
9,2-53 ,/• 

COOOUlBHMR 
OfibBAMHBHHOro 

MHCTMTYT8 
RABPHblX 

MCCBBAOB8HMM 

AYfiHa 

P3-92-533 

,U.A.Kopttees, H.B.qeptteHKo,JI.n.qeptteHKO 

HOBblt\ ACTTEKT B H3YqEHHH TTPOXO)K)].EHH.SI 
TTOJI51PH30BAHHbIX HEt\TPOHOB 
1IEPE3 <l>EPPOMArHETHKH 

1992 



KopueeB Jl.A., 4epueHKO H.B., 4ep11e11Ko JI .CT . 
HOBblH acneKT B HJy'lellHH np0X0>KJlellHII non11pHJ0BallllblX 11eiiTpoH0B 
•1epe3 q,eppoMarHeTHKH 

PJ-92-533 

8 pa6oTe JI0KaJhlBaeTCII cyu1ecrnoBaHHe MexaHHJMa nenom1pH3lll.\HH HeHTpoH0B q,eppoMar-
11eTHKaMH, npHB0JIIIU\el'O K cncKTpaJlbllOH JaBHCHMOCTH K03qXpHL\HeHTa nenom1pH33L\HH D(A) OT 

JIJIHHbl B0Jlllbl 11eHTpo11a A, cyu.iecTBellH0 0TJIH'la10U\eroc11 OT npencKa3blBaeMblX OCH0B0nonara

lOU\eH Te0pHeH XanhnepHa - XOJlbCTeHHa. OoKa3aHO, 'IT0 npH'IHH0H, npHB0JIIIU\eH K HIIOH 

JaBHCHMOCTH D(A), IIBJIIIIOTCII D3aHMllble Koppelllll.\HH 11anpaBJ1eHHH 8 l -H0pMMbllblX K0Mn0HeHT 

JI0KaJlbllblX HIIJIYKI.\HH B COCeAHHX MHKpoo6naCTIIX BA0Jlb TpaeKT0pHH HeHTpoua, nepeceKalOU\el'O 
o6pa3el.\. Opoau:1J1H3Hpoaauo pa3JIH 11He np0l.\eCC0B nenon11pH3al.\HH 11eHTpOH0B 6e3 y'leTa H C 
y'leT0M BJaHMllblX KOppelllll.\HH a11TH11anpaBJ1eHH0l'O nma. nony,ie11 KpHTepHH npooepKH aKTy
aJlhHOCTH y•1ern KOppeJllll.\Hfl B npot1ecce ne11om1pH3al.\HH. OCH0Bllble pe3yJlbTaTbl nony•tellbl 3a C'leT 
nposeneHHll •ntcne1111oro :JKCllepHMe1na 110 cnel\HaJlhll0 pa3pa60TallflOH nporpaMMe pac•1eTa D(A). 
O6cy>KJ1a10TCII TllK>Ke peJyJlbTllTbl nepBOH 11011blTKH3KC11epHMellTaJlbH0H npoaepKH HOBO['() ll0JIX0Jla 
K om1cam110 11po11ecca nenon11puJat\HH. 

Pa6orn Bbl1I0J1He11a B Jla6opaTOpHH 11eHTp0tlllOfl cjJH3HKH ·01-unt. 
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A New Aspect of Study of Polarized Neutrons Passage Through Ferromagnetics 

The possibility of existence of a neutron depolarization mechanism leading to the depolarization 
coefficient D().) spectral dependence on the neutron wavelength). is proved in the paper. The given 

dependence is essentially different from those predicted in the basic Halpern - Holstein theory. It is 
shown that mutual correlation of B I directions, the normal components of the local induction in the 

neighbour domain along the neutron trajectory intersecting the sample, may be responsible for the 
occurence of the other D(A) dependence. The difference of the neutron depolarization processes with 

consideration and without consideration for the mutual correlations of an antidirected type is analysed . 
The criterion of the check up of the reality of correlations consideration in the depolarization process 
is obtained. The main results arc obtained due to numeric experiment done by specialy developed 
computer program to calcul:ite D().). Results of the first experimental attempt to check the new aspect 

of the depolarization process are discussed. 

The investigation has been performed at the Laboratory of Neutron Physics, JINR. 
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1 Bae~eHHe 

,D;enom1p1my10~1Ie CBOHCTBa cpeppoMarHIITHbIX cpeµ; C MIIKpoMarHIIT

HbIMII Heop;Hopop;HOCTJIMII KaK B TeopeTII''leCKOM, TaK II B axcneplI

MeHTa.JibHOM nnaHe IICCJiep;OBaJIIICb MHOrIIMII aBTopaMn [1-11]. Illio

Hepcxoii II Ha1I6onee aBTop1ITeTHOH C"!IITaeTcJI pa6oTa Xanbneplia II 

XoJibCTeiiHa (1941r.) [1], OHa IJ;IITIIpyeTCJI n nop;aBJIJIIO~eM "!IICJie 6onee 

nonp;HIIX pa6oT. IlplIMe"!aTeJibHO TaK)Ke IlOJIBJieHIIe pa6_0TbI [2), B KOTO

poii nnepBbie paccMaTp1IBaeTcJI naBIICIIMOCTb µ;enonHp1Inan;1I1I OT nna

lIMHOH oplieHTan;nn Me)Kµ;y HanpaBJieH1IeM naµ;aro~eii nonJip1Inan;1I1I II 

CKOpOCTII HeiiTpOHOB. H~nOJib:JOBaHHbI:U: n [2] KBaHTOBO-MexaHII"!eCKIIH 

noµ;xoµ;, OCHOBaHHbI:U: Ha ManoyrnOBOM pacceJIHIIII He:U:TpOHOB MarHIIT

HbIMII Heop;Hopop;HOCTJIMII, panBIIBaJICJI :i3 iiep;aBHee BpeMJI [11] c n;eJibIO 

nony"IIITb o6~yro TeoplIIO, 061,JICHJIIO~yro 6oJibllIYIO COBOKYilHOCTb 0KC

nep1IMeHTaJibHbIX cpaKTOB. HeKOTOpM pa:JHOBil;IJ;HOCTb COBepmeHCTBO

BaHIIJI TeoplIII p;eMOHCTp1IpyeTCJI B pa6oTe [6]. TeM He MeHee, ·xaK OT

Me'IeHO B Hep;aBHeii pa6oTe [3], OTO; B cy~HOCTII, TOT )Ke noµ;xoµ;, 'ITO 

n nan:o)KeHHbIII B [2]. AnTopbI op;HoII nn nocnep;Hnx pa6oT [3] nonnpa

~aroT Hame BHIIMaHne x xnaccn'IecxoMy nyTn, HaMe'IeHHoMy Xanbnep

HOM n XonbcTeIIHOM B pa6oTe [1], µ;oxanan nonHyIO 0xnnnaneHTHOCTb 

0601Ix nyTeii B paMxax paccMoTpeHHbIX napnaHTOB µ;enon11p1man;noH

Horo npon;ecca. IIonbITKII pacUIIIpeHIIJI KJiaCCII'IeCKOII Teopnn [1] n He

p;aBHeM npoUIJIOM [4],[5], Ha Ham B:JrJIJI;IJ;, OCTaJIIICb n TeHn nn-na He

o6oCHOBaHHO 60JibllIIIX Hap;e,Kp; Ha Teopmo pacceJIHIIJI B 6opHOBCKOM 

np1I6JI1I)KeHIII1, KOppeKTHYIO TOJibKO ;IJ;JIJI CJIY'IM, xorµ;a IlOJIJipIIDan;Irn 

ncxop;Horo ny'Ixa nocne pacceJIHIIJI II:JMeHJieTCJI He:JHa"!nTeJibHo. 

