12] H (17]. 

2 IIocTpoeH:ue MYJihTIUIOJihHhIX MOMeHTOB 

,ll;Jij{ CilHHOBhlX (,n;HIIOJihHhIX) cpe,n; H MX B3a

HMO,ll;eHCTBHH C BHeIDHHMH IIOJIHMH 

Ilpe,llCTaBHM, 'ITO HMeeTC.SI HeKaJJ "cpe.na" {cIICTeMa) HerrpepbIBHO pacnpe.ne

JieHHhIX 3JieMeHTapHhIX 3JieKTpn<reCKHX ,llHIIOJie:fi:, KOT0palI OIIHChIBaeTC.SI orpa

HH'leHHOlf n rrpocTpaHCTBe cpyHKUHel'i d : r E V, n o6meM cnyqae JaBHC.SI

IUeft oT npeMeHH. llorrycTHM, 'ITO B TaKOH cpe.ne no paJnn<rHhIM rrpH'IIIHaM -

BCJie,llCTBHe BHJTpeHHHX B3aHMO,lleHCTBHH HJJH ITO,ll BJIH.SIBHeM BHellJHHX IIOJJe:fi: 

- MoryT B03HHKaTb H BhICTpaHBaTbClI arperaThl pa3JJH'lHhIX KOH<pnrypau1:1ft, 

C0CTO.SIIUHe 1:13 K0He'lH0ro 'lHCJJa 3JJeMeHTapHhIX ,llliIIOJJe:fi:. OrrHChIBalJ CBOH

CTBa arperaTOB C II0M0IUbIO MJJihTHII0JlbHhIX rrapaMeTpon, BhIITHllleM rrepnhle 

'!JJeHhl pa3JJO)KeHH.SI 3HeprHH HX B3aHMO,lleHCTBH.SI C BHemBHMH ITOJI.SIMH: 

W = - f d( r )E( r )d3r = !r0
2divE - QE - T(dlrotE -

lv 6 

_p(dlrotrotE - ~Q;;(V;E; + V;E;) - T;/dlV;(rotE); + 
1 - . . + 10 {r~2

) • V)divE + : .. ~ -QE -T(d)rotE+P(d)(V p - L::,.E) + 
(d) ' (d) •• •• + ... ~-QE+T H+P (3-E)+ .... , {1) 

r.ne Q = f d( r )d3r - o6hl'!BhIH rroJJHhl:fi: 3JJeKTpH<recKH:fi: .llHIIOJJhHhl:fi: MO

MeHT CHCTeMhl {PHc.la), T(d) = ½fr x d(r)d3r - aKCHaJJhBhlft TOPOH.llHhIH 

.llHIIOJihHhlft M0MeBT cHcTeMhl (P1:1c.lb), p(d) = fo f[r(rd) - 2r2d]d3r - rro

JJlipHhlft rronoH,llanbHhIH .llHIIOJibHhlft MOM~HT (P1:1c.lc). BMecTe oHH cocTa

BJJlIIOT 6aJHCHJIO Tpo:fi:Ky BeKT0p0B ,llJI.SI pa3JJ0)KeHH.SI IIJI0TH0CTH pacrrpe.nene

HH.SI .naHHoro BH,lla. KpoMe HHX n {1) HMeIOTc.si:: r0
2 = f rEd3r - cKaJJ.si:pHhl:fi: 
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MOMeHT, KOTOpbiii: B pa:mo:lKeHirn TOKa COOTBeTCTByeT BpeMeHHOli IIpOU3BO,n:

HOli OT cpe.n:HeKBa,n:paTuqHoro pa,n:uyca 3apx,n:a, T.e • .UBOii:HoMy cqiepuqecKoMy 

CJIOIO (Puc.Id) 2; rP> = J[2r(rE) +r2 E]d3r - cpe.n:HeKBa,n:paTuqHhlii: l?a.n:uyc 

npo,n:oJihHOli qacTU .ll:UIIOJihHOro MOMeHTa Q, KOTOphlii: o6pa3yeTCH .ll:BOM:HbIM 

uunuH.n:puqecKUM cnoeM .n:unoneii: (Puc.le); Q;;' u T;~d)_~ 3JieKTpu~ecKuii: u TO

pOH.llHhiii: KBa,n:pynoJibHblli MOMeHThI, onpe,n:eJIHeMble no o6blqHbIM npaBUJiaM. 

Bee B3aUMO,n:eii:cTBUH MYJihTUIIOJihHbIX xapaKTepUCTUK C IIOJieM UJIU npOU3BO,n:

HbIMU OT.Hero B Bbipa:lKeHUU (1) JIOKaJihHbI u OTHOCHTCH K HeKOTOpoii: cpe,n:Heii: 

TOqKe, "ueHTpy" CUCTeMbI. 

Ecnu :lKe B3aUMo,n:eii:cTBUe dE 3aMeHUTh Ha µH, TO nepBhle qJieHhI pa3no

:lKeHUH 3Hepruu B3aUMO,n:eii:CTBUH pacnpe,n:eJieHUH IIJIOTHOCTU MarHUTHbIX .n:u

noneii: C BHeIIIHUM Heo,n:Hopo,n:HbIM MarHUTHbIM IIOJieM npUHUMaIOT BH,ll 

W = - J µ(r)H(r)d3r = -MH -T(">rotH -

p(µ)rotrotH - -~M;;(.v';.H; + v';H;) ~ T/f>v';(rotH); + ... ~ 
~ -MH -T(">E- p(µ)(rotj - H) 

~ -M H - T(µ)rotH + p(µ) ~Hc806 + ... (2) 

Bu,n:uM, qTo corJiaCHO ,n:yaJihHOCTU 3JieKTpOMarHeTU3Ma MOMeHT Q B (1) 3a

MeHHeTCH Ha MarHUTHblli ,n:UIIOJihHblli MOMeHT M, xapaKTepU3YIOIUHH 3KBU

BaJieHTHYIO paMKY C TOKOMj T(d) - Ha IIOJIHpHbili TOpOH,llHblli ,n:UIIOJih T(µ); a 

BeKTOpHbili IIOJIOH,llaJihHblli ,n:UIIOJihHblli MOMeHT p(d) - Ha aKCUaJihHblli p(µ). 

