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1. OnTHqecKHH noTeHqHa.JI H oaxoH AHcnepcHH 
V 

MeAJieHHhIX HeHTp0H0B 

II::mecTHO, 'ITO OaKOH µ;ncrrepcmr Meµ;rreHHI,IX Heii:TpOHOB C BhlCOKOH TO'I­

HOCTl,IO OIIlICLIBaeTCJI rrpocTLIM COOTHOIIIeHlieM [1] 

(1) 

rµ;e k - norrHonoe '!Hcrro B cpeµ;e, k0 - norrHonoe 'Incrro rraµ;a10r.qero Heii:­

TpoHa, p - 'IlIClIO JIµ;ep B eµ;nHHn;e ofrLeMa, b - µ;rrnHa KorepeHTHoro pac­

ceJIHlIJI Heii:TpoHa JIµ;paMlI cpeµ;LI. 

IIHaJI oarrlICI, OaKOHa µ;ncrrepClilI OCHOBana Ha rrpeµ;cTaBrreHlilI O IIOKa-

oaTerre rrperroMrreHlIJI neii:TpOHHoii: norrHLI n = k/k0: 

n2 _ l = _ 4rrpb 
k2 . 

0 
(2) 

ThKoii: OaKOH µ;ncrrepcnn aKnnnarreHTeH HaITlI'IlIIO BHYTPlI cpeµ;LI rro­

TeHD;Harra (2] 
2rrn2 

Uopt = --pb. m (3) 

BLinoµ; OaKOHa µ;ncrrepClilI (1) rrplIBO)l;lITCJI IIpaKTlI'JeCKlI BO ncex OCHO­

BHLIX pyKonoµ;cTnax no Heii:TpOHHOH <f>nonKe (cM.,HarrpnMep, [2]). Ilpn­

neµ;eM ero er.qe pao, rrocKOlILKY aTo rrorreoHo p;M µ;arr1,HeiiIIIero. 

,[(M yrrpor.qeHHJI norrpoca orpaHlI'IlIMCJI TaK HaoLinaeMLIM cTaTn'Ie­

cKlIM IIplI6lIH)KeHlieM. B HeM ner.qeCTBO coµ;ep)KlIT <f>lIKCHponaHHLie pac­

celIBaIOI.qHe n;eHTphl - JIµ;pa, pacrrpeµ;erreHHhle C HeKOTopoii: IIlIOTHOCTl,IO 

p. KpoMe Toro, oTnrre'!eMcJI Ha npeMJI OT paµ;nan;noHHOro oaxnaTa Heii:­

TpoHoB. ,[(lIJI Ha'Jarra 6yµ;eM lICXO)J;lITL HO rrpocToro n O'JeHL y6eµ;nTelIL­

HOro BLIBoµ;a, rrpeµ;rro)KeHHoro 8.<l>epMH (3], cµ;erran TOITLKO He6orrLIIIHe, 

HO yµ;o6HLie µ;M µ;arr1,HenIIIero _aHarrnoa nnµ;onoMeHeHHJI. 

Iloµ;xoµ; <l>epMlI OCHOBaH Ha rrpeµ;cTanrreHlilI O TOHKOM crroe Ber.qe­

CTBa TOlII.qHHon O < x < €, Ha KOTOpLin rraµ;aeT .rrrrocKaJI BOITHa eikoz 

(cM.pnc.1). ToHKHH o6paoen; 6ecKoHe'!eH B rrorrepe'IHLIX HarrpanrreHHJIX 

y, z. B CHJIY MaITOCTlI CBOCH TOlII.qlIHhl € < ko1, 1k1-1 OH crra6o OTpa)KaeT 

rrap;aIOI.qHC Ha Hero HeHTpOHhl. 



Ilpe;a;norrarrui:, 'ITO oa;a;a'Ia o npoxo.:iK;a;emm HeiiTpoHHoii BOlIHhl 'Iepeo 
nem;ecTBO HMeeT CT~oHapHoe pemeHIIe, BOlIIIY B cpe;a;e C'IIITaeM axc­
noHeHJJ;Ham,Hoii: 

e± ikz. (4) 

CocTanruur 1m 6aoIIcm.nc <I>~ (4) BOITHOBYJO <pymcqmo "Pint ney­
TPII cpe;a;hl II cmIIBrui: ee o6hl'IHhIM nyTeM c nomonoii <pymc~eii B Ba­
xyyMe, norry'IaeM B ITIIHeiiHoM npII6rrn.:iKemm: 

.,. 1 .k . kcr - k2 C 
'I/int ~ + i ox - i 2ko ._' 0 <x <€. (5) 

IIepBhle ;a;na 'IlleHa oTo.:iK;a;ecTBMeM c Ha'Iam,Hoii na;a;arom;eii nomoii 
1/Jo = eikoz, crra6o Meruuom;eii:Cll: Ha npoTJI.:iKeHIIII TOHKoro crro.H. Ba}KeH 

'Bonpoc O TOM, KaKOBO C MHKpOCKOIHr'leCKOH TOlJKH 3peHHSI npo­

IICXO.:iKp;eHIIe nocrre;a;Hero 'IlleHa, co;a;ep.:iKam;ero k2 B nem;ecTBe. 
C'IIITruI, 'ITO a<p<peKTIIBHO TOlll,KO o;a;HoxpaTHOe pacceJlHlie Ha Ka.:iKp;OM 

KOHKpeTHOM .H;a;pe, cyMMIIpyeM B TO'IKe Ha6mo;a;eHIIJI c<pepII'IeCKIIe BOllHhI 
BIIp;a 

eikar 
-b-. 

r 
(6) 

CooTBeTCTByrom;rui: ;a;o6anxa 1/J1 x nomonoii <l>YHK~ Haxo;a;IITCJI IIHTe-
rpIIpOBamieM B ~llIIHp;pII'IeCKIIX xoop;a;IIHaTax (!,X, r;a;e {! opIIeHTIIpO­
BaHO nonepex ny'IKa: 

rx:i eikae .21rpb . xi 
1P1 ~ -b Jo -e-P€21rede = -i~€ = =fi2ko €, (7) 

xi = 41rplbl, b = ±lbl. 

ConocTanrreHIIe c nocrre;a;HHM 'IJieHOM <popMJllhl (5), norry'IeHHoii II0 
MaKpOCKOnII'IeCKIIX coo6pa.:iKeHIIii, npIIBOp;IIT x o6m;enpIIH.HTOMY oaxoey 
;a;IIcnepcIIII (1), KOTOphlll MhI OaIIIIllleM em;e pao B 6orree KpaTKOll <popMe: 

k2 = kfi =F X6· 
Ilocxom,xy xna;a;paT BOITHOBoro 'IIICJia MeH.HeTcJI Ha rpamm;e nem;ecTBa 

Ha nocTO.HHHYJO BeJIB'lIIB.y X6, :)TOT OaKOH ;a;IIcnepcIIII COOTBeTcTByeT 
npe;a;cTaBJiemno O noCTOJlHHOM (onTII'IeCKOM) noTeHJJ;HaJie Bem;ecTBa. 
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ToT .:iKe peoym,TaT MO.:iKeT 6hITb norry'IeH IIHhIM nyTeM. lfoBeCTHO, 
'ITO ypaBHeHIIe illpe;a;IIHrepa ;a;M p;BII.:iKeHIIJI 'IaCTJIW,I B norre IIpOIIOBOlll,­
HOro noTeHJJ;Harra U ( r) MO.:iKeT 6hITb 0aIIIICaHO B IIHTerpam,Hoii <pop Me, 
IIOBeCTHOll KaK ypanHeHIIe JlIIIIIIMaHa-illBIIHrepa [4]: 

. - - m j eikolr-i"I 1/J(r' = e•kar _ __ 1/J(r')U(r') .. dr' . 
'
1 21rh2 • Ir - r'I (8) 

