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HMeIOTCSI BemeCTBa (HanpHMep, KPKCTaJIJIH'tfeCKHe (1)), 3JIeKTpOMarHHTH1>Ie 

CBOHCTBa KOTOPbIX MO>KHO OnHCbIBaTb npeHMymecTBeHHO paCnpe.neJleHHHMI1 

.IlHnOJIeH. MYJIbTHnOJIbHOe pa3JIO>KeHHe nJIOTHOCTH Takoro pacnpe.neJIeHIU 

HMeeT pSl.ll OTJIH'tfHH OT pa3JIO>KeHHSI TOKa 3apSl.D;OB, 'tfTO npHBO.llHT I( HHTe­

peCHbIM CJIe.llCTBHSlM OTHOCHTeJIbHO XapaKTepa B3aKMO.lleHCTBHH .D;HIIOJIbHhIX 

CHCTeM C BHeIlIHHMH nOJISlMH. llOJIHbIH aHaJIH3 3THX pa3JIO>KeHHH HMeeT ue 

TOJIbKO aKa.lleMH'tfeCKHH HHTepeC. 

H3BecTHo [2, 3J, 'tfTO B paMKax 3JIeKTpO.llHHaMHKH MaKCBeJIJIa-HopeHIla 

MYJIbTHnOJIbHOe pa3JIO>KeHHe nJIOTIIOCTH 3apSl.D;a-TOKa CO.llep)l{HT TpH BH.lla 60,­

3HCHbIX .llHnOJIeH: 3JIeKTpH'tfeCKHH Q, MarHHTHbIH M H (nOJISlpHbIH) TOpOH.Il­

HbIH T. 3JIeKTpOMarHHTHaJI cpe.lla, B KOTOPOH HeT HI1 CB060.D;HbIX, IIH CBSI­

3aHHblX 3apSl.llOB (p == 0), IIH He3aMKHYTbIX TOKOB (divj = 0), onHCbIBaeTCSI 

TOJIbKO MarHHTHbIMH H TOPOH.llHbIMH nOJISlpIOaUHSlMH [4J. llPH onHCaHltH pac­

npe.lleJIeHHSI HaMarHH'tfeHHOCTH B mpe, BJIaTT H BaHcKon<p (CM. IIX KUHry [5], 
B KOTOPOH UHTHPYIOTC}I HX npe.nIlIecTBeHHHKH), nO-BH.llHMOMY BnepBhIe nOll 

Ha.3BaHHeM "HHllYUHpoBaHHbIe 3JIeKTpH'tfeCKHe nOnepe'tfHbIe MOMelITbI" BBeJII1 

MarHHTHbIe BKJIa.llbI B TOpOH.D;HbIe nOJISlpH3allHH. llPH KJIaCcH<pHKaIUtH TO"lle"ll­

HbIX rpynn MarHHTHOH CHMMeTpHH KPHCTaJIJIOB Ha BbI.D;eJIeHHOCTb TIBIa CHM­

MeTpHH, KOTOPbIM 06JIa.llaeT TOPOH.llHbIH .IlHnOJIb, YKa3bIBaJIOCb B [6]-[9]. Mar­

HeTHKH, .llOnYCKaIOlllI1e cymecTBoBaHHe TOPOH.llaJIbHOrO ynopSI.llO'lleHHJI, 6blJIH 

. Ha3BaHbI TopOHKaMH. TIpHMepbI MarHHTHbIX KPHCTaJIJIOB, .llOnYCKaIOmHX TO­

pOH.llHOe ynopSI.llO'lleHUe, npHBe.lleHbI B ynoMSlHYTax BbIwe pa60Tax. vb 110­

CJIe.llHHX pa60T no 3KcnepHMeHTaJIbHOMY H3Y'lleHHIO TOPOH.llHOH nOJISJpH3aUIII1 

OTMeTHM ee H3MepeHJU B MarHHTHOM nbe303JIeKTpHKe Ga2-rFcr03 [10] H B 

Ma.rHHT03JIeKTpHKe Cr203 [11 J. 
B 1986 r. B annapaT 3JIeKTpOD.IfHaMHKI1 CnJIOllIHbIX cpeJl 6blno BSCJlCnO 

ceMeHCTBO aKCHaJlbHbIX TOPOHJlHblX MOMeUTOB [12] 1. nOBOJIbHO CKOPO 3THM 

MOMeUTaM 6bIJIO uaHD.eno BeCbMa lIpKOe npUMeueHHe B cpH3HKe MOJIeKYJI. B 
1991 r. 6bIJIO YKa3aHO [13], "liTO MOJIeKYJIbI pSl,lIa. apOMaTIiT.feCKHX coenHHeHlUl 

(aHTpaueu, cpeuaHTpeH, neUTauell H ,lIp.) npH KPUCTaJIJIlf"tIeCKOH ynaKOBJ(e 

MoryT C03,lIaBaTb aKCHaJIbHbIH TOPOH,lIHbIH MHKpO,lIHnOJIb 3a C'lIeT ynoPJlJlO­

'lIeHHSI 3JIeKTpU'lIeCKHX .llHnOJIeH aTOMOB B COCTaBe BKJIIO"lIeHHOrO B CJlO>KHYIO 

MOJIeKyny llliKJIH"lIeCKOrO q)pa.rMeHTa. 6eH30nbHoro KOJIbua C6 (CM. PHc.1 ). 

3TO n03BOJIlmO 06'bllCHHTb B3aHMO,lIeiicTBHe MHKPOKPHCTaJIJlOB apOMaTH"tle­

CKHX BemeCTB C nepeMeHHbIM MarHHTHbIM nOJIeM [14J. TaKOH He06hI"lIHbIH BH.ll 

MarHHT03JIeKTpH"lIeCKOH lUI,lIYKUHH 6bIJI Ha3BaH a.poMarHeTH3MoM. 

3TH ycnexH, a TaIOKe HeY,lIOBJIeTBOpCuHOCTb cOBpeMeuHbIM COCTOllHHCM 

HcropH'lecKHM npH'IlfHaM f8] 6a:mcHhIH mmonh :':tToro ceMeiicTna nllorna o603na'la­
eTC~ KaK G. 
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TeopHH 3q,q,eKTa BOMa-AapoHoBa [15] H rrOJIBJIeHHe ero aHaJIOrOB (CM., Harrp., 

[16]) 3aCTaBJIJIeT 60JIee CHCTeMaTHqeCKH OTHeCTHCb K BOrrpocaM MYJIbTHrrOJIb­

HhIX rrpe.n;cTaBJIeHHH PalJIHqHhIX KOHq,HrypaUHH, KOTophIe MoryT. B03HHKaTb, 

HarrpHMep, B .n;HrrOJIbHhIX cpe.n;ax, H K BhI60py rrapaMeTpOB .n;JIJI OrrHCaHHJI 3JIeK­

TpOMarHHTHhIX CBOHCTB KBaHTOBhIX 06'beKToB, HarrpHMep, MOJIeKYJI co CJI02K­

HhIM CTpoeHHeM. 

