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Beeµ;enue 

IIccneµ;oBaHHe npocTpaHCTBeHHOH Koppemu~mI cmrnoB C noM0II.\hIO MarHIITHoro pe

nmtaHca HBJIJieTCH BalKHhlM llHCTpyMeHTOM µ;nH Ha6nIOp;CHllll npoueccoB ncpccTpOIIKII 

pacnonmKemrn 'IaCTIIU B TBepµ;oM TCne, TaKIIX KaK µ;mpcpymrn aT0MOB, KnncTep1mauHn: 

IIOH0B II µ;p . .I1:nH nT011 uenII Hcn~nhnyeTcn: MeToµ; Ha6nIOµ;emrn JIMP B 11coµ;Hopoµ;HoM Ma

rHIITHOM none [1-3], KOTOphlH nony'IIIJI HOOBaHIIe MeToµ;a flMP-MIIKpOCKOilIIII [2]. 8ToT 

MeToµ; OCHOBaH Ha TOM, 'ITO B Heoµ;11opoµ;HOM none 'IaCTOTa penoHaHca naBIICIIT OT 

MCCTorronolKeHUH CilIIHa II npu rrcpecTpOIIKe pacrronoJKeHl!H 'IaCTIIU f>yµ;eT ImMCHHThCH 

BCJIII'IIIHa rrornOII.\eHIIH Ha µ;aHHOII '!aCTOTe. IlpocTpaHCTBCHHOC panpeweHIIC MCToµ;a 

~OCTIIraeT 10-2cM. 

OcHOBHaH uenh HaCTOHIUeII pa60Thl COCT0IIT B TOM, 'ITOUhl noKanaTh, BO:ncpBhIX, 

'ITO CCJIII nepeMCHHOe ueoµ;Hopoµ;Hoe none IICnonhnoBaTh HCnocpf'p;CTBCHH0 µ;nn: Bon-

6y)Kµ;CHIIH pe:::ioHaHca ( a He KaK µ;onon1111TenhHhIIi cpaKTOp, BJillllKHUIIII Ha ·rrapaMCTphl 

flMP),To '.lTO TaK JKe, ~aK H MeTOA l!MP-M.HKpocKonHH, gaeT B03MOJKHOCTb HccnegonaTb 

npocTpaHCTBeHHoe pacnonolKeHue cn11HoB, HO npu ::JT0M ynpoIUaCTCH cxeMa npoBeµ;c

Hilll :JKcnepIIMeHTa : 0Trraµ;aeT HCO0XOµ;IIMOCTh B ycTpOIICTBC µ;nH cpopMnpc>Bamrn IIM

nynhCOB nepeMeHHoro oµ;Hopoµ;Horo nonn:. _Bo-BTOphIX, ecm1 BIIXJ>CB0e MarHIITH0e none 

conµ;aeTcn: T<>KaM11 CMcIUemrn : crotH = E, To B ycnoBillIX,f>m1nKIIX K m1Hei'm0My ncp

cpeKTY IllTapKa, npocTpaHCTBeHHOe panpewcm1c MOlKCT Uh!Th YBCJil!'IeHo µ;~ 10-1cM. 

Kpol'.IC Toro, nocKonhKY Topo11p;Hh!H MoMeHT, om1chrnaIOIUIIH nonn:p11nauuIO •rncT111~ B 

Bl!XpeBOM none HBnn:eTCH IT011llpHh!M BeKTopoM, TO BIIXpCB0C none Bonf>y1Kµ;aeT "nanpc

IUeHHh!e" nepexoµ;hI, 'ITO MOlKCT cnylKl!Th IICT0'IHIIK0M µ;ononHIITCJlhHh!X µ;aHHh!X np11 

pacWHcj,poBKe cnolKHhlX cneKTf>OB flMP. _ 

Cncµ;yeT <>TMCTIITh, 'ITO "nµ;eanhHhie" TOPOHAHbie MOMeHThI, nogpo6110 onHcanHbie B 

pauOTC [4], 0TJill'!aIOTCll OT paccMaTp11BnCMhlX nµ;ecb M0MCHT0B CITl!l!OBOII CHCTeMhl B 

TOM 0TH0WeHIIII, '!TO nocneµ;un:11 l!MCeT KOIIC'III0C 'Illcno CTPITCHCII CBO0Op;h! II ITO::JT0MY 

Topo11µ;1Ihlll M0MeHT BhlCTynacT nµ;ech KaK HenaBIICIIMhlll napaMeTp, OITIICh!BaIOIUIIIi Ma

rmITHh!e COCT0l!HIIH 11apn:µ;y C nonHh!M CITIIH0M II KBaµ;pynOJih!IhlM MOMeHTOM, a BCC 

0CT1lnhllh!C MynhTl!Il0JlhHhIC MOl'-iCHThl CITIIHOBOII CIICTeMhl OKOOhIBaIOTCH mureHHO naBU

CIIMhIMII OT HIIX. Ilo_ :noi'1 npII'IIIHe "KOHC'!Hh!e Topo11µ;h1" MoryT, uanpnMep, Bnal!MO

p:e1ICTBOBaTh p:pyr C µ;pyroM '!epcn CBOII BKnaµ;hl B µ;pyruc ( naBIICIIMh!C) MY1IhTIInonhHh!e 

MOMCHThl. Da.lKHOC OTJill'IHC naK1IIO'rneTCl!-TaK1KC B TOM, 'ITO 11n-na µ;11cKpeTHOCTII pac

npcp:encunn: CITIIHOB no npocTpal!CTBY MarHJITHhIC nonn:, µ;eHCTBYIOIUIIe Ha 0Tµ;enhHhle 

CITIIHhI paccMaTp1rnaeMOII CIICTCMhl B uenoM, MoryT l!MeTh BnxpeByIO KOHcj,Hrypal\HIO 

µ;a1Ke B TOM cny•me, Korµ;a BHewHee none HB1!HeTCH 6enBnxpeBhIM (KaKOBhlM OHO II HB

JISICTCH BHe o6naCTll npoTeKaHIIH TOKOB). Ilo :JTOII npll'UIHe Toponµ;Han: rronn:p1mau1rn 

CITIIH-CIICTeMhl MOlKeT B03HIIKHYTh µ;aJKe Ir 6en "ncTl!HHO" BHXpeBoro nonH. 

IlnaH pa60ThI cneµ;yIOIUIIII. B nepBOM panµ;cne raM11nhT0HliaH CITIIHOBOl
0
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HeOµ;Hopoµ;HOM MarHHTHOM none nepeq>opMym1pyeTCJI Ha fillbIKe MJ1IbTIIIl01IbHbIX MO

MeHTOB - MarHUTHoro, CKaruipHoro, Toponµ;Horo, KBaµ;pynonbHoro. 8TUX MOMeHTOB µ;o
CTaTO'IHO, 'IT06bl TO'IHO onncaTb B:Jau:r,,mµ;enCTBl!e C Heoµ;Hopoµ;HhIM noneM CIICTeMhl,. 

COCTOHrn;ei'r Il::3 He601Ibll!Oro 'IUC1Ia cnuHOB (N ::S 4). B 6onee o6rn;eM cny'!ae Tpe6yeTCH 

BBeµ;eHue. MOMeHTOB BhICOKoro nopHµ;Ka. B :lTOM )Ke pooµ;ene o6cy)Kµ;aIOTCH cnoco6bl 

q>opMupoBamrn BIIXpeBoro nonH, KOTopoe MO)KeT 6bITb C0::3AaHO nn6o C noMOll.l;bIO TO

KOB CMern;eHIIH ( µ;nH :lToro o6pooeu; µ;on)KeH 6bITb noMe~eH, HanpuMep, Me)Kµ;y o6KJia

p;KaMII ~1IOCKoro KOHp;eHcaTopa), m160 C noMOll.l;bIO HeOµ;Hopoµ;Horo nonH, KOTopoe :lq>

q>eKTIIBHO 6yµ;eT IIMeTb BIIXpeByIO KOHq>IIrypau;uro npII p;aHHOM pacn01IO)KeHIDI cnUHOB 

OTHOCUTe1IbHO UCTO'IHIIKOB nonH. IloKa:JaHO, 'ITO B ycnoB1rnx, 6mmKUX K mrneiiHoMy ::3q>

q>eKTY IIITapKa, BHell!Hee :JneKTpII'IecKoe none, q>opMnpyrow;ee TOKU cMen~emrn, urpaeT 

ponb q>aKTopa, ynpaB1IHIOUJ;ero ::31IeKTpII'IeCKIIM noneM ::31IeKTpoHOB, C0::3p;aBaeMbIM IIMU 

Ha Hµ;pax, u, TaKIIM o6poooM, MO)KeT 6bITb :lq>q>eKTl!BHO yc1meHO, EcnII npIIHHTb 'IJ
BCTBUTe1IbHOCTb .ffMP nopHµ;Ka 18, TO poopell!em1e MO)KeT cocTaBIITb_ OK01IO 10-4cM. 

Bo BTOpOM pooµ;ene oco6eHHOCTII TOponµ;Horo B0::36y)Kµ;emrn MarHIITHOro pe:30HaHCa 

µ;eMOHCTpIIpyroTCJI Ha npnMepe Moµ;enbHoii cncTeMhl, cocTOHUJ;IIX no Tpex '!acTnu; co 

. CilllHOM 1/2. KaK noKa:JbIBaIOT 'IIIC1IeHHble n amumTII'!eCKIIe Bbl'IllC1IeHHH, B :lTOM cny

'!ae Ha6nroµ;aeTCH CII1IbHaH 0aBHCIIMOCTb llHTeHCIIBHOCTH mIHII:II peooHaHca, a TaK)Ke no

rnow;aeMOII MOUJ;HOCTH nepeMeHHoro nonH OT pacnono:lKeHIIH cnIIHOB. B TpeTbeM pooµ;ene 

nornorn;eHue cnnHOBOll CIICTeMOll ::3HeprHII BHXpeBoro MarHIITHoro nonH aHammupyeTCH 

q>eHOMeH01IOrH'!eCKll Ha H::3b!Ke KOMnneKCHOll TOpouµ;noii BOCnpHHM'IllBOCTII. IloKa:JaHo, 

'ITO cpeµ;a, cnoco6HaH npHo6pecTll Top.0I1µ;Hy10 nonHpU::3aD;HIO noµ; µ;euCTBII~M BHxpe

Boro II01IH ~ oaII01IHHIOUJ;aH npocTpaHCTBO Me)Kµ;y o6Knaµ;KaMu II1IOCKOro KOH,[\eHCaTopa, 

BHOCHT llHAYKTIIBHhlll BKnaµ; B peaKTllBHOe COIIpOTHBneHIIe ::31IeKTpH'!eCKOll u;eIIll, 'ITO 

HB1IHeTCH xapaKTepHbIM npI1::3HaKOM TOpouµ;Horo IIornorn;eHIIH. 