TaxnM o6panoM, B Teopnn µ;enonHpnnan;nn noneneH no::3BpaT K xnac

CII'IecxoMy BapllaHTy Teopnn, Ha:JBaHHOMY n [3] napMopoBCKIIM noµ;xo

p;oM. 

ConpeMeHHbie BO:JMO)KHOCTH npeM11nponeTHoro MeToµ;a Ha nMnynh

CHbIX IICTO'IHIIKax HeiiTpOHOB OTKpbIJIII nepcneKTIIBY :JHa"!IITeJibHOro 

npop;Bll)KeHIIJI B np1IMeHeHn11 µ;enoJijJpnnan;noHHoro npon;ecca µ;n11 11ny

"IeHIIJI MIIKpoMarHeTllnMa. MbI He cTaBIIM n;enLIO B p;aHHOII pa6oTe µ;e

TMLHO aHaJill:JIIPOBaTb MeTO;IJ;I1"!ecx11e npelIMy~eCTBa BpeMHnponeT

HbIX cnexTpoMeTpOB Ha IIMilYJibCHbIX IICTO'IHUKaX He:U:TpOHOB. 3aMe

TIIM TOJibKO, 'ITO B HaCTOJI~ee BpeMJI HaM 11:JBeCTHbI p;Ba pa6oTaIO~IIX 
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I 

BpeMHIIponeTHblX µ;enomq>n:::m~IOHHbIX cneKTpoMeTpa: TOP (.ffnoHn:.!1) 

[12), CIIH (Poccm1) [13). Oµ;Hoii n:o rnaBHhlX n:x oco6eHHOCTeii .!IB

JI.!leTC.!I BO:JMO)KHOCTb n:oMepeHn:.!I cneKTpanbHOH q>yHK~n:n: µ;enon.!Ipn:oa

~n:n:, 0 KOTopoii pe'Ib 6yµ;eT IIp;TH HH)Ke. 

HecMoTp.!1 Ha BHywIITeJibHYIO n:cTopn:10 HeiiTpOHHhlX µ;enon.!Ipn:oa

~n:oHHhlX IIccneµ;oBaHn:ii, nporpecc B TeopeTn:'IeCKIIX pa6o,:rax no µ;e

non.!Ipn:o~II n: npaKTII'ICCKOM npIIMeHeHHH IIX K q>n::Jn:Ke Mn:KpoMarHe

TII:JMa Haxoµ;n:TC.!I e~e B Ha'IaJibHOH CTaµ;n:n: pa:3BHTII.!I. 8To oacTaBJI.!leT 

Hae BepeyTbC.!I K pa6oTe [1),: B KOTopoii µ;eTanbHO paccMOTpeH µ;eno

ll.!lpn::Ja~IIOHHblH npo~ecc p;n.!1 wn:poKoro Knacca Heop;Hopop;Hblx MHKpo

MarHIITHhlX cTpyKTyp. ABTopaM yµ;anocb nony'In:Tb Bblpa)KeHH.!I p;n.!1 

Koaq>q>n:~n:eHTa µ;enon.apn:oa~n:n: ny'!Ka D().) B oaBJ:ICHMOCTn: oT µ;rrn:Hhl 

BOITHbl HCHTpOHOB ). II, T.o., paopa6oTaTb TeopeTH'ICCKHC OCHOBbl IIH

TepnpeT~n:n: 0KCnepn:MCHTaJibHblX p;aHHbIX no µ;enorr.!Ipn:oa~n:n: HCHTpO

HOB. lio pa6oTbl XanbnepHa n: XorrbcTe:iiHa crreµ;yeT Ba)KHblll npaKTn:'Ie

cKn:ii BblBOp; 0 TOM, 'ITO HMCHHO cneKTpanbHall :JaBHCIIMOCTb KOaq>q>n:~n:

CHTa µ;enon.!IpII:Ja~n:n: no:JBOITIIT II:Jy'IaTb, B :JaBHCHMOCTH OT BHCWHHX 

napaMeTpoB, TaKIIe BCITII'IHHhl, KaK cpeµ;HeKBap;paTH'IHblH paoMep Ma

rHIITHblX HCOp;HopOp;HOCTCH, :JHa'IeHHe cpep;HCU HHp;yK~HH BHyTpH HC

Op;Hopop;HOCTII, cpeµ;HeKBap;paTII'IHOC HOpMMbHbIX KOMnOHCHT JIOKaJib

HOH IIHp;yK~¥H-

MarHIITHOC HCOp;Hopoµ;Hoe COCTO.!Ilin:e B q>eppoMarHCTHKaX B :JaBn:

CIIMOCTH OT BCITH'IHHbl npn:ITO)KCHHOro MarHHTHoro non.!I Ka'ICCTBCHHO 

OTITH'IaeTC.!I B p;Byx npeµ;errbHblX CJIY'IasIX: 

1. Crryqaii MaJiblX norreii, Korµ;a COCTO.!IHHC q>eppoMarHeTn:Ka 6rr:imKo 

K paoMarHH'ICHHOMy. B 0TOM COCTO.!IHHH o6paoe~ OCTaeTC.!I pan-

6n:TblM Ha p;OMCHbl c xaoTH'ICCKHM pacnpeµ;eneHHCM HanpaBJICHIIH 

JIOKaJibHblX HHp;yK~Hll B )J;OMeHa:X:. Cpep;mrn no o6pan~y HaMarHH

'ICHHOCTb onpep;CIT.!ICTC.!I COOTHOWCHHCM o6'beMOB,:JaH.!ITbIX p;OMC

HaMII, HaMarHH'ICHHblMII no IIITH npoTHB BHCWHero norr.!I. XapaK

TepHblM panMepoM MarHIITHblX HCOp;Hopop;HOCTCH B µ;aHHOM crry

qae .!IBIT.!ICTC.!I cpep;Hnii paoMep µ;oMeHoB. 

2. Crryqaii 6onhWIIX norreii, Korµ;a B o6pao~e BO:JHn:KaeT cocT0.!1-

Hn:e, 6rrn::JKOC K TCXHH'ICCKOMY HaCbl~CHHIO. B 0TOM COCTO.!IHHH 

µ;oMCHbl npaKTH'ICCKH OTCYTCTBYIOT' a HanpaBrreHne ITOKaJibHblX 
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HaMarHII'ICHHOCTeii 6rrn::JKO K HanpaBITCHHIO BHCWHero norr.!I. OT

KITOHCHH.!1 ITOKaJibHblX HaMarHH'ICHHOCTe:ii OT _BHCWHero norr.!I onpe

µ;ell.!IIOTC.!I B 0TOM crryqae pacnpeµ;erreHn:eM oce:ii aHH:JOTpomm xpII

cTanrrn:ToB. XapaxTepHhl:ii panMep Heoµ;Hopoµ;HocTn: B 0TOM crry

'Iae npn:6rrn:)KaCTC.!I x cpeµ;HeMy paoMepy xpn:CTaJIJIHTOB. 

,ll;n.!1 omrcaHH.!1 µ;enon.!Ipn:oa~n:n Ha o6pao~e B cocTO.!IHim, 6rrn::JKOM 

x Hacbl~CHIIIO, XanbnepH II XorrbcTeiiH µ;erraIOT npeµ;norro)KeHIIe, cnpa

Bep;rrnBoe npaKTII'ICCKII p;rr.!1 O'ICHb wn:poKoro TIIna Heoµ;Hopop;HbIX HaMa

rHII'ICHHblX Bp;Ollb OCII z CTpyKTyp: cpeµ;Hee :JHa'IeHIIe npon::JBep;eHII.!1 

HopManbHhlX KoMnoHeHT j3x, By BCKTopa rroKanbHoii IIHµ;yK~n:II Boi rrro-

6blx nap (i,j) no BCCM o6rraCT.!IM o6p~~a, B KOTOpblx MO)KHO npn:H.!ITb 

n:Hp;yK~IIIO nocTO.!IHHoii no· Berrn:'InHe, paBHo Hyn10, T .e. 