By;a;eM C'IIITaTb, 'ITO BOaHMo;a;eiicTBIIe HeiiTpOHa C o;a;IIHO'IHhIM .Hp;poM 
xapaxTepIIOyeTCJI T0'le'IHhIM ncen;a;onoTeHJJ;HarroM <l>epMII [5] 

u = 21rn\o(r-r;). 
m (9) 

IIo;a;cTaBHM noTeHIJ;IIaJI (9) n (8). O;a;HoKpaTHOe IIHTerpIIpoBaHIIe 
no 06'1,eMY CHIIMaeTcJI 8-<pyHx~eii, a ocTarom;eecJI cyMMIIpoBaHIIe no 
.Hp;paM j MO.:iKH0 0aMeHIITb Ha IIHTerpnpOBaHIIe (ka ~ 1). B IITore npII­
xo;a;HM K IIHTerparrbHOMY ypanHemno: 

1/J( r) = eikar - pb f 1/J(r') ei~olf.,..i"I dr'. 
lpf-o Ir - r'I (10) 

Ilo <popMe OHO COBna;a;aeT c ypanHeHIIeM (8), a IIX cpaBHeHIIe ;a;aeT 
DHa'IeHIIe (3) p;M a<p<peKTIIBHoro cpe;a;Hero noTem:i;IIarra B nem;ecTBe. 

O6hl'IHO BerrII'IIIHY b B (3) norrararoT KoMnrrexcHoii, 'ITO noonoMeT 
y'IeCTb He TOllbKO npeJIOMJieHIIe HeiiTpOHHOll BOllHhI B cpe;a;e, HO II no­
rrrom;eHIIe: 

b = b' -ib". (11) 

.Il:M ;a;ocTaTO'IHO Me;a;rreHHhIX HeiiTpOHOB, xor;a;a cnpane;a;JIIIB 0aKOH 1/v, 

r;a;e <Ta - ce'IeHIIe norrrom;eHIIJI1. 

b
,, _ <Tak 

- 47r' (12) 

Hcxo;a;.ir II0 npe;a;cTaBJieHIIJI O KOMnJieKCHOM noTeH~arre (3), MO.:iKHO 
;a;ocTaTO'IHO xopomo onIICaTb. HeiiTpOHHO-OnTII'IeCKIIe JlBJieHIIJI, Ha6mo­
;a;aeMhle B conpeMeHm.nc axcnepHMeHTax. 

l MY orpaHH'IHBaeMCJI op;ecL CJiy'laeM MOHOHOOTOUHYX H 6eccm<HOBblX .11p;ep H ue paccMaTpHBaeM 
nooToMy HeiorepeHTHoe pacce.11eee. 
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2. IlonpaBKH Ha xorepeHTH0e none 

IlpHBeµ;emn,m Bhlllle ;'noTeH~am,m,m" oaxoH p;IIcnepCHII 1£BlllleTC1l He 
BnOlIHe TO'lllhIM. Cy~eCTBYJOT He60lll,IIIIIe nonpaBKII, npoIICXO:,iqJ;eHHe 
KOTOphIX CB1£0aHO C OTmf'IIIeM lIOKaJThHOro nollll Ha 1lp;pe OT cpeµ;Hero no 
Be~eCTBy. 'CJTo6hI )"IeCTI, :lTII nonpaBKII B BhlpruKeHII.1[X (1)-(3), BMe­
CTO BeJmqIIHhl b crreµ;yeT IICnom,ooBaTI, OTJIII'IHyio OT Hee BeJmqIIHy 
Cb, rµ;e xoMnrrexcHLiii xoa<f><f>~eHT C - Tax HaohIBaeMhIH xoa<f><f>~­
eHT Jfaxca (6]. 

Iloll)"IHTh TO'Illoe · BhlpruKeHHe p;llll xoa<f><f>~eHTa C µ;ocTaTo'Illo 
Tpyp;Ho. IlpII6mnKeHHhle II ;IJ;OBOlil,HO rpOMOO;IJ;KIIe BhI'lIIClleHH1£, OCHOBaH­
Hhle Ha TeOpHH MHoroxpaTHOro paCCC.1[HH1£, noOBOllllIOT cµ;erraTb Heo6xo­
;IJ;IIMhle on;eHKII. IlolIHhlii analIIIO npo6rreMhI IIMeeTC1l B pa6oTe CIIpca [7]. 
BlIIIOKIIe peoyrrhTaThI norry'leHhI B 6orree nooµ;Heii pa6oTe [8]. 

IlpIIpoµ;a 0TIIX nonpaBOK CB1lOaHa C TeM o6cT01£Telll,CTBOM, 'ITO xa­
)K;IJ;hIH pacceIIBaTellb Haxop;IITCj[ B BOlIHOBOM norre, o6paoOBaHHOM xax 
nepBII'lHoii BOJIHoii, Tax II BOlIHaMII, pacce1£HHhIMII µ;pyrIIMII 1lpaMII. 
Oµ;HaKO 1lp;pa-pacceIIBaTelIII pacnolIO)KeHhI He BnoJIHe IlpOIIOBOlil,HhIM 06-
paooM, nocxom,xy BO Bcex Be~eCTBax, p;ruKe B )KII;IJ;KOCT1£X II aMOpq>HhIX 
cpeµ;ax, IIMeeTc1£ no xpaiiHeii Mepe 6lIII)KHIIH nop1£µ;ox. 

IlpIIBeµ;eM peoym,TaT, noll)"Iemn,m B pa6oTe [8] II cnpaBep;lIIIBhIH B 
µ;ocTaTO'IllO IIIIIpoxoii o6rracTII IIOMeHeHH1£ Ha'laJThHOro BOJIHOBOro 'llI­
crra k0: 

2 1- 41rpb[1 + 41rpb / 00 dxeikoxsin(nkox)h(x)]-I n - - - k6 nko lo (13) 

3µ;ec1, h(r) = g(r)-1, rµ;e g(r) -q>yHKQIDinapHldxKoppeJ1SIIUiii:. 
Jlerxo BIIp;eT1,, 'ITO B oTcyrCTBHe xoppelllln;IIii Me)Kµ;y pacceHBa-

TellllMII BhlpruKeHHe (13) nepexop;IIT B (2). Ha116orree npocTo norry­
'lIITh OKOH'laTelil,HhIH peoyrr1,TaT, BOCnOllbOOBaBIIIIICI, MOp;ellblO TBepp;hIX 
c<f>ep. EclIII paµ;IIyc c<f>ephl a, To: 

h(r) = {-1, npII r $ a; (14) 
0, npII r > a. 

Ilop;CTaBHB (14) B (13), nOll)"IIIM;IJ;llllXOlIO;IJ;HhIXHeiiTpOHOB (nkoa < 1) 
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BhlpruKeHHe, coBnaµ;aro~ee c peoym,TaToM C1rpca . .D:llll xoa<f><f>~eHTa 
C B [7] IlpHBO;IJ;IITC1£ BhlpruKeHHe: 

C = (1 - J)-1 ~ 1 + J' + iJ". (15) 

J' = Jo (sinkoa)2 
k0a , J"- Jo -:. 2(koa)/2koa - sin2koa), (16) 

2 
Jo= ~0 a2 = 2rrpb'a2• (17) 

EcrrII ka < 1, To p;llll µ;eiicTBIITem,Hoii 'lacTII xoa<f><f>~eHTa CIIpca 
C' IIMeeM: 

C' ~ [1 + Jo (l- (k~a)
2
)]. (18) 

Ilocxorr1,xy p ~ a-3 , TO J0 ~ b' / a ~ 10-4. 
ThxIIM o6paooM, peoyrr1,TaTOM IIOMepeHH1l B HaII6orree TO'lHhIX 

HeiiTpOHHO-OnTII'leCKIIX axcnepIIMeHTax 1£BlllleTCj[ He ;IJ;lIIIHa pacce1£HlI1[ 
O;IJ;IIHO'lHoro IIOOlIIIpOBaHHOro 1lp;pa b'' a HeKOTopaa: a<f>q>eKTIIBHaa: ;IJ;lIIIHa 
C'b'. PaorrlI'lIIe Me)Kµ;y HHMII cocTaBlllleT BelIII'llIHY nop1lp;xa b' / a ~ 10-4. 
B crreµ;yio~eM np116JIII)KeHHII aTa nonpaBKa OaBIICIIT, B CBOIO O'lepeµ;1,, OT 
k6. 0TMeTIIM, 'ITO B HeKOTOphIX ClIY'la1lX Heo6xoµ;IIMO OHaTb BelIII'llIHY 
b' C TO'lHOCTl,IO nop1lp;Ka 10-4 - 10-5 (CM., HanpHMep, [9]). 