1. IIocTauoeKa oa~a'lH 

Ilepexoµ;H K TO'!HOII nocTaHOBKe oaµ;a'Iu, oaIInll!eM raMH1IbTOHllaH BOaHMOµ;eucTBIIH 

CIICTeMbl N Cill!HOB Sa (a= 1, ••• 'N) C Heoµ;Hopop;HbIM MarHIITHbIM II01IeM ii(r) B BHµ;e: 

'H = - 1 1i L, H;(ra)Sa; + V V = 1 21i2 L, A;k(Tab)Sa;Sbk, (1.1) 
a a<b 

rµ;c V - <mepa Top µ;unonbnoro BoanMoµ;eiicTBUH CIIIIHOB, Tena op A;k (Tab) nMeeT BRA : 

A 
r2o. - 3 ik(r). = ,k X;Xk 

rs 
{1.2) 

B µ;anbHeHll!eM AJIH ynporn;eHIIH oam1cu Mhl IljlIIMeM ·cHCTCMY egnHnu;, B KOTOpoii: rn

poMarHIITHOe OTHOlllCHUe I II nOCTOHHHaH IlnaHKa 1i. C'IUTaIOTCJI paBHbIMll CAIIHHIJ;e 

(, = 1, 1i = 1). Ilpeµ;IIonaraH, 'ITO MaCll!Ta6 Heoµ;HopogHOCTll MarHIITHoro nonH L 
npeBocxoµ;nT pooMep cnnHoBou cncTeMhl l : l ~ L, np116ni1:lKeHHO nMeeM 

Hk(ra) ~ Hk(O) + x;v';Hk(O). (1.3) 

2. 

T 
l 

ii 

' -l 

-~ 

i 
·,A 

Ilpn ::3TOM C'II!TaeTcH, 'ITO Ha'!ano KO0JJ):ll!HaT BbI6paHO B reoMeTpll'll'CK0M l.(eHTpC Cllll· 

HOBOll ClICTCMhl, TaK 'ITO Bhlll01IHlieTCH yc1IOBIIC 

I>:.=o. (1.4) 

PacKnap;blBaH TCH::30p BToporo paHra V;Hk HU HCiljlllBO):IIIMbIC 'IaCTII, :I.lb! l,,IQ)KCM <jJop

MaITbHO Bhlgem1Tb 11:J Hero cKanHp J, paBHbIJI µ;'lrnepreHu;1m IIon11 (J = divH), BcKT<>J> 

g = rotii n HenpIIBoµ;nMbIH TCHoop BToporo panra h;k = {V;Hk}, 'ITO gacT B03Mmh

HOCTb oanncaTb cro B Bll):IC 

1 . 1 / 
V;Hk = 3fb;k + 2Cik19l + i;k- (L5J 

Iloµ;cTaB1IHH pa::31IO)KCHIIC ( 1.3) B raMil1IbTOHilaH CIICTCMhl ( 1.1) u ncnom,:JyH npegcTaB1IC· 

Hile (1.5) gnH rpaµ;neHTa nrnrn, a TaK,KC paaµ;enHH ogHopoµ;nyro •racTb norr11 H(O) na 

nocTOHHHYIO n nepeMCHHyro 'IUCTII: H(O) =Ho+ h(t), IIony'mM 

i£ ='Ho+ 'H1 + 'H2 + 'H3 + 'H4; 'Ho= -(Ho· S) + V; 

'H1 = -(h(t) 'S); 'H2 = -(g(t) · T); i£3 = -J(t)P; il4 = -h;k(t)Qik, (1.6) 

rµ;e BB~µ;eHbI onepaTopbI MY1I,bTUilO/JbHbIX MOMCHTOB CilllHOBOII Cl!CTCMbl S · Il01IHbll! 

cmrn, 'T - TOponp;HbIIl MOMCHT, Q;k - MarHIITHbIII KBai:ipJII01IbHbIII M~MCHT (cro cnegyeT 

OT1Ill'IaTb OT :l1IeKTJJI1'!ecKoro KBaµ;pyII01IbHOro MOMeHTa OTµ;em,HhIX ll):ICJ> ), a TaK;K(' 

'?.KanHpHblll MOMeHT p, KOTOphle HB1IHIOTCH 1IllHCllHbIMII KOM6Imau;mIMII 11µ;epHbIX Cill!H0B 

Sa: 
§ = L,§a; 

a 

~ 1 -:. 
T = 2. ~(r:Sa]; 

- 1~ -:. 
P = 3 L.,(r. · Sa); 

a 

- 1 · 2 -:. 
Q;k = 2. L,(TaiSak + TakSai - 3(r,. · Sa)O;k)-

a 

(1.7) 

IlepBoe cnaraeMoe B cyMMe (1.6) - oIIepaTop 'Ho - Mhl 6ygeM c•mTaTb HeBom.1yw;en

HbIM raMil1IbTOHllaHOM CIICTeMbl, a Bee OCTaITbHble - ManhIMII B03MJUJ;CHIIHMII, 0aBI!Cll

UJ;l!Mll OT BpeMeHII. ThKIIM o6poooM, aµ;ecb IIpegIIonaraeTcH, 'I'!'O,KaK n B o6bI'IHOM peao

naHce,cIIeKTp ::3Heprm1 Hµ;epHOII CillIHOBOII CIICTeMbl q>opMHpyeTCH C IIOMOll.l;bIO Cll1IbH0ro 

ogHopoµ;noro MarHIITHoro nonH H0 . .D:nH ou;eHKII C'IHTaeM, 'ITO •1acT0Ta peaoHaHca u.) 

COCTaBillleT no nopHp;Ky neml'll!Hbl 1Q8ru;. . 

B µ;anbHeiillleM Mb! 6yµ;eM npegIIonaraTh, 'ITO o6pooeu; B u;enoM cocTOIIT 1m pHga To

)Kµ;ecTBeHHhIX cnHHOBhIX CIICTeM,cna6o B3aUMoµ;cncTBJIOUJ;UX gpyr C gpyroM, Ka)Kµ;all na 

KOTOJlhIX oIIHChIBaeTcH raMnnbTOHUaHoM i£, · HO co CBOIIMn aHa'!eHnHMn none11 h, g, f u 

h;k- .D:nH KpaTKOCTII Mhl 6ygeM Ha::3hIBaTb ::3Tll CllCTeMbl "MolleKyJiaMu" llllll "aepHa:r,,m". 

KoHKpeTHhIM rrpnMepoM MO)KeT CllJ,KllTb HeMaTu'!ecKuii )KJ1µ;K11ii Kpl!cTann unn pac

CTB_op opneHTl!JlOBaHHbIX MaKpOMOlleKyn, a TaK)KC cycIIeH31JH HCMarm!THbIX MllKpO'Ia· 

CTIIIJ; . .Il:nH IIony'IeHIIll IlOllHOro raMllllbTOHllaHa o6poou;a Mhl A01I)Kllbl IIpOCJMMllponaTb 

raMllllbTOHIIaHbl OTµ;enbHbIX MOll~Kyn. O'ICBIIµ;Ho, 'ITO BMeCTO ::3Toro MO)KHO C'Il!TaTb, 

'ITO Bee MOlleKJllbI Haxoµ;HTCH B oµ;nux II Tex )Ke - cpeµ;nux IIO rrpocTpaHCTBY IIOllllX, a 

3 



raMIIllbTOHirnU Bcero o6pam:~a rrony'IaeTCJI rrpoCTblM YMHOlKeHIIeM i£ Ha 'IIICllO Monexyn. 

B flallbHeiiweM Mbl 6meM C'IIITaTb rrpoqef1Ypy ycpega:eHIIH BblllOnHeHHOH II nog ;;,, ii, f 
II h;k 6Yf1eM noHIIMaTb noJJH, ycpegHeHHble "no MOnexynaM". 

OrrepaTop H1 B raMIInbTOimaHe (1.6) omrcblBaeT Bnai1Moge1'icT1rne cmrnoB c ogHo

pogHblM nepeMeHHblM MarHIITHblM noneM h(t). !fog geiicTBJieM nToro noJJH npoucxoguT 

o6bl'!Hoe (Mbl 6meM TaKlKe roaopIITb "g1monbHoe") aon6ylKgeHIIe. MarHIITHoro proo

HaHca. OcTaJJbHble cnaraeMble COOTI:eTCTBYIOT aoo6ylKgeHIIIO CIICTeMbl Heogii:opogHbIM 

1:_1arHIITHblM noneM. OnepaTopbl P, f II Qik oTnII'IaIOTCJI oT onepaTopa rmnHoro cnIIHa 

S no CBoeii TeHnopHoii npIIpoge u no 'IeTHOCTII, a cnegoaaTenbHo,u no npammaM OT-

6opa gnJI MaTpII'IHbIX nneMeHTOB. HaII60nbWIIII IIHTepec npegcTaBnJieT onepaTop TO

poIIgHoro ~OMeHTa, KOTOpbIH o6nagaeT TOH lKe (aeKTOpHoii) TeHnopHOCTbIO, 'ITO II 

onepaTop s, HO npOTIIBOnonOlKHOH eMy npocTpaHCTBemroii '!eTHOCTbIO. IlpII aongeii

CTBI!Il Ha CIICTeMy nepeMeHHblM BIIXpeBblM MarHIITHblM noneM g(t) ecTeCTBeHHO roao

pIITb O TOpOIIflHOM aon6ylKgemrn MarHIITHOro penoHaHCa. EcmI npeHe6pe'Ib MarHIIT

HOII nonJipIInaqueii cpegbl KaK 4laKTOpa.1mMeHJIIOiqero nHa'!eHIIH nona Ha agpax ( TO 

eCTb, nonpoCTY roB0PH, Mbl C'IIITaeM MaTepIIan o6panqa flIIaMarHIITHbIM IInII cna6o 

napaMarHIITHbIM), a TaKlKe C'IIITaTb, 'ITO o6paneq He npoaogIIT aneKTpU'IeCKoro TOKa, 

TO MarHlITHOe none jj ( r) moaneTBOpJieT ypaaHeHIIJIM Maxcaenna 

- - 1 :, 
diiJH(r) = O; rotH(r) = -E. (1.8) 

C 

OTcIOga cnegyeT, 'ITO CKall!fpHoe none f MOlKHO C'IIITaTb paBHblM HynIO, a BIIXpeBoe 

none cyrqeCTByeT TOnbKO npu HaJJII'IIUl TOKa CMerqeHIIH. 