B HaCTOJImeHCTaTbe Ha:H.n;eHhI rrOJIHhIe Ha60phI 6a.3HCHhIX .n;HrrOJIeH .n;JIJI 

q,H3HqeCKH HaHfuJIee 3HaqHMhIX .n;HrrOJIbHhIX cpe.n; [9]. lIaJIee, HCXO.n;JI H3 MaTe­

MaTHqeCKoro q,aKTa HX cymecTBOBaHHJI, YKMaH PJI.n B03M02KHhIX He06hIQHhIX 

q,YHKUHH OTKJIHKa BemecTBa, Haxo.n;JImeroCJI B KOH.n;eHCHpOBaHHOM COCTOJIHHH, 

Ha Heo.n;Hopo.n;HhIe H/HJIH .n;HHaMHQeCKHe 3JIeKTpHQeCKHe H MarHHTHhIe rrOJIJI. 

B 3TOM OTHomeHHH .n;aHHaJI CTaTbJI JIBJIJIeTCJI pMBHTHeM pa60T [12] H [17]. 

ITocTpoeHHe MynbTHnonbHMx MOMeHTOB 

,lln.a: cnHHOBMX (,llHnOnbHMX) cpe,ll H HX B3a­

HMO,lleHCTBH.a: C BHelllHHMH non.a:MH 

IIpe.ucTaBHM, QTO HMeeTCJI HeKaJI "cpe.n;a" (cHcTeMa) HerrpephIBHO pacrrpe.n;e­

JIeHHhIX 3JIeMeHTapHhIX 3JIeKTpHQeCKHX .n;HrrOJIe:H, KOTOPaJI orrHChIBaeTCJI orpa­

HHQeHHOH B rrpOCTpaHCTBe <pYHKUHeH d : rEV, B 06meM cJIYQae 3aBHCJI­

me:H OT BpeMeHH. lIorrycTHM, QTO B TaKoH cpe.n;e rro pa3JIHQHhIM rrpHQHHaM -

BCJIe.n;CTBHe BHyTpeHHHx B3aHMo.n;eHcTBH:H HJIH rro.u BJIHJIHHeM BHemHHX rroJIe:H 

- MoryT B03HHKaTb H BhIcTpaHBaTbCJI arperaThI pa3JIHQHhIX KOH<pHrypaUH:H, 

COCTOJImHe H3 KOHeQHOrO QHCJIa 3JIeMeHTapHhIx .uHrrOJIe:H. OrrHChIBaJI CBO:H­

CTBa arperaToB C rrOMOmbIO MYJIbTHrrOJIbHhIX rrapaMeTpoB, BhIrrHmeM rrepBhIe 

QJIeHhI pMJIO)KeHHJI 3HeprHH HX B3aHMo.n;e:HCTBHJI C BHemHHMH 110JIJIMH: 

W = - ( d(r)E(r)d3r = ~r02divE - QE - T(d)rotE­
lv 6 

-p(d)rotrotE - ~QiAViEj +VjEi) - Ti/d)Vi(rotE)j + 
1 ­+10 (r~2) . V)divE + ... ===} -QE T(d)rotE + p(d)(Vp - ~E) + 

(d) . (d)····+... ===} -QE + T H + P (J - E) + ...., (1) 

r.n;e Q = f d(r )J3r - 06hIQHhIH rrOJIHhIH 3JIeKTpHQeCKH:H .n;HrrOJIbHhIH Mo­

MeHT CHCTeMhI (PHc.Ia), T(d) = ~ J r x d(r)cPr - aKCHaJIbHhI:H TOPOH.n;HhIH 

.n;HIIOJIbHhIH MOMeHT CHCTeMhI (PHc.Ib), p(d) = 1~ J[r(rd) - 2r2d]d3r - 110­

JIJIPHhI:H rrOJIOH.n;aJIbHhI:H .n;HIIOJIbHhIH MOMeHT (PHc.Ic). BMeCTe OHH COCTa­

BnJIIOT 6MHCHYIO TP0:HKY BeKTOPOB .n;nJI pa3n02KeHHJI rrnOTHOCTH pacrrpe.uene­

HHJI .n;aHHoro BH.n;a. KpOMe HHX B (1) HMeIOTCJI: r02 = J r EcPr - CKaJIJIPHhIH 
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Puc.1 

4 



MOMeHT, KOTOPhIH B pa3JIO)KeHHH TOKa COOTBeTCTByeT BpeMeHHOH npOH3BO,lJ;­

HOH OT Cpe,lJ;HeKBa,lJ;paTH'tIHoro pa,lJ;Hyca 3apSlJ(a, T .e. ,lJ;BOHHOMY C<pepH'tIeCKOMY 

CJIOIO (PHc.ld) 2; ri2) = J[2r(rE)+r2E}<f3r - Cpe,lJ;HeKBa,ZJ;paTH'tIHhIH pa,ZJ;HyC 

rtP0,lJ;OJIhHOH 'tIaCTH ,lJ;HnOJIbHoro MOMeHTa Q, KOTOPhIH 06pa3yeTcx ,lJ;BOHHhIM 

UHJIHH,lJ;pHqeCKHM CJIoeM ,lJ;HnOJIeH (PHc.le); Qij H Ti~d)- 3JIeKTpH'tIeCKHH H TO­

POH,lJ;HhIH KBa,lJ;pynOJIbHhIH MOMeHThI, onpe,lJ;eJIXeMhIe no 06hI'tIHhIM· npaBHJIaM. 

Bce B3aHMO,lJ;eHCTBHX MYJIbTHnOJIbHhIX xapaKTepHCTHK C nOJIeM HJIH npOH3BO,lJ;­

HhIMH OT Hero B BhIpa)KeHHH (1) JIOKaJIbHhI H OTHOCXTCjl K HeKoTOpoH Cpe,lJ;HeH 

TO'tlKe, "ueHTpy" CHCTeMhI. 

