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CornacHo o6merrpmurron TepMHHonorIDI, ym,Tpaxono,IUIHMH (YXH) 
H83HB8DTCR HettTpOHH, o6H8'A8IO!llH8 cnoco6HOCThID IlOJIHOCThD OTpa -

X8ThCR OT BemecTB8 IIpH nD6HX yrnax Il8'A8HHR. 3HeprHR 8TIDC HSHT

POHOB He IIp8BHlll88T BSHH'IHHH nopJI,IUta IQ-? 3B. Pa60TH C YXH 
6HnH H8~8TH /I/ C uem,n ycoBepmeHCTBOBSTh H3MepeHHe aneKTpH~ec

Koro ,nHilOJII,HOro MOM8HT8 HettTpOHa (3)lM), BOIIpOC o KOTOpOM 6Hn 

nocTaBneH Ha UOBSCTKY ,inm OTKpHTHeM HecoxpaHeHHR CP-qeTHOCTH 

B p8Cil8'A8X K0-Me30HOB 121. O~aKO nepBHe aKcn~pHMSHTH C YXH 

IIpHBSHH K pesyXhT8T8M, npOTHBOpeqamHM COBpeMeHHHM TeopeTnqec

KHM Ilp8'ACT8BX8HH.RM. 0K83anoch, qTQ y,nep~aHHe YXH B COCY'ABX, KO

TOpoe RBXReTCR B8lltHHM aneMeHTOM npH H3MepeHHH 3)lM, 'AHHTCR He 

CTOJII, 'AOHPO, K8K Olm'A8XOCh, HCXOM H3 oueHKH BepoRTHOCTH norno

meHHR, HarpeBBHHR R C06CTB8HHOPO paCU8'A8. 3TO npnBeno K IlOCT8-

¥0BKe MHOE8CTB8 TeopeTH~eCKIDC BOnpocoB, qaCTh H3 KOTOPHX peme

H8 B peipep:epyeMott ,nHCCepTaQHH. 

JLHccepTBUHR COCTORT HS BBe'AeHHR, meCTH rnaB- H 38KnnqeHHR. 

,UBe rnaBH IlOCBRmSHH npoueccaM B38HMO'AeHCTBM YXH C BemeCTBOM, 

TpeTM rnaBa - Bonpocy O rHilOTSTHqecKOM BH'AOH3M8H8HHR KB8HTOBOH 

MeXSHHKR, Il03BOJIIDOmeM OITHC8Th MaCCHBHHe qaCTID.W HepacnnHBaDmllM

CH B01IHOBHM rraKeTOM H Oeh.JICHHTh Manoe BpeM!I Y'A8P~8HHR YXH B 

noBymKax, B qeraeproM rnaae nccne~yerca annaane aep

RBJII,HOCTH OTpaxeHHR Ha BpeMR Y'Aep~aHHR HettTpOHOB B noBymKax, 

llJiTSR - BO~OC8M Tpa~crropT:HpOBKH YXH no HettTpOHOBO'ABM, meCT8R -

Y'A8~8HHD H8HTpOHOB B M8I'HHTHHX HOBymK8X. 

BBe'AeHHe CO'A8PXHT Kp8TKmi o6aop pa6oT no YXH, ony6nHKOB8H

HWC nocne o6aopHoro 'AOKHB'Aa ~e'Aopa .III,BoBnqa illannpo Ha BeHrep

cKott KOH~epeHUHH / 3/ 1972 r. 
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IlepBaJI rJiaBa ITOCBJitneHa llCCJI8,ll;OBOOll!O B3anMo,ne11CTBllJI YXH C 

'l'B8P.IJ:HM T8JIOM, ITpl1tJ8M 3,U8CI, paCCMOTP8HII Te · sa,na'lli, KOTOp!le pema

IOTCJI MeTo,n;aMH Teopl'm B03MJlll8HHH. B §I HCCJie,n;yeTCJI O'l'pallteHHe YXH 

OT n.neDJII,HOll CTeH_Rll, nonyqeHHOe 3A8Cb peI118Hll8 B AaJibHe~-

weM llCITOJII>3Y8TCJI RaR H8B03MYtn8HHOe. B cnyqae OTpaJKeHHJI OT H,n;em,

HOll CT8HRH ypaBHeHne lllpe,nnHrepa np:rrBO,nnTCJI R Bll,D;.Y 

· l i. ~ +·Li -LID· 0(i) J <J!(f;t) = (J, 
'd "t (I) 

r.ne t H3M8pJI8TCJI. B e,nnHHuax )!.;rj'h H 1™88T pa 3MepHOCTb CM2, 

m - Macca HetiTpoHa, /.,,(? = J.rll{, ~ ' ,½ ,· - IlJIOTHOCTI, H,nep B 

CTeHRe, /: - RorepeHTHaJI ,n;JI:rrHa pacceJIHl'JJI H8liTpOHa Ha O.n:HOM JI,npe, 

t) (i) - CTyneHtJaTaJI qJyHRUUJI, paBHaJI I IlpH E > ·cJ H HyJIIO IlpH 

, a CTeHRa npe,ncTaBJIJieT co6off IlOJIYITpOCTpaHCTBO i>O • i,c 0 

OcHOBHb!M BOIIpocoM,KOTOpt!~ l'ICCJleAyeTC.I! np111 nsyqeHl'llf B3aHMOAeMcTBl'I.I! 