PaccMoTpIIM nogpo6Hee ycnoaua Bon6ylKgemrn TopougHoro penoHaHca aneKTpII'Ie

CKJIM noneM. BmeM C'IIITa;b, 'ITO o6paneq HaxogIITCJI B rrnoCKOM KOHgeHCaTope, B KO

TOpOM congaHo nepeMeHuoe none t: ~ 103egCGS (3 -104B/cM) Ha '!aCTOTe MarHIITHoro 

penoHaHca w ~ 108rq. B aToM cny'!ae aMnmITma BIIxpeBoro nona g oqemrnaeTCJI xax 

wt:/ c II cocTaBIIT no nopJigxy aenII'IIIHbl g ~ JO 3/ CM. IlepeMeHHoe none 8h, geiicTBy

IOrqee Ha KalKgblH cmrn B paccMaTpirnaeMOH "ycpegHeHHoii" Moncxyne, MOlKHO oqeHIITb 

KaK 8h ~ gl. Ilo ycnOBIIJIM Ha6nIOgeHIIJI prooHaHCa 9TO none gonlKHO 6blTb He MeHbWe 

nopora 'IYBCTBIITellbHOCTII MeToga JIMP, KOTOpbIH oqemrnaeTCH KaK 18. OTcIOga Ha

xoguM panpewaIOiqyIO cnoco6HOCTb MeTog.;_ ( xapaKTepHbIH panMep "Monexynbl" IInII 

"nepHa"): d ~ 8h/g ~ 10-1cM. B o6rqeM cny'Iae aTa oqeHKa Mano MeHJieTCJI II npII 

y'IeTe nonJipIInaqim aneKTpOHOB. BygeM C'IlITaTb, 'ITO xoaqiqmqIIeHT nonHpIInaqmr npo

nopqlIOHaJJeH 13, TO ecTb aneKTpII•iecKnii: g1monbHblH MOMeHT Monexynbl P ~ Pt:. IIo

nJipunoBaHHhie aneKTpoHbl coogaIOT Ha Jigpax · none E ~ P / 13, OTKJfla HaxogIIM, 'ITO 

E~t:. 
3Ha'IIITenbHOro yBemr'IeHirn panpeweHIIJI MOlKHO gocTJI'Ib. B ycnoBirnx. 6nIIOKIIX K 

mrneHHOMY aqiq>eKTY illTapKa. A IIMeHHO, npegnonOlKIIM, 'ITO aneKTpOHbl B aTOMax MO

ryT 0aHIIMaTb COCTOJIHIIH 4'1 II 4'2.oTgeneHHble gpyr OT gpyra no aHepnm Ha MaJJYIO 

BelJII'IIIHY l:!,,,e = eat:•, rge e - napag aneKTpoHa, a - aTOMHblII panMep, t:• - napa

MeTp nqpagKa a.MnnIITYflbl BHewHero nona £ ( B cny'Iae nonHoro BblpolKgemrn, Korga 

l:!,,,e = 0, B np1rnegeHHblX mrlKe oqeHKax cnegyeT naMeHIITb l:!,,,e Ha k8 T). · BHewHee none 

t:(t) MOlKHO C'IIITaTb KBa:JIICTaTII'IeCKIIM, IIpII'IeM, KaK nerKo nogC'IIITaTb.(cp .. [5]), IIC

nonbnya TeopIIIO BOOMyrqeHIIH gna BblpOlKfleHHoro cneKTpa, B 9TOM cny'Iae g1monbHblII 
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MOMeHT aToMa..-Pa · ~ ( ea )2 £ / l:!,,,e = ·eat:/ t:•, a anexTpII'IeCKoe none, geIICTBYIOrqee Ha 

agpo, pacnonolKeHHoe Ha paCCTOHHIIH a.paaHo E ~ Pa/a3 ~ e£/a2£*. IlpII nHa'!eHIIHX 

a~ l0-8 cM,t:• ~ 103 nonJ'IIIM E ~ 103£. To ecTb B aToM cny'Iae BHeWHee none£ 

urpaeT ponb q>axTopa, ynpaaJJHIOrqero 6ollbWIIM noneM Ha agpax, congaaaeMOM nneK-
. TpOHaMII. ThKIIM o6panoM MOlKeT 6blTb gocTuruyTo nHa'IHTellbH0e yBenII'!emxe npo

cTpaHCTBeHHoro panpewemrn d ~ tI03£ ~ 10-4cM. 
PaccMoTpeHHblH cnoco6 Bon6ylKgemrn TopmrgHoro prooHaHca o6nagaeT o'!eBIIflHblMlI 

orpamr'IeHirnMn. lfo-na Manon 'IJBCTBIITenbHOCTU .HMP npuxognTCJI coogaaaTb none 

gocTaTO'IHO 6onbWOH aMilnIITYflbl. Ho B o6bl'!HblX ycnoBIIJIX Bellll'IIIHa ·ToKa CMerqe

Hirn orpaHII'IeHa caepxy, TaK KaK aneKTpII'IecKoe none no Kpaii:Heii Mepe He gonlKHO 

rrpeBblWaTb Bellll'IIIHY nona npo6oa gIIaneKTpIIKa, 'ITO AJJH 601IbWIIHCTBa guaneKTpII'Ie

CKI~ Ma TepuanoB COCTaBruieT MaKCIIMJM 105B / CM. K poMe Toro, orpaHII'IeHa n 'IaCTOTa 

ImMeHeHIIJI noJJH, TaK KaK oHa paa:ea ·prooHaHCHOH '!aCTOTe .HMP, a nocnegHJIH onpe

geruieTcx BemI'IIIHOH ogHopogHoro MarHIITHoro noJJH, qiopMnpyIOrqero ypoBHII aHep

ruu cnuHoBoii cucieMbl • .D:alKe B coapeMeHHblX .HMP-cnexTpoMeTpax, ncnonhnyIO~ux 

caepxrrpoaogarqne MarHIITbl, aTa.'IaCTOTa He npeBblWaeT 108 ••• l09rq. Taxm.i o6panoM. 

rpagneHT MarHIITHOro nona Ha agpax orpaHII'IeH no BelJII'IIIHe MaKClIMaJJbHblM ·nHa'!e

HIIeM g ~ 1028/cM. 
OgHaKO OKa:JblBaeTCH, 'ITO cyrqecTayeT erqe ogIIH cnoco6 nony'IeHUJI BlIXpeBoro nona 

Ha agpax, KOTopblii: He IIMeeT yxanaHHblX orpaHII'IeHnii. II_pn onpegeneHHOM npocg>aH
CTBeHHoM pacnonolKeHim CIDIHOB.B HeogHopogHOM none H(r) MarHIITHble noJJH H(r,,), 
geHCTByIOrqIIe Ha cnIIHOBble. agpa.MoryT lIMeTb BIIXpeayIO KOHq>nrypaqIIIO . galKe B TOM 

CllY'Jae, Korga caMo none H(r) He_ HBnJieTca Bnxp·e:eblM. JJ:eiicTBUTenbHo, nanuweM ,ra

M~llbTOHI,IaH ClICTeMbl (1.1) a Bilge:, 

il:::.:.. I:C,5a. ff~) +v, (l.9) 
a 

rge Ha = H(ra) - nHa'!emre.HeogHopogHoro nonJI B TO'IKe pacnonolKeHIIH a - ro _agpa. 

O'Ieang~~ 'ITO c noM~IqbIO nnHeiiHoro npeo6p~oaamrn ?.fO~Ho nepeiiTu OT 3N_ nepe-, 

MeHHblX Ha, nagaIOiqlIX KOHq>IIrypaquIO nona Ha Jigpax, K HeKOTOpbIM HOBblM nepeMeHc 

Hbl}:{.,llbI6epeM B Ka:'IeCTBe 9TIIX HOBblX nepeMeHHbl~ TeHOOpHble napaMeTpbl_ a}t.i,7 
KOTOpble CBHnaHbl co CTaphn:flI COOTHOWeHIIJIMil 

' .. . (0) · (I). . ·· (2) · (n) . . .; . . 
H~; =_G; + G;;1 Xai, + G;;1 ;2Xai1 Xai2 +: • • + G;;1 ; 2.,,;nXa,1 Xa12 • • • Xa,n, (LIO) 

KOTOpble MOlKHO npegcTaBIITb B MaTpII'IHOll qiopMe 

t:c )-U 
X1i1 

XNi, 

X1i1Xti2 

XNi1 XNi2 

Xti1 Xti2 . . :7X'tin 

XNi1 XNi2 •· -XNin 
) ( 

a(O) ) 

'aii ... in 

(1.10') 

IlogtJepKHeM, 'ITO B oTnII'IIIe oT npu6nnlKeHHoro pannolKemm (1.3), npeo6panoBaHIISI 

(LIO), (1.10') JIBJIHIOTCH TO'IHblMII II cooTBeTcTBYIOT nepexo)zy OT og:imro Ha6opa nepe

MeHHblX K gpyrIIM. Ilpu 9TOM HOBble nepeMeHHble nog6npaIOTCJI TaKIIM o6p~oM, 'IT06br 
npeo6panoBaHHe 6blno HeBblpolKgeHHbIM. · · · · · 
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TeIIDophl a}t .. i,, :Jaµ;aIO~IIe xoHqmrypan;mo rromr, no orrpeµ;eneHIIIO CIIMMeTplPIHhl 

IIO s IIOCllep;HUM IIHµ;eKCaM, oµ;HaKO B o6~eM CJiy'lae OHII He CIIMMeTpII'IHhl OTHOCIITeJihHO 

rrepecTaHOBKII rrepBoro uHµ;exca j c JII06hIM II:3 rroCJieµ;yI<>~IIX 1mµ;excoB ik. II00T0My 

IlOClle rroµ;cTaHOBKU IIOJieii ila B BIIµ;e (1.10) B raMUJihTOHUaH (1.9} IIOCllep;HUH 6yµ;eT co

µ;ep:amTb orrepaTOpb11cooTBeTCTBYI<>~IIe MYJihTUIIOJUIM TopoIIµ;Horo p.llµ;a ( TopoIIp;HhllI 

µ;nIIOJih, TOpoIIµ;HhIH KBaµ;pyrrOJih II T.µ;.) . 