(Bk,iB1,j) = 0 p;n.!1 JII06blx i =/. j, k, l(k, 1 = x, y). 

lIMCHHO 0TO ycJIOBIIe no:JBOJl.!ICT npeµ;cTaBHTb cpeµ;Hee :JHa'IeHn:e OT 

npon:oBep;emra onepaTopoB bi, npeo6paoy10m;nx BCKTop non.!Ipno~n:II 

He:iiTpoHoB P Ha Ka)Kµ;oii oTµ;enhHoii Heop;Hopop;HocTn, B Bn:p;e npoII:J

Bep;eHn:.!1 cpep;Hn:x :JHa'ICHn::ii 0TIIX onepaTopoB, II nony'IHTb peoynhTH

pyro~n:ii Koaq>q>n:~n:eHT µ;enon.!Ip1ma~n:u Ha o6pao~e D().): 

N N N 

Pi= {IIDi)Po = (Il(l\))Po = (ITDi)Po = D().)Po. 
i i 

T.o., npo~ecc µ;enon.!Ipnoa~n:n:, cornacHo XanbnepHy II XonbcTeiiHy, 

npeµ;cTaBIT.!ICT II::3 ce6.!I nocneµ;oBaTCJibHOCTb He:JaBHCHMblX aKTOB µ;e

nOJI.!IpH::3~II Ha nocneµ;oBaTCITbHOCTII II::3 0JICMCHTapHbIX MarHn:THblX 
Heoµ;Hopoµ;HOCTeii, T.e.: 

N 

D().) = II D;(A). 

Ilocnep;Hee ycnOBIIe no:JBOJIIIJIO norry'IIITb CTeneHHYIO :JaBIICIIMOCTb npo

~ecca µ;enon.!IpIIoa~n: OT TOJIUJ;IIHhl o6pao~a d, TaK KaK 

N 

D = IID; = {D)N, 
,i,. 

(1) 
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• 
rµ;e N = (t), ( 6} - cpeµ;anii paoMep MarHHTHblX aeoµ;aopoµ;aocTeii aµ;orrb 

TpaeKTopnn µ;BH)KeHIDI aeiiTpoaa. KaK OTMeqarrocb Bblwe, caMa cpya

KD;IDI (D} lIBJIJieTClI B o6w;eM crryqae cpyaKn;neii (Bo}, (Bl}, (62}, A, rµ;e 

(Bo} - cpeµ;Hllll 1mµ;yKD;HlI no o6paon;y, (Bl} - cpeµ;aeKaaµ;paTH'IHOe 

OT·ee JIOKaJibHblX, HOpMaJibHblX K BHeWHeMy nomo KOMnOHeHT, (62} -

cpeµ;HeKaaµ;paTH'IHblH paoMep aeoµ;aopoµ;aocTeii, A - µ;rrnaa BOJIHbl aeii

TpoHa. 

D;errb µ;aaaoii pa6oTbl - µ;oxaoaTb BO:JMO)KHOCTb cyw;ecTBOBaHmI 

Mex8.HH:JMa µ;enorrlipH:Jan;nn HeiiTpOHOB nomIKpHCTaJIJIII'IeCKHMH cpep

poMarHeTHKaMH a COCTOlIHHH, 6JIH:3KOM K TexHH'IeCKOMY HaCblill;eHHIO, 

npnaoµ;llw;ero K cneKTparrbHOH :1aancHMOCTH Koacpcpnn;neHTa µ;enorrlipH

:1an;nn D(A), cyw;ecTBeHHO OTJIH'!a10w;eroclI OT npeµ;cxaoblaaeMbIX Te

opneii XarrLnepHa n XorrbcTeiiHa. IIoKaoaao, 'ITO npH'IHHoii, nprraoµ;lI

w;eii K HHOH :JaBHCHMOCTH D( A), MoryT lIBJilITbClI B:JaHMHble xoppeJrn

n;nn aanpaarreanii B J.i - aopMMbHblX KoMnoHeHT rroKarrbHblX rraµ;yKn;rrii 

B coceµ;arrx o6rracTlIX. IIpoaaarrn:1rrpoaaHo paorrrr'!He npon;eccoa µ;eno

rrlipH:Jan;HH aeiiTpOHOB 6e:J y'IeTa n c Y'ICTOM B:JaHMHblX KOppeJilID;lIH 

aHTHHanpaarreHHoro Tnna. 

2 Mo~eJih <J>eppoMarHeTHKa H ooocHoBa

HHe a.JlhTepHaTHBHbIX MeXaHHOMOB ~e

IlOJI.HpHOa~HH 

3aMeTIIM, 'ITO o6paon;aMn, a XOTOpbIX xoppelllID;HH aHTHHanpaalleH

HOro THna MoryT cyw;ecTBOBaTb, lIBlllIIOTClI nollHKpHCTaJillH'IeCKHe cpep

p9MarHeTHKH, nolly'IaeMble npoKaTKoii, H:J-:Ja BO:JHHKa10w;eii B TaKllX 

o6paon;ax oµ;aoocHoii MarHHTHOH aHH:JOTpOnHH B HanpaalleHHn, nep

neHµ;HKYlllipHOM npoKaTKe [14]. HaMarHH'IeHHOe COCTOlIHlle TaKHX 06-

paon;oa B HanpaBlleHHH B)l;Ollb npoKaTKH )l;Oll)KHO conpoBO)K)l;aTbClI aH

THHanpaalleHHOH B:JaHMHOH KoppelllID;Heii HOpMMbHblX K nollIO llOKallb

HbIX KOMnOHeHT B J.i a coceµ;HHX o6llaCTlIX. AaanorH'IHruI CllTYaD;H.ll µ;oll

)KHa BO:JHHKaTb a o6paon;ax, noµ;aeprHyTblX pacT.ll)KeHHIO ( C)KaTllIO) 

[15]. IIcclleµ;yeM µ;enoll.llprr:1y10w;11e caoiicTBa TaKoii aan:JoTponHoii Ma

rHHTHoii aeoµ;aopoµ;Hoii cpeµ;Lr. ,I(ll.ll Moµ;ellrr, onncb1BaIOI11;eii ee HaMa

rarrqeaHoe cocTO.llHIIe, xapaKTepao Clleµ;y10w;ee: 

4 

1. Hanpaalleane nocTO.llHHOII no Moµ;yllIO HHµ;yKn;nn B0 B oTµ;ellbHOH 

06l1aCTH OTKllOHlieTC.ll OT HanpaalleHH.ll BHewaero noJIJI Ha HeKo

TOpblii MallblH yroll </> n nopo)Kµ;aeT HOpMallbHYIO KoMnoaeHTY 
jj, .. 

.Lil 

2. HanpaBlleHH.ll KOMnoHeHT B J.i a coceµ;HHX o6llaCTlIX i n i + 1 CKOp

pellrrpoBaHbI TaK, 'ITO HanpaalleHHe B ( i + 1 )- ii o6llaCTH nona

µ;aeT B HeKOTOpbIH CeKTOp ±D.E) OKOllO yrlla E>o = 180°, OTC'IH

TblBaeMoro OT HanpaBlleHll.ll B J.i ( CM. pncyHOK 1 ); 

3. IIonaµ;aHHe aeKTopa jjJ.iH B 06llaCTb YrllOB [E>o - .6.E>, E>o + .6.E>], 
OTC'IlITbIBaeMblX OT HanpaalleHIDI B J.i, paBHOBepO.llTHO B 8THX 

npeµ;ellax; 

4. PaoMepbl o6rracTeii S; cprryxTynpy10T c paaaoii aepo.llTHOCTbIO a 

npeµ;errax oT 60 - .6.6 µ;o 60 + .6.6. 