YXH C BeU{eCTBOM, JIBJIJI8TCJI Bonpoc 06 scWieRTHBHOM nornomeHnlf, BRJIIO

qaromeM B ce6JI RaK HCTHHHOe rrornomeHRe, TaR n HarpeBaHne n llHHe 

B03MDJKH1!e nporreccu yTetJRll YXH H3 HaROirnTeJII,HHX cocy,n;oB • .1Iro6ue 

npoueccu YTetJKH .IJ:OJilltHil IlpllBO,nnTI, R B03HRRHOB8HRIO MHIDA.Oil'tJaCTH 

y rroTeHUnana Uo 
. f , ,, 

B ypaBHeHllll (I): ll,, : tt. -{ tla • HamitJRe ,, 
lite MHHMOti tJaCTJ1 l( o 03HaqaeT YM8HI,11IeHne RO~eHTa sepRam,-

Horo OTpalltCHHJI Ha BeJilltJRHy 

./1 
k.,_ 

;::::: .2t k.1_' 1 / ?; . ~"~ ~~/4-h1, (2) 
.. . "l(o 

k.J. - HOpMaJibHaJI KOMITOHeHTa BOJIHOBOro B8RTOpa), 

KOTopaJI :rr Ha3IIBaeTCJI K03{f4HuneHTOM rrornomeHnJI. 0,nHaKo He BCSIRaJI 

MHHMaJI tJBCTI, IlpHBO.IJ:llT K yTetJRe HettTpOHOB ll3 JIOBymKlf.,.B HeROTOpIDC 

CJiyqaJIX YMeHbllieHne RoscWinuneHTa sepRaJII>Horo 0Tp8llt8HHJI 03HaqaeT 
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0Tpall!'.8HJ,18 B He3epKaJibHblX RanpaBJl8Hlf.l!X, H 'JTY qacTb ueoOxoAl'IMO 

Bl:l'lliTBTI, H3 (2). 

B §2 CTpOYITCJI qJyHRUl'JJI I'pHHa H8B03MJtn8HHOro ypaBHeHRJI (I) Ra!{ 

,n;JIJI CT8Ul'JOH8pHoro, TBR ll .IJ:JIJI HeCTaUYI~HapHoro cnyqaea. 

B §3 paCCMBTPllBaIOTCJI BCeB03MOlltHil~.npoueccl:l, ROTOpl:le OiillCIIBa

JOTCJI rrepBHM rropJI,nROM CTa~llOHapHOil TeOpllll B03MJtn8HHM: paCCeJIHl'Je 

Ha MaJJHX mepoxoBaTOCTSIX, ynpyroe HeKorepeHTHoe pacceJIHne, rrorno

meHne TOHKllMll IlJI8HK8Mll ll npHMecm.m. 

B §4 llCCJie,n;yeTCJI BTOpoa•rropJI,nOK TeOpllll B03MJtneHllll. C IlOMOtn:E,IO 

BToporo rropJI,nKa y.naeTcJI Bll.n81IllTI, rrornomeHne nptt oTpaJKeHllll OT mepo

XOBBTOM IlOBepXHOCTll RBR H3 3epK8JII,HOH, TBK ll ll3 HesepRaJII>HllX BOJIH. 

IloRa3aHo, tJTO rrornomeHne Ha MaJIHX mepo~oBaTOCTJIX, ycpe.n:HeHHoe no 

yrJiaM rra.neHllJI YI ITO 3Heprl'lll YXH, MOllteT 6UTI, npe,ncTaBJieHO BllpaJKeHn

eM 

/f = fio[i+t1.2,.(.1-c-vi;;'L)] 
/,.,_;r czal 
r✓ o-22; 1 /1(3) 

r.ne 6 - cpe.n;HeRBa,llJ)aTif<rnaJI BIICOTa mepoxoBaTOCTeff, a L - nx 

xapaKTepHmi pasMep B.IJ:OJII, IlJIOCKOCTll. 

B §5 paccMaTpHBaIOTCJI npouecc!l HarpeBaHllJI YXH, OilHC!lBaeMHe 

rrepBl:lM IlOPJI.IJ:KOM H8CTaUYIDH8pHOil TeOpHH B03MJtn8Hl'IH. 

B §6 o6CYJK,D;aIOTCJI B03MOlltHOCTll 06'bJICHllTI, MaJioe BpeMJI y,nepllta

HllJI YXH B cocy.nax C IlOMOtn:E,IO npoueccoB, paCCMOTpeHHl:lX paHee. EcJill 

Ilpll'lliHOH yBemitJ8HHJI rrornomeHHJI C)IYJ!taT TOHKlle ITJI8HRll, a.ncop6npo

B8HH!le Ha IlOBepXHOCTH CT8HOR JIOBymKH, TO MHllMBJI qacTI, IlOTeHUYiaJia 

IlJI8HOR .UOJilltHa 6IITI, MHOro 60Jil,III8 MHllMOH 'l8CTH IlOTeHUYiaJia CT8HKll. 