PaccMOTpIIM µ;mr rrpIIMepa CUCTeMy µ;Byx CIIUHOB. B GTOM CJiy'lae B ~peo6pa:30BaHUn 

(1.10) MO,KHO MO,l(HO orpaHII'lllThC.lI TOJihKO p;ByM.lI CJiaraeMhIMU 

Ha; = a)°>+ a}}>xai• (1.11) 

JJ:mi: µ;Byx 'lacTun; rromr Ha(a = 1,2) IIMeIOT weCTh KOMIIOHeHT. II00T0My HOBbie rrepe~ 

MeHHble - BeKTOp a}O) ~I TeH:30p aw B CYMMe p;OJI,KH~· coµ;ep,KaTh WeCTh He:JaBUCII

MhIX KOMIIOHeHT. JJ:JI.ll Bhl'IIIClleHU.lI HOBblX rrapaMeTpOB IIOJI.ll Bb16epeM CUCTeMY xoopµ;II

HaT C Ha'laJIOM B reoMeTpII'IeCKOM n;eHTpe CIICTeMhl, 'leMy COOTBeTCTByeT paBeHCTBO 

r:t = -JS, a OCh X HaIIpaBIIM IIO BeKTopy fi2 = r1 - r2, coep;IIH.lIIO~eMy .llp;pa. B QTOM 

cJiy'lae II:3 paBeHCTBa (1.11) Jierxo Haxoµ;uM, 'IT~ · 

c;(O) = H1 + H2 
2 j 

a(l) - H1; -H2· 
Jl - . J. 

d ' aw= 0 (i # 1), (1.12) 

rµ;e d O paccTo.lIHIIe Me,Kµ;y cIIIIHaMU. Haiiµ;eHHble oTJIII'IHhle OT HYll.lI wecTh BeJIU'IIIH H 

.lIBmIIOTC.lI B p;aHHOM CJIY'lae HOBhIMII napaMeTpaMII Heoµ;Hopoµ;Horo noll.lI. TeH:30p a}}l 
OKa:JhIBaeTC.lI B QTOM CJiy'lae npuBoµ;IIMbIM. · ECJI1i BBeCTlI CKall.lip j = aw ( CBepTKa TeH

:30pa) II BeKTOp g C KOMIIOHeHTaMU (O; a1~>;-a~~>); a:· OaTeM rrepeHTII K npoII:JBOJihHOH 

CIICTeMe KOopµ;.IIHaT, TO CB.ll:3h Me,Kµ;y Ha II a<~l '; h, aw MO,KeT 6b1Th :3aIIIICaHa B Bnµ;e 

Ha= h + Jra + (graJ; (g · ri2) = o. (1.13) 

8ToMy cooTHoweHUIO MO:lKHo·rrpIIµ;aTb HarlI.llp;HhIH. reoMeTpII'IeCKIIH CMhICJI. Ilpeµ;

IIOJIO,KIIM, 'ITO paccMaTpIIBaeMaJI p;ByxcnUHOBM ClICTeMa (MoJieKyJia) Haxoµ;IITC.ll B He~ 

oµ;Hopop;Ii:oM noJie, xoTopoe He npeµ;noJiaraeTC.lI BIIXpeBblM ( B cooTBeTCTBIIII c ypaBHe-' 

HII.lIMII MaxcBeJIJia (1.8) BHe llcTo'IHIIKOB MarHIITHoe noJie .lIBJI.lleTC.lI II rroTeHn;iraJihHhIM 

II COJieHoIIµ;aJihHbIM). CIIJIOBble JIIIHlIU TaKOro riorui: noKa:JaHhl rryHKTIIpOM Ha pIIC. l(a); 
BepTIIKaJihHM II ropII:30HTallhHM JIIIHIIII opIIeHTllpOBaHhl IIO rJiaBHbIM OCS[M TeH:30pa 

rpaµ;IIeHTa MarHIITHOrO noll.lI. Kax IlOKa:JaHO Ha TOM ,Ke pncyHKe, MarHIIT~ble n~JI.ll H1 
II H2, Henocpeµ;ecTBeHHO AeHCTBYJOlJIHe ·.Ha .llp;epHble Cnl!Hhl, MoryT 6b1Th pa:3JIO,K!!Hbl 

no p;ByM cocTaBJI.lIIO~IIM - napaJIJieJihHhIM n rrepneHµ;irxyJI.llpHhIM JIJIHIIII 1-2, c~eµ;II~

IO~eii n;eHTpbI .!l'.p;ep, 'ITO KaK pa:3 COOTBeTCTByeT npeµ;cTaBJieHUIO noll.lI B BIIµ;e (1.13) 

( oµ;Hopoµ;Hrui cocTaBJI.lIIO~M h B GTOM CJIY'lae rrpeµ;noJiaraeTcsr oTcyTCTBYIO~eii ). Co

CTaBJI.lIIO~IIe noJieii, HaIIpaBJieHHble no JIUHIIII 1-2, onIIChIBaIOTC.lI CKalI.llpHbIM napaMe

TpOM j (BTopoe CJiaraeMOe B ypaBHeHIIII (1.13)), a npoeKD;HII Ha nepneHp;IIeylUlpHoe 

HaIIpaBJieHUe - BeKTpOM G<l>4>eKTIIBHoro Bllxp.ll MarHIITHoro IIOJI.ll g ( noCll~Hee CJiara

e:i.me B (1.13)). Ecmi MoJieKyJibl o6pann;a B cpeµ;HeM copIIeHTIIpOBaHhl no oTHowemoo 

K Heoµ;Hopoµ;HOMY noJIIO TaK, KaK GTO noKa:JaHO Ha pIIc.1(6), 'IT06bl IIX OCII 6blJIU Ha

IIpaBJieHbl IIO 6IICCeKTpIICe yrna Me,Kp;y rJiaBHhIMII OC.l!MII TeH:3opa rpap;IIeHTa noll.lI, a 

6 

.,. 
\ 

\\ 
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>.. 

,., 

CaM o6panen; paCIIOJIO,KeH CIIMMeTplI'IHO OTHOCIITeJihHO n;eHTpa rromr, TO Ha MOJieKyJihl 

B ·cpeµ;HeM 6yµ;eT µ;eiicTBOBaTh TOJihKO BIIxpeBoe IlOJie , a OCTallhHble COCTaBJll!IO~n:e, 

orruchIBaeMhle rrapaMeTpaMU h, f II h;k, 6yµ;yT oTCYTCTBOBaTh. 

Ilepexoµ;.ll K on;eHKe aMilJIJITyp;bI BIIXpeBoro IIOJI.ll, OTMeTIIM, 'ITO p;ll.ll rpaµ;IIeHTa IIOJI.11 

MO,KHO IIOJIY'IUTh on;eHKY g ~ J / cL 2, rµ;e J - BeJIII'llma mmeiiHoro TOK a, Texy~ero 

no rrpoBoµ;y, L - xapaxTepm,n1 panMep xaTywxu. JJ:ll.lI n;eneii .HMP-MUKpocxomrn co

:3p;aHhl MIIIIUaTIOpHble IICTO'IHUKII IIMIIYJihCHOro Heoµ;Hopoµ;Horo noJI.lI C aMillIIITyµ;oii g ~ 
1038/cM, 'ITO COOTBeTCTByeT IIpOCTpaHCTBeHHOMY pa:3pewemoo d ~ 10-3 ••• 1Q-2CM. 

I I \ 
J ' \,2 

/ 
~./ -------·~\)1 j 

(a) I ,,, 
\ I ' 

I I I \ \ 

~', 
'· --

'"V/~ !O:c?:?J:;-
10J 

·-~ 
\ \ I ( / . 

PIIc. 1. C1teaa (a) ,cpynnblM n1tano.u no,ca3aH.bl cu1toab1e Aunuu neoauopoauozo no,u (c 

UC!l:AIO"'eUOit oauopoauoit COCmaBAZ10Uleit) 6 Meeme paCnOAO:J/CeUUZ oauoit MOAell:yAbl. 

Pa3AO:HCenue no1teit H1 u H2 , aeitcmay10U1UX na cnunoable "'acmu14bl, no cocmaa1tz10-

UIUM 3,cauaa1tenmno npeacmaa1tenu10 no,u a auae cyMMbl pacxoazU1eitcz u auxpeaoit 

,co.unonem a coomaemcmauu c ifjop.uy1toi1. ( 1.1:J ). CnpaBa no,ca3ano pa3MeU1enue 

o6pa3-qa B neoauopoauo.u no1te (6). Mo1te,cy1tb1 opueumupoBaUbl ma,cu.u 06pa30.u, "'mo 

pacxoaZUIUCZ COCmaBAZ10U1aZ no,u, onUCblBae.uaz napa.uempoM j, ycpeauzemcz ao 

ny.ttZ. Ta,c ,ca,c 06pa3e14 pacno1to:i,cen cu.ui.1.empu"'uo omnocume1tbno 14enmpa no1tz, mo 

'IL oauopoauaz cocma6AZ10UlaZ h 6 cpeaueM ma,c:i,ce paBna ny1t10. 

2. Topouµ;uoe nornow;euue 

Ilepeiiµ;eM K µ;eTaJihHOMY IICCJieµ;OBaHIIIO oco6eHHOCTeii B0:36y,Kµ;eHlIJI proOHaHca BIIX

peBhIM MarHIITHhIM IIOJieM. B p;aJibHeiiweM MbI 6yµ;eM Y'JIITblBaTh B raMIIJlhTOTHIIaHe 

.TOJihKO µ;Ba onepaTopa BO:JMy~eHII.lI.- il1 II il2. OcTaJihHble CJiaraeMble B (1.6) MoryT. 

6b1Th paCCMOTpeHbl aHaJIOrII'IHO, HO GT.0 He BXOp;IIT ceII'laC B Hawy :3aµ;a'JY. 