------
✓----

/ 
IL __ _ 

l +t.0 

" --<-.._ 

~" 
-- a.Li\ 

- I 

----

Mt~~ 

/ 

I 
/ 

Pucy11,07e 1. H anpa611,e11,uz 

'IC0Mno11,e11,m B J.i 6 cocea11,ux 

0611,acmzx i u i + 1 c1Coppe-

11,upo6 a11,b1 ma1C,-11.mo 11,anpa

Meuue 6 (i + 1)- ii, 06-

11,acmu nonaaaem 6 Ue'IC0-

mopblU ce1Cmop ±.6.E> 01Co11,o 

y211,a E>o = 180°, omc11,umb1-

6UeM020 om 11,anpa611,euuz 

BJ.;. Po - Bc1Cmop noupu3a-

14uu naaa10~e20 ny11,1Ca ueil,

mpo11,06 

Ecrrn .6.E> = 180°' TO MO)l;ellb nOJIHOCTbIO COBnaµ;aeT C paCCMOTpeH

HOH XanbnepaoM-XorrbcTeiiHoM, Korµ;a aanpaarreHH.ll BJ.; B:JaHMHo xao

TH'IHbl no HanpaarreHH.llM. Crryqaii .6.E> = 0 - )KCCTKo Kopperrnpoaaaarui: 
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cTpyKTypa c MeaHAp
1

onoµ;o6HbIM noBep;em1eM B .L ( x) c q>nyKTYIIPYIOI.IJ;IIM 

nepIIop;oM. 

,I(m1 Toro, 'IT06bl o60CHOBaTb ailbTepHaTIIBHbIH pacCMOTpeHHOMY 

XanbnepHoM II Xon1:,cTeHHOM xapaKTep npo:u;ecca µ;enomi:piraa:a;IIII B 

p;aHHOH MOp;enII, CHa'!ana o6cyp;IIM :>KeCTKO KoppenIIpOBaHHYIO CIICTCMY 

c q>IIKCIIpOBaHHbIM IIIarOM 8, T.e. cny'laii, Korµ;a .6.0 = 0, . .6.8 = 0. 

IloBep;eHIIe BCKTopa nom1pm:m:u;nII HeiiTpOHOB npII nponycKamrn 'le

pen TaKYIO MarHIITHYIO KOHq>IIrypa:u;IIIO xopOIIIO II3BCCTHO II HOCIIT Ha-

3BaHIIe npocTpaHCTBCHHOro CilIIHOBoro penoHaHca . 8KcnepIIMCHTailb

HbIC ycTpOHCTBa, OCHOBaHHble Ha npIIH:a;nne npocTpaHCTBCHHoro CilII

HOBoro penoHaHca, IICilOilb3YIOTC1I µ;n11 nepeBopoTa CilIIHa HCHTpOHOB 

(rpe6eHKa ,I(pa6KIIHa [16-18]). CneKTpailbHaJI naBIICIIMOCTb KOaq>q>IID;II

eHTa µ;enon11pIIna:u;nII TaKoii MeaHµ;ponoµ;o6Hoii MarHIITHoii KoHq>IIrypa

:a;mI Bblrn11p;IIT cneAYIOID;IIM o6panoM: 

DR(>.) = (B.t/2)2 
1-2 , 

(B.t/2)2 + (BIi _ 1rconst)2 X 
g5->. 

x sin2 ( (B.t/2)2 +(Bu_ 1rconst/ ~) . 
go.,\ const ' 

(2) 

rµ;e d - µ;nIIHa. o6pan:u;a, g = 1, 83. 104 r:u;/rc ' const - panMepHaJI KOH

CTaHTa, CB1I3bIBaIOI.IJ;aJI µ;nnHy BOiIHbI II CKOpOCTb HCHTpoHa, 8 - IIIar 

MeaHp;pbI, B11 - z-KoMnoHeHTa Bo (B HaIIIeii Mop;enII B11 ~ B0 ). Ilpo

:u;ecc µ;enon11piraa:a;IIII Ha TaKoii CTPYKType Hen1:,n11 pan6IITb Ha nocne

µ;0BaTen1:,HocT1:, HenaBIICIIMbIX aKTOB µ;enon11piraa:a;IIII. lIHa'le r0Bdp11, 

KoHe'IHOe cocT01IHIIe non11piraa:a;IIII Pi = DR(>.) P0 onpeµ;en11eTc11 

B :u;enoM BCCH COBOKYilHOCTbIO MarHIITHbIX noneii Bp;Oilb TpaeKTOpIIII 

HeHTpoHa. lln cpaBHeHII1I q>opMynbI, nony'l<;HHOH Xan1:,nepHOM II Xon1:,

cTeHHOM ( CM. q>-ny (3.6) B [1 ]), n q>-ilbl (2) cneµ;yeT IIX cyw;ecTBCHHOe 

pannII'IIIe Bo Bceii o6nacTII nHa'leHIIH >.. TaK, B o6nacTII Manblx nHa'le

HIIH p;iIIIH BOiIH >., KOrAa ~~~!; ~ 1, II3 (2) cneµ;yeT: 

R A ~ 1 - - • ---=-- Slil D ( ') 1 g
2 
B'i 8

2 
>.

2 
• 2 (gBod · >.) 

2 1r2const2 const ' 
(3) 
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B To BpeM11 KaK cornacHo Xan:1:,nepHy II XonLcTeiiey npII 9 !~!t >. ~ 1 

D(>.) ~ 1 - ! . g2 < Bl >< 82 > .,x2 d 
2 const2 · < 0 > (4) 

lln cpaBHeHII1I q>opMyn ( 3) II ( 4) cm~µ;yeT cyw;ecTBeHHO paniIII'IHaJI na

BIICIIMOCTb D(>.) OT TOiIID;IIHbI o6pan:u;a d. O'!eBIIAHO, 'ITO µ;mi: cny'lrur 

.6.0, .6.8 -=/- 0, npo:u;ecc µ;enon11p1raan;IIII nocTeneHHo, no Mepe yBenII'le

HII1I µ;IIcnepcnn .6.0, µ;on:>KeH Tep11Tb 'lepTbI penoHaHcHoro npo:u;ecca II 

nepexop;IITb B npo:u;ecc Xan1:,nepHa-XonhcTeiiHa. 

