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I. BBEJl,EHJ1E 

J1 B nHottepCKHX TeopeTHqeCKOH pa6oTe 5J.E.3enb)l0BHqa 1959 r. (1], H B 

>KcnepHMeHTe rpynnbl corpyiiHHKOB flH<!> B.H.nyumKoaa, JO.H.l1oKoTHnoscKoro, 

A.B.CTpenKoaa H <l>.fl.Wanwpo 1968 r. [2], H B nocne)lOBaswHx nocne omro 

nepsoro ycnewHoro 3KcnepHMCHTaJJbHOro Ha6mo.aeHH51 YXH MHOrHx COTH51X 

npyrnx pa6or noKa HCT orsera Ha sonpoc o npH'-nme COKpaweHJUI (no cpasHCHHJO 

C npeilCKa3aHH"MH TeOpHH) BpeMeHH HX xpatteHH" (3]. 

npe.unonO)KCl:IHC 0 ero COKpaweHHH H3-3a Heynpyroro paCCC.SIHH51 YXH Ha 

OpHMCCHOM BO.llOpO.UC, BCCf,U3 HMCIOlllCMC51 B orpatH!.l.JHS3lOlllCM 06'bCM Xp3HCHiUI 

OOBCpXHOCTIJOM CJIOC JIOB)'UJCK, 06b51CH51CT 3HOMaJ1HlO JlHUlh 43CTHY.HO. 

B ro )KC speM51, KaK noKa3aHo HH)Ke, ne-B33HMo.neiicrnHe 33 Cl..J.CT 6onhwHx 

MartiHHib!X MOMeHTOB tteHTpOHa (~ = 9,66· J0-24 Opr/fc) H 3J1eKTpOHa (~ = 
n e 

= 9,285·1 0-2) 3pr/fc) Oco6eHHO B MOTaJtnaX, qaCTO HC00Jlb3yeMb!X B KaqeCTBe CTe

HOK JIOByuiCK, MO)KCT OK333TbCSI JlOMHHHp)'lOWCii npl11.iHHOfi BhllllC)'OOMSIHyTOfO 

COKp3lli.CHH51. 

4TO )KC K3C3CTC51 JlOB)'lllCK C JHI3J1CKTpHlJCCKHMH BH)'TpCHliliMH CTCHK3MH, B 

KOTOpLtX B 1981-]982 IT. 6btJ1H 3a<jJHKCHpOBaHbl peKop)lHbte )In" TBOp/lOTenbtX 

cocyi!OB speMetta xpattettH" YXH ~ = 290 c (KBapu, 0 = 6,4 CM, I= 100 eM) [4] 
xp. 

H ~ = (950 ± 60) C (AJ C ttaMOpOlt<CHIIbiM T")!(eJIOBO)lllbiM Jlb)IOM, 0 ropH30H
xp. 

TaJlbHOfO )lH3 - 52 CM, BblCOT3 UHJUIH)lp3 - 28 CM) (5}, TO, K CO.)KaJfeHHlO, HX 

WHpOKOfO HC00Jlb3083HJ.HI Jlp)'H:IMH SKCnepHMCilT3TOp3MH DOK3 HCT. 

npH'·HIH3 )'BeJ1Hl·ICHHSI 'txp. B Cocy.nax C ;J.M3JlCKTpHl.JCCKHMH CTCHK3MH Ol.JCBH)l-

Ha. Bee sneKrpOHhi .llHSneKTpHKa Janonwuor yposHH ::mepren~P·ICCKHX 30H TaK, :.JTO 

,ll.ll51 JH06oro H3 HHX HCT CB060)lHbiX COCTOSIHHii: C OOJIHOii: 3H.Cpnte.H MCHblllCii, tteM 

H3 33HS!:TOM HM ypOBHC. 3TO H .[leJ13CT nepe.uayy 3HCpfHH JIJ06oro 3JJCKTpOH3 Heii:T

pOH)' MaJIOBep051THOii. 