ECJIH )Ke B3aHMO,lJ;eHCTBHe dE 3aMeHHTb Ha pH, TO nepBhIe 'tIJIeHhI Pa3JIo­

)KeHHX 3HeprHH B3aHMO,lJ;eHCTBHx pacnpe.neJIeHHX nJIOTHOCTH MarHHTHhIX ,lJ;H­

nOJIeH C BHeIIIHHM HeO,lJ;HOpO,lJ;HhIM MarHHTHhIM nOJIeM npHHHMaIOT BH,lJ; 

w = - f p(r)H(r)d3 r = -MH - T(IJ)rotH­


P(IJ)rotrotH - -~M"(V'H' + V ·H·) - T.(~)V'(rotH)' + ---->...
2 'J • J J' 'J' J'" ---r 

==> -MH - T(IJ)E - p(IJ)(rot; - H) 
==> -MH - T(IJ)rotH + p(lJ) ~HCB06 + ... (2) 

BH,lJ;HM, 'tITO COrJIaCHO ,lJ;YaJIbHOCTH 3JIeKTpOMarHeT1iI3Ma MOMeHT Q B (1) 3a­

MeHxeTCX Ha MarHHTHhIH ,lJ;HnOJIbHhIH MOMeHT M, XapaKTepH3YlOInHH 3KBH­

BaJIeHTHYIO paMKy C TOKOM; T(d) - Ha nOJIXpHhIH TOPOH,lJ;HhIH ,lJ;HnOJIb T(IJ); a 

BeKTopHhIH nOJIOH,lJ;aJIbHhIH ,lJ;HnOJIbHhIH MOMeHT p(d) - Ha aKCHaJIbHhIH p(IJ). 
Kor,lJ;a HOCHTeJIXMH MarHHTHhIX MOMeHTOB XBJIXIOTCX cnHHOBhIe 'tIaCTHIJ;hI, 

HanpHMep, HeHTpOHhI, TO MYJIbTHnOJIbHoe pa3JIO)KeH~e pacnpe,lJ;eJIeHHX HX 

MarHHTHhIX MOMeHTOB (HanpHMep, B SlJ(pe HJIH B HeHTpOHHOH 3Be3,lJ;e) nOJIy­

'tIaeT nepBH'tIHhIH CMhICJI. B TeopHH KOH,lJ;eHCHpoBaHHorO COCTOXHHX BemeCTBa 

Ha B03MO)KHOCTb TOPOH,lJ;aJIbHOro ynOpSlJ(O'tleHHX cnHHOBhIX MarHHTHhIX MOMeH­

TOB B nepOBCKHTax BnepBhIe YKa3hIBaJIOCb M.C. )KeJIY,lJ;eBhIM [6}. YnopSlJ(O'tle­

HHe )Ke MarHHTHhIX 'tIaCTHU B CBepXTOHKHX nJIeHKaXB 3aMKHYThIe KOH<pHry­

paUHH, KOTophIe MO)KHO onHChIBaTb TOPOH,lJ;HhIMH MOMeHTaMH, no-BH,lJ;HMOMY, 

Bo06me npe,lJ;C'TaBJIXeT c060H 06InHH CJIy'tlaH (CM., Hanp., [18] H [19]). OT­

MeTHM, 'tITO c:>6MeHHhIe B3aHMO,lJ;eHCTBH1I Me)K,lJ;y cnHHaMH, pacnOJIO)KeHHhIMH 

Ha nJIOCKOCTH, TaK)Ke npHBO,llXT K H3BeCTHOH peIIIeTKe BHxpeH KeCTepJIHua­

TaYJIeca, pacnOJIO)KeHHhIX B, "aHTHTOp0H.uHOM" nOpX,lJ;Ke. 

Pa.3JIO)KeHHX, nO,lJ;06HhIe (1) H (2), OqeBH,lJ;HO, MO)KHO BhInOJIHHTb ,lJ;JIX 

,lJ;ByX OCTaBIIIHXCX <pYH,lJ;~eHTaJIbHhIX (TOP0H,lJ;HhIX) ,lJ;HnOJIbHhIX pacnpe,lJ;eJIe­

HHH T(r) H g(r). IIOJIy'tleHHhIe B pe3YJIbTaTe TaKHX pa3~O)KeHHH BHXPH BhI­

COKOro nopSlJ(Ka BpSlJ( JIH peaJIH3YlOTC1I B KPHCTaJIJIHqeCKHX BemeCTBax. llJIX 

2TaKYlO KOH<l>Hl'ypaUHIO BqaCTHOM cnyqae npH paBHOM HynlO BHYTpeHHeM pa,llHyce HHo­

l',lla Ha.3hIBaIOT "e)KOM". 
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HX 06pa30BaH~liI HYJKHbI 3K30TH"tJ:eCKHe Cpe,llbl, B KOTOPblX 3JIeMeHTapHble Ho­

CHTeJIH YJKe 06JIa.uaJOT, HanpHMep, TOP0H,llHblMH ,llHnOJIliIMH. OTMeTHM,"tJ:TO 

nOCJIe,llHHe 3KCnepHMeHTbI YKa3b1BaIOT, "tJ:TO HeHTpHHO, BH,llHMO, MaHOpaHOB­
3CKHe "tJ:aCTHIUd, H 06pa3YIOT cpe,llbl BblCOKOH nJIOTHOCTH (10H>cM- ). H3BeCTHO 

(CM., Hanp., [20] H [21]), "tJ:TO TaKHe HeHTpHHo 06JIa,llaIOT TOJIhKO TOPOH,ll­

HblMH ,llHnOJIhHblMH MOMeHTaMH. Ha B03MOJKHOCTh KorepeHTHblX B036YJK,lle­

HHliIX B TaKOH cpe,lle, 06ecne"tJ:HBaIQIllHX B036YJK,lleHHe MeJK,lly a.upOHaMHHa 

ypOBHe rpaBHTaUHOHHblX, 6b1JIO BnepBble YKa3aHO B.M. KOPIOKHHblM [22]. 

BeKTopShIe napaMeTphI 


Cpe,nhI 


H3JIOJKeHHblH BbllUe MaTepHaJI OTHOCHTCliI K TaK Ha3b1BaeMOB JIHHeHHOH 3JIeK­

Tp0,llHHaMHKe. COrJIaCHO ee ypaBHeHHliIM 3JIeMeHTapHble 06'beKTbI, HanpHMep 

,llHnOJIH, ynpaBJIliIIOTCliI nOJIeM KaKoro-JIH60 THna HJIH TOKOM npH KOHTaKTHOM 

B3aHMO,lleHCTBHH H He, MeHliIIOT npH 3TOM CBOHX napaMeTPOB. KpOMe ,llHno­

JIeB MOJKHO BBeCTH If 6,oJIee CJIOJKHble 06'beKTbI, COCTaBJIeHHble H3 ,llHnOJIeH: 

KBa,llpynOJIH, oKTynOJIH H T.,ll. IIpocTeBlUHe MaKPOCKonH"tJ:eCKHe KOHCTPYKUHH 

TaKoro pO,lla MOJKHO npe,llCTaBHTh, HanpHMep, B BH,lle ,llByX HJIHTpeX TOKo­

BblX neTeJIh, pacnOJIOJKeHHblX B6JIH3H ,llpyr ,llpyra HJIH CBliI3aHHblX B e,llHHhIH 