Kor.n:a HOCUTeJIHMU MarHUTHbIX MOMeHTOB HBJIHIOTCH CIIUHOBble qacTUUhI, 

HanpuMep, Heii:TpOHhI, TO MYJihTUIIOJihHOe pa3JIO:lKemte pacnpe,n:eneHUH ux 

MaI:HUTHbIX MOMeHTOB (HanpUMep, B x,n:pe UJIU B Heii:TpOHHOli 3Be3,n:e) nony

qaeT nepBuqHblli CMbICJI. B Teopun KOH,n:eHcupoBaHHOro COCTOHHUH BemecTBa 

Ha B03MO:lKHOCTh TOpOH,llaJihHOro ynopx,n:oqeHUH CIIUHOBbIX MarHUTHbIX MOMeH

TOB B nepoBCKUTax BnepBhle YKa3hIBaJIOCh 11.C. )Keny,n:eBhIM [6]. Ynopx,n:oqe

HUe :lKe MarHUTHbIX qacTUU B CBepXTOHKUX IIJieHKaX 'B 3aMKHYTbie KOHq>nry

pauun, KOTOpbie MO:lKH0 bIIHCbIBaTb TOpOH,llHbIMH MOMeHTaMu, IlO-BH,llUMOMy, 

Boo6me npe.n:6raBJIHeT co6oii: o6muii CJijqaii: (cM., ·Hanp., [18] u [19]). OT

MeTHM, qTo ?6MeHHble B3aUMO,n:eii:cTBUH Me:lK,n:y CIIUHairn, pacnOJIO:lKeHiihIMU 

Ha' IIJIOCKOCTU, TaK)Ke npHBO.ll:HT K H3BeCTH0ii: pe1IIeTKe BUXpeii: KecTepmrua

Tayneca;· pacnono:lKeHHhIX B "aHTHTopon,n:HoM" nop~Ke. 

' Pa3JIO)KeHUH, rro,n:o6Hble (1) u (2); oqeBH,n:Ho, Mmirno BhIIIOJIHIITh .ll:JIH 

.ll:BYX OCTaBllIIIXCH q>yH,n:aMeHTaJihHhIX (TopOH,llHbIX) ,n:UIIOJihHhIX pacnpe.n:ene

HIIH +( r) u g( r ). IforryqeHHhle :s pe3yJihTaTe TaKH:X: pa3JIO:lKeHHii Buxpu Bhl

coKoro nopx,n:Ka Bpx,n: JIH peaJIU3YIOTCH B KpUCTaJIJIHqecKUX BemecTBax. .lIJIH 

2TaKyIO KOHqmrypauiuo B 'laCTHOM cily11ae ~PH paaHOM HYJIIO BHyTpeHHeM pa.nnyce HHO-
r.na Ha3hIBaIOT "e)KOM". ' 
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HX o6pa.30BaH~g HY)KHhl 3K30TH'leCKHe cpe.uhl, B KOTOphIX 3JieMeHTapHhle HO

CHTeJIH y)Ke 06rra.ua10T, HanpHMep, TOpOH,llHhIMH .UHnOJIKMH. OTMeTHM, 'ITO 

nocrre.ueHe 3KCnepHMeHThl YKa.3hIBaIOT, 'ITO HeiiTpHHO, BH.UHMO, MaiiopaHOB

CK'He tJaCTHU:hl, H o6pa.3yIOT cpe,Uhl BhICOKOH nrroTHOCTH (1015cM-3). lfaBeCTHO 

(cM., Hanp., [20] H [21]), 'ITO TaKHe HeiiTpHHO 06rra.ua10T TOJibKO TOpOH.ll

HhIMH ,llHnOJibHhIMH MOMeHTaMH. Ha B03MO)KHOCTb KorepeHTHbIX B036y)K.ue

HHKX B TaKOH cpe.ue, o6ecnetJHBaIOIIJ;HX B036y)K.UeHHe Me)K.uy a.upoHaMH ea 

ypoBHe rpaBHTan;HOHHhIX, 6hlrro BnepBhle YKa.3aHo B.M. KopIOKHHhIM [22]. 

3 BeKTopHhle 

cpe,n;bl 
napaMeTphI II HeJIHHe:UHbie 

ll3JIO)KeHHhlii BhIIIIe MaTepnarr OTHOCHTCK K TaK Ha.3hIBaeMOH JIHHeiiHoii 3JieK

TPO.llHHaMHKe. Corrraceo ee ypaBHeHHKM 3JieMeHTapHhle ofrheKThI, HanpHMep 

.UHnOJIH, ynpaBJIKIOTCK no.JieM. l<:aKOro-JIH60 THna HJIH TOKOM npn KOHTaKTHOM 

B3aHMO,lleHCTBHH H He MeHKIOT npH 3TOM CBOHX napaMeTpOB. KpoMe ,llHnO

rreii MO)KHO BBeCTH .~ 6orree c~O)KHhle ofrbeKThl, cocTaBrreHHhle H3 .UHnorreii: 

KBa.upynorrH, OKTynorrH H T.,ll. IlpocTeiirnHe MaKpocKonHtJecKHe KOHCTpyKn;HH 

TaKoro po.ua .MO)KHO npe.ucTaBHTb, HanpHMep, B. BH,lle .llBYX HJIH Tpex TOKO

BhIX rreTeJib, pacrroJIO)KeHHhIX B6JIH3H .upyr .upyra HJIH CBK3aHHhIX .B e,UHHhlll 