B Merannax )KC 3lleKtpOHhl HMetomeH cnnowHoH cneKTp yposueH 3Hepm.H E 

30Hbl DpOBO.UHMOCTH )l3)KC npH HH3KHX TCMnepaTypaX 3acemUOT HC BCC COCTOSIHHS 

IlO)l ypOBIJCM <l>epMH Ep T.K. lJ3CTb H3 HHX npe6biB3lOT Ha_ yp0BH$1X BbllllC f..F' 

nocneJ.tHee H ysenw·JHBaer sepo.IITHOCTh nepe.nat.~M m.mynhca oT 3JleK-rpOHOB, 3ace-



muowHx coCT051HH.sJ c E > £p YXH c nocne.uytOlUHM nepexonoM e- ua cso6oll.Hble 

liH)I(eJJe)KalUHe ypOBHH 30Hbl. 

To, qTo " ~ = 290 c (B [4]), H ~ = 950 c (B [5]), HeCMOTP" Ha ~. /14 > 3, 
xp. xp. ::;, 

H33B3Hbl peKOp.D.HblMH~ He 51BJUieTC51 OfOBOpKOH. Jl.eJJO B TOM, liTO 6.11aro.nap» 60JJb

illeMy o6DeMy xpaHeHHR B cocy.ae [5J u onrHMaJJbHOii ero ¢opMe tJacrora BJaHMO

)leiicTBHii YXH co cTeHKaMH cocyJla B [4] • HecKOmKo pa3 6on•we, •eM • [5]. 

no3roMy y nosepxHOCTH Ksapua cnoco6HoCrh orpa)Karh YXH cKopee .na)Ke Bhlllie, 

qeM y T•JKeJJOBO)lHOrO Jlb)la [4,3, CTp.l44). 

B npHnosepxHOCTHOM cnoe Mera.nnw.J.ecKoro cocyn.a Ha YXH, cKopocrb Koro

poro v - 500 cMIC (H, cne.nosarenbHO, KHHeTW·JeCKrui ero :meprn.sJ E = 
n • 

mi 
= ; n- 1,3·10-7 3B), BoJ.neHcrsywr rpH noroKa: noroK .s~.nep c ero nnorHoCTblO 

¢ =n V -1023 500=5·1025 CM-2 C-J; DOTOK C .. 3aHHhiX C •)lpaMH 3JleKTpOHOB, 
• • n 

npaKTW·ICCKH He cnoco6Hb!X Harpesarh YXH 11 noroK e- 30Hhl nposo.nHMOCTH q, c 

v<:vF-108 CMIC [6]. 

2. nJIOTHOCTh nOTOKA B035Y)I()lEHHh!X 3JIEKTPOHOB 

30Hbl nPOBOJU1MOCTH 

4T06bl HafiTH $ = /j. V N (.6, - OTHOCHTCJlbHru!: )lOJJ.SI B036y;KJlCH!IbiX JlO 

e > eF e- 30Hbi nposo.uHMOCTH, V - HX cpeJlH.SUI cKopocrb, N - nnoruocrb scex 

e- 30Hbi), ueo6xo;UiMO cHal.Jana oueHHTb D.. IlpH6m-t:>Ketutyro oueHKy A HaH6onee 

npOCTO llOJI)'l!HTb aHafB1THlJCCKM, 00Jlb3)'51Cb TeM, '.JTO 6e3p33MCpHble HJITerpa'lbl 

..!._ J /(E)dE OT pacnpeAeJJellli" <J>epMH-.QHpaKa BepO.TIIOCTii 33DOJJHeiiH" ypOB· 

EF . 

E-E -1 

HeH/(E);;;:( e kTF +} J (tF-- pa6ora BblXO.ila e- IH MeTanna) HMCIOT H3BCCTH)'to 

e-e 

nepsoo6pa3HYIO <jlyHKUiiiO Y(E) = ~~ [ k~ -In[ I + e k/)] [7]. To, "TO cna6o 

33BHC.Silllrul OT €. nJJOTHOCTb ypOBHeH p(E)- El /
2 B OUeHKC He )'YJ.1TbiB3eTC51, OpHBe

.ner mflllb, K3K JJCfKO llOHSITb, K He60J1blll0M)' 33HlDKeJ-IHIQ BeJ1WH1Hhl /l no cpaB