3. O6naCTh npHMeHHM0CTH "noTeHIJ;HaJihHOro" 

0aK0Ha AHCnepCHH 
V 

H CBepxMeAJieHHhle HeHTP(?Hhl 

B He,qaBHHX pa6oTax [10],[11] noxaoano, 'ITO TeoplI.1[ p;IIcnepcIIII, ocHo­
BaHHrui: Ha TO'le'lHOM BOaIIMOp;eiicTBHH <l>epMII (9), IlO-BH,qHMOMY, He.MO­
)KeT 6hITh cnpaBep;rrHBa p;llll ClIIIIIIKOM Mal!hIX BOlIHOBhIX 'llicerr ko. Ycrro­
BIIe npIIMeHIIMOCTII TeopHH MO)KHO c<f>OPMYlIIIpOBaTb crreµ;yio~ o6pa­
OOM: 

ko > x6a, IUoptl < kE , oa 
rµ;e E = ~k6 - KIIHeTII'lecxaa: aHepru HeiiTpoHa. 
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Oµ;IIH HO aprJM~HTOB anemrnpyeT x npHBep;eHHOMY BhlWe noµ;xoµ;y c 

TOHKHM ClIOeM <l>epMH. MarroCTI, 06yclIOB1IeHHo:ii: Be~eCTBOM nonpaBKH 

x BOllllOBo:ii: cI>YHK:qim B (7) 1¢11 < 1 He o6ecne'IlIBaeTCJI aBTOMaTWJecxH. 

Ee pocT npH MaJihlX k0 MO)KeT 61,1T1, cxoMneHcnpoBaH JMeH:E.weHHeM 

TOlI~ CJIO.l[ ( JIHWI, µ;o onpeµ;erreHHblX npeµ;erroB, nocKOJI:E,xy )J;a)Ke TOH­

KHH crro:ii: Be~eCTBa )J;OJI)KeH 61,1TI, MaxpocxollWleCKIIM no cpaBHeHHIO c 

Me)KaTOMHhlMH paCCTOJIHHJIMII, (~a ~ p-1/3. 
Ilo-BH)J;HMOMY, npH ;meprHJIX k6 ~ x3a2 H MeH:E.we Mhl cTarrxHBaeMCJI 

c IIHo:ii:, HenoTe~aJI:E,Ho:ii: c11Ty~e:ii:. ::ho MO)KHO xoMMeHTHpoBaT1, c 

paolllI'mhlX TO'IeK opeHHJI. lIHTerparr B (7) CXO)J;IITCJI npH {! ~ k01, H 

c YMeH:E.weHHeM ko 06rracT1, n;eHTpoB, oaXBaTblBaeMhlX IIHTerpHpoBa­

HHeM, acpcpeKTHBHO pacw11pJ1eTCJI. Jlerxo 0aMeTHTI,, 'ITO y)Ke BHYTPH 

xpyra {! ~ {!o ~ (xga)-1 pocT BOlIHOBOH <l>YHK:qmI B IIHTepecyio~e:ii: Hae 

npoHOBOJI:E,HOH TO'!Ke CTaHOBHTCJI HepaoyMHo 6oJI:E,WHM. 3TO MO)KHO IIC­

TOJIKOBaTI, xax He1106e)KHOCTI, nepepacceJIHIIJI Ha paccTOJIHHJIX nopJ1p;Ka 

1 a2 

{!o ~ X6a ~ jbT (20) 

Ho B Be~ecTBe· TOHKoro ClIOJI nepepacceSIHHSI . o6ycrroBJIT Heonpeµ;e­

rreHHOCTI, HMnyJI:E,Ca nopJ1µ;Ka D.k ~ eo1. OHa B nollllo:ii: Mepe OTHOCHTCJI 

H x cTOJl~eMY B cTaHp;apTHOM Bhlpa)KeHHH (6) BOllllOBOMY '!Herry k0• Th­
KHM o6paooM, npH ko < eo1 Mhl npIIWlIH 61,1 x D.ko ~ ko, 'ITO eµ;Ba JIii 

Y)J;OBJieTBOplITelII,HO. 

Mo)KeT noxaoaT1,cJ1, 'ITO B noµ;xoµ;e c nceBµ;onoTeHD;HaJIOM (9) aTa 

Tpyp;HOCTI, He BOOHIIKaeT. Op;HaKO . xopowo IIOBeCTHO (CM.I HanpH­
Mep, [12]), 'ITO BBep;eHHe B Teopmo 6-cpYHKD;IIOHHOro noTeHD;IIaJia He 

Bcerµ;a xoppeKTHo. OH noµ;o6paH Tax, 'IT061,1 p;aBaT1, npaBIIJI:E,HYIO aM­

nmTyµ;y pacce.l[HHJI Ha OT)J;eJI:E,HO BOJITOM J1µ;pe B nepBOM 6opHOBCKOM 

np116JIH)KeHHH. Oµ;Haxo y)Ke B crreµ;yio~eM, KBaµ;paTII'IHOM np116JIH)KeHHH 

TeopIIH BOOM)'~emm,BOOHIIKaeT )J;BOHHOH IIHTerparr no 06'1,eMy 

ff U(r)U(r') drdr'-+ oo, 
lf-r'I 

(21) 

KOTophl:ii: pacxop;IITCJI. 3To O0Ha'!aeT, 'ITO nepepacceJIHHe Ha O)J;HOM H 

TOM )Ke n;eHTpe ( CaMonepepacceJIHHe) oaxpblBaeT BOOMO)KHOCTI, IICnOJI:E,­

OOBaHHJI TO'Ie'!Horo BOaHMop;e:ii:cTBIIJI, BBO)J;HMOro oµ;ec1, 110 MeTOp;Wie-
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cxIIX coo6pa)KeHHH. Bonpoc TOJI:E,KO B TOM, HrparoT JIH caMonepepac­

ce.l[HHJI cy~ecTBeHHyio poJI:E,, HlIH )Ke IIX BJIIIJIHHe npeHe6pe)KHMO. 3To 

0aBHCHT OT xoHKpeTHhlX cp110WJecxIIX ycrroBH:ii:. IlpH MaJihlX aHepr1IJ1x 

He:ii:TpoHa, xo'rµ;a ko < X6a ( cBepXMeµ;rreHHhle He:ii:TpoHhl [10]), poJI:E, ca­

MonepepacceJIHH:ii:,no-BH)J;HMOM)', oHa'IHTeJI:E,Ha. 