KOHTyp. PacCMOTpHM, HarrpHMep, npOBOJIO'lHOe KOJibD;O, H30rHyToe B cjJOpMe 

rrponerrrrepa. Ilpn rrpoxo)K,UeHHH no TaKoMy KOJihn:y TOKa Ka)K,llaK H3 neTeJih 

C03,llaeT MarHHTHOe rrorre, H Mhl MO)KeM rrpH6JIH)KeHHO OIIHCbIBaTb HX MarHHT

Hhle CBOHCTBa C IIOMOIIJ;bIO MarHHTHhIX MOMeHTOB. Tor.ua 3HeprHK JIOKaJibHhIX 

B3aHMO,lleHCTBHH 3THX .llBYX rreTeJib C BHeIIIHHM MarHHTHhIM. IIOJieM IIpOH3-

BOJibHOH Koeqmrypan;HH.3aIIHChIBaeTCK TaK: 

WL = µiH;{l} + µkHk{2}. (3) 

Ilo.u JIOKaJibHOCTbIO IIO.llpa.3yMeBaeTCK OTHeCeHHOCTb crraraeMhIX BBe.ueeeoii 

3HeprHH K n;eHTpaM rreTeJib. BBe,UeM Terrepb KPOMe BeKTOpOB µ; H µk, KO

TOphle, OTHOCKCb K pa.31IH'lHhIM rreTJIKM, rrpHIIHCaHhl K pa.3JIH'lHhIM TOtJKaM 

rrpocTpaHCTBa {1} H {2}, KBa.upyrroJibHhIH MOMeHT CHCTeMhl B BH,lle CHMMe

TpH'lHOro TeH3opa BToporo paera µik• KaK H B rrpe.uhl.llymeM rraparpaqie, 

rrapaMeTp µik YtJHThIBaeT BKrra.u B 3Heprn10, C03,llaIOIIJ;HHCK 3a C'leT rpa.uH

eHTa HarraraeMoro Ha CHCTe.My BHerneero MarHHTHOro IIOJIK, T .e. 3a C'leT He-

0.llHOpO.llHOCTH IlOJIK Me)K.llY n;eHTpaMH neTeJib. Tor.ua Bhlpa)KeHHe (3) MO)KHO 

rrpn6JIH)KeHeo·rreperrncaTb B BM.Ile 

wL = µiH;{o} + µkHk{o} + µik v'iHk{o}. (4) 
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BH.llnM, 'ITO Tenepb Bee tJJieHhl pa3JIO)KeHmI OTHeCeHhl K HeKoTopoii cpe.ueeii 

TOtJKe, KOTopyIO Mhl Ha.3hIBaeM n;eHTpOM CHCTeMhl H B TaKOM rrpe.ucTaBJieHHH 

3HeprHH B3aHMO,UeHCTBHK H COCTOHT BCK cyTh MYJibTHIIOJibHOro pa.3JIO)KeHHK. 

Ilpe.unoJIO)KHM Tenepb, 'ITO MaTepHarr, H3 KOTOporo c.uerraHbI rreTJIH, rH60K 

H MarHHTHOe norre, opHeHTHpy10mee MarHIITHhle MOMeHThl MO)KeT .ueqiopMH

poBaTb KOHTYPbI neTeJib. 3To B03MyIIIeHHe Mhl MO)KeM yqecTb BBe,lleHHeM 

KBa.upynoJibHOH nomrpH3yeMOCTH CHCTeMhl o<m). .IlorroJIHHTeJibHaK 3Heprng 

JIOKaJibHOro B3,aHMo.neiiCTBHK CHCTeMbI C MarHHTHhIM IIOJieM onHChIBaeTCK y)Ke 

HeJIHHeHHhIM no norrIO Bbipa)KeHHeM 

WNL = a:'kHiHk{O}. (5) 

TaKHM o6pa30M Mb! norryqaeM HOBOe KatJeCTBO B H3ytJeHHH CBOHCTB CH,CTeMbI 

.UHnorreii. O6o6mag, CKa)KeM TaK, 'ITO HaJIO)KeHHe nomr H; ue.uyn:Hp(neT B 

cpe.ne .uorrorrHHTeJibHYIO Ma.rHHTHYIO . .uunorrhHYIO norrKpH3an;HIO -Mk = o;;;') Hi, 
KOTOpag, B CBOIO oqepe.Ub, cnoco6Ha B3aHMO,UeHCTBOBaTb C IIOJieM Hk. 3,necb 

a!;;> 6y.ueM Ha.3bIBa'.fb KBa.upaTH'lHOH MarHHTHOH BOCIIpHHM'lHBOCTbIO cpe,nhl. 

MTaK, Mhl BBCJIH HCJIHHCHHOe B3aHMO.UCHCTBHe, YtJHThIBaIOIIIee .HCJIHHeii

HbIH OTKJIHK cpe,llbI Ha MarHHTHOe norre. B npHHD;Hne, TCH30p O MO)KCT HMCTb 

npoH3BOJlbHOe KOJIH'lCCTBO HH.UC_KCOB H B'Bhlpa)KCHHH ,llJlj{ 3HeprHH OH ,llOJI)KeH 