BeHHKJ C HCTHHIIhiM ee 3Hal.JeHHeM. 
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Tor.ua c ytJeroM roro, lJTO nonHru~ rny6HHa noreHUHaJibHOH .sJMbt 30Hbl npo

BOJlHMOCTH V = 2£F 

2EF EF 

L J j(E)de-..L J j(Ede 
EF 0 EF 0 

.1::::: 2 e, 

..L J J(E)de 
EF 0 

2e, 

llHB3pH3HTHOCTL HHTerpaJia ..!._ J j(E)d£ 
EF 0 

nonh3Y"Cb BhiweynoM•HYTOH Y(e), nonyqaeM 

2e [ •, I ''( '')] ..!._ { j(e)dE = kT 2EF -In I+ ekT l = kT 2EF- ;u I+ e -iJ -
EF 0 EF kT _...f. EF kT In e, =I. 

l+e kT l+e-kT 

2e, 

(I) 

(2) 

K - I 
3K BH,IlHM, .UCHCTBHTCJlbHO-

EF 
J j(e)dE He 3aBHCHT )laJKe OT TeMneparyp•r T 

0 

so sceH o6naCTH 0 < T <C)() H HMeer nocT051HHYlO, paBHYlO 1, senHl.JHHy. 

2e, 

I f kT 
nocne nora HaXOJlHM t.. ~ I -- j(e)de ~ - In 2, a !UIOTHOCTh ¢ c yqe-

EF 0 EF 

TOM TOro, liTO v- v F' }l1151 KOHKperHoro Meranna Me,D.H c N = 8,46 . 1 o22 I CM
3

' 

vF=I,25·108 CM/c (EF=4,4 38) npH T=300 K t-.=0,0041 H ¢~ 

~4,4·1028 e- · cM-2 · c-1. 

npeJK.Ue t~eM BhlliHCJUI.Th scP<t>eKTHBHhte nonepe1..JHLJe ce1..JeHH51 nepe.!lal.JH sHep

nm YXH or sneKrpoHOB, none3HO o6paTHTh BHHMaHHe Ha cne.nyromHe HHrepec

Hble y)Ke o6Hapy)KeHHLie sKcnepHMeHraropaMH cpaKTLT • 

.Uoa )lec•mneTH" TOMY Ha3aA aBTOphi pa6oThJ [8] npoBenH npHHUHnHaJibHO 

sa)KHLIH sKcnepuMeHr. B onblrax c cocy,uaMH-JlOB)'l.llKaMH c MerannHt~eCKHMH (Cu) 

oTpaJKaiOIUHMH nooepxHocT"MH npH T- 300 K HM yJlaJIOCb H3MepHTh 3aBHcH

MOCTH or speMeHH KaK l!Hcna YXH N(t) BHyrpH cocy.na, raK H l.JHCJJa Bblllle)lll1HX 

H3 Hero HeittpOHOB H HX 3Heprn!O E SHe COCy.na. 
n 
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nonytteHHbiH xo.n N(t) oKa3ancs CHHxpoHHhiM c xo.noM n(t), npw·teM senHt·IHHht 

N(l) H n(1) npaKTH"eCKH cosnananH npH scex 1 (N(I) cna6o npesanHposanH Han 

n(1)). 

He MeHee HHrepeceH H sa)KeH HX pe3ynhrar H3MepeHHS 3HeprHH en noKH-

HYBlliHX cocyA HeiiTpOHOB. Ee sen""""" 6bma· 0,0002 $£ :> 0,025 oB T.e. noqTH 
n 

see npOHHK.WMe CKB03b creHKH cocy.na n H3 YXH npespaTHJ1HCh s TennoBhle. 

ABTOpbl (8] npm11J1M K 33KJHOliCHHK>, liTO see pe3yJihT3Tbl HX H3MepeHmi COB

MCCTHMbl c npHpocTOM OHeprml YXH 110 En E (0,0002-0,025) oB TOnbKO B OilHOM 

CTOJ1KHOBCHJHI B O!piDKaiOllleM HX OOBepXHOCTHOM cnoe JlOBYWKH. 