C poJI:E,IO nepepacceJIHHH B o6hl'IHOM TpeXMepHoM Be~ecTBe MO­

)KeT 6blTI, CBJI0aHO e~e O)J;HO o6cTOJl'!'eJI:E,CTBO. B )J;lIHHHOBOllllOBOM npe­

µ;erre ka < 1 Tpyp;HO O)KH)J;aTI, CKOJI:E,KO-HH6yp;1, cy~eCTBeHHhlX paolIH'IHH 

Me)Kµ;y aMOp<pHbIM H KpIICTaJilIWJeCKHM BapHaHTaMH pacnOJIO)KeHHJI n;eH­

TpOB. (M1,1 OTBJiexaeMCJI oµ;ec1, OT nonpaBOK Ha lIOKalll,HOe norre). ThxHM 

o6paooM, TpeXMepHoe Be~eCTBO Bnolllle MO)KHO C'IIITaTI, COCTOJl~HM HO 

µ;ocTaTO'IHO 6orr1,woro 'IHCJia pacceHBaIO~IIX nrrocxocTe:ii: [13]. Oµ;Haxo, 

xax noxaohlBaeT aHaJIH0, ep;HHWIHaJI nlIOCKOCTI, C noBepXHOCTHOII nrroT­

HOCTI,IO pacce11BaTerre:ii: <T OTpa)KaeT He:ii:TpOHhl cy~eCTBeHHO peoo­

HaHCHhlM o6paooM [11]. B crry'Iae OTpIID;aTeJII,HhlX OHa'IeHH:ii: )J;lIIIHhl 

pacceJIHIIJI b < 0 MOHoaT<>MHaJI nrrocxocT1, cnoco6Ha CBJ1oaT1, He:ii:TpoH 

Ha ypoBeH1, c 0Tpmi;aTerr1,Ho:ii: aHeprHe:ii: 

1,,2 
- € = 1€1 = 21r2-u21bl2 

m . . (22) 

Ilp11 aTOM xoacpcprrD;IIeHT oTpa)KeHHJI µ;aeTCJI peooHaHcHo:ii: cpopM)'rro:ii: 

BHrnepa [12] : 
v2 

IRl
2 = v2+k5 v = 21rulbl. (23) 

IlpH b > 0 HMeeT MecTo BIIrHepoBcxrrii peooHaHC Ha BHpTyarr1,HoM 

ypoBHe. C Y'IeToM npHBeµ;eHHoro onpeµ;erreHIIJI v peooHaHCHOe Bhlpa­

)KeH11e (23) ocTaeTCJI cnpaBep;rrIIBhlM. B 0601IX crry'IllJIX npH ko < v 
OTpa)KeHHe CTaHOBHTCJI npaKTH'IeCKII CTOnpon;eHTHblM. BooBpa~aJICI, K 

TpeXMepHOMY Be~eCTBY, HallOMHHM, 'ITO p ~ a-3 , B TO BpeMJI xax )J;JI.l[ 

nrrocxocTII u ~ a-2• 1Iocxorr1,xy v ~ a-2ibl, B TpeXMepHoM ClIY'Iae aTo 

"axB11BarreHTHo" v ~ xga. PaoyMeeTcJI, B pearr1,Hoii c11Tya:qim crrep;oBarro 

61,1, B npHHD;Hlle, cpaoy Y'IIITblBaTI, Bee nrroCKOCTH H HaxO)J;Jl~eCJI Ha 

HIIX n;eHTphl. Oµ;Haxo Tpyp;Ho ce6e npeµ;cTaBHTI,, 'ITO npH ko < X6a, 
xorµ;a H0OlIHpOBaHHaJI peoOHIIp)'IO~aJI nrrocKOCTI, OTpa)KaeT He:ii:TpOHhl 

no'ITH Han;erro, pOlII, CaMOnepepacceJIHIIII B TpeXMepHOM Be~eCTBe OCTa­

eTCJI npeHe6pe)KHMo:ii:. 
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ThxHM o6paooM, BO:JHHKaeT no xpaiiHe:ii Mepe µ;Ba BruKHhIX Bonpoca: 

MO)KHO lIII TeopeTH'Jecxn nccrreµ;oBaTb naxoH ~ncnepcnn p;illl cBepnrn­

µ;rreHHhIX HeIITpOHOB, n KaKlIM o6paooM HapyweHHe noTelID;IlalibHOro 

naxoHa ):lHcnepclilI npn ko -+ 0 CKruKeTCH B HHOII :mepreTH'Jecxo:ii 06-

rracTn, rµ;e Mop;ellb noTelID;Ilarra B nyrrenoM npH6lllI)KeHlilI cnpaneµ;lllIBa. 

llcxoµ;Hoe norro)KeHHe pa6oT (10],(11] cocTOHT B TOM, 'ITO q>epMHencxri 

noµ;xoµ; C TOHKHM ClIOeM cnpaneµ;lllIB lI B Crry'lae CBepxMeJVIeHHhIX HeIITpo­

HOB, a OTp;ellbHble paccenBaTelllI lI nµ;ecb MoryT nrpaTb pollb lICTO'lHHKOB 

pacxop;.Rll\lIXCH norrH, µ;o6anmreMhIX K BOlIHOBOII q>ynxn;nn He:iiTpoHa. Ho 

TaKOII q>nnn'lecxo:ii xapTHHe rry'lWe OTBe'laeT BlllI.RHHe mna 

eik1r 
-b- ~~ r 

C HeKOTOpbIM nepeH0pMnpOBaHHbIM caMonepepacce.RHH.RMlI BOlIHOBbIM 

'lIIClI0M k1 > x~a > k0 • · Ilpn ::ITOM cµ;erraHo npeµ;norro)KeHHe,'lTO B crry­

'lae, xorµ;a µ;oMHHIIpyroT MHoroxpaTHble nepepaccej[Hlij[ n caMonepepac­

ce.RHmr, o6ycrroBrreHHM lIMlI nepeHopMHponxa BbipaonTc.a B caMocorrra­

conannn MlIKp0-II MaKpOCKOnlI'leCKlIX acneKTOB noneµ;eHil.R HeIITpOHa B 

cpeµ;e. Torµ;a n pacxoµ;.ll~eJIC.l[ OT n;eHTpa BOlIHe (24) 6yµ;eT CTO.llTI, TO 

)Ke CaMOe BOlIHOB0e 'llIClI0, K0TOpoe xapaKTepnnyeT Be~eCTBO B n;erroM: 

k1 =k. (25) 

B ::lTlIX npeµ;nolIO)KeHil.RX yµ;arroc1, OTBeTlITb Ha o6a nocTanrreHHbIX 

Bhlwe nonpoca. Bo-nepnhlx, B crry'lae cnepXMeµ;rreHHhIX HeIITpoHoB norr­

Honoe 'lncrro B cpeµ;e, cocTo.ll~e:ii nn naxpenrreHHhIX n Henorrro~aIOU\lIX 

.llp;ep c b > · 0, oxaohlnaeTCH xoMnrreKCHbIM. BonHnxaro~n:ii npn ::ITOM 

µ;eq>lID;lIT JHHTapHOCTlI TpaKTyeTC.R KaK BO:JMO)KHOCTI, lIHq>IlllbTpan;lilI 

HeIITpOHOB B cpeµ;y, Tax 'ITO B crry'lae norry6ecxoHe'1Ho:ii cpeµ;hl norr­

Hoe pemeHHe naµ;a'llI OKOObIBaeTC.ll HeCTaD;lI0HapHhIM. 8To He OCTaeTC.ll 

6en nocrreµ;cTBlIII n µ;ocTaTO'lHO WlipOKOII o6rraCTlI lI:JMeHeHH.R BOlIHOBOro 

'lllcrra. Yµ;arroc1, cµ;erraTb on;eHey coornercrnyroll(HX nonpanox K noTelID;Il­

arr1>HOMY naxoHy µ;ncnepclilI. B penyllbTaTe, npnnoµ;nTc.ll eµ;lIHbIII naxoH 

µ;ncnepclilI µ;lll O'leHb xorroµ;HhIX n yrr1>Tpaxorrop;HbIX HeIITpoHoB (OXH n 

YXH) (11]: 

8 

·r 

\. 