KOHTyp. PacCMOTPHM, HanpHMep, npOBOJIO"tJ:Hoe KOJIhUO, H30rHYTOe B <popMe 

nponeJIJIepa. IIpH npOXOJK,lleHHH no TaKOMY KOJIhUY TOKa KaJK,llaJI H3 neTeJIh 

C03,llaeT MarHHTHoe nOJIe, H MbI MOJKeM npH6JIHJKeHHO onHCblBaTh HX MarHHT­

Hble CBOHCTBa C nOMOmhIO MaI'HHTHblX MOMeHTOB. Tor,lla 3HepI'HliI JIOKaJIhHblX 

B3aHMO,lleHCTBHH 3THX ,llByX neTeJIh C BHelUHHM MaI'HHTHblM nOJIeM npOH3­

BOJIhHOH KOHqmrypaUHH 3anHCbIBaeTC.SI TaK: 

(3) 

IIo,ll JIOKaJIhHOCThIO nO,llpa3YMeBaeTCliI OTHeceHHOCTh CJIaraeMblX BBe,lleHHOH 

3HeprHH K ueHTpaM neTeJIh. BBe,lleM Teneph KPoMe BeKTopOB Ili H Ilk, Ko­

Topble, OTHOCliICh K Pa3JIH"tJ:HblM neTJIliIM' npHnHCaHbI K Pa3JIH"tJ:HblM TO"tJ:KaM 

npOCTpaHCTBa {I} H {2}, KBa.upynOJIhHblH MOMeHT CHCTeMbI B BH,lle CHMMe­

TPH"tJ:HOro TeH30pa BTOporo paHra Ilik. KaK H B npe,llbl.llYIlleM naparpa<Pe, 

napaMeTp Ilik Y"tJ:HTblBaeT BKJIa,ll B 3HepI'HIO, C03,llaIOIllHHCliI 3a C"tJ:eT rpa.uH­

eHTa HaJIaraeMoro Ha CHCTeMY BHelUHero MarHHTHoro nOJIliI, T .e. 3a C"tJ:eT He­

O,llHOPO,llHOCTH nOJIliI MeJK,lly ueHTpaMH neTeJIh. Tor,lla BblpaJKeHHe (3) MOJKHO 

npH6JIHJKeHHO'nepenHcaTh B BH,lle 

(4) 
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BH.uHM, qTO Tenepb BCe qJleHhI pa3JlOJKeHH.H OTHeCeHhI K HeKOTOpOH Cpe.uHeH 

TOqKe, KOTOpyIO MhI Ha3hIBaeM ueHTpOM CHCTeMhI H B TaKOM npe.uCTaBJleHHH 

::meprHH B3aHMO.ueHCTBH.H H COCTOHT BC.H CYTb MYJlbTHnOJlbHoro pa3JlOJKeHH.H. 

npe.unOJlOJKHM renepb, qTO MaTepHaJI, H3 KOTOPOro c.ueJlaHhI neTJlH, rH60K 

H MarHHTHoe nOJle, opHeHTHpYIOlUee MarHHTHhIe. MOMeHThI MOJKeT .ue<popMH­

pOBaTb KOHTyphI neTeJlb. GTO B03MYlUeHHe MhI MOJKeM yqeCTb BBe.ueHHeM 

KBa.upynOJlbHOH nOJl.HpH3yeMocTH CHCTeMhI a(m) ..ilonOJlHHTeJlbHa.H 3HeprH.H 

JlOKaJIbHOrO B3.aHMo.ueHCTBH.H CHCTeMhI C MarHHTHhIM nOJleM onHChIBaeTC.H YJKe 

HeJlHHeHHhIM no nOJlIO BhIpalKeHHeM 

(5) 

TaKHM 06pa30M MbI nOJlyqaeM HOBOe KaqeCTBO B H3yqeHHH CBOHCTB CHCTeMhI 

.uHnOJleH. 0606lUa.H, CKaJKeM TaK, qTO HaJIOJKeHHe nOJl.H Hi HH.uyUHpyeT B 

cpe.ue.uonOJlHHTeJlhHYIO MarHHTHYIO .uHnOJlbHYIO nOJl.HpH3aUHIO Mle = a~;;)Hi' 
KOTOPa.H, B CBOIO oqepe.ub, cnoc06Ha B3aHMo.ueHcTBOBaTb C nOJleM Hie. 3.uecb 

a;;;) 6y.ueM Ha3hIBaTb KBa.upaTHqHOH MarHHTHOH BOCnpHHMqHBOCTbIO Cpe.uhI. 

HTaK, MbI BBeJlH HeJlHHeHHOe B3aHMo.ueHcTBHe, yqHThIBaIOlUee HeJlHHeH­

HhIH OTKJlHK cpe.uhI Ha MarHHTHoe nOJle. B npHHUHne, TeH30p a MOJKeT HMeTb 

npOH3BOJlbHOe KOJlHqeCTBO HH.ueKCOB H B BhIpaJKeHHH .uJl.H 3HeprHH OH .uOJlJKeH 

6bITb cBepHyT C COOTBeTCTBYIOlUHM CHMMeTpHqHhIM TeH30pOM, COCTaBJleH­

HhIM H3 BeKTopa Hanp.HJKeHHOCTH BHeuIHero MarHHTHoro nOJl.H. ECTecTBeHHo, 

qTO .ue<p0pMaUHH, no.u06HhIe onHcaHHhIM .uJl.H CHCTeMhI MarHHTHbix .uHnOJleH, 

MOJKeT HcnbIThIBaTb H CHCTeMa, COCTaBJleHHa.H H3 3JleKTpHqeCKHX .uHnOJleH. B 

3TOM CJlyqae BhIpaJKeHH.H .uJl.H 3HeprHH HX B3aHMo.ueHcTBH.H C BHelIIHHM 3JleK­

TpHqeCKHM nOJleM 6y.uYT COBeplIIeHHO H.ueHTHqHhI BBe.ueHHhIM BhIlIIe, a Mar­

HHTHyIO BOCnpHHMqHBOCTb B HHX MhI 3aMeHHM Ha 3JleKTpHqeCKYIO a e
• no­

CKOJlbKY peaJIbHhIe CHCTeMhI, H3 KOTOPhIX COCTOHT JlI06a.H cpe.ua, - 3TO aTOMhI 

H MOJleKYJlhI, HaxO.u.HlUHeC.H B COCTO.HHHH HenpephIBHOH BHYTpeHHeH H BHelIIHeH 

.uHHaMHKH, TO, BCJle.uCTBHe B3aHMOCB.H3eH HCTOqHHKOB qepe3 nOJl.H, B03MOIKHhI 

H CMelIIaHHhIe nOJl.HpH3yeMocTH, HanpHMep, MarHHT03JleKTpHqeCKHe C 3Hep­

rHeH B3aHMO,lI,eHCTBHa:: 