UeHeH Ta.K)Ke pe3ynhTaT H3MepeHHS TeMneparypHoro xo)la liHCna noKH.na

IO!liHX cocy11 YXH, nonyqeHHbiii • [9]. B lliHpoKOM I!HanaJoHe 50:;; T:> 300 K xo11 

H )lJJS COCy.lla C o6e3riDKCHHblMH BHYfpCHHHMH OOBepXHOCT51MH, H He o6e3ra)KeH

HblMH oKa3anca JlHHeihJO so3pacTalOlllHM c pocTOM T. 

3. B3AHMO)lEtlCTBHE 3HEPrH4HhiX 3JJEKTPOHOB C YXH 

Tenepb )'MCCTHO nepeHTH K oueHKe 3Heprmt, Koropyro B036)')K.D..eHHbiH 3neKT

pOH JOHbi npoBOI!HMOCTH Cu cocy11a cnoco6eH nepe11aTb YXH B Oi!HOM ynpyroM 

CTQJIKHOBCHHJL MaKCHManbHOH OH3 6y,neT, CCTeCTBCHHO, eCJlM B COOTBCTCTBl-tH C 

BhiWeiH."IQ)KCHHbJM e- 6y,neT H3XO.UHTbC51 113 H3HBblCWCM H3 HMCIOWHXC51 ypOBHeH 

30Hbl C E=2EF H ve=..f'i vF= 1,77·108 CM/C H BMCCTe C TCM- KOrJJa e- C ynoM•

HyrOH CKOpOCTbiO npeTepnHT OTpiDKCHHe B HanpasneHHH, o6paTHOM HCXO)lHOMY 

seKropy ero cKopocTH V = V
0

• Tor.ua nepenaHHblH «noKoaweMyc»» YXH HMnynbc 

COCTaBHT /1p - 3,22·1 0-19 r · CM/C, a COOTBCTCTB)'IOUla. />,. £ - 0,0193 oB 6nH3Ka K 
" n 

Hai-t60JibWeMy H3MepeHHOMY B [8] 3H3'-ICHH10 3Hepnm BbinCT3BWHX H3 cocy.na HeH-

TpOHOB. 

Bcne.ucrBHe o6a3aTenbHOH napannenbHOCTH (Hn~ aHTHnapanJieJibHOCTH) cnH

HOB s3al-tMo.n.eHcTB)10WHx ¢epMHOHOB e- H YXH noreHuHanbHrul 3Heprns B3311MO

neHcTBJ.i51 HX M3fHHTHblX MOMeHTOB ii"e H jin 8 npe)lnOJJQ)KCHHH MaJlOCTH p33MepoB 

e H n no cpaBHCHHlO C paCCTOSIHiiCM r MC)t()ly HHMH HMCCT BH,U: 

21le Jln 2A - -
V (r) = ± --3-

= ± - 3 npH J.1 H J.1 COOCHbiX H 
ne e n 

r r 
A -43 2 -2 

V (r) = ± 1 - connocKOCTHbiX. (A= 0,897·10 opr fc ). (3) 
ne r 

He TOJibKO KB3HTOBO-MCX3HHl.JCCKa51, HO H KJJ3CCHY:CCKa51, 3HaJIOfHY:Ha.sl Bbi

OOJIHeHHOMY Pe3ep¢op.noM pac4eTy pacceatii-t» CX-4aCTI-tllbi KYJIOiiOBCKHM noneM 
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snpa, npouenypa s uaweM cnyqae ocno)tmeua TCM, liTO al!anHHttJecKoe peweuHe 

K3K BO.TUtoBOfO ypaBHCJJH51, T3K H ypasueHH51 JlBH)KCJIIt51 3JJCKTpOHa B M3fHHTUOM 

noJJe YXH nony4HTb ue ynaeTc». 

O.nHaKo ysepeHHrul npu6m .. DKeHltrut oueuKa senH4lHthl 3¢¢eKntsauoro ce4e

uwa <Jne C nOMOLUbiO 38M HaXO.lllfTCa 3JlCMCHTapHO. 