., 

k l ~ k2 2 Jv ~ ( k2 2 Jv r ( Ju r r = v'2 o - Xo - ka + o - Xo - ka + k2 , 

ki = ~~ X~ - ka + t~ + ( 2 k2 Jv r ( Ju r Xo - o + ka + k2 , (26) 

k = kr+iki k2 > x4a2 0 0 • 

<l>nrypnpyroll\Ile B BbipruKeHH.llX (26) nonpaBKlI Jv lI Ju OTlIH'IaIOT lIX 

OT nnBeCTHbIX (cM., Hanp., [14]). Ilpn ::IT0M 

Ju ;::;J Jv ;::;J x8a2 (27) 

Kax npannrro, nµ;ec1, iipanoMepHo npeµ;cTanrreHHe: 

k . - k(O) k(l) 
r,t - r,i + r,i ' (28) 

rµ;e nyrrenoe npn6rrn)KeHIIe µ;aeTC.ll ::irreMeHTapHOII q>opMJlIOII TeoplilI no­

TeHD;Ilarra. 

B Crry'lae YXH, xorµ;a ::iHeprlI.R He:iiipoHOB MeHbwe nerrH'IlIHbl onTH­

'lecxoro noTeHD;narra, B oTcyrcrnue norrro~eHH.R MbI HMelllI 6bl 'llICTO 

MHHMOe :JHa'leHile BOlIHOBoro 'llIClla. KaK lI:JBeCTHO, ::ITO COOTBeTCTByeT 

nolIHOMY OTpruKeHlIIO. Oµ;HaKO Il:J (26) crreµ;yeT, 'ITO He ClllIWKOM 6lllI:JKO 

K 6ap1,epy, xorµ;a 

HMeeT MeCT0 

lk2 21 4} o - Xo > xoao (1E -Uoptl > ¾u ), 

6 2 k ;::;J kP> ;::;J xoa 
r a k2 U- k2 ovXo- o 

(29) 

(30) 

Crreµ;onaTerr1>Ho, HenoTeHD;IlalibHble ::iq>q>eKThl crrerxa MeH.llIOT MHH­

MYIO 'laCTb B0lIHOBoro 'llIClla n IlplIBOp;.llT x nO.llBlleHlIIO He6ollblIIOII no 

BelilI'llIHe ne~ecTBeHHOII 'laCTH k, oTBe'laro~e:ii OTTOKY HeIITpOHOB B 

Be~eCTBO. 8TOMY COOTBeTCTByeT KOHe'lHbIIIKO::lq>q>lID;IleHT lIHq>IlllbTpa­

D;IllI µ B norry6ecxoHe'1Hyro cpeµ;y. 
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X4a2 µ~ 0 

korx.r-kcr 
(31) 

,I(ll.1[ OXH, xorµ;a RMeeT MecTo npenoMnemie (n HeIID6e.:iKHoe 0Tp8.)Ke­

H1Ie) HeHTpOHOB, Bell\eCTBeHHaJI 'IaCTI, B0nH0Boro 'IHCna Ta:K::iKe cnerxa 

MeH.HeTC.S:. Oµ;HoBpeMeHHO no.s:Bll.l[eTc.s: 0TCYTCTB)'IOll\aJI B noTeHIU:Ianl>­

HOH Teopnn ManaJI MHIIMaJI 'IacT1> B0nH0Boro 'Illcna k;: 

kcr - x& > xta2 
, 

x8a2_ --, 
- k~l) ~ k; ~ kcrJk6- X6 

4ko{kcr- X6 
µ~ ~--= 2· 

( ko + Jkcr - xcr) 
(32) 

AcRMnTOTH'Iecxn o6e aTn nonpaBxn nop.s:µ;xa x8a2/k3. He cnnllIX0M 

BLicoxo Haµ; 6ap1,epoM, xorµ;a ko ~ Xo, cnpaneµ;nnBa on;eHxa M1> ~ x3a2• 

BooMO::iKHOCTl> nmI>nn1>Tpan;nn YXH B Bell\eCTB0 µ;on::iKHa npnBecTn 

x no.s:nneHHIO µ;ononH1ITen1,Horo HCT0'ImIXa nx yxoµ;a no cocyµ;oB. 'Ipy­

µ;Ho cxanaT1>, RMeeT nn aTo .s:BneHne np.11Moe 0THomeHne x aH0Man1>­

Hoii yTe'IXe, Ha6moµ;aeMoii B axcnepRMeHTax no xpaHeHmo YXH [15). 
O0LITLI no noncxy HenoTeHD;IIMI,HLIX nonpanox x Bell\eCTBeHHOH 'IaCTH 

B0nH0Boro 'Illcna OXH Mornn 6LI npo.s:cH1IT1> cnTyan;n10. 

::ha xapTIIHa ycno::iKH.HeTc.s:, ecnn npHH.HTl> Bo BHHMaHne Heno6e::iK­

Hoe nornoll\emie HeiiTpOHOB Bell\eCTB0M. HenoTeHD;HMI,HLie aq>q>eXTLI B 

nomoii Mepe np0.S:Bll.l[IOTC.S:, xorµ;a IIMeeT MeCT0 C00TH0Uiemie 

b" 
1/ = 11' 

1/ ~ 1/0, 

x4a2 
1/o~v 

0 
(b' > 0). 

Kax µ;ll.1[ YXH, Tax n µ;ll.1[ OXH,He cnnmxoM µ;anexo OT 6ap1,epa 

1/o ~ x6a2 ~ 10-4 , 

(33) 

noaT0MY aqiqiexTLI, cB.S:0aHHLie c HHq>nn1>Tpan;neii HeiiTpoHoB, µ;on::iKHLI 

npo.s:Bll.l[TI,C.S: nHllII, µ;ll.1[ 0'leHI, cna6onorn<>ll\aIO~ Bell\eCTB. K Ta:K0BLIM 

M0::iKH0 0THeCTII 6epnnnnii (npn HH0XHX TeMllepaTypax), µ;ll.1[ X0T0poro 

1J ~ 3.4 x 10-7, n TBepµ;Liii xncnopoµ; (TJ ~ 0.9 x 10-8). K co::iKaneHHIO, 

IO 

J 
l 

J ,, 

!) l'i 

g 
1 

µ;ll.1[ 6on1>UIHHCTBa Bell\eCTB IIMeeT MeCT0 HeXOTOpLIH npoMe::iKyTO'IHLIH 

Cny'IaH 1J ~ 1/o, npRMepoM 'Iero .s:Bll.l[eTC.S: Meµ;1, (TJ ~ 1.4 x 10-4). TeM 

He MeHee. n B aT0M Cny'Iae M0.:iKH0 Haµ;e.s:T1>c.s:, 'ITO B µ;ocTaT0'IH0 'IY­

BCTBHTelll>H0M axcnepRMeHTe B00M0.:iKH0 Ha6n10µ;aT1> cna6oe 0TXll0HeHHe 

oT noTeHIU:Ian1>Horo oaxoHa µ;ncnepcnn. 

4. SxcnepHMeHTaJihHaB: npoBepxa oaxoHa 

~HcnepcHH, OnhIT <I>HOO Ha Hen:TpOHe 

PaccMoTpIIM Tenep1>, xaxnM o6panoM nono::iKeHHLie BLime coo6p8.)Ke­

HH.s: C00TH0C.S:TC.S: C cyll\eCTB)'IO~ axcnepRMeHTMI,HbThffl µ;aHHLIMH. 

K co::iKaneHmo, MLI pacnonaraeM oµ;ec1, Bec1,Ma cxyµ;Hoii nHq>OpMan;neii. 