(6) 

HMe.H B BH.uy OpraHH3aUHIO KOMnbIOTepHOH naM.HTH, BBe.ueM nOJl.HpH3yeMocTb 

TpeTbero paHra, OTBeqaIOlUYIO CHMMeTpHH 3<p<peKTa XOJlJla, H COOTBeT-

CTBeHHO, 3HeprHIO B3aHMo.ueHCTBH.H: 

I (em)E H JWNL -ailel i Ie I, (7)
C 

r.ue J, - BHelIIHHH TOK, npoTeKaIOlUHH qepe3 paccMaTpHBaeMYIO CHCTeMY. B 

qaCTHOCTH, 3TOT TOK MOJKeT 6hITb TOKOM CMelUeHH.H, qTO peaJIH3yeTC.H, Ko­

r.na H3yqaeMaa: CHCTeMa pa3MelUaeTca: B nOJle KOH.ueHcaTopa. By.ueM CqH­

TaTb, qTO TeH30p a!:;n) - aHTHcHMMeTpHqeH no HH.ueKcaM i H k. Tor.ua B 
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TeH30pe EiHk MOiKHO BhUleJ1HTh TOJIhKO aHTHCHMMeTpH'tJHYIO 'tJacTh, H MhI B 

npaBe .llml KOHKpeTHOH 3KCnepHMeHTaJIhHOH cHTyaU;HH CB1l3aTh C HHM BeKTOp 

YMOBa-TIoHHTHHra .llJI1l CBeTa, npOXO.ll1lWero 'tJepe3KpHCTaJIJI C nO.l106aIOWHMH 

HeJ1HHeHHhIMH CBOHCTBaMH. TIoaHaJIOrHH C npe.llhUlYWHMH pacCY)f(.lleHH1lMH 

MhI MO)f(eM BBeCTH HH.llYU;HpOBaHHYIO TOPOH.llHYIO nOJI1lpH3aU;HIO 

1 (em)E H - (em)S11I = -a[ik]1 i k = ajl j, (8) 
c 

KOTOPa.s: OTKJIHKaeTC1l Ha npOXO.ll1lWHH 'tJepe3 KPHCTaJIJI TOK JI. lIeHcTBH­

TeJIhHO, 3neKTpOMarHHTHa.H BonHa, npOXO.ll1l, HanpHMep, 'tJepe3 q,eppoMarHHT­

HhIH .n;H3neKTpHK, MOiKeT, B npHHU;Hne, COBepwaTh B HeM nepeopHeHT.aU;HIO 

IIOn1lpH3aU;HH, IIpeBpawa1l ero B cna.6bIH q,eppOMarBeTHK, 06JIa.uaIOWHH TO­

POH.llHOH nOn1lpH3aU;HeH. KOHKpeTHO TaKHMH CBOHCTBaMH MoryT 06na.n;aTh 

palnH'tJHhIe nepOBCKHTbI, MaHraHHTbI (CM., Hanp., [23]) H .llPyrHe .n;OCTaTo'tJHO 

cnOiKBbIe coe.n;HHeHH1l. 

3KcnepHMeHTaTophI npH H3MepeHHH TOPOH.llHOH nOn1lpH3aU;HH KPHCTaJI­

nOB, eCTeCTBeHBO, nocTynalOT npowe. HanpHMep, B [10] H3y'tJaJIC1l OTKnHK 

MOBOKpHCTaJIna F e-Ga-oKcH.lla Ha MarHHTHoe none. yhBeCTHo, 'tJTO y TaKoro 

MaTepHaJI.a q,eppoMarHHTHhIe CBOHCTBa co'tJeTaIOTC1l C nhe303neKTpH'tJeCKHMH 

(BcnOMHHTe aHaJIOrHIO C yIIpyrHMH neTn1lMH). B 3KcnepHMeHTe H3Mep1lnaCh 

senH'tJHHa HH.n;yU;HpoBaHHoH 3neKTpH'tJecKoH nOn1lpH3au;HH npH HanO)f(eHHH Ha 

KpHCTann MarBHTBoro IIOn1l H: 

D. _ ",,(em)H. 
.LI - .....ij )' (9) 

(em) .. 
r.n;e TeH30p aij Ha3bIBaeTC1l TeH30pOM MarHHT03neKTpH'tJeCKOH BocnpHHM­

'tJHBOCTH. ABTHcHMMeTpH'tJHa.H 'tJaCTh TeB30pa a~jm) KaK pal H OIIpe.n;en1leT 

TOPOH.llHbIH .n;HnonhHbIH MOMeBT cornacBo COOTBoweBHIO .n;yanhBOCTH: 

(em)
a·· (10)I) 

r.n;e €oijk - aHTHCHMMeTpH'tJBbIH e.llHBH'tJBbIH TeB30p JIeBH-t.:{HBHTa. TIon1lpH­

3aU;H1l, npHxo.n;1lWa.HC1l Ba O.llBY 3neMeBTapHYlO 1l'tJeHKY KpHCTanna H3y'tJae­

MOro OKCH.lla, .IIpHBena K 3Ba'tJeBHIO TOPOH.llHOro .n;HIIonhHoro MOMeBTa PaB­

BOro ITI24J.LB A. ABanorH'tJBbIH 3<p<peKT 6bIn IIony'tJeB .n;n1l MarBHT03neKTpHKa 

Cr203, IIOMemeBBoro B cHnhBoe MarBHTBoe IIone, IIpeBbIwalOwee IIone cnHB­

q,nOII IIepeXO.lla. 
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4 	 BKJIa,nbl IIOJIJIpu3yeMocTeu B BeKTopHble 

IIOJIJIpU3auUu cpe,n U ux MYJIbTUIIOJIbHble 

pa3JIO}KeHUJI 

B HaCTOJlIlleM naparpa.c:pe MhI Pa30BbeM nOJIHhIH CPOPMaJIH3M BKJIa,nOB BhICWHX 

( cMewaHHhIx) nOJIJlpH3yeMocTeH B lIeThIpe 6a3HCHhIe nJIOTHOCTH pacnpe,neJIe­

HHJI nOJIJlpH3aUHH npOH3BOJIbHOH Cpe.nhI: P, M, T(p,) H T{d). B npHHUHne, 

npOH3BO,nJl ,naJIee MYJIbTHnOJIbHhIe pa3JIOEeHHJI 3THX nOJIHhIX BhIpaEeHHH ,nJIJI 