3 AHan:Ho pac"l'.feToB cneKTpan:1:,H1:,1x <l>YH-
u 

KQHH ~enon.s:pHtla:QHH 

CKanaHHOe Bblllle no6yp;IIiIO Hae npoaHMiraIIpOBaTb cneKTpailbHble oco-

6eHHOCTII µ;enon11piray10m;IIX CB0HCTB Heoµ;Hopop;HbIX HaMarHII'ICHHbIX 

q>eppoMarHeTIIKOB B naBIICIIMOCTII OT CTeneHII aHTIIHanpaBiieHHOCTII 

HOpMailbHbIX KOMilOHeHT HaMarHII'leHHOCTeii B cocep;HIIX iIOKailbHbIX 

06nacT11x. ,I(n11 aToro HaMII 6blna cocTaBneHa npo:u;eµ;ypa 'IIIcneHHoro 

peIIIeHII1I xopOIIIO II3BeCTHoro ypaBHeHII1I [1] 

dP = -g[P B(x)], 
dt (5) 

OilIICbIBa10w;ero IlOBep;eHIIe IlOiI1IpII3a:u;nII ny'IKa HeHTpOHa npII npo

XO:>Kp;eHIIII 'lepen Heop;Hopoµ;Hy10 MOAeilbHYIO MarHIITHYIO cpeµ;y. KoH

KpeTHble HanpaBiieHII1I BeKTOpOB jj .Li II BeiIII'IIIHbI panMepoB HeOAHO

pop;HOCTCH 8; panbirpbIBMIICb MeTop;oM MoHTe-Kapno B BbI6paHHbIX 

npeµ;enax 8; E [5 -;- 15]MKM, Bo = lOKrc, 0;+1 = 0; + (180° ± .6.0) 
npn B.ti = 2Krc. llny'lanac1:, naBIICIIMOCTI:, D(,\) OT BeJIII'IIIH .6.0 II 
TOJII.IJ;IIHbI. o6pan:u;a d. PenyJILTaTbI pac'!eTOB npIIBep;eHbI Ha pIICYHKe 

2. XapaKTCpHbIM pa3iIII'IIIeM, KaK ynoMIIHaiIOCb BbIIIIe, p;OJI:>KHO 6bITb, 

B cny'lae B3aIIMHO KoppenIIpoBaHHbIX cTpyKTYP, OTCYTCTBIIe yHIIBep

can1:,Hoii naBIICIIMOCTII µ;enoJI1IpIInan;IIII OT TOJII.IJ;IIHbI o6pan:u;a TIIna: 

Dd2 (>.) = [Dd1 (>.)J<t>, 
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KOTOpaJI cneµ;yeT 1m cpopMynbl (1). Ha pncyHxax 3 n 4 xaaµ;paTaMR 
[D ]Cc!i/d1) 

noKa:JaHbl OTHOWCHHH j (A) = d)D , OTKnOHCHlle OT ep;HHllIJ;bl KO-
di 

TOpbIX CBllp;eTenbCTByeT O TOM, 'ITO noaeµ;eHne, COOTBCTCTBYIO~ee µ;e-

nonHpm:3aD;liOHHOMY npou;eccy, npeµ;cxanaHHoMy XanbnepHOM n Xonb

CTenHoM, HapywaeTcH. AHannn noxanan, 'ITo, cTporo roaopH, noaeµ;e

Hne Tuna yxanaHHoro XanbnepHoM n XonbcTeIIHOM, T.e. f(A) = 1, npn 

KOHC'IHblX Ton~RHax HapywaeTCH µ;a)Ke p;nH nonHOCTbIO xaoTll'ICCKOH 

cTpyxTypbI BJ.i (~0 = ±180°, CM. pucyHoK 3). 1ITo xacaeTCH nHa'Ie

HllH ~0 =/:- ±180° 

D(A) D(k) 

0.9 o.9 I 
'\\ d=BO MK~ 

0.7 0.7 

0.5 0.5 

0.3 0.3 

0.1 0.1 

-0.1 
10 1 20 -0.1 O 5 10 1'5 2◊ 

,IVIHHA BOJlHbI J.., AHI'CTPEJ,( ,[{ffiIHA BOlIHhl ;,,., AHI'CTPEM 

Pucyuo,c 2. CeMeucmBO 1CpU6blX aeno.11,xpu3a14uu, pacc1tumaU'H.blX no 

npozpaMMe d.1t.H ~0 = 180° {nO.lt'H.OCmb"IO Xaomu1teC1Ca.H cmpy,cmypa), 

150°, 120°, 90°, 60°, 3QO U QO (,coppe.1tupo6a'H.Uble cmpy,cmypb1), deMO'H.· 

cmpupy10w,ux 6Cf 60.11,ee 1tem1Coe 6blpa:HCeuue pe3oUa'H.C'H.blX C60UCm6 

Ma2uumuou cmpy,cmypb1, npoxB.1tx10w,uxcx B y2ay6aeuuu MuuuMyMoB 

1CpU6blX no Mepe yMe'H.bULe'H.U.H ~0. ,l(.11,x d = 80 M'ICM u ~0, paB'H.020 o0 

u 30°, omMe1taemcx u3Meueuue 311,a,ca no.11,xpu3a14uu 6 nponyw,euuoM 

ny1t,ce ueumpouoB. IlapaMempb1 Ma2uumuou cmpy,cmypb1 (8), Bo u 

BJ. u ux ducnepcuu npuBedeub1 B me,ccme. Iloao:HCeuue MuuuMyMa ua 

Bcex ,cpuBblX ua6.1t10daemcx npu 311,a1teuuu AR = 1r • 9~:(i) 

(anaRMHO xoppennpoBaHHhle CTpyKTYPbI BJ.i aHTRHanpaaneHHOro Tllna), 

TO a o6naCTll AR = 1r g~:(:) Ha6nrop;aIOTCH :3Ha'IRTenbHbIC OTKnOHCHllH 

f (A) OT naancRMOCTR, npeµ;cxanaHHo:ii XanbnepHoM R XonbcTeHHOM 

(cM. pucyHox 4). 
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Bonpoc o BLI6ope Mop;enn p;nH onucaHRH npou;ecca µ;enonHpnnau;lili 

( XaOTll'ICCKllC Rnll B:3allMHO aHTHHanpaaneHHbIC KoppCnIIpOBaHHbIC 

CTPYKTYPbI) npRHIJ;linllaneH npu llHTepnpeTaD;llll axcnepIIMCHTMbHbIX 

µ;aHHbIX. lI:3 BbIWCCKa:JaHHOro cneµ;yeT, 'ITO CCTb µ;ocTaTO'IHO Hap;e)KHbIH 

cnoco6 0xcnepnMeHTMbHoro onpeµ;eneHRH, xaxo:ii 1m npou;eccoa . cne

µ;yeT npHMCHHTb p;nH onHCaHRH axcnepllMCHTMbHbIX p;aHHbIX. OH co

CTOHT B ll:3MepeHllll cpyHKIJ;llH Da1(A) li Da2(A) npll µ;ayx Ton~RHaX 

o6panu;a d1 II d2. Ilocnep;Hee peannnyeTcH µ;ocTaTo'IHO npocTo, Hanpu

Mep, noaopOTOM nnOCKOCTll o6panu;a no OTHOWCHlllO x HanpaaneHIIIO 

p;Bll)KCHllH HCHTpOHOB. 

D(>-.),f(>-.) 
1.2 

1 . o .:lctmnJ:nP 

0.8 

0.6 

0.4 

0.2 

Pucyuo,c S.Pac1tem 1CpU6blX 

denoaxpu3a14uu dax noauo

cmb10 xaomu1tec1Cou cmpy,c

mypbl Xa.1tbnepua

Xo.1tbcmeuua, ~0 = 180° 
aax dByx mO.ltW,U'H. o6pa314a 

d = 40M1CM (Bepxuxx ue
npepb1Buax ,cpuBax) u d = 
160M?CM (uu:HCU.H.H uenpepbl

Buax ,cpuBax) no?Ca3b1Baem, 

1tmo da:HCe aax Ma2uumuou 

cmpy,cmypbl muna 

X aAbnepua-Xoabcmeuua 

uem cmpo2020 Bbmoaueuux 

0.0 6" 111111 '5""""i'6" '""i's" "'"2'6"""'z'5 yc.1t06U.H f(A) = 1 (1CBadpa

~IDIA BOnHbl A, AHfCTPEM maMU npuBedeuo f(A) dax 

aauuo20 pac1tema). 