MaTpII'IHble ~JieMeHTbl onepaTOpOB BO:JMy~eHII.lI il1 II il2 no OTHOWeHIIIO K co6-. 

CTBeHHhIM cocTO.lIHII.lIM . I '1>' n > HeB~:3MY~eHHoro raMIIJihTOHUaHa i£o orrpeµ;ell.lIIOT npa

BIIJia OT6opa II o-i-HocIITeJihHhle IIHTeHcIIBHOCTII crreKTpaJihHhIX JIIIIIUH. ECJIU, KaK 0To 

o6hl'IHO µ;enaeTCSI, orpaHII'IUThC.lI cexymi:pH~H 'laCThIO µ;IIIIOJihHoro B:3aIIMOµ;eii:cTBII.lI V, 
TO COCTO.lIHII.lI l'1>'n > .MoryT 6b1Th oxapaKTepII:30BaHhl BeJIII'IIIHOH noJIHoro CmIHa s 
II ero npoexn;IIII Ha OCh z : l'1>'n >~ IKSM >, rµ;e CIIMBOJI K 060:JHa'laeT Ha6op 

OCTallhHhIX KBaHTOBblX 'IUCeJI. B COOTBeTCTBIIII c TeopeMoii: BIIrHepa-8x~apTa (cM., 

HarrpIIMep, (6]) MaTpII'IHhle GJieMeHThl BeKTopHoro orrepaTopa < K'S'M'ISalKSM > 
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nponop~oHaJibHbI xoaq>q>m~ueHTY Kne6wa-ropp;oHa Cl?M'SM = < S'M'IC19 ISM > 

< K'S'M'ISaqlKSM >= Cl?M'SM < K'S'IISallKS >, (2.1) 

rp;e < K' S'IISa IIK S > - BelIII'llIBbI, He DaBUClI~ne OT M, M', q; IIX HaDblBaIOT npu

Bep;eHHbIMU MaTpINHbIMU 0neMeHTaMU. Koeqi<pm~neHT K1:e6wa-Ibpp;0Ha )l;aJiee yp;o6Ho 

paccMaTp1maTb KaK p;exapTOB~ BeKTOpHbIH onepaTop C. B cooTBeTcTBIDI c BTIIM, 

pa.BeHCTBO (2.1) )l;llll onepaTopa Sa MOJIWT 6bITb oanucano B BU)l;e 

. . 
Sa =UaC, (2.2) 

rp;e Ua - CKallllpHbIH onepaTop, p;uaroHaJibHbIH no J 11 S 11 He saBHCIDI\HH oT 1;o_?J>,ll;HHaT 

CilllHOB. IIo~cTa.BllM B <popMyey ( 1. 7 ) )l;llll onepaTopa TOpOll)l;HOro MOMeHTa f BMeCTO 

onepaTopa S~ Bbipa:lKeHJle (2.2), TOrp;a nonJ'IIIM 

i = Eila[raei. (2.3) 
a 

IlocxonbKY onepaTop C He DaBllCIIT OT xoopp;11HaT 'IacT11q, ero MO:lKHO B}>IHeCTll 11D nop; 

DHaKa CJMMbI (2:3), B proyllbTaTe, ecnH BBeCTH BeKTOpHbIH onepaTop 'R 

n= Eraua, (2.4) 
a 

nony'I~M cnep;y10~11e Bbipa:lKeHlllI )l;llll onepaTopoB SH f 

f = [ncl, s =ilc, u = Eila, (2.5) 
a 

rp;e MaTpH'IHbie aneMeHTbI onepaTOpOB lf. H 'R lIBlllIIOTClI np11Be)l;eHlI!>1Mll MaTpH'IHbIMll 

0neMeHTaMll onepaTopoB nonHoro CilHHa S 11 TOpOll)l;HOro MOMeHTa f COOTBeTCTBeHHO. 

B Ka'IeCTBe KOHKpeTHoro npUMepa pacCMOTpllM CllCTeMy Tpex 'IaCTllq, o6na)l;aIO~llX 

CilHHOM Sa = 1/2. MaTpH'IHbie 0neMeHTbI onepaTOpOB nonHoro CTIHHa 11 TOpOII)l;HOro 

MOMeHTa nerxo MoryT 6bITb HaH)l;eHbI B npep;CTaBneHllll co6CTBeHHbIX BeKTOpOB OT)l;eJib

HbIX cnllHOB. 3aTeM, c noMO~bIO xoeq>¢11q11eHTOB Kne6wa-rop)l;OHa,MO:lKHO nepeHTH B 
npep;CTaBneHlle 6aDHCHbIX BeKTOpOB nonHoro CilllHa, 11cnonhDylI cxeMy cno:lKeHlllI MOMCH

TOB j = S1 + S2; S = j + S3, (npu j = O; S = 1/2, a np11 j = 1; S = 1/2, 3/2). 

< S'j'M'ISajSjM >= 

- _ jm12' j'mb S'M' SM t , , -:.,. 
- Cs,m,S,m2Cs;m~s;m~ C;,m:,s;m~ C;m12S3 m3 < m1m2m3ISalm1m2m3 > • (2.6) 

•8 

I~ 

l' 
~ 

Torp;a, nocne npocTbIX BbI'IUcneHnii, cpaBHllBalI c Bbipa:lKeHlllIMll (2.2) 11 (2.4),nony'IaeM 

cnep;JIO~He DHa'IeHlllI )l;llll MaTpHqbI U: 

I S' I j'~j II 
3

i

2 

I 1i

2 

I 1~

2 

I 

< S'i'IUISi >= 3/2 1 2\/'15 0 0 (2.7) 

1/2 1 0 v'6 0 

1/2 0 6 0 v'6 

11 MaTpllqbI 'R: 

S' I j'~j II 
3/2 1/2 1/2 

1 1 0 

< S'i'l'RISi >= 3/2 1 0 2J6ra 2J2r12 (2.8) 

1/2 1 2J6ra v'Bra -v'2r12 

1/2 0 2v'2ri2 -v'2r12 v'Bra 

3p;ecb npep;nonaraJIOCb, 'ITO Ha'IaJIO KOOp)l;llHaT BbI6pano B reoMeTpH'Ie~KOM qeHTpe Cll

CTeMbI H BBep;eH BeKTOp ri2 = rj - f:i. ThKHM o6paDOM,)l;lllI onepaTopa 'R BbinOnHlIIOTClI 

npaBurra oT6opa no 'IUcny S : S' = S, S ± 1 11 OH n11HeHH_? Bbipa:lKaeTClI 'Iepeo xo-

opp;11HaTHbie BeKTOpbI CilHHOB ra. XoTlI nonlipHbIH BeKTOp f llMeeT B o6~eM cny'Iae 

p;11aroHallbHbie no 'Illcny S MaTpH'IHbie aneMeHTbI, aTo He ooii:a'IaeT uapyweH11ii npaB11n 

OT6opa [6) : OHll )l;Oll:lKHbI BbinonHlITbClI TOllbKO no OTHOWeHHIO x DHa'IeHlllIM nonHoro 

MOMeHTa llMnynbca CllCTeMbI (cnHH + op611Ta). • 

• Ho npUBep;eHHbIX BbIWe Ta6n11q BH)l;HO, 'ITO MaTpll'IHbie 0neMeHTbI onepaTopoB S 11, 

f o6nap;aIOT paonH'IHbIMH npaBllllaMII OT6opa, CJie)l;OBaTenbHO,npll BOO)l;ellCTBllH Ha CH-, 

CTeMy BIIXpeBbIM MarHHTHbIM noneM MoryT Boo6y:lKp;aTbClI nepexop;bI, oanpe~eHHHbie 

)l;llll o6bI'IHOro .HMP, 'ITO MO:lKeT DHa'IllTeJibHO noBbICllTb llH<pOpMaTllBHOCTb MarHHT

Horo prooHaHCa npll llCClle)l;OBaHllll cnllHOBbIX CllCTeM. 

llHTeHCHBHOCTH cneKTpMbHbIX llllHllH Inm nponopqllOHaJibHbI KBap;paTaM COOTBeT

CTBYIO~IIX MaTpll'IHbIX aneMeHTOB onepaTopa BooMy~eHlllI (< >ItnlH1l>Itm > 11n11 

< >ItnlH2l>Itm > ), a cyMMapHalI llHTeHCllBHOCTb I = E Inm, nponopq11OHaJibHalI norno
~aeMon MO~HOCTll Qa, - wnypy OT KBap;paTa onepaTopa BOOMy~eHlllI 

Qa ~SPKSM'Haif:!, (a= 1,2) (2.9) 

,I{llll BbI'IllClleHlllI norrro~aeMOll MO~HOC;ll Qa onepaTOpbI BODMy~eHlllI it1 11 it1 yp;o6HO 

BbipaDIITb 'Iepro BeKTOpHbIH onepaTop C, llCnOllbDYlI nOnJ'IeHHbie BbIWe <popMJllbI (2.5): 

it1 = -wc, it2 = -mnci (2.10) 
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Torµ;a exopoeTb norno~eHWI 0Heprm1 Qi en11HOBOH elleTeMOll B o6bl'IHOM peoOHaHee 

MO)KeT 6hITb oanlleaHa B B11µ;e 

Qi ~ h;hkSPKsMial+c;ek. (2.11) 

Y'IllTbIBaJI OpToroHanbHOeTb K00<p<fm~eHTOB Kne6wa-ropµ;oHa [6]: 

SpMC;Ck = /jik. (2.12) 

Bbipa,KeH11e (2.11) npHBOA:HM K BH,[\y: 

Qi~ h2SpKsia1+. (2.13) 

Iloµ;o6Hbie BbIKnap;Kll MO)KHO npoµ;enaTb 11 p;nll onepaTopa TOpO11p;Horo MOMeHTa f. 
Paen11eaB BeKTOpHoe npo11OBeµ;eH11e [1ici IlOKOMilOHeHTHO e IlOMO~bR) ellMBOllOB e;;k : 

• . • a •+• 
Q2 ~ g;gkSPKsM{e;1m'R1Cmek;n'R; Cn} (2.14) 

11 uenonbOyH <f>opMyny (2.12), OKOH'IaTenhHO nony'IaeM 

• ·+ • • 
Q2 .~ 9i9ksPKs{'R/R-; /jki - nkni}- (2.15) 

TaxllM o6paooM, 110 (2.15) cneµ;yeT, 'ITO B TOpo11p;HOM peooHaHee norno~aeMaJI MO~

HOeTb onpeµ;enHeTCH TpeMH <PaKTOpaM11: llHTeHellBHOeTbK> np11no)KeHHoro MarHllTHOro 

nonH, paenono,KeHueM 'IaeT11~, a TaK,Ke BOallMHoii opneHT~11eii no= 11 necneµ;yeMoii 

en11H-e11eTeMbI. B TO BpeMH KaK B o6bl'IHOM peooHaHee, eor,meHo (2.13), exopoeTb no

rno~eHWI 0Heprllll onpep;en.lleTCH TOllbKO Be1!11'IllHOH BOOMY~aK>~ero IlOnlI. 