3HeprHH HX B3aHMo,neHCTBHH C BHeWHHMH nOJIJlpH3aUHJlMH, MhI nOJIYlIHM 0606­
IlleHHe npe,nhI.nYIllHX CPOPMYJI Ha CJIyqaH HeJIHHeHHhIX cpe,n. B COOTBeTCTBHH 

C CPYH,naMeHTaJIbHhIMH B3a~Mo.neHCTBHJlMH KaE,noH H3 nOJIJlpH3anHH BBe.neM 

nOJIJlpH3yeMocTH, YlIHThIBalOillHe Bce B03MOX<.HhIe BapHaHThI HH,nYUHpoBaHHJI 

,naHHOH nOJIJlpH3aUHH BHeWHHMH nOJIJlMH H TOKaMH. 0603Hallag KOJIHlIeCTBO 

CsepHYThIX HH,neKCOB B Ka)K,nOM lIJIeHe TOllKaMH, BhInHweM CaMhIe 06m;He BhI­

pa)KeHHJI ,nJIJI 3JIeKTpHlIeCKoi nOJIJlpH3anHH ,-C YlIeTOM Bcex BKJIa,nOB BnJIOTb ,no 

lIeTBepToro nOpJl,nKa: 

P =a~e) .E+a~e) :EE+a~e) :EEE+...+a~em) :EH+a~em) :EEH+... 


+.B~m)'H+.B!m):HH+.B!m):HHH+ ... +.B!me):HE+.B!me):HHE+ .•. 

(11) 

+"Y~r) .Jm+"Y!r) :JmJm+"Y!r) :JmJmJm+...+"Y!er) :EJm+"Y~mr):HJm+'..+"Y!emr) :EHJm+... 

+5~r) .Je+51r):jeJe+51r) :JeJeJe+... +51er) :EJe+51mr):HJe+...+51err.··):EHJe+ ... , 

r,ne Jm := ~(i + b) == rotH; Je := rotE; lIHCJIa npH nOJIJlpH3yeMOCTJlX 060­
3HallaIOT HX TeH30pHhIH paHr, H MO)KHO nepeHTH K HenpHBO,nHMhIM TeH30PaM, 

HanpHMep, BBO,nJl nOJIYCYMMY H nOJIypa3HOCTb a~em) H f3~me) H T.n.; 

,nJIJI MarHHTHoH nOJIJlpH3aUHH: 

M =&~m)'H+&;m):HH+&~m):HHH+ ...+&;em):HE+&~em):HEE+ ... 


+p~e) .E+pie):EE+p!e) :EEE+...+p~me) :EH+p!me) :EEH+ ... 

(12) 

+i~r) .Jm+i~r) :JmJm+i!r) :JmJmJm+..•+i1er):HJm+i~mr) :EJm+...+i!mer):HEjm+... 

+S~r) .Je+S1r):JeJe+S~r) :JeJe Je + ... +S~er) :EJe+S1 mr) :HJe+ ...+S~emr) :EHJe+... j 

.nml TOP0H,ll;HOi nOJIJlpH3a.r(HH MarHHTHoro npOHCXO)K,neHHJI: 

T M =atr).Jm+a;r) :JmJm+~r) ;Jm JmJm+... +a1re):JmE+~re) ;JmEE+... 


+~e) .E+i31e) :EE+7f4e):EEE+... +p;er) :EJm+~er) :EEJm+... 

(13) 

+~m).H+'Y1m):HH+~m):HHH+ ... +:Y1rm):JmH+'Y1re):JmE+ ... +~rme):JmHE+•.. 

+6~r) .Je+6;r) :JeJe+~r) ;JeJeJe+...+~e.,.) :EJe+~m.,.) :HJe+..•+6~me.,.) :EHJe+.•. j 
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,n;JI.SI TOPOH.ZJ;HOH nOJI.SIpH3anHH 3JIeKTpHqeCKoro npOHCXOJK,n;eHH.SI: 

T p =a~"') .Je+a~"'):JeJe+a~"') :JeJeJe+...+a~.,.e):JeE+a~.,.e) :JeEE+ ... 

'+.8~e) .E+.8!e) :EE+.8!e) :EEE+...+.8!e.,.) :EJe+.8!e.,.) :EEJe+ ... 
(14) 

+i~m) .H+i~m):HH+i!m) :HHH+ ... +i~.,.m) :JeH+i~.,.e):JeE+... +i!.,.me) :Je HE+ ... 

+gir).Jm+I~"'):JmJm+g!"):JmJmJm+ ...+g~e"):EJm+g~m"'):HJm+ ... +S!me"'):EHJm+ ... 

HeTpy,n;Ho Y'leCTb B 3THX BhlpaJKeHH.SIX ,n;JI.SI ,n;aHHOro paccMaTpHBaeMoro 

KpHCTaJIJIa ,n;YaJIbHhle CHMMeTPHH, KOTOphIe npHBe,n;YT K paBeHCTBaM THna 
(m) f3"(e) -:r(T) ?(T) B . 

.f32 = 2, (12 = U2 H T .n. ce ~KJIa.ZJ;hIB nOJI.SIpH3anHH, co,n;epJKalJ.lHe 

BeKTOphI Jm H Je, Ha3hIBaJOT HeJIOKaJILHhIMH, H B nOCJIe,n;HeeBpeM.SI 3KCne­

pHMeHTaTOphI HayqHJIHCL HX H3Mep.SITb B HeKOTOphIX cnyqaJIX OT,n;eJIbHO OT 

JIOKaJIbHhIX 3«p«peKTOB [24J. EcTeCTBeHHO, 'ITO B npHBe,n;e~lHhIX BhIIlle «POPMY­

JIax qaCTL BeKTOpOB Hanp.SIJK~HHOCTeH. MOJKHO 3aMeHHTL Ha HX npOH3BO,n;HhIe. 

PaHr nOJI.SIpH3yeMocTeH UpH 3TOM B03p~CTeT, H 3TH BKJIa,n;hI B COOTBeTCTBY­

IOlJ.lHe nOJI.SIpH3anHH TaKJKe 6y,n;eM Ha3hIBaTb HeJIOKaJILHhIMH. B03MOJKHhI H 

,n;pyrHe HeJIHHeHHhIe KPOCC-qJIeHhI, KpOMe MarHHT03JIeKTpHqeCKHX: MexaHQ-

MarHHTHhIe, TepM03JIeKTpHqeCKHe H ,n;p. 