OCHOBHy!O yrposy MOrYT npe.ncTaBJIJITI, IlJI8HKH, co.neplltamne BO,n;opo.n 

MIDI_ xnop.Harrpnuep,nneHKa C ce'1 Ha IIOBepXROCTH 8e AOJ!Jr.:Ha lfMeTb TOJI

IIIHHY ~ I4 A, 'lTOClb! MOll!'.HO OHJIO OCl'I>.l!CHIITb Ha6nDAa8MOe nornomeHtte B 
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CTeHK8X 6epnnJmeBOii JIOBynIIW. !IJieHK8 B~,Il;ll H8 IlOBepxHOCTH CTeKna 

;nomKHa HMeTh TOJI!IlHHY 6onee.30 2. Taxoe KoJmqecTBo xnopa n BO,Il;ll 

MBJIOBepOHTHO, ecnn y,i:eCTh, qTo JIOBynIIW BO BpeMJJ 8KCnepIDlleHTOB 

rrporpeBamICh, Bcne;ncTBHO qero n xnop n·Bo;na ;noJilltHH 6HJIH yne-ry

qnTMH ;nallte B TOM cny,i:ae, ecmr OHll a;ncop6npoBaHH He B Bn,:ne cnnom-
" HOH nneHKH, a pacrrpe;neneHU BHYTPH IIpHITOBepXHOCTHOro CJIOSI BemecT-

B8 TOJIUtHHOii ,.... IOO j_ 
ManHe mepOXOB8TOCTH, cornacHO (3), He MOryT IIpllBeCTH K CllJ!b-

I 

ROMY yBennqeHmo nornomeHll.fl, 6onhmne lite Tpe6YJl)T ;nononttnTenhHoro 

nccne;noBaHM, KOTopoe rrpoBe;neHo BO 2-oh rnaBe. 

qT06H 06'.bJICHllTh YBennqeHlle nornomeHllSI C IlOMOmhD Heyrrpyrnx 

rrpo~eccoB BHyTpli HesarpSI8HeHHoro BemeCTBa, He06XO;nliMO BBO,IJ;HTh 

rrpe.nnonollteHll.fl, BHXo,wmwe sa paMK.H o6merrpnrm:THX rrpe;ncTaBneHllii. 

HeKorepeHTHOe HarpeBaHne Ha ipOHOH8X He IIp8BHW8eT B8JIINEHH 

2 zm~vf'/I' 
/'1 «> (4) 

r;ne /1 - Macca JJ,IJ;ep, 7 = f;., 4, T /t; ~ k 13 - IlOCTO.!IllH8H nOJ!bQ-

MBHa, T - TeMnepaTYPa cTeHRH, wilJ - ;neCSaeBcKaH qacT~Ta, 

rrpnqeM rrpe.nnonaraeTCH 1-n /M~ ro-I, T ~3oo°K H w,t) = T • 

KorepeHTHOe HarpeBBHHe H8 <POHOH8X ;naeT IIpllMepHO CTOJ!bKO llte. Harpe

B8HHe H8 BHCOKOqacTOTHHX peneeBCKHX BOJIH8X eme Mem,me. OHO MeHb

me H8 BOJill~ OTHOW8Hll.Jl rJIY6lIHH BOJIH K rJIY6:lrne IIpOIIlIBHOBeHllH 

YXH BHYTPh BemecTB8. HarpeBaHlle xe H8 rJIY60KliX ;np0llt8IDDIX llOBepx

HOCTH BemecTB8 M8JIO llOTOMY, qTO HH8KIDC ~8CTOT B ;ne6aeBCKOM cneKT

pe Mano. Bwco;n H8 cos;naBWeroca IlOJIOllt8HliH MOlltHO HaiiTII TOJ!bKO B TOM 

cny,i:ae, ·ec.irn rrpe,:nrrOJIOlltllTh OTJIHqHe cneKTpa HH8KllX ~aCTOT OT ;ne6a-

6 

.. 
t·> 
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eBCKOro. HarrpIDllep, nornomeHHe MOllteT ClIJII,HO YBe~hCH, ec1Il'I H8 

llOBepXHOCTH HMeIDTCH BOJIHH C ~8CTOT8MH IlOpJJ,IJ;Ka-IOIOI'Il H 8Mil1Il'ITy-
O 

;not! r- I A. K yBennqemno nornomeHnH rrpnBO;nHT n rnnoTesa, cornacHo 

KOTOpoii Teno COCTOHT lI8 KJl8CTepoB, KOJ1e6J1IDmHXCJI H888BHCIIMO C qac

TOT8MH~I010 ru. HHTepeCHO OTMeTHTh, tiTo 8T8 rnnoTesa He IIpOTHBO

petmT Ha6.mo;naeMHM 8HOM81Il'IHM B TennoeMKOCTH HeynopSI;noqeHHHX TBep;nHX 

TeJI /4-5/, ~CJIH KnacTepH co;nep,!taT CSonee ~eM ro5 8TOMOB, T.e. 
0 

IDJleIDT pasMepH 60 ~ ?O A. B 8TOM cny,i:ae ~CJIO CTeneHeii CB060;n;H, 

llpHXO;nSimliXCJl Ha KOJle6aHHH KJl8CT8POB K8K ~emnc,B ro-5 pas MeHhme, 

~eM OCT8JlbHHX CTeneHeii CB06p,Il;ll, Il08TOMY ll BKna;n B Tenn_oeMKOCTh 

BO CTOJ!bKO lite pas M8Hhme. 