IIp.s:MLie axcnepnMeHTLI no II0MepeHHIO oaxoHa µ;ncnepcnn k2(kcr) µ;ll.1[ 

0'IeHl> xonoµ;HLIX HeiiTpOHOB HaM He II0BeCTHLI. BecbMa B8.)KHLIM .S:Bll.1[­

eTC.S: conocTaBneHHe oHa'Iemiii xorepeHTHLIX µ;nnH pacce.s:Hn.s: (nnn Be-

nn'InH onTn'Iecxoro noTeHn;nana), nony'IeHHLIX B axcnepHMeHTax c 

cyll\eCTBeHH0 paonll'IaIO~HC.S: aHeprn.s:Mn HeiiTpOHOB [17). CpanHe­

HHe p;aHHLIX, nonY'IeHHLix B onLITax c YXH (cM., Hanp., [16]) c peoyn1>Ta­

TaMH axcnepnMeHT0B C TennoBLIMH HeiiTpOHaMH npnBoµ;nT X BLIB0µ;y 0 

TOM, 'ITO Benn'IHHa onTn'Iecxoro .noTeHIU:Iana HelI0MeHHa C T0'IH0CTI,10 

no xpaiiHeii Mepe ,11;0 HecK0JibKHX npoueHT0B. Oµ;HaxO 3TH Bec1,Ma B8.)KHLie 

caMn no ce6e peoyn1>TaTLI He MoryT µ;aT1> Hn'Iero onpeµ;eneHHoro µ;ll.1[ 

npoBepxn npnBeµ;eHHLIX BLime coo6p8.)Kemrii no-oa neµ;ocTaTxa T0'IH0-

CTII. 

Bepo.S:THO, 0TBeT M0::iKeT 6LITI, naiiµ;en B axcnepnMeHTax, rµ;e H0Mep.s:­

eMLIH aq>q>eXT no.S:Bll.l[eTC.S: T0lll>X0 B Cny'Iae 0TnH'IH.s: oaxoHa µ;ncnepcnn 

OT n0Tenn;nan1,noro. Taxoro poµ;a onLITLI ocnoBaHLI na npocTLIX ap­

ryMeHTax. lioBeCTHO, (cM., nanpnMep, [14),[17]), 'ITO ecnn cnpaneµ;nnB 

oaxon µ;ncnepcnn (1), TO TOT ::iKe oaxon µ;ncnepcnn cnpaneµ;nHB µ;ll.1[ nop­

Man1>noii X noBepXHOCTH XOMnoneTHTLI B0llHOBoro 'Illcna k .1.: 

k2 -k2 X2 .1.-. 0.1. - O· {34) 

OTc10µ;a cneµ;yeT, 'ITO B cny'Iae noTeHIU:Ian1,noro Bnµ;a oaxona µ;nc­

nepcnn HOpMMl>HaJI XOMllOHeHTa B0llHOBoro 'IIICna B cpeµ;e k .l. 0aBHCHT 
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T01II,XO OT HOpMam,HOH XOMIIOHeHT:bl BOlIHOBOro 'IIIClla B BaxyyMe ko..L . 
.I(rur mo6oro IIHoro BIIp;a tlaxoHa ;n;IIcnepcIIII aTo He cnpanep;lIIIBo • .I(eii­

CTBIITem,Ho, nycTI> norrHa nperroMrureTcs: Ha rp~e cpep;hl, nplI'leM 

HMeeT MCCTO tlaKOH p;IIcnepcIIII: 

k2 = k6 - xi+ c(k6), (35) 

r;n;e c(k6) - HenoTe~am,Hair ;n;o6anxa mo6oii .npIIpop;hl. 

EclIII new;ecTBO o;n;Hopo;n;Ho. Bp;om, CBoeii IlOBepXHOCTII, TO XOMIIO­

HCHTa BOlIHOBOro 'IIIClla kon, lIC)KaID;M B IllIOCXOCTII patlp;erra, He MO)KCT 

MCID[TJ,CJI npII npelIOMlleHIIII. Bhl'IIITaH IItl o6eIIX 'IaCTeii paBeHCTBa (35) 
BelIII'IIIHY k5

11
, HMeeM: 

k1_ = k5..L - xi+ c(k6)- {36) 

Crre;n;oBaTem,Ho, HalIII'IIIe HellOTCHIUiaJII,Horo 'IlleHa B tlaXOHe ;n;IIcnepCIIII 

(35) BO Bcex CJIY'IaHX npIIBO)];IIT x IlOJIBlICHIIIO tlaBIICIIMOCTII HOpMa1II,HOII 

XOMilOHCHThl BOlIHOBOro 'IIIClla B cpe;n;e k ..L OT BClIII'IIIHhl BOlIHOBoro 'IIIClla 

B naxyyMe k0 • 8To cnpane;n;rrIIBo II B TOM Crry'Iae, xor;n;a ko..L HeIItlMeHHa. 

MHair q>OpMylIIIpOBXa aToro )KC YTBCp)KJ];CHIIJI npIIBO)];IITCJI B pa-

6oTe [18). Mcxo;n;JI lltl cnpanep;lIIIBOCTII np~o6pa30BaHHSI rarrIIlICJI ;n;rur BOlI­

HOBoro 'IIIClla HeiiTpOHOB aBTOphl IlOXatlalIII, 'ITO npII IlOTe~aJII,HOM 

tlaxoHe ;n;IIcnepcIIII q>atla HeiiTpOHHoii BOlIHhl, npome;n;meii 'Iepetl J];Bll)Ky-

11\IIHCJI o6patlen;, tlaBIICIIT T01II,XO OT )];BII)KCHIIJI IlOBepXHOCTeii o6patln;a, 

HO He OT )];BII)KCHIIJI pacceIIBaIOID;IIX D;CHTPOB, ero COCTaBIDIIOID;IIX. Ha­

IlOMHIIM, 'ITO IItlMeHeHIIe q>atlhl t::..,p, CB.lltlaHHOe C npelIOMlICHIIeM BOlIHhl 

B o6pMn;e TOlIID;IIHOH ~.cocTaiirnreT 

t::..cp = ko(n-1)~ = (k- ko)r (37) 

.I(rur nponepx11 aToro npe;n;cxatlaHIIJI 6hlrr ocyw;ecTBlleH axcnepII­

MeHT [19), B XOTOpOM Bpaw;aIOllJ;IIHCJI XBapn;eBhlll ,IJ;IICX 6hlll IlOMem;eH 

B o;n;Ho IItl nrre'I HeiiTpoHHoro IIHTepcpepoMeTpa. Oc1, Bpaw;eHII.ll p;IIcxa 

6hlrra naparrrrerr1>Ha BOlIHOBOMy BexTopy ko, Il00TOMY IIMClIO MCCTO HOp­

MaJII,HOe na;n;eHIIe BOlIHhI Ha o6pMen; II B (37) k = k..L,ko = kO..L. O'IeBII­

;n;Ho, 'ITO B 0TOM Crry'Iae BOlIHOBOe 'IIIClIO ko HeiiTpOHOB, pacceIIBaIOID;IIXCJI 

Ha .llp;pax o6pMn;a, tlaBIICIIT OT cxopOCTII Bpaw;eHII.ll ;n;11cxa, B TO BpeM.ll 
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xax rpaHIID;hl )];IICXa HCilO)];Bll)KHhl. HeIItlMeHHOCTI, q>atlhl npII npIIBep;eHIIII 

p;IIcxa BO npaw;eHIIe II ;n;eMoHcTpIIpyeT HetlaBIICIIMOCTI> k..L OT k0• 

Petlym,T~Thl OilhITa, nocTanrreHHoro Ha TenrroBhIX HeiiTpoHax, no;n;­

TBepp;IIlIII C TO'IHOCTI,IO ;n;o axcnepIIMeHTalII,HhIX norpellIHOCTCH IlOCTO­

JIHCTBO BCJIB411HI,l OilTII'lecxoro IlOTCHD;IIarra. O;n;Haxo, xax 6hllIO noxa­

tlaHO CIIpCOM [20), 'JYBCTBIITC1II,HOCTI, axcnepIIMeHTa 6bllla He;n;ocTaTO'I­

HOH ;n;rur 06Hapy)KeHIIJ1 npe;n;cxatlaHHhIX IIM nonpanox Ha xorepeHTHoe 

norre, nocxom,xy ;n;rur TCillIOBhIX HeiiTpOHOB OHII O'ICHI, Marr:bl. B ew;e 6om,­

meii CTeneHII 0TO OTHOCIITCJI X HCilOTCHD;IIaJII,H:blM nonpaBXaM, CB.lltlaH­

HhIM c npIIMeCl>IO cBepxMeWJeHHhIX HCHTpOHOB. 