Pac4eT BhlnOJlHanca .llllS 3tt3liCHH» noCTO»HuoH s3auMoneii.crsua s (3) c co

nJJOCKOCTHbiMH npHT5lfHB310l.UHMl-tC51 ,npyr K .!lpyry Jle H Jl
11

• 

3JlCCb yp3BHCHHC ,UBl-t:lKCIUI5l HCpenSITHBHCTCKOfO 3JlCKTp0113 6y.neT: 

m ·2 2·2 A m 2 -
-(r +r <p )-3--v0:0 (v0 -cKopocTb e npH r->~). (4) 

2 r 2 

J.13 33KOH3 COXpaHCHHSI MOMCHT3 KOJIH4CCTB3 .llBH)KCHBSI 3J1CKTpOU3 CJienyeT 

v d 
mdv0 : I mr2

<j> I, OTKylla I <j> I : --T (d- npHuenbHbiii napaMeTp). 
r 

nepeiill" 8 (8) OT i!HcpcpepeHUHpOBaHH" no BpeMCIIII K 

. dr dr . ,. 
r: -d :-<p: r <p, npeo6pa3yeM ero B 

I d<p 
4 

d 
d<p 

lf 06031134HB 

r'2- -s- + ,Z- 2 A 2:0 """ 
' .Jr_/1 ? 2A 

r =- -'I r· - rd- + --, . 
d 111\'-

(5) 
d mv0 0 

nonara. r' = 0, H3 (5) l!aXOilHM 

3 2 2A 
r,-d r +-

2 
=0, 

" P mv 
0 

OTKylla d = -v ,2 + _l1_ p ? 

nn·orp 
(6) 

(r :;;: MHHHMaJlhHOMY r Me:lK.n.y YXH li o6nerarowuM soKpyr nero e-). C noMOlllbiO 
p 

(6), 3arl3BIDI KOHKpeTHblC 3H31JeHlUI r , JICfKO Bbi4HCJIHTb COOTBCTCTBYlOLUllC HM 
p 

npi·lllCJibiibJe napaMeTphl d. 

,Uanee H3 (5), HCnOJib3Y51 CBMMCTpHlO TpaeKTOpHH e-. lt3XO)li!M IIOJIHblif )'fOJl 

ero o6neTa <p soKpyr YXH 

<p= 2d J dr 

', -Jr(r3-d2r+ 2A2], 
mvo 

(7) 

3H3tJCIIHC KOTOpOrO n03BOJI»eT BLitJHCJHl.Tb nepenasaCMLiii e- lleiiTpOHY IIMIIYJII>C 

11p., ~ 2pFcos ( n- i) 
Yttcnenuoe HHTerpHposatme (7) 3asepwaer npouenypy. PaJyMeeTOI, npu 3TOM 

mnepBaJJbl r, 6JIH3KHe K r H JUJ» 60JibWl-tX r ~ oo He06XOJliiMO IlpOXOJliiTt. MeTa
l' 
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.naMH aHamnHYecKHMH. TaK, ,nnSI nepsoro HJ HHTepsanos BKna.u s (7) ecrh 

r+5 

2d 'J -:=4d--J 
r 
p 

~ 

0 
2A , a M• 6onbllmx r - 2d J 

2r"---
P mv2 

0 

r 
" 

2 
. d 

:::: arcsm-. 
r 
m 

B ra6n11ue I npeJlCTaBJJeHhl HeKorophle pe3ynhraThl HHTerpHposaHH• (7). KaK 

BH)IHM, yron 1t- ~· 6nH3KHH K 0, JlOCTHraerc• npH dO; 2,575·1 0-IICM, a B HHrep

sane 2,565· 10-ll :> d,;; 2,62· 10-11 eM nepe)laHHhle YXH HMnynhChl npesocxo)lor 

3Ha"eHHe 1,8 Pe 

To eCTb 3cpcpeKTHBHOe ceYeHHe orpiDKeHHSI so36yJK.1leHHoro e- JOHbl npo

so,nHMOCTH or YXH c nepe.naYeH eMy HMnynbca ~ I ,8p cocrasnS~eT 
e 

crne "=' 21t d 08 d~ 2n · 2,575 · 10-ll. 5,5 · 10-13 -:= 89 6. 