Bo BTOpOii rnaBe T8K llte, K8K H B nepBoii, paCCM8TpHB8DTCJI 

rrpo~eCCH B88HMO,:neiicTBM YXH C TBep;noii CT8HKOii, O;n;H8KO s;nech llC

CJle,Jzyl'.)TCJl T8 sa;na~. KOTOpHe He no,rmaIDTCH
0 

pemeHmo MeTo;naMH TeopHH 

B08M]meHHii. 

B §I paCCMOTp8HO pacrrpOCTP8HeHlle YXH B CJIOllCTHX cpe;nax, 

IIpH~eM no~eHH <POPMYJIH, y;no6HHe ;nM rrporpaMMnpOB8HllH H8 3BM. 

B §2 p8CCM8TPHB88TCH OTp8llt8HHe OT IlJIOCKOCTH, Kor;na B6JIH8H 

llJIOCKOCTH BHO cpe,Il;ll H8XO;n;HTCSI mapnK. 3Ta sa;na~a nerKo o6o6maeT

CH Ha cny,i:att, paccMoTpeHHHii B naparpaipe 3, Kor;na OTpaxeHne rrpo

ncxo;nnT OT cpe;n;H, co;nepJ1tameii B6JIHsn noBepXHOCTH paa;nena Baxyofil. 

F.cJIH B8KYOJ!b HMeeT ,:nOCT8TO~O CSOJlhmHe p88M8pH, qT06H B Heii rro

JlBHJIHCh CBJI88HHHe ypOBHll, TO na;naDUUdl H8iiTpOH C 8Heprneii, CSnns

KOii K·,:nncxpeTHOMY ypOBHIO,HCITHTHBaeT CHJII,Hoe yBeJ!HqeHHe nornome

HRH, KOTopoe BHpa:meTCH pe80H8HCHOii <POPMYJIOii 
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.2 f7. c/z: _f_;;_L ...;;.Ii:..__,,,.-,--:-;, 
,6p :::={.2Jt) k2- JT (k!_k/+S}2-i,(;;+r;f ~ 5) 

r.ne h 1 - ITJIOTH£C~J:, BSKyOJieil 38.IJ;8HHOro pa.neyca 'Z Ha rJrY-
.l 

OHHe .Z B HHTepBaJie olr . , k,, OTBetJaeT :mepr1m ,nHCKpeT-

Horo ypoBHSJ B BaeyoJIH, r;_ H r;_ - rnHp:imu, nponoprmoaaJIJ:,HUe 

cooTBeTCTBeHHO lf," H k 2 e-k''r , npHtJeM c - pacc;~mrne 
,,r--:T 

OT noBepxHOCTH .no KpaSI BaeyoJIH, k = Y tt. -k - , k. - ,,¥,OJI-

HOBoe ~cJio na,naBJmero HeilTpoHa. BeJIH'iliHa d , xapaKTepH3YJllll8.fI 

CMemeHHe pe30H8HCHoro ypOBH.fI, T8K JKe, K8K H fi , nponoprmo

H8JIJ:,H8 ezp {-k "-t) , T.e. yOuBaeT C y,naJieHHeM noJIOCTB'. OT no

BepxHOCTH. BupaxeHHe ( 5) npe,ncTaBJISieT co6oil norJiomeHne, ycpe.n-

' HeHHOe no yrJiaM na.neHH.fI. 0HO"OK83llB8eTC.fI OOJIJ:,IIIHM BOJIH3H 

k 2 ::=k:-r, 
(; L If 

/1 ~ _!_~ze~z1 
r; . ~ ( 6) 

2 
0.nHaKo HHTepBaJI 3HBtJeHHil k , r.ne ./1. Bemrao, TeM MeH:r,rne, 

'leM ,I{8JIJ:,llle H8XO,nliTC.fI ITOJIOCTJ:,. Ycpe.D;IIeHHe BiipaJKeHHSI ( 5) no 8Hep

rHH na,naromero HeilTpoHa, a TaJ<Xe no pa.neycaM H.noJioJKemm Baeyo

Jieil ,naeT .IJ;JISI cpe.D;IIero Koacpp~eHTa norJiomeHHSI BeJili'!HHy 

.11 ~ /I, ( I - i .2 · V,, · 111 /lo ) , ( ?) 

$ 
r.ne ~ = ":I z npe,ncTaBJISieT cpe.D;HHil Koaqxp~eHT norJiomemm 

IlpH OTp8.11teHHH OT H,IJ;eaJIJ:,HOH nJIOCKOCTH, a v,, - y,neJIJ:,H8.fI no

pllCTOCTJ:,. 06WJHO y,neJIJ:,H8.fI nopHCTOCTJ:, MaJia H II08T0My He IlpHBO,nliT 
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K CHJIJ:,HOMy yBeJIH'leHHBJ K08Cpp~eHT8 norJiomeHH.fI, O,nH8KO B 8KCTpe-

118JIJ:,HllX CJiy'18.fIX (HanpIDdep, HeHaMarHHtJeHHUH ~eppoMarHeTHK) ee 

BJIHmrne MOJKeT OUTJ:, CYllleCTBeHHO. 