8To eBoiieTBO Topo11µ;Horo BOaIIMoµ;eiieTBWI MO)KeT 6bITb npoaHanllO11pOBaHO Ha 

np11Mepe elleTeMhI Tpex en11HOB, paenono)KeHHbIX B Bepw11Hax paBHo6eµ;peHHoro Tpe

yronbHllKa e yrnoM Cl! npn Bepw:rHe. B 0TOM cny'Jae, noµ;eTaBllB B HBHOM B11µ;e KOMilO-

HeHTbI BeKTop.Horo onepaTopa ft, Bbipa,KeH~hie 'Iepeo xoopf1HHaTbI 'IaeT~ ri2, f:i, 110 

Ta6n11~bI (2.8), nony'I~M eneµ;yro~ee B~pa,KeH11e p;nll Q2 : 

Q2 ~ g;gk{(3r~ + r;2)liki ._ 3X3kX3; - XmXi2;}. (2.16) 

Ilp11 paeeMOTpeH1111 paBHo6eµ;peHHOro TpeyronhHHKa Koop~IIHaTbI 'JaeTll~ yµ;o6Ho BbI

pa)KaTb 'Iepeo yron a, Torµ;a np11 BhI'IHcneHWIX B p;anbHeiiweM y Hae 6yµ;eT <f>11ryp11po

BaTb TOllbKO oµ;Ha nepeMeHHaJI, xopowo ormebIBaK>~aJI Ka'JeeTBeHHbie llOMeHeH11JI,npo-

11exoµ;H~lle B reoMeTpllll eneTeMbI. 

BooMO)KHO µ;Be oeHOBHbIX npoeTpaHeTBeHHbIX oplleHT~ll en11H-eHeTeMbI : B o~oii 

nnoexoeTb TpeyronbHllKa, B KOTOpOM paenono)KeHbI eilllHbI. napannenhHa noeTOHHHOMY 

MarH11THOMY nonro Ho, B µ;pyroii - nepneHµ;11xynllpHa H0 • Ilp11 0TOM n11HeiiHaJI KOM611-

H~WI 0TllX p;Byx eoeTOllHllll onpeµ;enHeT npOllOBOllbHyK> opneHT~K>. BbI6epeM Oeb 

z' KaK 0TO o6bI'IHO µ;enaeTCH, no HanpaBneHllK> IlOCTOllHHOrO MarHllTHOro non.ll ll pae

eMoTpllM o6e enTy~=-

1) Bee 'IaeT~ paenono,KeHbI B nnoexoeTH XY. IloexonhKY BeKTopbI ri2 n f:i 
BOallMHO nep:neHp;uKynllpHbI, p;nll npoeTOTbI paeeMOTpeHWI llX yp;o6HO HanpaBHTb IlO· 

OCHM X ll y COOTBeTeTBeHHo, Torµ;a llX Koopµ;nHaTbI llMeK>T Bllp;·. 

r:i = (0; ~a cos~; 0), r12 = (2a sin~; 0; 0), 
3 ?. ?. 

(2.17) 
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rµ;e a - µ;mrna 6oKOBOH eTOpOHbI TpeyronbHHKa. Iloµ;eTaBn.lIH 0TH Bbipa,KeHIIJI B (2.16), 
nony'IaeM 

{( 1 20! • 20! 1 20! • 20! } Q2 ~ g·gk -a cos - + a sin -)li·k - -a cos -Ii· - a sm -Ii· 1 3 2 2 1 3 2 IY 2 IX • 
(2._18) 

Jl:nH paonll'IHbIX oplleHT~ii Boo6y)Kµ;aK>~llX nonei'I g MO~HOCTb Q2 nponop~IIOHMbHa 
cneµ;yro~IIM OHa'IeHIIJIM 

g= (g;0;0); 
1 2 20! 

Q2 ~ 3g a cos 2; 

g = (0; g; 0); Q2 ~ g2a sin2% ; 

g= (0;0;g); Q2 ~ la (½cos2i+sin2i) 

12 
2 

Qom.e9. 

6~ 
f 

31- / ~ 
a. 0 , 

0 
60 90 120 ISO 180 

(2.19) 

P11e. 2. 3a6UCU.Mocmb MOt4Mocmu. nepeMemiozo no.11.z, noz.11.ot4aeMoii. cnuuooou cucme

Moii. 6 c,r.yv,ae oo36y:HCiJeuu.z pe3ouaca ouxpe6blM {1) u. oiJuoiJpoiJnblM (2) MazuumnblMU 

no.11.ZMU om npocmpaucmoeuuozo · pacno.11.0:HCeuu.z cnunoB o mpexamoMnou Mo.11.e,cy.11.e, 
napaMempU31JeMo·zo yi.11.oM a. · 

· 2) Bee 'IaeT~ paenono,KeHbI
0

B nnoexoeTII XZ. B 0ToM cny'Iae BeKTOpbI f:i n ri2, ,.,, .,,. . 

Bbipa)KeHHbie 'Iepeo yron a,paBHbI. eooTBeTCTBeHHO 

~ ( 2 a) r3 = O; O; 3a cos2 , ri2 = (2a sin%; 0; 0) 1 (2.20) 

n Torµ;a. p;nll Tpex opneHT~ Boo6y,Kµ;aro~11X noneii g 11MeeM cnef1Yro~11e oHa'IeHIIll 
norno~aeMoii MO~HOeTll Q2 ; 

g= (g;0;0); Qz ~ ½la cos2i 
g=(0;g;0); Q2~la(½c;s2%+sin2i), 

g= (0;0;g); Q2 ~ la sin2~ • 
2 
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(2.21) 



ThxIIM o6panOM,MbI nOlI)"IIInII, 'ITO MO~HOCTb norno~emm 0HeprIIII Q2 CIInb~O ::ia

BIICIIT OT CTp)'KTypbl IIccnerureMoii: CIICTeMbl, npu 0TOM )J;lUI pannlI'IHbIX npocTpaHCTBeH

HbIX opIIeHTaI:lllll 'laCTIII{ cy~eCTBYJOT panHl,le ycnoBIUI, npII KOTOpbIX MO:lKHO nOny'IIITb 

MaKCIIManbHYJO 1IH<f>opMaq1110 o ee reoMeTpim. B oµ;HoM cnY'lae Boo6y:lKµ;aro~ee none g 
µ;omKHO 6blTb nepneH)J;UKYIDipHO nocTOllHHOMY MarHIITHOMY nonro Ho {'laCTIIqhl pacno

noJKeHl,l B nnoCKOCTII XY), B µ;pyroM - BIIXpeBOe none µ;onlKHO. COBnaµ;aTb no HanpaBne

~IIIO c Ho ( 'laCTilqbl pacnonoJKeHbl B nnocKOCTII Y Z unII X Z). .D:= I1nnrocTpaq1I1I Ha· 

puc.2 noKanaHa ::laBIICIIMOCTb OT yrna a MO~HOCTeii: Qi II Q2. 
IIony'leHHble BblllJe aHanIITII'leCKIIe BbipalKeHIIll xopollIO cornacyIOTCll C proyllb

TaTaMII 'IUcneHHbIX 0KcneplIMeHTOB, B KOTOpbIX Moµ;enIIpOBanOCb Boo6y:lKµ;eH1Ie proo
H~Ca BuxpeBblM g( t) II oµ;Hopoµ;Hl,IM h( t) MarHIITHl,lMII nonHMII B npIICYTCTBIIII µ;1monb

µ;1mollbHoro B::lalIMO)J;eii:cTBIIll B CIICTeMe Tpex CilIIHOB C npmmBOnbHoir reoMeTpueii. IIpII 

0TOM 6blnII ycTaHOBneHbl cneµ;yio~ue proynbTaTbl : 

1. IIpII TopoIIµ;HoM Boo6y:lKµ;emm B aHepreTU'leCKOM cneKTpe cIIcTeMbl Bbl::lblBaIOTCll 

nepexoµ;bl Me:lKµ;y ypOBHllMII, KOTOpble "::ianpe~eHl,l" B o6bl'IHOM .ffMP, 0TOT _g>aKT 

llBlUieTCll cneµ;cTBIIeM Toro, 'ITO B OTnII'IUe OT aKCIIanbHOro BeKTOpa cnIIHa s TO

ponµ;Hblli: MoMeHT T 11BIDieTcll nonHpHl,lM BeKTopoM u e~o MaTpil'IHble aneMe~Tbl 

noµ;'IUHllIOTCll µ;pyrlIM npaBimaM OT6opa, 'ITO II OTpa:lKeHO Ha pucyHKe-cxeMe 3, 

rµ;e npeµ;CTaBneHbl nepexoµ;bl,BO:J6yJKµ;aeMble B µ;IInOllbHOM .ffMP (a) II TOpOII

l];HOM .ffMP {6). IIpII 0TOM Heo6xoµ;1IM0 OTMeTIITb, 'ITO Bbl'IIIClleHIIll co6CTBeH

HbIX :JHa'lemrii raMUnbTOHIIaHa 'Ho npoBO;J;IIIlUCb_ B npeµ;CTaBneHUII co6CTBeHHblX 

. ~eKTOpOB OT;J;enbHbIX CllUHO~- IIooTOMY Ha l];aHHOM pIICYHKe IlpaBima OT60pa µ;nll 

S: l:iS = 0,1::iM = ±1 u f :./::iS = ±1,1::iM = ±1 He oTpa:lKaIOTCll B HBHOM 

BIIµ;e, HO B TOJKe BpeMll MOlKHO ynoBIITb 'npIIHqlIIlUanbHOe pannII'IIIe µ;Byx TIIIlOB 

B006y:lKµ;eHIIll. 