MuuuMy.u D(A) ,cpuBblX coomBemcmByem dauue B0.1t'H.b1 AR = 1r 
9
~;(;). 

IlapaM.empbl Ma2uumuou cmpy,cmypbl Bo, BJ. U ux aucnepcuu npu6e

aeubl 6 me,ccme. 

Ycnoane J(A) = [Da1 (A)](d2 /di) / Da2 (A) = 1 µ;on)KHO canp;eTenbCTBO

BaTb 06 oTcyTCTBIIII anaIIMHo:ii xoppenHIJ;lili a HanpaaneHIIHX, 6nu)Kaii

wnx BJ.i• B npoTRBHOM cny'Iae noµ;roHKY axcnepRMCHTanbHbIX p;aH

HbIX cneµ;yeT npoaop;RTb, ncnonLnyH penynLTaTbI Mop;enLHoro pac'IeTa 

D(A). 
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D(>..),f(A) 
2.0 

1.5 

1.0 

0.5 

C 

C 
C 

ccA::i~ 

0.0 l·,, .. ,,, '.!';;, .. ,,,I•,,,, .. ,,,.,, .. , .. ,,,,,,,,,,,, 
10 15 20 25 

~llliA BOJIHbI :>.., AHrCTPEM 

Pucyuo,c 4- Hau60.1tee 

3Ua1J.ume.1tbuoe om,c.1toueuue 

noaeaeuuz aeno.1tzpu3a~u

OUUblX 1CpU6blX a.1tz 'ICOppe

.AUpOBaUUblX cmpy,cmyp npu 

~e =I= 180° om npea

.;,ca3auuoi1, Xa11.bnepuoM u 

Xo11.bcmeunoM uacmynaem 

npu .x, 6A.U3'1CO.M, 'IC MUUU

MYMY 1CpU6blX aeno11.zpu3a

uuu, a 06.1tacmu 3Ua1'.euuu 

\ \ · const - ~ /\R = 7r • 9B0(6)' 

Pac1J.emnb1e 1CpU6ble deno-

A.Zpu3a~uu u f(.X) npuae

aeub1 a.1tz yc11.oauu, aua

A.02U"l,UblX pucyu,cy 3, '11,0 

~0 = 90° 

0TMeTIIM, "!To o~Hoii II3 "!epT TeopIIII Xam,n:epHa II XoJibcTeiiHa 

.lIBJIJieTc.lI oTcyTcTBIIe 3aBUCIIMOCTII D( .X) OT µ;IIcrrepcIIII q>JiyKTyIIpy-

10w;ero rrapaMeTpa CTPYKTYPbI 8;. Hanm pacqeTbl IIOKat3bIBaIOT' "ITO 

TaKaJI 3aBIICHMOCTb cyw;ecTByeT II rrpo.lIBJI.lleTC.lI B ycIIJieHIIII µ;erroJI.llpII-

3y10w;IIx cBoiicTB cpeµ;bl c yBeJIII"!eHIIeM µ;IIcrrepcIIII 8;. BmrnHue µ;IIc

rrepcIIII panMepoB 8; Ha q>yHKQIIIO D(.X) o6cy)Kµ;aJioCb B pa6oTe [8]. 

4 Oocy)K~eHHe pe3yJihTaT0B 

Mb! B3.lIJIII µ;JIJI aHaJIII3a cpaBHIITeJibHO yrrpow;eHHYIO MOµ;eJib q>eppoMa

rHeTIIKa, KOTOpM, Op;HaKO, MO)KCT 6bITb p;OCTaTO"IHO Haµ;e)KHbIM OIIII

CaHIICM COCTO.lIHII.lI, 6JIII3Koro K HaCbllll;CHIIIO. B OTJIII"!lle OT pa60Tbl [1], 
Mbl OCTaBIIJIII 6e3 aHaJIII3a µ;pyrIIe B03MO)l(Hble Heoµ;Hopoµ;Hble COCTO.lI

HII.lI q>eppoMarHeTIIKa. TeM He MeHee paccMaTpIIBaeMblli HaMII acrreKT 

µ;eIIOJI.llpII3aQIIOHHOro rrpon;ecca HOCIIT 6oJiee o6w;IIe "!epTbI, KOTOpbie 

MoryT 6bITb II3y"IeHbl II µ;JI.ll µ;pyrIIx cocTO.lIHII:ii: q>eppoMarHeTIIKa. B 

IICIIOJib30BaHHOM MeToµ;e "IIICJieHHOro 0KcrrepIIMeHTa-pacqeTa Mbl Y"IJIII 
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CBOIICTBO rrpon;ecca µ;erroJI.Hp1man;IIII, 3aJIO)KeHHoe B ypaBHeHIIII (5). B 

OTJIIl"!lle OT pa60Tbl [1], B KOTOpo:ii: Bee KOHC"!Hble aHaJIIITII"ICCKIIe Bbl

pa)KeHII.lI IIOJIY"ICHbl a rrpeHe6pe)KeHIIII reHeTII"!ecxo:ii: CB.IIDbIO npoeK

n;11:ii: rroJI.Hpm3an;IIII a n;erro"!Ke rrocJieµ;oBaTeJibHoro rrpon;ecca nponycxa

HII.ll HCliTpOHa qepe3 MIIKpoo6JiaCTII o6pann;a, Mbl coxpaHIIJIII B "IllCJieH

HOM peweHIIII ypaBHemrn (5) reHeTIIKY rrpon;ecca. HecMoTp.lI Ha To, "ITO 

Haw cnoco6 aHaJIII3a µ;enoJI.HpII3an;110HHoro rrpon;ecca HeceT qepTbI rpo

Mo:Jµ;KocTII, CBOliCTBCHHble BC.lIKOMY "IllCJieHHOMY MeToµ;y' MO)KHO CMCJIO 

YTBep)Kµ;aTb, "ITO µ;aHHblli crroco6 aHaJilma IIpaKTII"!eCKll HeII36e)KeH. 

8To oco6eHHO Ba)KHO, Korµ;a Mbl XOTIIM COCTaBIITb Hau6oJiee IIOJIHYIO 

KapTHHY JIBJiemrn, uccJieµ;yeMoro MeToµ;oM cneKTpaJibHoro aHaJIII3a µ;e

IIOJI.llpH3aIJ;Irn. KpoMe Toro, "!IICJieHHbIII MeToµ; B HeKOTOpbIX crry"IMX 

MO)KCT 6bITb eµ;HHCTBeHHO npIIeMJieMbIM MeToµ;oM aHaJIII3a. HanpIIMep, 

µ;JIH crry"IM, Korµ;a BeKTop P0 Ha"!aJibHo:ii IIOJI.llpII3an;IIII HarrpaBJieH noµ; 

HeKOTOpbIM yrJIOM K cpeµ;HeMy HanpaBJieHIIIO IIHµ;yKD;IIII B o6pann;e, rrpo

n;ecc µ;errorr.llpII3an;11II rrpIIHIIMaeT qepTbI, IIOJIHOe OIIHCaHHe KOTOpbIX 

B03MO)KHO TOJibKO BbI6paHHbIM HaMII crroco6oM. 

TaKIIM o6panoM, "!IICJieHHblii MeToµ; aHaJIII3a HaII6orree IIHq>opMaT11-

BeH 11 II03BOJIIIT µ;oIIOJIHIITb Teop1110 µ;errorr.HpII3aD;IIII HOBbIMll pe3yrrb

TaTaMI1. 