B §3 paCCM8TpHB8eTC.fI norJiomeHHe IIpH OTpaJKeHim OT p83MilTOH 

IIOBepXHOCTH. PaaMUT8.fI noBepXHOCTJ:, MOJKeT C'iHTSTJ:,C.fI npe,neJIJ:,H~ 

CJiy'18eM CHJIJ:,HO mepoxOBSTOH noBepXHOCTH C BllCOKHMH ll Y3KHMH me

poxOB8TOCTm.m:. ,UJISI Toro, 'iTOOll IDJeTJ:, ,neJio C BH8JIHTH'leCKH pemae

MOil sa,naqeil, IIOTeHi:maJI B38IDdO.IJ;eilcTB.il.fI HeHTPOHa co cTeHKOH npe.n-

CTSBJISieTC.fI B BH,ne 

ti= 
llo 

1 + exr{-r/L) ( 8) 

r.ne BeJIH'JHHOH, xapaKTepH3YIDllleil p83MllTOCTJ:, rpaHmn,, .fIBJISieTC.fI i7 • 
PemeHHe ypaBHeHH.fI II!Pe,nHHrepa C IlOTeHIUJ8JIOM ( 8) H3BeCTHO 161, 

-Heo6xo.IJ;IDJo TOJIJ:,KO Ha aToro perneHHSI H3BJieTh rrorJiomeHne. Ilorno

meane, ycpe.D;IIeHHoe no yrJiaM na,neHH.fI H aHeprHRM, MOJKeT OUT:r, rrpe.n

cTaBJieHo B BH,ne fl = .;4
0 

. -f (lt,,/J, 

f1dJ "'[ 
i + r ll.t~ 

2 ,Ii;; f 

l 

"'!'LI lf,l<~.f' 

"f,'< l(, /~1. ( 9) 

CpaBHllB8.fI ( 9) C ( J ) IlpH U, /'~c- 1 , Bll.D;liM, 'ITO -t MOJKHO 

CBSI88TJ:, co cpe.D;IIeKB8.llJ)8TH'IHOil BliCOTOR mepoxOBaTOCTeil 6 
2 ;,;<- .t. 6 = ; /: • B pe3yJIJ:,T8T8 B!ip8lK8Hll8 ( 9) OK83HB88TCH 

IIp:lll'O.D;II~ ,nJISI Olll!C8HH.fI norJiomeHHH IlpH OTp8lKeHHH OT mep6XOB8TOH 

noBepxHOCTH C JIDOOtt cpe.D;IIeKB8.llJ)8TH'iHOH BHCOTOH mepoxoBaTOCTeil, 

Ho c l.= tJ • Ilo_CKOJIJ:,Ky npn BospacTaHim L norJiomeHHe, corJiac-
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h 
:ji 

Ho (3) , y61maeT, a npn 6om.mroc L norJiomeHlle, ecTeCTBeHHo, 

OKas1rnaeTCII BO CT01Il,KO lite pas 601II,1Ile l'o , BO CKOlII,KO nJioma.m, 

peaJII,HOil noBepxHOCTll 601Il,llle H,I1;ea1II,HO poBHOil, T.e. B 

s 
50 ~ < ✓ i +{v '5 (x,~J)~ ~ /1+.t i~i' (1 0) 

pas, r'Ae 5 {X,)) o6osHaqaeT BHCOTY Ha'A TO~on (~~)' TO 

MOJKHO CKOHCTpJ'EPOBaTI, ~opMy1!y, KOTOpaH e,n;mJHM o6paSOM OXBaTHBa

eT BCe npe'Aelll,HHe c~aH ll MOEeT 6HTI, ncnOJII,SyeMa 'AJIH oqeHKll 

norJiomeHHH npH oTpazeHHH OT mepoxoBaTott noBepXHOCTH npn J006HX 

SHaqeHWIX napaMeTpOB noBepXHOCTll: 

.Jf ,;::; )'. (1 + 
.2 t?:l.llo 

j_ -d, 2 ·L /ii:+ L '-lfo 
{1 I) 

B11paxemm { 9) n (1I) n0Kas1ma10T, 'ITO 'AOCTaTo~o mepoxoBaTaH 

noBepXHOCTI, MOJKeT CHlll,HO YBeJIRqnBaTI, K03/f.q)Ht(HeHT norJiomemm:. 