6bITb CBepHyT C COOTBCTCTBYIOIIIHM CHMMeTpH'lHhIM TCJI30pOM, COCTaBJICH

BbIM H3 BCKTopa JianpK)KCHHOCTH BHeIIIHero MarHHTHOro norrg. · EcTCCTBCHHO, 

'ITO .ueqiopMaD;HH, no.uo6Hhle OIIHCaHHbIM ,nrrg CHCTCMhl MarHHTHbIX .UHnorreii, 

MO)KCT IICIIhITbIBaTb H CHCTeMa, COCTaBJICHHaK H3 3JICKTpH'ICCKHX .UHnorreii. B 

3TOM cJiytiae Bhlpa)KCHHK ,nrrg 3Heprim HX B3aHMO.llCHCTBHK C BHeIIIHHM 3JICK

TpH'lCCKHM norreM 6y.uyT COBepIIIeHHO H.UCHTH'!Hhl BBC,lleHHhIM BhIIIIC, a Mar

HHTHYIO BOCnpHHM'lHBOCTb B HHX Mhl 3aMCHHM Ha 3JICKTpH'lCCKYIO oe. Ilo

CKOJibKY pearrbHbIC CHCTCMhl, H3 KOTOphIX COCTOHT JII06aK cpe.ua, - 3TO aTOMhl 

H MOJICKYJihI, Ha~O.llKin:HCCK B COCTOKHHH HenpephIBHOH BHYTPCHHeii H BHCIIIHeii 

.UHHaMHKH, TO, BCJIC,llCTBHe B3aHMOCBK3CH HCTO'lHHKOB qepe3 norrg, B03MO)KHhl 

H CMCIIIaHHbie IIOJIKpH3YCMOCTH,. HanpHMep, MarHHT03JICKTpH'lecKne C 3Hep-

rneii B3aHMO,llCHCTBHK: 

WNL = .1t;;> E;H;Hk. (6) 

MMeSI B Bn.n;y opraHH3aD;HIO KOMnbIOTCpHoii rraMKTH, BBe,UeM norrsi:pH3YCMOCTb 

TPCThero paHra, OTBetJa10myio CHMMCTpHH 3q>q>eKTa Xorrrra, H COOTBCT-

CTBCHHO, 3HeprHIO B3aHMO.llCHCTBHSI: t,;: 
1 . ti"; 

WNL = -a!z;n> E;HkJI, (7) 
C 

r.ue J, - BHeIIInHii TOK, npoTeKa'.IOIIIHii qepe3 paccMaTpHBaeMyIO cHcTeMy. B 

'IaCTHOCTH, 3TOT TOK MO)KeT 6h1Tb TOKOM CMeIIJ;CHHSI, 'ITO pearrH3YCTCSI, KO

r.ua H3ytiaeMaSI CHCTCMa pa3MCIIIaeTCK B norre KOH,llencaTopa. Ey.neM C'lH

TaTb, 'ITO TCH30p olz;n> - aHTHCHMMCTpH'lCH no HH,UeKCaM i H k. Torna B 
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TeH3ope E;Hk MO)KHO Bbl.neJUITb TOJibKO aHTHCHMMeTpH'1HJIO '1aCTh, H Mhl B 

rrpaBe .n:m.1 KOHKpeTHOH 3KCrrepHMeHTaJihHOH CHTyauHH cmI3aTb C HMM BeKTOp 

YMoBa-lioiiHTHHra .n:m.1 cBeTa, rrpoxo.n:.simero qepe3 KpHcTanJI c rro.n:o6aJOmHMH 

HeJIHHeHHhlMH CBOHCTBaMH. Ilo aHaJIOrHH C rrpe,n:i,mymHMH paCCJ:lK,lleHH.sIMH 

Mhl MO:lKeM BBeCTH 1rn.n:yunpoBaHHJIO TOpOH.llHJIO IIOJI.s!pH3a.llHIO 

.,., 1 (emJE H - (emJs 
1 1 = ;o[ik]I i k = Oji .. i, (8) 

KOTOpa.si OTKJIHKaeTC.sI Ha rrpoxon.simnii qepe3 KpHCTaJIJI TOK J,. IleiicTBH-

TeJibHO, 3JieKTpOMarHHTHa.sI BOJIHa, rrpoxo.n:.si, HarrpHMep, qepe3 <t>eppoMarHHT.:. 

HhlH .llll3JieKTpHK, MO:lKeT, B rrpHHilHIIe, COBepIIIaTb B HeM rrepeoprreHTaUHIO 

rron.sipH3aunrr, rrpeBpama.si ero B cna6hlii <t>eppoMarHeTHK, 06na,n:a10m1-1ii TO

pon.n:Hoii IIOJI.s!pH3aUHeii. KoHKpeTHO TaKHMH CBOHCTBaMH MoryT o6na.naTb 

pa3JIH'1Hhle rrepoBCKHThl, MaHraHHThl ( CM., Harrp:, [23]) H .n:pyrrre .llOCTaT0'1HO 

CJIO:lKHhle coe.n:irneHH.sI. 

8KcrrepHMeHTaTOphl rrpH H3MepeHHH TOpOH,n:HOH non.sipH3ailHH KpHCTaJI

JIOB, ecTeCTBeHHO, IIOCTynaJOT npome. HanpHMep, B [10] H3J'1aJIC.sI OTKJIHK 

MOHOKpHcTanna Fe-Ga-oKcn.n:a Ha MarHHTHoe none. lfaBecTHo, 'ITO y TaKoro 

MaTepnana <t>eppoMarHHTHbie CBOHCTBa coqeTaJOTC.sI C IIbe303JieKTpH'1eCKHMH 

(BCIIOMHHTe aHanorHJO C yrrpyrHMH neTJI.sIMH). B 3KcnepHMeHTe ll3Mep.sinacb 

BeJIH'1HHa HH.llJilHPOBaHHOH 3JieKTpH'1eCKOH IIOJI.s!pH3aUHH npH HaJIO)KeHHH Ha 

KpHCTaJIJI MarHHTHOro non.si H: 

P; =af;m>Hi, (9) 