2. BhlnII onp~eneHl,l 'laCTOTbl nepex~µ;oB W~m ~ En - Em II OTHOCH~e~~Hble UHTeH

CIIBHOCTII cneKTpanbHblX IlUHIIH Inm µ;IInonbHOro (pIIc.3(B))n TOpOU~Horo .ffMP 

(p~rc.3{r)). IIpII pac'leTax npeµ;nonaranocb, 'ITO OTHOilleHue ~H~hn =J03 , np1r 

0TOM YllHo, a nOCTOllHHOe MarHUTHOe none Ho HanpaBneHO no
0

Meµ;uaH~ Tpeyron~

HUKa OT OCHOBaHIIll K.BepllIIIHe. CneKTp 0HeprIIu CIICTeMbl cnUHOB,pacnonoJKeH

HblX s Bep~uHax npaBunbHOro TpeyronbHIIKa,B o6bl'mOM petiomi.Hce COCT~HT lI::l 

Tpex rpynn nuHIIii. IJ;eHTpanbHaJI rpynn~ coµ;eplKirT B. ce6e nIIHHK>,COOTBeTCTBy10-

~ ocHOBHoii: 'lacToTe prooHaHcaw0 =;Ho, µ;Be µ;pyrue rpynnhl pacnonoJKeHbl 

CIIMMeTpII'IHO OT~OCUTenbHO OCHOB~OH <JaCTOT~ Ha paCCTOllHIIII1 onpeµ;eIDieMOM 

0Heprueii: l];IIIIOnh-µ;IIIIonhHOro B::laIIMOµ;eiicTBirn. IIpucyTCTBUe HeCKOnbKIIX nIIHilii 
. B rpynnax OOb.l!CHlleTCll 'ir~u'IUeM HeCeKynHpa:on 'laCTII ;J;Ilnonb-)J;UnonbHOro B:Ja

lIMO)J;eHCTBIIll, BKnIO'leHHoro B paccMoTpeHue. liHTeHCIIBHOCTII npeµ;cTaBneHHl,lX 

Ha puc.3{B) rpynn COOTBeTCTYIOT OTHOilleHIIIO 2:1:2. CneKTpanbHble nIIHIIII TO

pouµ;Horo proOHaHCa pacnonoJKeHbl TaKlKe CIIMMeTpII'IHO OTHOCIITenbHO OCHOBHOH 

'laCTOTbl, HO npu 0TOM, B l];aHHOM cneKTpe OTCYTCTByeT qeHTpanbHM nHHUll 11, B 
oTnn'IIle OT µ;unollbHoro prooHaHca,cneKTpanbH1,Ie mmuu·pacnonoJKeHhl Ha µ;py

rux 'laCTOTax, nocKOnbKY nepexoµ;bl ocy~eCTBlUinIICb MelKrur panHblMU ypoBHllMII 

0Heprnu ( CM. npeµ;blrur~uii nYHKT ). 
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(I} u w u (,) lJ lJ 
Puc.3. CxeMa nepexodoa Me'J!Cdy ypoau.scMu. 311,ep,mu. cnu.11,oaou cu.cmeM1,1 {ua pu.-' 

cyux:e 060311,a'l/.eui,1 x:py"J1Cx:aMu.},ao36y"J1CdaeM1,1x oJ11,opoJ11,1,1M, ( a) u. au.xpeBblM Ma-

2uu.m11,1,1Mu. noazMu. (6). Omuocu.me11,1,11,1,1e u.umeucu.aiwcmu. cne1Cmpaa1,11,1,1x a1Luu.ii, 

daz mex 'J/Ce cay'l/.aea nox:a3a11,1,1 11,a pu.c. (a) u. (2) coomaemcmaeuuo. 

3. Ilpu U:JMeHeHUU yrna a nponcxoµ;uT CMe~eHne lIUHIIH CIIMMeTpII'IHO OTHOCII

TenbHO OCHOBHOII 'laCTOTbl, conpoBOJI\!l;a10111eecH ImMeHeHIIeM IIX OTHOCIITenbHOH 

lIHTeHCIIBHOCTII. BbI'IUcneHUll cyMMapHmi: IIHTeHCIIBHOCTII II cpeµ;Heii: 'laCTOTbl, 
npoBeµ;eHHble no npaBnnaM 

l= Llnm, 
LWnmlnm 

w= I (2.22) 

no1tananI1, 'ITO C II::lMeHeHIIeM yrna B 06bl"IHOM pe::ioHaHce cyMMapHM IIHTeHCII· 

BHOCTb II cpeµ;Hllll "IaCTOTa OCTalOTCH IlOCTOHHHblMH, He 3aBHCHII\HMH OT a,n onpe

µ;enllIOTCll TonhKO Benn'IIIHOH npnnoJKeHHoro MarHHTHoro nonll Ho II h(t),.npn"IeM 

cpeµ;Hllll "IaCTOTa w COOTBeTCTByeT OCHOBHOH "IaCTOTe MarHIITHOro pe::iouauca. B 

Topouµ;HOM proOHaHCe npoucxoµ;nT IlliaBHoe ImMeHeHne cyMMapuoii lIHTeHCIIBHO

CTU: B oµ;HOM cny"Iae - yBem1"Iem1e, Korµ;a g(t)IIHo, B µ;pyroM· - yMeHbllieHIIe, Korµ;a 

g(t)l.Ho. Ilpn aTOM <f>opMa KpIIBhIX xopollio cornacyeTcll c auanuTn"IeCKHMH pac
"IeTaMH (2.19). 

3. Topouµ;mlll eocnpHHM'IHBOCTb 

IIepeiiµ;eM K o6cyJKµ;eHHIO oco6eHHOCTe1i ImMepeHnll norno~emrn · cnnHoBoii cncTe

Moii BIIXpeBoro MarHIITHOro nonll. IIpeµ;nonoJKUM CHa"Iana µ;nll npoCTOTbI, 'ITO CilIIHbI 

He B:JaIIMoµ;eii:cTBYIOT µ;pyr c µ;pyroM. B aTOM cny"Iae oTnII"IIIe OT norno~emrn B oµ;uopo: 

µ;HOM none cocTouT TOnhKo B TOM, 'ITO Ha KaJKµ;blii: cnnH µ;e11CTBYCT "cBoe" nepeMeHuoe 

MarHUTHoe none. IIoaToMy .cpeµ;Hllll Mo~HOCTh, norno~aeMM oµ;Hoii: "Mone1tynoi'1" ::ia 

nepuoµ; ::ia nepnoµ; U:JMeHCHIIll nonll, KaK II:JBCCTHO (7], MO:lKeT 6bITb ::ianucaHa B Bnµ;e 

Q = 2wx~LHix(r,,,0), (3.1) 
a 

rµ;e x~ - MHIIMM 'laCTb MarHUTHOH BocnpIIIIM'IUBOCTII, OTHCCeHHM K O~HOH cnIIHOBOII 

'laCTIIqe, Hix( r:., 0) - x- -KOMnOHeHTa BIIXpCBoro nonll B TO'IKC r:., npu 0TOM OCb X 
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npcAnorraracTc.11 HanpaBrreHHOII nepneHAIIKyrr.11pHo OAHOJ>OAHOMY nomo H0 = H 0 ii. BeK

Top H1(r,t) OAH0::3Ha'IHO CBJmaH C BIIXpeM norr.11 if(t): 

- 1""'[--1 H1(ra, t) = 2 L.., gr • . 
a 

(3.2) 

IloACTaBll.11.!I 0TO BbipaMCHIIC B ( 3.1 ) II C'll!Ta.11 All.II npoCTOThl, 'ITO BI!Xpb norr.11 if 
na parrrrcrreH ii o, norry'IIIM 

Q = 2wx~l, (3.3) 

rAC BBeAeHa TOJ>OIIAHM BocnpIIIIM'lllBOCTh CillIHOBOII CHCTeMbl 

x~ = x~Fiknink; Fik =< L(r~.Sik - XaiXak) > . (3.4) 
a 

B 0TOM BblpaMemm yrrroBble CK06Kll o6o□Ha'laIOT ycpeAHeHIIC no 06:i,eMy o6pami;a 

B IJ;elIOM. 

Ilorry'leHHble BbipaMeHil.ll noKa□bIBaIOT, 'ITO TOJ>OIIAHM BocnpIIIIM'lIIBOCTh □aBIICIIT 

OT pacnpeAelleHil.11 cnl!HOB no npocTpaHCTBY, II noaToMy, II□Mep.11.ll norlIOll.\eHI!e aHeprim 

B BIIXpeBOM none, MO)KHO IICClleAOBaTb CTPYKTYJ>Hble ll□MeHeHII.11 B CIICTeMc. IlpeAnOlIO

)KIIM, Hanp11Mep, 'ITO ncpBOHa'IaJihHO Bee cnIIHOBbie 'laCTIIIJ;hl 6billll paBHOMepHo pacnpe

ACJieHhl no o6'beMy o6pa□IJ;a. B 0TOM crry'lae npll B0□6YMAeHIIII CIICTeMbl HeOAHOJ>OAHbIM 

norreM norlIOll.\eHI!e aHeprim 6JAeT onpeAell.!!ThC.11 TOllhKO Il□OTponHOll 'laCThIO TeH□opa 

F;k. IlpeAnOJIO)Kl!M AaJiee, 'ITO CllCTeMa MO)KeT IICnbITbIBaTb nepCXOA B HOBOe CTJ>YK

TypHoe COCTO.!!Hlle, B KOTOJ>OM o6pa□yIOTC.ll □epHa c op11eHTirpoBaHHbIM HecqiepII'IHhIM 

pacnpeAelleHUeM CilllHOB, KaK 0TO cxeMaTil'IeCKII noKa□aHO Ha puc.1(6). B 0TOM crry'lae 

BO□Hl!KaeT aHil□OTponHoe norlIOll.\eHIIC aHeprnn noirn, no KOTOpoMy MO)KHO CYAIITh 0 

npm1cweAWeM nepCXOAe. 