TeM He MeHee Mhl pacnorraraeM nop;TBep)K;n;eHIIeM npIIHIUinnaJIJ,HOH 

npan11m,HOCTII Taxoro axcnepIIMeHTaJI1>Horo no;n;xo;n;a • .I(erro B TOM, 'ITO 

OTlIII'IIIJI OT 'IIICTO IlOTCHIUiaJil>HOrO tlaKOHa p;IIcnepCIIII )];OlI)KHhl IIMCTI, 

MCCTO II B TpIIBIIaJil>HOM Clly'Iae, Xorp;a )];lIIIHa pacceJIHIIJI b Ha O)];IIHO'IHOM 

.llp;pe caMa tlaMeTHO tlaBIICIIT OT k0• B pa6oTe [21) coo6w;arroc1, 06 axc­

nepIIMeHTe, BilOlIHe aHarrOrlI'IHOM OilIICaHHOMy Bblllle. 0TlIII'IIIC COCTO­

JllIO B TOM, 'ITO B Xa'IeCTBe nperroMruuow;ero Bew;ecTBa 6hlll IICil01II,tlOBaH 

CaMap11ii, IItlOTOilXOTOporo 149Sm IIMeeT petlOHaHC B o6rraCTII 97.3 M3B. 

8Heprll.ll HeiiTpoHoB 6hlrra 6rr11tlxa x petlOHaHCHoii II cocTanrurrra .BerrII­

'IIIHY 95.8 M3B. IlpII aTOM Ha6moµ:a.n:csi aqi<f>exT tlaBIICIIMOCTII q>atlhl OT 

cxopocTII npaw;eHIIJI ;n;11cxa, nerrlI'IIIHa xoToporo 6hlrra 6rrIIt3Xa x pac'IeT­

HOII. 

Ha6mo;n;eHIIe c;n;mrra q>Mhl B p;BII)Kyw;eMcJI o6pMn;e B axcnepIIMeHTax 

C HCHTpOHHhIMII IIHTepcpepoMeTpaMII IlOJIY'IIIlIII B lIIITepaType HatlBaHIIe 

OilhITOB <PIItlO Ha HeiiTpoHe [22). Hm1rn Mhl npe;n;rraraeM patlBIITIIe aToii 

MCTO)];IIXII. 

5. HHTepq>epoMeTp <t>aopu-Ilepo AJI.H YXH H 

BOOMO.>KHOCTb npeqHOHOHHOro 3KcnepHMeHTa 
u u 

no npoBepKe OaKOHa AHCnepCHH HeHTpOHHOH 

BOJIHbI 

IlO-Bll,ll;HMOMY,· cyw;ecTBeHHoro yBeJIIr'leHHSI 'IYBCTBIITC1II,HOCTII OilhITa 

<PIIt30 MO)KHO 6hllIO 6hl ;n;ocTII'II>, ocyw;ecTBIIB ero He C TCillIOBhIMII Heii­

TpOHaMII, co cxopOCTJIMII V ~ 103 M/c, a C Ylil>Tpaxorrop;H:bIMII, cxopOCTI, 
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xoTopI.IX v R:J 5 - 7 M/c. Ilocxom,xy mraeimrur cxopocT1, o6pam::,;a M0)KCT 
cocTaBJI.llTJ:, V R:J 100- 200M/c, BoJIHoBoe ~crro k0 Mo)KeT II13MeRRTI:,Cj[ B 
oxcnepIIMeHTe B HCCK0lll,K0 p;eC1lTK0B pa.13. IlpII MarrI.IX CK0p0CTJlX Bpaw;e­
HJij[ M0ryT IIp01lBJI.llTJ:,Cj[ HenoTeHD;llam,m.Ie o<J.><J.>eKThl, eclIII 0HII cyw;e­
CTBJIOT, npn 6oJibIIlllX - nonpa11KH Ha JIOKaJibHoe noJie. K C0)KaJiemno, B 
HaCT01[UUllI MoMeHT HeiiTpoHHI.IX IIHTep<J.>epoMeTpoB Ha YXH HeT, X0Tj[ 
C00TBCTCTBJIO~e npoeKTI:,I IIMCIOTC1l (23),(27). 

Crrep;~BaTem,Ho, HJ)KH0 HaHTII µ;pyroii oxcnepIIMeHTam,m.m: noµ;xo;a;, 
rµ;e II13MepJl:eMrur BeJIIPIIIHa 6hlrra 6hl 'l)'BCTBIITClll,Ha K IIl3MeHemno kl. 
B cpeµ;e. Han6orree noµ;xoµ;J1:~ Ka)KCTCj[ pe130HaHcm.m: oxcnepIIMeHT, 
ocHoBaHm.Iii Ha cBoiicTBax IIHTep<J.>epeHD;IIoHHoro <J.>IIm,Tpa p;llll HeiiTpo­
H0B - aHan:ora onTIPiecxoro IIHTep<J.>epoMeTpa <l>a6pII-Ilepo [24). Yc­
TpoiicTBO ero n0j[CH.RCTC1l pnc.2. Ha nop;lI0)KKJ, xapaKTepII13JIO~Cj[ 
Be~oii onTIPiecxoro noTeHIJ;IIaJia Ua,HaHecem.I TPII crroj[ Bew;ecTBa 
C onTIPICCKIIMII noTeHIJ;IIaJiaMII Ui, U2, U3. 

IloTeHIJ;IIaJII:,Hrur cTpyxTypa npeµ;cTanJI.lleT co6oii p;Byrop6hlii 6ap1,ep 

U1 = U3 > U2 > Us. 

Q-qeBIIp;Ho, 'ITO B 06pa13y10w;eiicJ1: j[Me B0IJM0)KH0 n0j[BlICHIIe KBal3II­
CBJl:13aHm.IX COCTOJl:HIIH, nolI0)KCHIIe K0T0phlX E,. npII6lIII)KCHHO onpeµ;e­
JllleTCj[ C00TH0llICHIICM' 

] 

1/2 7r 

[~~(E,.-U2) = d P, p = integer, . (38) 

rµ;e d - llIHpIIHa Jl:Mhl. 
Tax:rur CTpyxTypa IIMeeT J1:pxo Bhlpa)KeHHI:,JH pe13oHaHacm.Iii xapaxTep 

nponyCKaHlIJI: HCHTpOHOB. illIIpIIHa pe130HaHCa onpep;elllleTCJ[ BpeMeHeM 
)KHIJHII KBa13IICB1ll3aHH0ro C0CT0J[HJij[ II 13aBIICIIT OT T0lI~Hhl BHellIHIIX 
ClI0CB. SxcnepIIMeHTI:,1 (25),[26],[27] xop0llI0 noµ;TBep)K;tJ;aIOT OTII coo6-
pa)KCHIIJI:, a Ha6lIIOp;aeMrur llIIIpIIHa pe130HaHC0B C0CTaBJI.lllia HCCK0lll,K0 
HOB. 