(em} u 

r.n:e TeH30p O;; Ha3hlBaeTC.sI TeH30pOM MarHHT03JieKTpH'1eCKOH BOCIIpHHM-

'1HBOCTH. AHTHCHMMeTpH'1Ha.sI '1aCTb TeH3opa o~;m> KaK pa3 H orrpe.n:emieT 

TOpOH,n:HbIH ,n:HnOJibHhlH MOMeHT cornacHO COOTHOIIIeHHIO .llJaJibHOCTH: 

o(':m) - o(':m) = f;
1
·kTk, 

IJ JI (10) 

r.L{e fijk - aHTHCHMMeTpH'IHhlll eJJ:HHH'IHhlll TeH30p JleBH-qHBHTa. IIoJI.11pH-

3aUH.ll, IIpHXOL{.llllla.sIC.11 Ha OAHY 3JieMeHTapHyro .11'1eiiKy KpHCTaJIJia H3J'1ae

MOro OKCHJJ:a, npHBeJia K 3Ha'1eHHIO TOpOH,n:HOro ,llHnOJihHOro MOMeHTa paB

Horo ITl24µB A. AHanorH'1HhlH 3q>q>eKT 6hlJI noJiy'1eH .[{JI.II MarHHT03JieKTpHKa 

Cr203, noMellJ;eHHOro B CHJihHOe MarHHTHOe non~, rrpeBhlIIIaromee IIOJie CIIHH

q>non nepexo.L{a. 
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4 BKJia,IJ;hI rronHpH3yeMOCTe:H B BeKTOpHble 

IIOJIHpl:13an;l:'ll:'l cpe,n; l:'l l:IX MYJibTl:IIIOJibHbie 

pa3JIO)KeHl:IH 

B HacTo.simeM rraparpa<t>e Mhl pa30BheM nOJIHhlll <t>opMaJIH3M BKJia,n:OB BhlCIIIHX 

( CMeIIIaHHhlX) rron.sip1-13yeMOCTeii B '1eThlpe 6a3HCHhle IIJIOTHOCTH pacnpe.nene

HH.sI rron.sipn3aUHH npoH3BOJihHOH cpe,n:hl: P, M, T(µ) H T(d). B rrpHHUHne, 

rrpOH3BO.ll.sI nanee MJJibTHIIOJibHbie pa3JIO:lKeHmr 3THX nOJIHhlX Bhlpa:lKeHHll .n:n.si 

3iieprHH ri:x B3aHMo.n:eiicTBHll C BHeIIIHHMH IIOJI.s!pH3aUH.sIMH, Mhl nony'1HM 0606-

meHHe rrpe.nh1,n:ymnx <t>opMyn Ha cnyqaii HeJIHHeiiHhlX cpe.n:. B cooTBeTCTBHH 

C <l>YH.llaMeHTaJihHhlMH B3a~Mo,n:eiicTBH.sIMH Ka)K,n:oii H3 . non.sipH3aUHll BBe,L{eM 

IIOJI.s!pH3JeMOCTH, J'1HThlBaJOlllHe Bee B03MO)KHble BapHaHThl HH,llJIJ;HpoBaHH.sI 

,llaHHOll non.sipH3aIJ;HH BHeIIIHHMH nOJI.IIMH H TOKaMH. O6o3Haqa.si KOJIH'IeCTBO 

CBepHJThlX HHL{eKCOB B Ka)K,L{OM '1JieHe T0'1KaMH, BhlnHIIIeM caMhle o6mrre Bhl

pa:lKeHH.11 ,[{JI.II 3JieKTpH'1eCKOll IIOJI.llpH3ailHH tC yqeTOM Bcex BKJia,L{OB BnJIOTb L{O 

qeTBepToro rrop.llL{Ka: 

p = o~•l .E+o1•l :EE+o~•l:EEE+ ... +o1•mJ :EH+o~•ml:EEH+ .. . 

+t3imJ.H+t31mJ,HH+t3tl:HHH+ ... +t31m•J,HE+t3t•>:HHE+ .. . 

+"l'tJ .Jm+"l'tJ :JmJm+,,t> ;JmJmJm+ ... +1'1•rJ :EJm+"l'!mr) :HJm+ ... +,,j•mr) :EH Jm+ ... 

+5tJ .J•+5tJ ,j•J•+5t) :J•J•J•+ ... +5i•rJ :EJ•+51mr) :HJ•+ ... +5j•mr) :EH J•+ ... , 

(11) 

r.L{e Jm := ¼(i + D) = rotH; Je := rotE; '1HCJia npH noJI.11pn3yeMOCT.IIX o6o-

3Ha'1aIOT HX TeH30pHhlll paHr, H MO)KHO nepeiiTH K HenpHBO.llHMhlM TeH30paM, 

HanpHMep, BBO,ll.11 nonycyMMY H noJiypa3HOCTb aiem) H f3!me) H T.n.; 

,[{JI.II MarHHTHOll noJI.11pH3aIJ;HH: 

M =&imJ.H+&im):HH+&iml:HHH+ ... +&i•mJ,HE+&i•mJ;HEE+ ... 

+.a~•l ·E+.B!•l :EE+pj•l :EEE+ ... +.a1m•J :EH +.aim•J :EEH+ ... 

+rt) .Jm+YtJ :JmJm+rtJ ;JmJmJm+ ... -n-i•rJ,H Jm+rimr) :EJm+ ... +71m•r) ;HEjm+ ... 

+sir) .J•+&IrJ :J•J•+Sir) :J•J•J•+ ... +s1•rJ :EJ•+&imr) :HJ•+ ... +si•mr) :EHJ•+ ... ; 

,[{JI.II TOpOHL{HOll non.11pH3a.llHH MarHHTHOro npOHCXO)K,L{eHH.11: 

TM=~rJ.Jm+oirl,JmJm+airl;JmJmJm+ ... +air•l,JmE+;;!r•l;JmEE+ ... 