B 06ll.\eM crry'lae TOJ>OIIAHM BOcnp1rnM'IIIBOCTh MO)KCT 6bITh BBeAeHa qieHOMeHOlIO-_ 

rII'lCCKII KaK "o6ci6ll.\eHHa.!I BocnpIIIIM'IIIBOCTh" CIICTeMbl [8) no OTHOWeHIIIO K BIIXpIO 

MarHIITHOro norr.11 if(t). 0TKllllKOM CIICTeMhl.;;iia AeIICTBI!e norr.11 if(t) B COOTBeTCTBI!e c 

BIIAOM raMilllhTOHilaHa il2 B Bbipa:lKeHIIII ( 1.6 ) .!!Bll.!IeTc.11 cpeAHilll TOJ>OIIAHhIII MOMeHT 

CIICTeMbl < j >, npII'ICM Me:lKAY qiypbe-KoMnoHeHTaMn norr.11 II OTKlll!Ka cyll.\eCTByeT 

mmenHa.11 cB.ll□h BIIAa 

< j >= xr(w)ifw- (3.5) 

,Un.II npoCTO_Tbl Mb! orpaHJl'llllll!Cb □ACCb crry'laeM ll□OTponHOll cpeAhl- Mm!Ma.11 'laCTh 

TOJ>OIIAHOll BocnpIIIIM'IIIBOCTII xr( w) onpeACJI.!IeT norlIOll.\eHI!e aHeprim B COOTBeTCTBIIIl 

C Bbipa:lKeHI!eM ( 3.3 ), a AeIICTBIITellbHa.11 'IaCTh XT AaeT BKJiaA B II□MeHeHIIe peaKTII

BHOII '!aCTII conpOTIIBlleHII.ll nepeMeHHOMY TOKY Toro arreMeHTa arreKTJ>Il'IeCKOII IJ;CnII, 

KOTOJ>blll COAep:lKIIT norr.11p1myIOll.\eec.1I Bell.\CCTBO._ 

,UonycTIIM, HanpIIMep, 'ITO none CO□AaeTC.11 Ha o6pa□IJ;e c noMOll.\hIO nrrocKoro KOH

AeHCaTopa, IIMeIOll.\Cro arreKTpll'ICCKYIO CMKOCTh C II paCCTO.!IHIIe Me:lKAY 06KJiaAKaM11 

d. Cpe,IIH!OIO ::rneprl-lIO o6pa□ IJ;a B none if, B COOTBeTCTBUII C BIIAOM raMIIllhTOHIIaHa il2 II 
Bbipa)KeHIIeM ( 3.5 ), MO)KHO oanucaTb KaK 

( - -) 2 U = - < r > g = -xrg. (3.6) 
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Y'IIITbIBa.11, 'ITO· OlleKTJ>ll'IeCKOe none E B nrroCKOM KOHAeIICaTope Bbipa:lKaeTC.ll 'Iepeo 

oap.!IA q ~aero o6Krra;a;Kax Kare E = q/Cd, a TaK)KC,npIIIIIIMa.11 BO BIII!MaHI1e, 'ITO if= 

rot ii = E / c, MbI MO:lKeM nepen11c~Th Bbipa:lKeHII~ ( 3.6 ) B BIIAe 

U = - LriJ2 
2c2 ' 

(3.7) 

rAe BBeAeH K00(pqJIIIJ;IIeIIT oqiqieKTI!BHOll "Topo11gHoll" IIHI\YKTIIBIIOCTII nrrocKoro KOH-

geHcaTopa 

2xr 
Lr= c2d2· (3.8) 

'I'aKIIM o6pa□oM, B IJ;enII nepeMeIIHOro TOKa KOIIl\eHcaTop, oanorrIIeHblll TOJ>OIII\HO n6-

ll.!!pimy10ll.\ellc.ll cpegon,6JAeT o6JiaAaTh KOMnrreKCHbIM conpOTIIBlleHJleM z, KOTopoe Bbl

pa:lKaeTC.ll 'Iepeo ero eMKOCTh C II oqiqieKTIIBHYIO IIHI\JKTI!BIIOCTh Lr 

1 
Z = -i(wLr - wC). (3.9) 

Ilorry'IIIBWIIHC.ll TaKIIM o6pa□oM Korre6aTellhIIhIII KOHTYP IIMeeT '!acToTy peooIIaHca,pa

BHyro wo = ✓LrC. 
B TOM crry'!ae, Korga oqiqieKTIIBHOe BI!XpeBoe none coogaeTC.ll CIICTeMOll npoBogHII

KOB C TeKyll.\IIMII no· HIIM TOKaMII J A, cpegHee OHa'!eIIne BI!Xp.ll MarHIITHOro noll.ll Ha 

o6pa□IJ;e MO)KIIO C'IIITaTb nponopIJ;IIOHaJihHbIM BelIII'IIIHaM TOKOB J A 

- 1""' -g = - L..,KAJA, 
C A 

(3.10) 

rge KA - HeKoTophle o6o6ll.\eHHhle KooqiqinIJ;IIeHThl "BnxpeBon IIHI\YKTIIBHOcTn", KOTo

pbie onpegCll.lIIOTC.ll reoMeTpII'IeCKIIM pacnOJIO)KeHneM npoBogIIIIKOB. IlogcTaBJI.ll.ll Bblpa

:lKeHIIe ( 3.10 ) B ( 3.6 ), Mb! MO)KeM npeACTaBIITh TOJ>Olll\Hhlll BKJiag B aIIeprIIIO CIICTeMhl 

B Bl!Ae 
1 

U = 
2

c2 LLABJAJB, (3.11) 

rge BBegeHbl aqiqieKTIIBHble KOoqiqJIIIJ;IIeHTbl BOal!MHOll IIHAYKTIIBHOCTII npoBOAHIIKOB C 

TOKOM, CB.IIOaHHble C HaJIIl'lIIeM noll.llp1my10ll.\ellC.ll cpeghl 

LAB = 2xr(KAK~)- (3.12) 

TaKII~ o6pa□ oM,II B AaIIHOM crry'lae npncyTCTBIIe cpeghl MO:lKeT 6blTh OaMe'IeHO KaK 

IIOMeHeIIIIC IIHI\YKTIIBHOCTII IJ;enII. 

4. -3aKJiroqeuee 

B pa6oTe pacCMOTpeH TOllbKO 01\IIH BapIIaHT B006y:lKgeIIII.ll MarHIITHOro peoomi.Hca 

B npocTpa.HCTBeHHO pacnpe;a;CJieHHOll ClllIHOBOII CIICTeMe C nOMOll.\hIO Heo;a;Hopo;a;Horo 

MarHIITHOro noll.ll, OCHOBaHHhlll Ha roaIIMO;IJ;CllCTBIIU BIIXpeBoro noll.ll C TOJ>OIII\HhlM MO

MCHTOM CnIIH-CIICTCMhl. B OTOM crry'lae npocTpaHCTBCHHa.11 KOHqJIIrypaIJ;II.ll noll.ll "cpa

BHIIBaeTC.ll" C KOHqJIIrypa.D;IICll ClICTCMhl, 'ITO IlOOBOll.lICT "pacnOOHaBaTb" pacnoJIO)KeHIIC 

15 



nµ;ep. 8TOT MCT0A 1l0lKCT 0Ka;JaTbCH noJie:JHbIM, HanpuMep, npu IICCJieµ;oBaHim II3MCHe
HIIII qiopMbl opllCHTIIpoBaHHbIX MaKp0M0JICKYJI B paCTBopax JIJIII MIIKPO'JaCTII~ cycneH
mm noµ; BJIIIHHIICM BHClllHIIX BO:.Jµ;eitCTBIIiI. O•1eBuµ;Ho, 'ITO µ;JIH 3T0ll lKC ~emt MoryT 
6bITb ncn0Jib30BaHbl MYJlhTltnOJib!Ible '1:JaI!Moµ;efrcTBIIH 6oJiee BbICOKOro nopnµ;Ka, pac
CM0TpCHHbIC B pa6oTe (4]. Ilpn 3TOM MoryT 6bITb IICCJieµ;oBa!Ibl 6onee TOIIKlIC µ;eTamt 
qiopMbl MOJICKYJI ( fionee BbIC0KIIC M0MCHTbl q>YHK~IIII pacnpeµ;enemrn cmrnoB no npo

CTpaHCTBY ). 
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By6os~K B.M., nyHeros ~:B.; Map4eH~K M.A. 
-TopO~AHOe BO36ymaeH~e 
HAepHoro MarH~THoro pe3oHaHca 

P14-92:-321 

noKa3aHO, YTO ~ o6~YH~X yinoB~HX MarH~THOro pe3oHaH
ca (cn~HO~aH ~~CTeMa 8 OAHOPOAHOM MarH~THOM none}, ne
peXOAbl B cneKTpe _3Heprn~ MoryT B036ymaaTbCH nepeMeHHblM 
B~xpeBblM MarH~THblM noneM, 83a~MOAei-1CTBY~IJ.l~M C TOPO~A
Hb!M MOMeHTOM cn~HOBOL-1 rncTeMbl. BblHCHeHO, ,YTO 8 3TOM 
cnyyae MOryT Ha6n~AaTbCH 11 3anpelJ.leHHble 11 nepeXOAbl ~ YTO 
nornolJ.leH~e 3Heprn~ c~nbHO 3aB~~~T-OT npocTpaHCTBeHHoro 
P.acnonomeH~H cn~HOB. 

Pa66Ta s~nonHeHa B na6opaTop~~ TeopeT~YecK6i-1 ~~3~K~ 
0~51~. -

IlpenpHHT O&i.ei111HeHHOro UHCTHT)'Ta lltiepttb~ HCCJJe,1oe,aiu1tt. )ly6tta 1992 

nepe~OA r.r.CaHAYKOBCKOL-1 

Dubovik V.M., Lunegov I.V., Martsen~yk M.A. · P14-92-321 
Totoid Excitation of Nuclear·~ · 
Magnetic Reio~ance 

Some ~ew approa~h _in the NMR spectroscopy is discus
sed by which one can investigate a space distribution 
of nuclear spins and observe a 11 forbidden 11 transition. 
in the energy spectrum. It i~ based on the possibility 

-of.bringing about the transitions by vertex 'vector 
fi~ld interacting with the toroid ~oment of a spin sys
tem. · 

The .investigation.has been·performed at the Labora
tory of Theoretical Physics, JINR. , 

Preprint of the Joint Institute for l'iuclear Resear_ch. Dubna 1992 
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