0µ,HaKo H86JIIO,IlaeMoe 601II,moe norJIOIIl8HHe Bl)Jm 1Ill MOl!tHO OTH8CTH sa 

cqeT mepoxoBaTOCTett, H6o B TaKOM . c~ae Ha6~aJIOCI, 6s 

cH1II,Hoe YBe.nnqeme nor11omeimH KaK 'AJIH xopomo norJiomall!IU!X, TaR 

n 'AJIH cJia6o norJioma10111HX BemecTB, qero Ha axcnepm&eHTe saMeqeHo 

He 6HJIO /?I. 
B §5 paccMaTpllBSeTCH T80PHII MHOrOKp8THOro paccemnm BOJIH 

Ha H'AeSJII,HOM KpHCT81IJie C qeJII,IO BWICHHTI,,He CYIIleCTByeT JIR KaRo

ro-HR6Y.JU, npocaqHBaHHJI HettTpOHHOtt BOJIHH, o6ycJIOBJieHHoro ~CKpeT

HOCTI,D cpe,!Ul. IloKaSaHO, 'ITO npocaqnBaHHe He HMeeT MeCTa. 

rJiaBa 111 HDCHT rmIDTeTnqecKml xapaRTep. B Heit npe~oJiaraeT

CH, "'ITO HettTpOH MOJKHO npe~cTaBRTI, HepacwnmaDIIIHMCII C(pepiAeCRliDI 
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BOJIHOBHM rraK8TOM 

-pli"-ltl if';;"-iw-1: 

CJ! (7, I:)= C ~z-Fff e. ' (12) 

r'Ae lr.J = J I k 2._ l) , BpeMH I. nsMe:psreTCH B e,nnHnqax f"7 / ~ 
ll HMeeT pasMepHOCTI, cu?-, C. - HOpwq>oBoqHaH IlOCTOHHHaH, paB-

HaII VJ/,t:r/ , a J =.t-k , npnqeM of- HeKml napaMeTp Teo-

po. BoJIHOBOil naKeT (12) nO'AqllHJiOTCH MO,IJ;ll~HqHpOBaHHOMy ypaBHe

mm Illpe;~irnrepa 

( 

· fJ + f ) IV(-,.f" - .... ,'I.;; -/wf 
11t 

2
Ll L r/ ,1 ==-.2.77c-'i!(r-N)e 

(13) 

'B KOTOpOM np8B8II qacTI, q>aKTH'!eCKll co~eplltllT HaqalII,HOe yCJIOBHe, 

xapaKT8Pll8Yfillllee Haqalll,HYD TpaeKTOpH!O HeiiTpOHa. B!:ipaJKeHHe (12) 

llM88T TO 'AOCTOllHCTBO, qTO OHO o6~e,D;llHH8T B ce6e CBOHCTBa BOJIHH 

H qacTllqH ll IlOSBOJIHeT HenpepHBHHM o6paSOM nepeXO,D;llTh OT BOJIHO

BOi OilTllKll K reoMeTpnqecxon. KpoMe Toro, OHO noSBOJIHeT ylll,Tpa

XOJI0,11,HBM HettTpOHaM npoxO,IJ;llTI, Ha'A noTeHUllalII,HHM 6ap1,epoM, COS'Aa

BaeMHM CTeHK8Mll COCY'A8, C BepOJITHOCTI,D ~ ol • 

B rJiaBe IY llCCJI8'AY8TCH Bonpoc O BJIWml!ll sepK81Il,HOCTll OT

paxeHWI HS 8KCnepBMeHT8JII,HO HSMe:psreMoe BpeMii Y'AepJtaHWI YXH B 

COCY'A8X. 06~0 qncJIO HeiTpOHOB, OCT8BlllllXCH B 1IOBYJIIK8 no HCTe

qeHHH BpeMeHH t: 1 OIIHCHBBDT 8RCnoHeHUll8JU,HOff S8BHCHMOCTI,IO: 

JI If) ==-J/1°) e-xp (- i yf) , ( 14) 

r'Ae 11 - Roaq$mlleHT nor11omeHHH, ycpe,IUlelilllrl! no yrJiaM na'AeHllH, 

II 



f - cpe,ll,HIVl ,D;JIHHa npo6era YXH B JIOBymKe, KOTOPYJO MOlltHO npe,n;

CTBBllTh B B~e OTHOWeHllH ytl8TBepeHHOro o6~eMa K IlOBepxHOCTH 

CTeHOK JIOBynIIm 1 = Yr /S , 'I)- - CKopocu HeiiTpOHa. lls Bupa-

llt8HllH (14) CJie.nyeT, 'ITO BpeMII y,n;ePJ[amm paBHO 

7= t 
},if • ( 15) 

0,n;HaKO BupBJKeHne (14) 6HJIO noJiytieHO HCXO,Il;II HS rrpe~OJ!Olltemm o 

'!HCTO ,n;n<fxpy8HOM xapaKTepe OTpalltemm YXH OT CT8HOK / 3/. IIpe,n;CTaB

JIHeT HHTepec BHRCHHTh,KaK CKallteTCH HaJIH"IB8 sepKaJ!bHOCTH OTpallte

HHR Ha BpeMemr y,11;epJB:am1.11.He rrpnBe,lleT Jlli OHO K YB8Jlll.lqeHHll ,ll;JIHHH 

npo6era B cocy,n;ax, HMeIOIJlllX ipopMy .D;JIHHHoro IUIJIHH.IIJ)a? EcJIH OT

pa~eHHe llOJIHOCThlO sepKaJ!bHO, saBHCHMOCTh noJIHoro "IBCJia H8HTPO

HOB, OCTalOIUlIXCH B JIOBymKe no HCTeqeHHH BpeMeHH '-C , OT~aeTCR 

OT :mcnoHemmaJ!bHott, H6o ,n;JIHHa npo6era pa81IH'!Ha ,n;mI pasHHX HeiiT

POHOB: 

f { v'f/p} 1· 
/V(f }= ;1/(o},.exA - /I.fl} 7J',f d/l , (16) 

r,n;e J'L - TeJiecmm yrOJI rra.n;eHHH Ha CTeHRy • B paCCMaTPHB88MOii 

rJiaBe HCCJie,n;OBBH IIpOM8JltYTO'IIIllH CJiytiaii, Kor,n;a 88KOH 0Tp8%8HIDI 

OT CT8HKH HMeeT BH,D; 