+:oi•J •E+~•J :EE+rf-.•l :EEE+ ... +:oi•rJ :EJm+WrJ;EEJffl+ ... 

+im)•H+~m):HH-n!ml;HHH+ ... fflrmJ,JmH~r•J,JmE+ ... +:yirm•);JmHE+ ... 

+Jir) .J•+Jir) :J• J•+~r) ;J• J• J•+ ... +~•rJ :EJ•+Jimr) :H J•+ ... +Jim•r) :EH J•+ ... ; 
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JlJUI TOpOH.l{HOH IIOJUipH3aIJ;IUI 3JieKTPH'leCKoro npmICXO:lK.l{eHH.sI: 

T p = &~T) .J•+&iT) :J•J•+&iT) :J• J• J•+ ... +&iT•J :J• E+&iT•J :J• EE+ ... 

·+,o~•> .E+.BJ•l :EE+,o!•l :EEE+ ... +,oJ•TJ :EJ•+,o!•TJ :EEJ•+ ... 

+'r~m>.n+'rJm>,nH+'r!ml:HHH+ ... +'ytm>,J•H+'rJT•l,J•E+ ... +'rtm•l:J•HE+ ... 

+it> .Jm+6"tl :Jm Jm+gt> :Jm Jffl Jm+ ... +6"in) :EJm+.simT) :H Jm+ ... +.S!meT) :EH Jm+ ... 

(14) 

HeTpy,nHO yqecTh B 3THX Bhlpa:lKeHH.sIX .UJI.sI ,naHHOro paccMaTpHBaeMOro 

KpHCTaJIJia .uyanhHhle CHMMeTpHH, KOTOphle npHBe.llYT K paBeHCTBaM Tima 

/3 
.. {m) /J•(e) r(T) i'(T) 

2 = 2 , V2 = 02 H T.II. Bee BKJia,l{hI B IIOJI.sipH3aIJHH, co,nep:lKamne 

BeKTOphI Jm H Je, Ha3hIBaIOT HeJIOKaJihHhIMH, H B nocne,nHee BpeM.sI 3KCIIe

pHMeHTaTOphI mi,yqHJIHCh HX H3Mep.sITh B HeKOTOphIX cnyqa.si:x OT,l{eJihHO OT 

JIOKaJihHhIX 3q>q>eKTOB [24]. EcTeCTBeHHO, 'ITO B npnBe,neHHhIX Bhlllle qiopMy

nax 'laCTh BeKTOpOB iianp.si::lKeIIHOCTeft MO:lKHO 3aMeHHTh Ha HX npoH3BO.l{Hhle • 

·PaHr IIOJI.sipH3yeMOCTeft npH 3TOM BO3pacTeT, H 3TH BKJia.l{hI B COOTBeTCTBy

IOIUHe IIOJI.sipH3aUHH TaK:lKe 6y,neM Ha3hIBaTh HeJIOKaJihHhIMH. Bo3MO:lKHhI H 

.upyrne HeJIHHeHHhie KpOCC-'lJieHhI, KpoMe MarHHTO3JieKTpH'leCKHX: MeXaHO

MarHHTHhie, TepMO3JieKTpH'leCKUe H .up. 

Teneph npOH3Be,neM MJJihTHIIOJihHhle pa3JIO:lKeHU.sI BeKTOpHhIX IIOJI.sipH3a

IJUII cpe.u c yqeToM CBOHCTB HX non.si:ptt3yeMOCTll. lln.si: 3Toro Bocnonh3yeMc.si: 

qiopMynaMH .[(JI.sI 3HeprHH B3aHMO,neHCTBH.sI 3TUX IIOJI.s!pH3aunft C BHelllHHMH 

non.si:Mn (1) n (2). Ha'!HeM c aHann3a 3JieKTpntiecKoft non.si:pH3aIJHH. IlpncyT

CTBHe B Bhlpa:lKeHHH .UJI.sI IIOJI.si:pn3aUHH BeKTOpa 3JieKTpH'leCKOH Hanp.si::lKeH

HOCTH MO.UHq>HIJHpyeT onpe.neneHIIe MJJihTHIIOJihHhIX MOMeHTOB: HanpnMep, 

3JieKTpH'leCKHH ,nHIIOJihHhIH MoMeHT Q ~ JP( r )d3 r nony'IHT ,no6aBKH 3a cqeT 
M (e) (e) {emT) II · 

IIOJI.s!pH3JeMOCTen a2 1 a3 , .•• , "{4 , • • • pnBe,l{eM .l{JI.sI npnMepa BKJia.l{ OT 

~(e). 
'-'3 • 

Q~e) = a~e) : / EEd3r. (15) 

TaKOH BKJia.[( MO:lKeT 6hITh .ziocTaTO'lHO BeJIHK, ecnn cpe.na· o6na.naeT CHJih

HhIMH HeJIHHeHHhIMH CBOHCTBaMH H BeJIH'lUHa aie) cymecTBeHHa. KpoMe Toro, 

3TOT BKJia,n Mo:lKeT ycnnnBaThC.sI n 3a cqeT HHTerpana. Ilepexo,n.si: B cqiepnqe

cKyro CHCTeMy KOop.nnHaT, Mhl MO:lKeM nepenncaTh ero B Bll,l{e 

I E;Ekd3r = ! E 2r 2dr f n;nkdn, (16) 

r.ne n = E/IEI. TaKHe HHTerpanhI qacTo BCTpeqa10Tc.si: B 3JieKTpo,n;nHaMHKe 

H CTaTHCTH'leCKOH MexaHHKe H, HX 3Ha'leHH.sI Haxo,n.si:TC.sI cornacHO o6meft qiop-