PacCMOTpeB B03MO)KHOCTb aJibTepHaTHBHOro MexaHII3Ma µ;enorr.llpH-

3an;1111, Mbl Hawm1, "ITO HaII6oJiee HpKoe rrpo.HBJieHn:e OH iIMeeT B o6rra

CTII .X ~ AR, µ;nH KOTopo:ii: D( A) IIMeeT xapaKTepHbili MllHIIMyM. Crre

µ;yeT oTMeTIITb, "ITO B ycJIOBIIJIX, Korµ;a P0 cTporo napaJirreJieH BeKTopy 

cpeµ;He:ii: IIHµ;yKD;IIll B o6pann;e, IIOKa aKcrrepllMCHTarrbHO He 0611apy)KeHO 

µ;erroJI.Hp113an;uoHHbIX crreKTpaJibHbIX q>yHKn;uii: D( A) c MIIHHMYMOM. 8To 

o6CTO.lITeJibCTBO µ;oJI)KHO opueHTllpOBaTb aKcrrepuMeHTaTopo:s Ha IIO

IIbITKll Han;eJieHHoro rroucKa TaKux ycJioBuii, rµ;e 6bl MIIHllMYM D(.X) 6bIJI 

6bl perucTpupyeMbIM. HaJIII"!IIe aKcrrepuMeHTaJibHbIX Kpuablx D( A) c 

MllHllMYM9M µ;aeT Haµ;e)Kµ;y Ha MaKCIIMaJibHO IIOJIHYIO pacwuq>pOBKY MH

KpOMarHllTHOli CTPYKTYPbI uccrreµ;yeMoro o6pann;a. EcJin: )Ke MHHHMYM 

Heµ;oCTll)KllM B CIIJIY orpaHll"!eHHOCTll cneKTpaJibHOro llHTepBaJia axc

rrepuMeHTaJibHOli ycTaHOBKII , TO ycJIOBII.lI µ;JIJI aHaJIH3a µ;aHHbIX CHJibHO 

ycJIO)KH.lIIOTC.lI. ,Il;e:ii:cTBIITeJibHO, B o6rraCTll /R ~1 KaK Kopperr11poBaH

Hble, TaK 11 HeKoppeJiupoBaHHble cTpyxTypbI µ;a10T aHa"!em1e f ( .X) :::: 1 
( CM. puc. 2 11 4). Panrruque Me)Kµ;y HllMll CBOµ;IITC.!l K TOMY, "ITO B 
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0To:ii o6JiaCTII ,\ xoppemrQllll CIIJibHO MCH.!IIOT TeMn mlMeHeHII.!I D(.\), 
KOTopy10 npIIH.!ITo, corJiaCHo Teopmi: Xan1:,nepHa II XoJibCTeHHa, aHa

JIIITII'IecKII onIICLIBaTb npII6JimKeHIIeMD(.\) ~ e-0
.\

2 ~ 1 - a.\2• Ifo 
pIICYHKa 2 II q>OPMYJI (3) II ( 4) MO)KHO OQCHIITb, 'ITO K0:3q>q>IIQIIeHThl 

a B panJIO)KCHIIII no ,\ 4>YHKQIIII D( ,\) MoryT ffi3MCH.!ITI:,C1[ nO'ITII Ha 

nopiC}J;OK. ThKIIM o6panoM, npIIMeHeHile aHaJIIITII'ICCKIIX Bhlpa)KeHIIH, 

noJiy'IeHHLIX B [1] }];JI.II MaJihIX }R 6eo npIIBHeCeHIIiC µ;onoJIHIITCJII:,HhIX 

rIInOTea, Tep1CeT CMhICJI, TaK KaK He OTpa)KaeT HII BO3MO)KHOro BJIII.!I

HII.!I xoppeJI.!IQIIH, HII npo.!IBJieHII.!I napaMeTpa p;Hcnepc1111 8;. 
Bonpoc o cy~eCTBeHHOCTII xoppeJI.11Q11:ii B npoQecce µ;enoJI.11p11aa

Q1111 He:iiTpOHOB KpOMe acneKTa, paCCMOTpeHHoro HaMII, lIMeeT TaK)Ke 

II IIHYIO CTOpoHy. 

Ilpep;JIO)KeHHLIH cnoco6 o6Hapy)KeHII.!I xoppeJI.!IQIIOHHOCTII npoQecca 

µ;enoJI.!IpII3a:Qirn npoBepxoii ycJIOBII.!I J(.\) = 1 npII 11ciMepeH111I Ha 06-

panQe B p;Byx ero noJIO)KCHII.!IX, np.!IMOM 11 noBepHyToM, He 6eaynpe'IeH. 

Heo6xop;IIMO 6LITI:, yBepeHHLIM, 'ITO npll noBopoTe o6panQa B onLITe 

6yp;eT o6ecne'IeHO Bcero JIIIIllb lI3MeHeHIIe ero 0q>q>eKTIIBHOH TOJI~lIHhl. 

EcJIII )KC npII noBopoTe npo.!IBIITC.!I KaKM-JI1I60 aHII3OTponmI MlIKpo

napaMeTpOB o6panQa, Hanp1IMep, II3MCHIITC.!I < 82 > B}J;OJII:, nyTII Heii

TpOHOB, TO f(.\) Heml6e)KHO OTKJIOHIITC.!I OT ep;IIHIIQLI. T.e. npoBepxa 

ycJioBlI1C J( ,\) = 1 xpoMe OTMe'IeHHoro HaM11 acnexTa HeceT µ;onoJIHII

TeJI1:,Hy10 BO3MO)KHOCTI:, lICCJiep;oBaHII.!I aHII3OTpOillIII q>opMhl MarHIIT

HhIX Heop;Hopop;HocTeii o6panQa. l:hy oco6eHHOCTb xp11Tep11.11 cJieµ;yeT 

lIMeTh B BII}J;Y np11 nocTaHOBKe 0xcnep11MeHTOB no µ;enOJI.!Ip113aQIIII. 

MLI He MO)KeM conpoBO}J;lITb Hallly pa6oTy HII op;Hoii, 113 ony6JI11Ko

BaHHLIX B JIIITepaType, 0xcnep11MeHTaJibHOH KpIIBoii, aacJiy)K11Ba10~ei1 

BHIIMaHlI1C B OTMe'IeHHOM HaMII acneKTe. 

B npoBep;eHHLIX HaMII Ha cnexTpoMeTpe CITH [13] 0xcnep11MeHTax 

Ha TexHll'IeCKOII )KCCTII II nepMaJIJIOe TaK)Ke He o6ecne'IeHO Ha6JIIOp;eH11e 

MIIHIIMyMa q>yHKQIIII D( ,\) ( CM. pIIC. 5 II 6 COOTBeTCTBeHHO) B II3Me

peHHOM lIHTepBane A. C11JibHOe yxanaHIIe Ha f ( ,\) = 1 p;JI.11 nepManJio.11, 

KaK OTMC'IaJIOCb Bhlllle, He rapaHT11pyeT OTCYTCTBIIH MIIKpOMarHIITHhIX 

KoppeJI1[QIIH B o6panQe. B cJiy'Iae TexHil'Iecxoii )KeCTII J(.\) =/= 1 cy~e

CTBeHHO. AHaJIIl3 noxanan, 'ITO xapaKTep 3aBIICIIMOCTII J( ,\) He COOT

BCTCTByeT xoppeJI11poBaHHOH cTpyKType. Taxoe noaep;eH11e J(.\) MO

)KeT JierKO 06'.bHCH.!ITbCH CIIJII:,HOH BhITHHYTOCTI:,IO MarHIITHhIX MIIKpO-

12 

r 
1' 

r 
~I 

Heop;Hopop;HOCTeii II ynaKOBKOH IIX B HanpaBJieHllll, nepneH}J;IIKYJIHpHOM 

npoxaTKe. 