W ( Jl, Jl.) == ( i - c; .,4/J1J)~(JI-.R")+- c 6'. AIJl}, AU?.,)l'o~e, (17) 

npnqeM ,,4/Jl) = Col fJ , 19- - yroJI na.n;eHHR, e. = 3/.2~ 
a 'r; - napaMeTp sepKafilHOCTH. PaCCMOTpeHO y,n;ePJltaHHe B KOpOT-
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ROM cocy,n;e THITa etpepH H B ,D;JIHHHOM cocy,n;e THna 6eCKOHe'!Horo UH

JIHH.IIJ)a npn H30TPOITHOM HaqafilHOM pacnpe,n;eJieHHH. IIoKasaHo, qTo 

IlpH J, / C c::= i 3aBHCHllOCTb y,11;epJB:aHHl,IX HeiiTpOHOB OT BpeMeHH 

B CJiytiae c(f,epu HMeeT Bli.D; ( 14) , a B cJiytiae UHIDIH.IIJ)a - HeMHoro 

OTJIHqaIOll!HHCH: 

J 1 r ( pvf.r;.)rl 
/v(t) = /v/o) Ji (f-f.}2+r'- exp - -Z- P, (18) 

r,n;e P. z 
:;, 
a,. • a r---?.-t • Ilpn MaJIWC f>,, BHpaJIW-

mm (18) n (14) cpaKTHqecmI coBna,n;aIOT. TamlM o6pasoM, MOJKHO c,n;e

JiaTh BHBO,D;, qTO 3epKaJ!bHOCTh cymeCTB8HHO He yBeJIHqHBBeT ,D;JIHHY 

npo6era, ecJIH ./' 4c' C1. • RpoMe Toro, B 3Toii r JiaBe npocJieJKeH 

TaIOKe nepexo,n; li K "IBCTO sepKafilHOMy OTpaJKeHHIO 6 - 0 

I'JiaBa Y IlOCBJlllleHa HCCJI8,D;OB8HHIO rrpouecca pacnpocTpaHeHHH 

YXH no IUl'JIHH.IIJ)HqecKHM HettTpOHOBO,D;aM. 3Ta sa,n;aqa 8KBllB8JI8HTH8 

sa,n;aqe O TeqeHHH pa3p8lK8HHOro rasa, ITOCJie,n;HHH lK8 IlpHBJI8K8JI8 

K ce6e BHHMaHHe C ,n;a~nx nop 181, 0,n;HBKO pemaJiaCh OHB TOJ!bKO 

,D;JISI .n:H<ppY8HOro OTpallteHHH OT CT8HKH HJIH ,n;mI ,D;Hffl8H0-8epKaJ!bHO

ro OTpBJKeHHH (1 ?) rrpn A I.fl),-== i. • B pecpepHpyeMofi pa6oTe aTa 

sa,n;aqa pemaeTcH TaIOKe ,n;JISI CJiytIBH A/J2.) = Co~~ • Oco6eHHocTh, 

KOTOp8H,B08HHKaeT ;II.JiiI YK888HHOro 38KOH8 OTpaJ1teHHH, COCTOllT B 

TOM, 'ITO yrJIOBOe pacnpe,n;eJieHHe riefiTpOHOB Ha BHXO,n;HOM OTBepCTHH 

co,n;epl!WT y8KO HanpaBJieHHYJO KOMIIOli8HTy, CYJKBIOieyJOCH B HarrpaBJI8HHH 

OCH IUl'JIHH.IIJ)B TeM 6om,me, q9M ,D;JIHHHee HefiTpOHOBO,D;. 

B rJiaBe YI pacCMaTpHB88TCH y,n;epiitaHHe YXff B MarHHTHHX JIO

ByJIII(BX. llco11e,n;onaHne npoBo.D;HTCH Ha npHMepe MarHHTHoro noJISI 

meCTHilOJIIOCHHKa. PaHee 8TB sa,n;aqa pemaJiaCh IlOJiyRJiaccW{eCKH / 9/ 
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H trucneHHO /IO/. 3~eCb ~e OHa pemaeTCR RB8HTOBOMexaHHqecRH, 

npnqeM c TO'IRH speHM RBaHToBoil MexaHnKH npe~cTaBMeT co6oii 

ymrRanbHl:lli npHMep, ROr'Aa 'AO Roima npocne.lKHBaeTCR pacna'A HecTa-

6Hm.Hoil CHCTeMH. YpaBHeHHe I!lpe~Hrepa 'AM HeilTpOH8 B MarHHT

HOM none HMeeT BH~ 

{·-1- 'cJ <J!frzt)=[-1-'-t1-11-1fff)•-:i'1Y!r~-t) 
h "o-f , ,2,., .I ., J , (13) 

r~e /t., - MarIDITill:lli MOMeHT HeiiTpOHa. -;r - M8TPHIUl Ilay;m, 

Ti ("i'} - MarHHTHOe none • 

.IJ..7III H8ilTpOHOB, llOnRpH30B8HHUX ~Ollh ll0.7III 

(!;fr!) J') Y!t;;;f)== /(('zj ~(i;-1-)' (20) 