Tenepb npOH3Be,n;eM MYJILTHnOJILHhIe pa3JIOJKeHH.JI BeKTOPHhlX nOJI.SIpH3a­

nHH cpe,n; C yqeTOM CBOHCTB HX nOJI.SIpH3yeMoCTH. llJI.SI 3TOro BOCnOJIL3yeMC.SI 

«popMYJIaMH ,n;JI.SI 3HeprHH B3aHMo,n;eHCTBH.SI 3THX nOJI.SIpH3aUHH C BHeIllHHMH 

nOJI.SIMH (1) H (2). HaqHeM C aHaJIH3a 3JIeKTpHqeCKOH nOJI.SIpH3aUHH. TIPHCYT­

CTBHe B BhIpaJKeHHH ,n;JI.SI n9JI.SIpH3anHH BeKTopa 3JIeKTpH'IeCKOH Hanp.SIJKeH­

HOCTH Mo,n;H«pHnHpyeT onpe,n;eJIeHHe MYJIbTHnOJILHhIX MOMeHTOB: HanpHMep, 

3JIeKTpHqeCKHH ,n;HnOJILHhIH MOMeHT Q = J P(r )cfr nOJIyqHT ,n;06aBKH 3a CqeT 
w (e) (e) (emT) TI 

nOJI.SIpH3yeMocTeH 02 ,03 , ..• , /4 , • • • pHBe,n;eM ,n;JI.SI npHMepa BKJIa,n; OT 
(eL

O 3 . 

(15) 


TaKOH BKJIa.ZJ; MOJKeT 6hITL ,n;OCTaTOqHO BeJIHK, eCJIH Cpe.n.a 06JIa,n;aeT CHJIL­

HhIMH HeJIHHeHHhIMH CBOHCTBaMH H BeJIHqHHa o~e) cymecTBeHHa. KpOMe TOrO, 

3TOT BKJIa.ZJ; MOJKeT YCHJIHBaTLC.SI H 3a CqeT HHTerpaJIa. TIepexo,n;.SI B C«pepHqe­

CKYlO CHCTeMY KOOp,n;HHaT, MhI MOJKeM nepenHCaTL ero B BH,n;e 

2f Ei E kd3r = f E2r dr f ninkdfl , (16) 

r,n;e n TaKHe HHTerpaJIhI qaCTO BCTpeqalOTC.SI B 3JIeKTpo,n;HHaMHKe= E/ lEI. 
H CTaTHCTHqeCKOH MexaHHKe H, HX 3HaqeHH.SI Haxo,n;.SITC.SI COrJIaCHO 06meH «Pop­

MYJIhI: 

f !linjn: ... nl, = ~! {aijak ... ... 0... 1 - aikaj ... ... 0... 1+ ... } (17) 
L 
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IlPH HaJIHqHH nOnOJIHHTeJIhHhIX YCJIOBHH THna divE = 0 HJIH divH = 0 
B3J1THe TaKHX HHTerpaJIOB YCJIOJKHJleTCJI. B Q>H3HqeCKOM 3KcnepHMeHTe HaJIa­

raeMhIe Ha KPHCTaJIJI nOJIJI MorYT HMeTh pa3Hoe npOHCXOJKneHHe, B qaCTHo­

CTH, MorYT HMeTh palHYIO qaCTOTY. TaK 3JIeKTpOOnTHqecKHH 3Q>Q>eKT Ilo­

KeJIhCa, 06hIqHO Ha3hIBaeMhIH JIHHeHHhIM, eCTh 3Q>Q>eKT BTOpOro nOpJlnKa, T.K. 

JlBJIJleTCJI pe3YJIhTaTOM onHOBpeMeHHoro B03neHCTBHJI 3JIeKTpHqeCKoro nOJIJI 

HH3KOH qaCTOThI H CBeTOBOH BOJIHhI, B KOTOPOH CYlUecT.BeHHOH 06hIqHO JlBJIJI­

eTCJI 3JIeKTpHqeCKaJI COCTaBJIJllOlUaJI. 3HaMeHHThIH 3Q>Q>eKT Keppa 06hIqHO 

HalhIBalOT KBanpaTHqHhIM, nOCKOJIhKY nOKalaTeJIb npeJIOMJIeHHJI KpHCTaJIJIa 

npOnOplI.HOHaJIeH KBanpaTY CMelUalOlUero HH3KOqaCToTHoro nOJIJI, OnHaKO no 

qHCJIY nOJIeH, CTOJllUHX B BhIpaJKeHHH nJIJI 3HeprHH B3aHMoneHCTBHJI, 3TOT 

3Q>Q>eKT, Boo6me roBOPJl, TpeThero nOpJlnKa. CJIe.nyeT TaKJKe pa3JIHqaTh CTa­

THqeCKHH H nHHaMHqeCKHH 3Q>ct>eKThI. IlPH H3yqeHHH MexaHH3MOB nHHaMH­

QeCKHX 3<l><l>eKToB YQHThIBalOT CYMMOBhIe H PalHOCTHhIeqaCTOThI, H OT HX 

HanJIeJKalUero BhI60pa MOJKeT CHJIhHO 3aBHceTh BeJIHqHHa 3Q>Q>eKTa. 

HeTPynHo BhInHcaTh Q>0PMYJIY nJIJI Q, yqHThIBalOlUYIO Bce HeJIHHeHHhIe 

JIOKaJIhHhIe BKJIa]lhI, HCnOJIh3YJI BhIpaJKeHHe (11). B nomIpH3aUHJlX (11), (12), 
(13) H (14) HeJIOKaJIhHhIe nOJIJlpH3yeMocTH 6yneM 0603HaqaTh TeMH JKe 6y­

KBaMH, qTO U npeJKne, HO 3arJIaBHhIMH. Torna, HanpHMep, BKJIan 3a CqeT 

HeJIOKaJIhHOH nOJIJlpH3yeMocTH BToporo paHra B nHnOJIhHhIH MOMeHT 6yneT 

BhIrJIJlneTh TaK: 

(18) 

TeH30p non HHTerpaJIOM MOJKHO, eCTeCTBeHHO, Pal6HTh Ha HenpHBOnHMhIe qa­

CTH. Torna CJIen ero, paBHhIH divE, CBeneTCJI K pacnpeneJIeHHIO nJIOTHOCTI1 

BHelliHero 3apJlna, CHMMeTpHqHaJi qaCTh Q>HKcHPyeT KBa]lpynOJIhHhIe CBOH­

CTBa neHcTBYlOlUero Ha CHCTeMY 3JIeKTpHqeCKoro nOJIJI, a aHTHCHMMeTpHqHaJi 

- aKCHaJIhHhIe CBOHCTBa 3TOro nOJIJI. 