MYJihI: 

f n;njnk ... n1= :,{o;jOk ...... 0 ... 1-0ikOj ...... o ... 1+ ... } (17) 

L 
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Ilpn HaJIH'lniI .nononHnTeJihHhIX ycnoBnft Tnna divE = 0 HJIH divH = 0 
B3.sITHe TaKHX IIHTerpanoB ycJIO:lKH.sieTC.sI. B q>ll3H'leCKOM 3KCIIepnMeHTe HaJia

raeMble Ha KpHCTaJIJI IIOJI.sI MoryT HMeTh pa3HOe IIpOHCXO:lK.l{eHHe, B qacTHO

CTH, MoryT nMeTh pa3HYIO qacToTy. TaK 3JieKTpoonTn'leCKHH 3q>q>eKT IIo

KeJihca, o6hl'!HO Ha3hIBaeMhIH JIHHeHHhIM, eCTh 3q>q>eKT BTOporo nop.si:.n;Ka, T.K. 

.sIBJI.sieTC.sI pe3yJihTaTOM O.l{HOBpeMeHHOro B03,neftcTBH.sI 3JieKTpH'leCKOro IIOJI.sI 

Hll3KOH qacTOTbI ll CBeTOBOH BOJIHhI, B KOTOpoft cymecTBeHHOH o6hI'lHO .sIBJI.sI

eTC.sI 3JieKTpH'leCKa.sI COCTaBJI.sIIOIUa.sI. 3HaMeHHThIH 3q>q>eKT Keppa o6hl'!HO 

Ha3hIBaIOT KBa.upaTH'lHhIM, IIOCKOJlhKY· IIOKa3aTeJih npeJIOMJieHH.sI KpHCTaJIJia 

nponopnnottaneH KBa.npaTy cMemaromero HH3KO'laCTOTHoro non.si:, o.nHaKo no 

'IHCJIY noneft, CTO.sIIUHX B Bhlpa,f<eHHH .[(Jl.sI 3Heprnn B3anMo.neftcTBH.sI, 3TOT 

3q>q>eKT, Boo6me roBop.si:, TpeThero nop.si:,nKa. Cne.nyeT TaK:lKe pa3JIH'laTh cTa

TH'lecKnft ll .l{HHaMH'leCKHH 3q>q>eKThI. Ilpu H3y'leHHH MeXaHH3MOB .l{HHaMH

qecKUX 3q>q>eKTOB. yqn:rhIBaIOT cyMMOBhle ll pa3HOCTHhle 'laCTOThI, ll OT HX 

Ha.[(Jie:lKamero Bhl6opa MO:lKeT CHJihHO 3aBnceTh BeJIH'lHHa 3q>q>eKTa. 

HeTpy.uHo BhIIIHcaTh q>opMyny .nn.si: Q, y'lHThIBa10my10 Bee HeJinHeHHhle 

JIOKaJihHbie BKJia,n;hI, HCIIOJih3Y.sI Bhlpa:lKeHne (11). B IIOJUipH3aun.si:x (11), (12), 

(13) ll (14) HeJIOKaJihHhle. IIOJI.sipH3JeMOCTll 6y.neM o6o3Ha'laTh TeMn :lKe 6y

KBaMn, 'ITO U rrpe:lK.ne, HO 3arJiaBHhIMH. Tor.na, HarrpnMep, BK.Jia.n 3a C'leT 

HeJIOK~hHOH rron.si:pn3yeMOCTH BTOporo paHra B .l{llllOJihHhIH MOMeHT 6y,neT 

BhlrJI.si:.l{eTh TaK: 

Qie) = Aie) : ·1 '7 Ed3r. (18) 

TeH3Op no.n HHTerpanoM MO:lKHO, ecTeCTBeHHO, pa36HTh Ha HenpHBO.l{llMhle qa

CTH. Tor.na cne.n ero, paBHhlii divE, cBe,n;eTc.si: K pacnpe.neneHHIO nnoTHOCTII 

BHellJHero 3ap.si:.na, CHMMeTpII'IHa.sI 'laCTh q>HKCIIpyeT KBa,npyrroJibHhle CBOH

CTBa .ueiicTByromero Ha CHCTeMy 3JieKTpnqecKoro rron.si:, a aHTHCHMMeTpH'IHa.sI 

- aKCHaJihHhle CBOHCTBa 3TOro IlOJI.sI. 

5 3aKJIIO"tleHHe 

He npe.ncTaBJI.sieT 6oJihlllOro Tpy,na pa3BHTh IlOJIHhIH qiopMaJIH3M rro.uo6HhIX 

MYJihTHIIOJihHhIX pa3JIO:lKeHuii. IIonHa.si: rrapaMeTpn3ann.si: n106oro qiyH,naMeH

TaJihHoro B3aHMO.l{eHCTBH.sI OKa:lKeTC.sI Ky6H'leCKOH pellleTKOH, 3aIIOJIH.sIIOIUeft 

npocTpaHCTBO, Boo6me roBop.si:, 11eorpaHn'leHHO, HanpHMep, B IlOJIO:lKHTeJih

llhIX HanpaBJieHH.sIX oceii X, Y H Z. Ha ocH X, Koropyro 6y.neM C'lHTaTh 

rnaBHoft, 6y~eM pacnonaraTh, aHaJIH3Hpy.si: KaKyio-nn6o cJIO:lKHYIO 3JieKTpo

MarHHTHYIO CHCTeMy, 3Ha'!eHH.sI OIIHChIBaIOIUHX ee MOMeHTOB B nop.si:.nKe BO3-

pacTaHH.sI l-noJihHOCTH. B 11anpaBJieHHll OCH y 6y.neM q>HKCHpOBaTh 3Ha'le

HH.sI BKJla.l{OB 2n-cTeneHHhIX pa.uHycoB pacnpe.neneHH.sI Ka:lK,noro MOMeHTa B 

rrop.si:.nxe BO3pacTaHH.sI CTerreHH n. HarroMHHM, 'ITO MYJibTHTIOJihHhIH aHaJII-13, B 
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ero MaTeMaTIPICCKOM rro.n:orrJieKe, OCHOBbIBaeTC.K Ha Teop1m o6o6rueHHhIX <pJHK