H CT8UHOH8pHoe pemeHHe ypaBH8HHR (19) HMeeT ~CRpeTirntt crreRTp • 

.IJ.;rm llpOTHBOllOHOlKHO ITOnRpH30B8HHUX HeiiTpOHOB MarHHTHOe-rrone 

llp8'ACT8BMeT co6oil He llOTeHunam.HYl(J SlMY, a llOTeHUHam.Hm! rop6 

(B CJIY118 e meCTllllOJOOCHHRa // (11) ~ 2' 2. ) H COOTB8TCTBYKJatee 

ypaBHeHHe HMeeT HenpepliBm cneRTp. 0'Att8RO onepaTop (iiriJF) 
HMeeT RBaHTOBOe '!HCHO If fz} , 38BHCRatee OT ROO~HaT, H 

rroaTOMy OH He ROMMyTnpyeT C RHH8THqecRHM qneHOM nomroro raMHm.

TOHHHB, a 8TO,B CBOD oqepe~,oaHaqaeT, ~o npoeRUHR CITHHa HettT

pOH8 Ha H8llp8BHeHne MarJIBTHOro IlOM He coxpaHSieTCR, CilHH CilOH

T8HHO nepeBopatruBaeTCR ll HettTpOH yxo~T H3 HOBymRH. Ec;m llp8'A

rronolllliTh, qTo rrepBOHaqam.Ho HeiiTpOH HMen crnra, napannem.HI:ru 

rrom,n H8XO~nCR Ha H8ROTOpOM ypoBHe, TO 'ABnee Y'A88TCR npocne

~n. RaR OH nepeXO'AnT B HenpepliBHim cneRTP, H TeM C8MliM onpe-

14 

'AOJll!Tb BpeMR: l!W3HH YXH C 38'A8HHOH 8Heprnen. HHTepecHO OTMeTHTh, 

~o B cornaCHH c 8'Ana6aTH'IHOCTbD BliCOROaHepreTnqecKne ypOBHH 

C M8JWM 8RC~eHTpHCHTeTOM op6HT ll~YT rop83'AO 'AOm.me HH3R08Hep

reTHqeCRHX. 

OCHOBHlie peaym.T8Tli, BOWe,llllllle B 'AnCCepTa~, orry6nnROB8Hli 
B pa6oTaX /lI-I9/_ 

JlnT~paTypa 

I. B.H.JIYDtHKOB, IO.H.IloRoTnnoBcRnii, A.B.CTpeJIRoB, ~.JI.illarrnpo. 
lliICbMa JKS'N>, g, 23 (!969). 

2. J.H.Chriatenson e.a:. Phys.Rev.Lett: 11., 138 (1964). 

3. ~.JI.illarrnpo. Coo6meHne 0Hffi1, P3-7I35, Jly6Ha, 1973. 

4. R.B.Stephena. Phys.Rev.~. 2896(1973). 

5. H.P.Baltea. Solid State Commun • .11, 225 (1974). 

6. JI.J{.Jlaff'Aay, E.M.Jinqinnm. KBaHTOBaR MexaHnRa. cJ.>naMaTrns, 
M., 1963. 

7. JI.B.I'pomeB n 'AP· IlpenpnHT owm, P3-?282, Jly6Ha, 1973. 

8. P.Clauaing. Ann.der Phya.Jl,961 (1932). 

9. B.B.Bna~cRHii. JKS'N>, :ill,, 1062 (1960). 

IO. H.M.MaTopa. H~, XYI, 624 (1972). 

II. B.K.HrHaToBnq. IlpenpHHT OIDIH, P4-6553, Jly6Ha,l9?2. 

I2. B~K.HrHaToBnq. CooomeHHe OHml, P4-6940, Jly6Ha, 1972. 

13. B.K.Hr.HaToBnq. CooomeHne OIDIH, P4-7055, Jly6Ha, 1973. 

I4. I.Bercheanu, V.K.Ignatovich. Vacuum, ~,441(1973). 

15. B.K.HrHaTOBH'i, A.B.CTerraHOB. Coo6meHHe OIDIH, P4-7832, 
Jly6Iia, 1974. 

15 



16. B.K.HrHaToB~q. Coo6meHMe OWM, P4-?83I, ,l]y6Ha, !974. 

I?. v •. K. Ignatovich. Preprint JINR, E4-80)9,Dubna; 1974. 

18. V.K.Ignatovich. Preprint JINR E4-8404,Dubna·•1974 •. 

19. B.H.BfMMOB, B.K.HrnaToBM'l. Coo6meHHe owrn:, P4-8253, 
Jly6Ha, 1974. 

PyKOTIHCb nocTynuna B usjaTeflbCKH~ OTAen 
7 anpe;rn 1975 r. 

16 

I 

\ 
! 