3aKJIIOQeHHe 

He npenCTaBJIJleT 60JIhIlIOro Tpyna palBHTh nOJIHhIH Q>OPMaJIH3M non06HhIx 

MYJIhTHnOJIhHhIX palJIOJKeHHH. IlOJIHaJI napaMeTpH3alI.HJI JII060ro Q>YHnaMeH­

TaJIhHOro B3aHMoneHCTBHJI OKaJKeTCJI Ky6HqeCKOH pellieTKoH, 3anOJIHJllOlUeH 

npOCTpaHCTBO, Boo6lUe roBOPJl, HeOrpaHHqeHHO, HanpHMep, B nOJIOJKHTeJIh­

HhIX HanpaBJIeHHJlX oceH X, Y H Z. Ha OCH X, KOTOPYIO 6yneM CqHTaTh 

rJIaBHOH, 6y~eM pacnOJIaraTh, aHaJIH3HpYJl KaKYlO-JIH60 CJIOJKHYIO 3JIeKTpo­

MarHHTHYIO CHCTeMY, 3HaqeHHJI onHChIBalOlUHX ee MOMeHTOB B nOpJlnKe B03­

paCTaHHJI l-nOJIhHOCTH. B HanpaBJIeHHH OCH Y 6yneM Q>HKCHpOBaTh 3Haqe­

HHJI BKJIanOB 2n-CTeneHHhIX panHYCOB pacnpeneJIeHHJI KalKnoro MOMeHTa B 

nOpJlnKe B03paCTaHHJI CTeneHH n. HanOMHHM, qTO MYJIhTHnOJIhHhIH aHaJIH3, B 
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ero MaTeMaTHqeCKOH nO,llOnJIeKe, OCHOBhIBaeTClI Ha TeopHH 0606meHHhIx <PYHK­

IlHH H, HeCMOTpll Ha 06menpHHlIThIe 3a6JIYJK,lleHHlI 0 ,llOMHHHpOBaHHH MOMeH­

TOB, BeJIHqHHhI pa,llHYCOB MorYT OKalaTbClI ropa3,110 60JIee cymecTBeHHhIMH 

npH onHcaHHH KaKoH-JIH60 KOHKpeTHOH CHCTeMhI. TaK, HanpHMep, 3JI.l1HnCo­

H,ll8JIbHhIH ,llBOHHOH CJIOH C He60JIbIllHM 3KcIleHTpHCHTeTOM npeJK,lle Bcero 6y­

,lleT OnHChIBaTbClI cpe,llHeKBa,llpaTHqHhIM 3apmOBhIM Pa,llHYCOM, a nOTOM YJKe 

3JIeKTpHqeCKHM KBa,llPynOJIbHhIM MOMeHTOM. C reoMeTpHqeCKoH· JKe TOqKH 

3peHHlI pa,llHYChI onHChIBalOT Mepy OTKJIOHeHHlIKaJK,lloro l-noJIbHoro MOMeHTa 

OT 3a,llaHHSI ero B TOqKe C aKTYa.l1bHO HYJIeBhIMH palMepaMH [25]. lia.l1ee, 

H MOMeHThI, H pa,llHYCbI, KaK MhI BH,llHM H3 MaTepHa.l1a3TOH pa60ThI, MorYT 

HMeTb nonpaBKH 3a CqeT HeJIHHeHHOcTH B3aHMO,lleHCTBHlI H3yqaeMOH CHCTeMhI 

C BHemHHM nOJleM. 8TH nonpaBKH MOJKHO paCnOJIOJKHTb BepTHKa.l1bHO, napa.l1­

JIeJIbHO OCH Z, B nopmKe B03paCTaHHSI qHCJIa HH,lleKCOB Y TeH30POB nOJISIpH3Y­

eMOCTH, Ha,ll KaJKAOH n03HIlHeH MaTpHIlhI, <PHKCHpYlOmeH 3HaqeHHlI MOMeHTOB 

HJIH pa,llHYCOB. 

OTMeTHM, qTO B 60JIbIllHHCTBe 3KcnepHMeHTOB npH H3yqeHHH CBOHCTB CH­

CTeMhI 06h1qHO HCnOJIb3YIOTClI JIH60 CTaTHqeCKHe, JIH60 H3MeHj[IOmHeClI co 

BpeMeHeM rapMOHHqeCKHe nomr. MhI06pamaeM BHHMaHHe Ha TO, qTO ,llJIlI 

BhI.sJ:BJIeHHj[ BHxpeBhIX CTPYKTYP nepBOro nopmKa - TOP0H,llHhIX ,llHnOJIeH ­

"qHCTYIO" <PYHKIlHIO OTKJIHKa (6e3 npHMeCH ,llPyrHx MYJIbTHnOJIbHhIX B3a­

HMO,lleHCTBHH) MhI 6Y,lleM nOJIyqaTb, HaKJIa,llhIBa.K Ha H3yqaeMYIO CHCTeMY 

nOJIlI, pacTymHe JIHHeHHO BO BpeMeHH. liJIlI BhIlIBJIeHHlI BKJIa,llOB nOJIOH,lla.l1b­

HhIX ,llHnOJIeH HalOBeM HX BHxpeBhIMH CTpyKTypaMH BTOpOro nopauKa HJIH 

2-TopaMH [26], Ha,110 HaKJIa,llhIBaTb Ha CHCTeMY nOJIlI, pacTymHe BO BpeMeHH 

KBa,llpaTHqHO (H T.,ll. COOTBeTCTBeHHO nOpll,llKY n-TOpa). ECTecTBeHHo, qTO 

BeJIHqHHa OTKJIHKa 6Y,lleT CTpeMHTeJIbHO na,llaTb C B03paCTaHHeM nopauKa n 
H3-3a Ha.l1HqHlI peJIlITHBHCTCKOro 4>aKTopa (l/c)n B 3HeprHH B3aHMOlleHCTBHlI 

n-Topa C BHeIllHHM nOJIeM. 

IIo,llqepKHeM TO, qTO BhI.lleJIeHHe BeKTOPHhIX BKJIa,llOB HaH60JIee y,ll06HO ,llJIj[ 

3KcnepHMeHTaTopOB npH aHa.l1H3e KPHCTa.l1JIHqeCKHX 06'beKToB Ma.l1hIX palMe­

pOB. Eme 60JIee HarJIj[,llHO npHMeHeHHe 3TOH MeTO,llHKH npH HCCJIe,llOBaHHH 

3JIeKTpOMarHHTHhIX OTKJIHKOB HH3KOpalMepHhlX CTPYKTYP, npHMeHlIeMhIX B 

HaHO~eXHOJIOrHlIX. 

ABTOPhI 6 JIaro.n:a PHhI MHTII "<I>YH,llaMeHTa.l1bHa.K MeTpOJIOrHlI" 3a nOll­

,llepJKKy 3TOH TeMaTHKH no corJIaIIIeHHIO 2.51. 
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