B TOM Crry'Iae, xorµ;a npep;CTaBJieHIIe 06 onTIPICCK0M noTeHD;IIaJie ne­
pecTaeT 6hlTI:, xoppeKTHhlM, BMeCT0 (38) HJ)KH0 nom,l)oBaTI:,Cj[ 6orree 
06~ Bhlpa)KCHJieM: 

k2 d~p1r, (39) 
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rµ;e k2 - B0lIH0Boe 'IHClI0 HeiiTpoHa B Bew;ecTBe cpep;Hero crro.H. IlpII npo­
II13B0111,H0M yrrre nap;eHIIJI: HeiiTpOHa BMCCT0 k2 B (39) p;0lI)KHa, 0'ICBH­
p;Ho, <J.>nrypH~0BaTI:, ero H0pMaJIJ:,Hru[ K0MII0HCHTa. Onycxrur IIHµ;exc H0-
Mepa ClI0.H, BepHeMC1l x CTapoMy o6ol3Ha'Iemno k1. II o6paTIIMC.H CH0Ba 
x ypanHeHHIO (36) n K0MMeHTapHIO x HCMJ. Tenep1, nocTaH0BKa oxcne­
pIIMeHTa BnoJIHe 0'ICBIIp;Ha. IlycTI:, Hallla pe130HaHCHrul CTpyxTypa HaHe­
ceHa Ha p;IIcK, µ;ocTaTo'IHo npo13pa'lHI:,IH p;llll HeiiTpOHOB. Pacnorro)KeHJie 
ocn p;IIcxa, xax II B 0ilI:,ITe [19), napan:rrem,Ho Hanpanrremno p;BII)KCHJij[ 
HeiiTpOHOB. B oTCyn:TBHe HenoTeHIJ;IIam,HI.IX o<J.>clleKTOB BelIII~Ha k 1. 
HC'l)'BCTBIITClII:,Ha K T0MY, noK0IITC1l lIII p;IICK HlIII HeT. 

IlpII HenoTeHD;IIam,HoM 13aK0He p;IIcnepcIIII k1. B cpeµ;e 13aBIICIIT OT cxo­
pocTII Bpaw;eHIIJI: p;IIcxa, 'ITO p;0lI)KH0 npIIB0p;IITI:, K CMew;eHIIIO nolI0)Ke­
HJij[ pe130HaHCa B nponycxaHIIII. SxcnepIIMCHT M0)KCT 6hlTI:, nocTaBJieH, 
HanpIIMep, c rpaBIITaIJ;IIOHm.IM p;II<J.>paxToMeTpoM YXH [28), pa13pellle­

HIIe K0Toporo C0CTaBJI.llCT 0.7 HOB (27). 
Oµ;Haxo p;llll IIl3MepeHIIH oHeprIIII HeiiTpOHOB, npolllep;llIHX -qepe13 p;BII­

)Ky~iicJI: <plilII:,Tp,BnorrHe M0)KCT 6hlTl, IICn0lII:,130BaH BTopoii IIHTep<J.>e­
peHI:,;IIOHHI:,IH cllIIlII:,Tp. CxaHIIpOBaHIIe no oHeprIIII rrerxo ocyw;ecTBIITI:,, 
13aCTaBlIJ[.![ HCHTpOHhI p;BIIraTI:,C.![ no BepTIIKaJIII B norre T.H)KCCTII 3eMlIII, 
II MCH.![.![ npII OT0M nolI0)KCHIIe BToporo cllIIlII:,Tpa-aHaJIIIl3aTopa. lfaMe­
HCHIIe OHeprIIII C0CTaBJI.llCT npn OT0M ~ 1 HoB/cM. TaKIIM o6pa130M Mhl 
npIIX0;tJ;IIM c cxeMe onhITa, npep;CTaBlICHHOH Ha pIIC.3. 

On;eHIIM B0IJM0)KHJIO 'IYBCTBIITerr1,HocT1, Taxoro onhITa. Ilorro)KCHIIe 
D;CHTpa TJl:)KCCTlI pe130HaHCHOH lIIIHIIII nponycxaHII.H onpep;elllleTC.H C T0'I­

H0CTI:,10 ll.E,r;a;e 
6E 

tl.E = ,IN (40) 

3;a;ec1, 6E - llIIIpIIHa pe13oHaHaca, a N - 'IIICJI0 13aperncTpIIpoBaHm.Ix 
HeiiTpOHOB. Ilocrreµ;Hee onpep;elllleTCj[ cooTH0llleHIIeM N = f xSxext, rµ;e 
f - nJI0TH0CTI:, n0T0Ka, s -nrrow;aµ;1, Ce'ICHII.H ny-qxa, e - o<Ii<IieKTHBH0CTI:, 

perIICTpaIJ;IIII, t - BpeM.H lil3MepeHII.H. 
CoBpeMeHHhle HCT0'IHIIKII YXH [29],[30} IIMCIOT nJI0TH0CTl, noToKa 

f R:J 104n/ CM2c. C'InTrur, 'ITO noTepII, CB.Hl3aHHhle c MoHoxpoMaTIIl3a­
I:,;IIeii B HCCK0lll,K0 HOB, C0CTaBJI.![IOT nopj[p;Ka 0.01, npIIMeM p;llll o<J.><J.>ex­
TIIBH0CTII perIICTpaI:,;IIH on;eHxy E: R;J 10-3. IlpII nrrow;ap;II qmlII:,TpOB 
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Pnc.1. K tpepMHeBcKoMy BhlBo;a;y oaKoHa ;a;ncrrepcnn He:n:TpOHOB 

U1. tJ3 

UJ. 
U,r ) 
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Pnc.2. 'Ipexcrroii:mrii: HHTeptpepe~omn.m tpnm,Tp. 
BBepxy IIOKa3aHa CTpyxTypa OIITl:rlecxoro IIOTe~aJia. 
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Pnc.3. CxeMa rrpe;a;rraraeMoro axcrrepHMeHTa: 

1 - ;a;eTeKTop, 

2 - HHTeptpepe~oHm.m: tpnm,Tp - aH~3aTop, 

3 - Heii:TpoHOBo;a;, 

4 - M0T0p, 

5 - ;a;ncx c IIHTeptpepeH~IIOHHldM 4)1IlII,TpOM 
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IIOp.llµ;Ka 10cM2 IIOJIY'laeM, 'ITO CTaTHCTII'IeC:tlie BO::lMO)KHOCTlI OIILITa 
cocTaBllilIOT N ~ 101 OTC"leToB B cyT:tlI. Ilorro)KIIB µ;ll.ll norryIIIHplIHhl 
penoHaHca 8E ~ 3 HaB, IIOlIJ"llIM, 'ITO "IJBCTBHTem,HoCTL K HnMe­
Hemno IIOlIO)KeHIUl penoHacHa COCTaBll.lleT B cyTO"IHOM axcneplIMeHTe 
tiE ~ 1.5 x 10-12aB. Ilocxom,xy aHeprlI.ll YXH E ~ 1.5 x 10-7 aB, TO ~:z ~ t: ~ 5 X 10-6

• (41) 

PanJMeeTc.ll, :lTO o"leHL rpy6rur on;ema. BonMO)KHM Heoµ;Hopoµ;HocTL 
CTpy:tTypLI lI He1In6e)KHL1e BH6pan;Hll IIPlI Bpall.\CHlilI IIplIBe;a;yT :t aq>q>eK­
TlIBHOMy YIIIHpeHHIO lilIHlilI nponyc:taHIUl lI CHIDKeHlIIO "IJBCTBIITelILHO­
CTII. O;a;Ha:tO O"leHL Ba)KHO, 'ITO o;a;ecL He Bil;D;HO Ka:tlIX-lII160 IIMIITilpJIO­
ll.\lIX aq>q>eKTOB, He CB.lI0aHHLIX C IICKOMLIMlI HeIIOTeHD;llalILHLIMII nonpa­
BKaMII, HO npllBOµ;.Hll.\IIX K CMell.\CHIIIO lIIIHIIII nponyc:taHlI.ll. 

Mo)KHO Haµ;e.lITLC.ll, 'ITO OCYU\CCTBlICHile Ta:toro OIILITa IIO::lBOlIIIT IIO­
lIJ"IIITL axcnepIIMeHTalILHLIH OTBeT Ha BOIIpocLI, IIOCTaBlICHHLie Teo­
pHen. 
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