Tax11M o6panoM, npo6JieMa BLI6opa o6panQa c M11KponapaMeTpaM11, 

o6ecne'IIIBaIO~IIMII Haµ;e)KHOe Ha6JIIO}J;eHile npep;CKa::3hIBaeMLIX 0q>q>eK

TOB, np1106peTaeT oco6y10 aKTYaJibHOCTI:,. 

D(A),f(A) 

2.0 

1.5 

1.0 

0.5 

0.0 

-0.5 , ......... , ......... , .... - . 
1.0 '1.5 2.0 2.5 3."0 3.5 
,n;nHHA BOnHhl A, AHrCTPEM 

Pucyuo,c 5. 8,ccnepuMeumaA.bUble aauUble aenoazpu3aU,UU aaz npo

,camauuoil, meXUU'l/,eC'ICOil, :HCecmu. O6pa3eV, pa3MepoM 40 X 80 MM.
2 

U 

moaw,uuoil, S00M'ICM noMew,aacz a noae 4 60 apcmea u u3y'l/,aacz npu 

opueumau,uu nepneuau,cyazpuo ny'l/,,cy U noa yzaoM 60 zpaaycoa, '1/,mO 

coomaemcmayem yaaoeumo moaw,uub1 06pa3v,a ua nymu ueii,mpouoa. 

CMblCA. 1CpU6blX, npuaeaeuUblX ua pucyu,ce, mom :»ee, '1/,mO U aaz pucyu

'IC06 S uau 4. Om,caoueuue f(,\) om 1 cauaemeabcmayem o npozaaeuuu 

aUU30mponUU UOMempU'l/,eC'ICOil, @OpMbl M,U'ICpoueoauopoauocmeil, 
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D(;\),f(;\) 

\ 
2.5 ~ 

2.0 4 

1.5 4 

n~\'~~A 1.0 4 lli 
m: 

0.5 j 
m 

0
·
0o1~· 0

2.'5' 
04.5° 06.R """' 

,lVIHHA E011Hhl J.., 

D(;\),f(;\) 
1.2 

I II 
1.0 4 ~ I 1i.l I 

~~II II :rr 
0.8 4 I J 
0.6 

0.4 I 

0
·2a~5 · 2.5 · 4.5 · 6.5 B.5 'i'6'.5 

,lVIHHA EOlIHbl J.., AHrCTPEM 

Pucy11,o,c 6. 8,ccnepu.Me'H.maltb'H,ble aa'H.'H.ble aeno1txpu3av,uu altx omo~

:Jl(:e'H.'H.020 npo,cama'H.'H.020 nep.Ma1t1t0.K. O6pa3eV, aua.Mempo.M 50.MM U mo1t

W,U'H.oiJ, 120.M'K:M noMew,aacx 6 noae 160 3pcmea. CnpaBa 11,a pucy11,,ce 

npuBeaeua D(..\) npu opue11,mav,uu o6pa3v,a nepneuau,cyaxp11,o ny11,,cy. 

If3Mepe11,ue noa y21t0M, 'K: ny11,,cy no'K:a3aao D(..\), C1te2,ca CMew,e11,11,oe 

'H,U~e. Cae6a 'K:6aapamu,ca.M,U npu6eae'H.o f(..\) aax aa'H.'H.blX U3.Mepe11,uiJ,. 

0C'H.06'H,Qi1, 11,epmoii, {/jy'H.'K:V,UU f(..\) 6 aa'H.'H,OM, U3MepeUUU Clteayem C"l,U

mamb 6au3oCmb ee 'K: eau11,uv,e. Omcymcm6ue 11,em,cozo MU'H,UMy.Ma D( ,\) 
'H.e n0360'1,Xem 'H.aae~'H,O C6.K3amb omaeab'H.ble 6b16poCbl f(,\) =/= l C Ua• 

Jl,U"l,Ue.M ,coppeaxv,uo11,11,020 npov,ecca 6 o6cy~aae.MOM, 6 aa'H,'H,OU pa6ome 
acne,cme 

5 3aKJIIO'"ieHHe 

Onpep;enem1e napaMeTpoB MIIKpocTpyKTyp1,1 MarHIITHbIX Heop;Hopop;Ho

CTe:ii B q>eppoMarHeTIIKax Ha OCHOBe OKcnepIIMeHTOB no p;enomrpmrn

D;IIII HeHTpOHOB C IICIIOllb::30BaHIIeM cy~eCTBYIO~IIX TeopII:ii npo6neMa

TII'IHO, nocKOllbKY He Y'IIITbIBaIOTC.H B0::3MO:iKHhle B::3aIIMHbie Koppen.H

D;IIII HarrpaBneHIIH cocep;HIIX BeKTOpOB noKanbHbIX HaMarHII'IeHHOCTe:ii, 

a TaK:iKe BllII.HHIIe Ha npou;ecc p;enon.HpII::1au;IIII p;IIcnepcII:ii napaMeTpoB, 

xapaKTepII::3yIO~IIX MIIKpOHeop;Hopop;HOCTII. Ha Ham B::3rn.Hp;, HaII6onee 

npocTo:ii crroco6 y'IeTa rrepe'IIIcneHHbIX p;eTaneii MIIKpocTpyKTYPhl Ma
rHIITHbIX Heop;Hopop;HOCTe:ii COCTOIIT B Mop;enIIpoBaHIIII p;enon.HpII::3a-
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IJ;IIOHHOro npou;ecca, OCHOBaHHOM Ha 'IIIcneHHOM pemeHIIII ypaBHeHII.H 

Xan1,nepHa II Xom,cTeiiHa. licrronb::loBaHIIe TaKoro nop;xop;a nonBonIIno 

HaM ycTaHOBIITb CIIllbHOe BllIIHHIIe TaKIIX napa.MeTpOB MllKpocTpJK

TYPhl, KaK cTeneHb B::3aIIMHoii KoppenHD;IIII BeKTopoB n0Kan1>Hoii Ha.Ma
rHn'IeHHOCTII, a TaK:iKe p;IIcnepcnii pa::3MepoB MarHllTHbIX MIIKpOHeop;

HOpop;HOCTeii Ha cneKTpan1>Hy10 q>yHKD;llIO p;enonHpII::3~II HeiiTpoHoB 

D(..\). 
Ilpep;no:iKeHbI KpIITepn:ii npoHBnemrn KoppenHqIIOHHhlX CBOHCTB n 

crroco6 ero peannnau;nn, ::3aKn10'Ia10~n:iicH B rroBopoTe 06pa::1u;a c u;en1,10 

yBenn'IeHIIH p;nIIHbI npo6era HeiiTpOHOB B 06pa::1u;e. 

IlpoBep;eH aKcrrepnMeHT no npoBepKe cy~ecTBOBaHIIH KoppenHu;nii B 

TOHKIIX xmacTirnax rrepMannoH II TexHn'IecKoii :iKeCTII. lln JI::3MepeHHbIX 

B IIHTCpBane ,\ E [O -;- 8] am;cTpeM aKcnepHMeHTMbHbIX 3aBJICllMOCTeii 

D( ,\) p;nH rrepMannoH, rron1,nyHc1> rrpep;no:iKeHHbIM cnoco6oM, KoppenH

D;HII o6Hapy:iKHTb He yp;anoch. IlpnMeHeHJie yKa::1aHHoro cnoco6a p;nH 

TeXHJI'IeCKOH )KCCTII II0::3BOnJino o6Hapy:iKJITb crren;Hq>lI'ICCKIIe oco6eH

HOCTII reoMeTpII'ICCKOII q>opMhI JI yrraKOBKII MIIKpOHeOp;Hopop;HbIX Ma

rHJITHbIX o6nacTeii. 
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