U:HM H, HCCMOTp.11 Ha OOIUeIIpHH.IITbIC 3a6JIJ)K.ll:CHH.II O .ll:OMHHHpoBaHHH MOMCH

TOB, BCJIH'IHHhl pa.n:HJCOB MoryT oKa3aThC.II ropa3.ll:0 6onee cymecTBCHHhIMH 

rrpH OIIH_CaHHH KaKOM-JIH6o KOHKpeTHOM CHCTCMbl. TaK, HarrpnMep, 3JIJIHIICO

H.n:aJihHhIM. ,n:Bo:iiHo:ii cno:ii c He60JihIIIHM 3Kcu;eHTpHCHTCTOM npe,K,n:e Bcero 6y

.n:eT OIIHCbIBaTbC.11 cpe.n:HeKBa.n:paTH'IHhIM 3ap.11,n:OBhIM pa,n:ttycoM, a IIOTOM y)Ke 

3JICKTpH'ICCKHM KBa,n:pyrroJibHhIM MOMCHTOM. C reoMeTpll'ICCKOM )KC TO'IKH 

3peHH.II pa.n:nychl OIIHCbIBaIOT Mepy OTKJIOHCHH.11 Ka)K,n:oro l-IIOJibHOro MOMCHTa 

OT 3a,n:aHH.II 'ero B TO'IKC C aKTJaJibHO HJJICBbIMH pa3MepaMH [25]. llanee, 

H MOMCHThl, H_ pa.n:nychl, KaK Mhl BH.n:HM H3 ,MaTepnana 3TOM pa60Thl, Mor_yT 

H~CTb rrorrpaBKH 3a C'ICT HCJIHHCMHOCTH B3aHMO.ll:CMCTBH.II H3J'IaeMOM CHCTCMbl 

c BHCIIIHHM IIOJICM. 3TH rrorrpaBKH MO)KHO pacIIOJIO)KllTb BepTHKaJihIIO, rrapan

JICJibHO _OCH z, B nop.11,n:Ke BQ3pacTaHH.II 'IHCJia HH.ll:CKCOB y TCH30pOB IIOJI.11pH3y

CMOCTH, Ha.n: Ka)Ki(OM II03HU:HCM MaTpHU:hl, <pHKCHpy10me:ii 3HatieHH.II MOMCHTOB 

nnn pa.n:nycoB. 

0TMCTHM, 'ITO B 60JihIIIHHCTBe 3KcrrepHMCHTOB npn H3J'ICHHH CBOMCTB CH

CTCMhl o6bl'IHO HCilOJib3JIOTC.II JIH60 CTaTH'ICCKHe, JIH60 H3MCH.IIIOIUHCC.II CO 

BpeMCHCM rapMOHH'ICCKHC IIOJI.K. MbI o6pamaeM BHHMaHne Ha TO, 'ITO .ll:Jl.11 

Bhl.llBJICHH.11 BnxpeBbIX CTPYKTYP nepBoro nop.11,n:Ka - TOpOH.n:HhIX .n:nnone:ii -

"qncTyIO" <pyHKU:HIO OTKJIHKa (6e3 npHMCCH .n:pyrnx MJJibTHIIOJibHhIX B3a

HMO.ll:CMCTBHM) Mhl 6y.n:eM IIOJIJ'IaTh, IIaKJia,n:bIBa.11 IIa n3yqaeMyIO CHCTCMY 

non~, pacTyIUHe nnae:iiHo Bo BpeMeHn. 1In.11 Bhl.llBJieair.11 BKJia,n:oB rronon,n:anh

IIhIX .n:nrrone:ii Ha30BCM HX BHXpeBbIMH CTpJKTypaMH BToporo rrop.11,n:Ka HJIH 

2-TopaMH (26], aa.n:o HaKJia,n:bIBaTb Ha CHCTCMY IlOJI.11, paCTJillHC BO BpeMCHH 

KBa,n:paTH'IHO (n, T.,n:.' COOTBCTCTBCIIIIO nop.11,n:Ky n-Topa). EcTeCTBCHHO, 'ITO 

BCJIH'IHHa OTKJIHKa 6y.n:eT CTpCMHTCJibHO na.n:aTh C B03pacTaIIHCM rrop.11,n:Ka n 
H3-3a IIaJIH'IH.11 peJI.IITHBHCTCKOro <paKTOpa (1/c)n B 3IIeprHH B3aHMO.ll:CMCTBH.II 

n-Topa C BIICIIIHHM IIOJICM. 

Ilo,n:tiepKIICM TO, 'ITO Bhl.ll:CJICHHe BCKTOpHbIX BKJia,n:oB 1Iatt6onee y,n:o6Ho .ll:Jl.11 

3KCIIepHMCIITaTopoB npn aHaJIH3C KpHCTaJIJIH'ICCKHX o6'beKTOB MaJihIX,pa3Me

poB. Eme 6onee HarJI.11,n:Ho npuMeHeHne 3TOM MeTo,nMKH npn · ri:ccne,n:OBaHHn' 

3JICKTpOMarHHTHhIX OTKJIHKOB HH3KOpa3MepHbIX CTPYKTYP, npHMCH.IICMbIX. B 

HaHOTCXHOJiorn.11x. 
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