Ta6Jmtta 1 (£f = 8,8 38) 

10 11 
f ,CM 
p 

IQ
11d, CM ~. p3i.l cos( n-~ J 

1.6 2,556 7,55 0.8 

1.7 2,575 6,45 I 

1.9 2.638 5,24 0,87 

2.1 2.739 4,64 0,68 

2.3 2.838 4.5 0.63 

2.5 2,966 4,04 0.43 

nposepHM Tenepb, .m.teeT JlH MeCTO npe,nnOJ13f3BllleecSI H3MH npeBOCXOJlCTBO 

paccTOSlHHSI r MeJK.ny YXH H o6neraroutHM BOKpyr Hero e- na.u pa3MepaMH YacrHu. 

Bo scex npencrasneHHhiX s ra6nHue 1 CJ1)'4ru!X c nepe.uaYeH HMnynLca YXH or 

3nOKTpOHa 8p > 1,8 pF OKa3bJBaerc• r - 1,9·1 0-ll CM. B TO JKO BpeM• Ha OCHOBO 
n p 

pa1BHTOH .QHpaKOM penSITHBHCTCKOH TeOpHH 3ReKrpona C yYeTOM KB3HTOB3HHSI 

06pa3yeMOf0 B HeM M3rHHTtfOfO OOTOK3 y)Ke .D.0K333HO (10], 4TO OTKpb!TOe 

.QHp3KOM BU)'TpH3ReKrp0HHOe JlBHJKeHHe, .D.O CHX nop rpaKTOB3BllleeCSI K3K 

Zitterbewegung, s JieikTBHTenbHOCTH ecrb cra6HnhHasl tlHPKYJlSIUHSI co cserosoH 

CKOpOCTbiO paBHOpacnpe.ueneHHOrO no cynepTOHKOH TOpOHJlanbHOH nosepXHOCTH 

c 6onbWHM ee pa)!HycoM R =~0 (I+;)= 3,87-10-11 CM KBaHra 6e3Maccosoro oa

pSI!la 3JleKrpoua -e. 

6 

r 
[ 

\ 
I 

C 3TOH uenhlO s ypasHeHHH .UBHJKeHHSI 3JleKrpoHa HYJKHO JaMeHHTb BblpiDKe-

- V A 
HHe 3HeprHH 833HMO.D.eHCTBHSI COTUlOCKOCTHbtX 43CTHU =- 3 H3 ee BbipaJKeHHe 

ne r 

e 11n [ _§S& JSS&] 
c .)"leTOM <jlopMbl 3neKrpoHa-Konhua V = -11 He=- -R R + R , B Ko-

ne n z 1t -r +r 
2 4Rr 

ropoM E(k) H K(k)- nonHble anmmrHqecKHe HHTerpanbl c k 2 [II]. 
(R+ r) 

Tor)la yron <j> o6nera YXH 3neKrpoHOM Bblpa3Hrc• 

~ 

<j>=2d J 
r 
' r 

dr 

2e11n (-L_...JL) \-d2 
?11+--2 r-R R+r 

nRmv0 

----%=0,2707·10-ll CM . 
(

2el1 ) 

nRmv0 

(8) 

nonHbiH yron o6nera <j), TaK JKe, KaK H B cn.)"lae (7), onpe)len•erc• B pe3ynh

Tare 4HcneHHoro HHTerpHpOBaHHS (8) s HHTepsane rp + 0 < r < r m BMecre c Bbi-

""cneHHeM 3Ha"eHHii oq> s HHTepsane r :> r :> r + o (o << r ) H A 'I' - Ha 
p p p 

r :;; r < ~ H3 BblpaJKeHHH oq> =Ad ....} F(o ) H "' <j) = 2 _!!._, BblpaJKOHHe F(r ) B O<j) 
m r r r P 

p p m 

ecrb 

d2 2e 11 
F(r )=2-+--"- ?x 

P r·nRmiP 
p 0 

x{ K(kJ E(k) + R [-2-+ 2(ln -I)+ (rP-R{~-InPJ]}. 
(R + r 12 (r - R)2 (R + r )2 r - R r + R (r + R)

2 

p' p pp p p 

me 
4 

In =In-· 
p k'. 

p 

r -R 
k' =..]!__· 

P R+r · 
p 

- I - 2e 11n [ ECkJ K(kJ ) 
d=r 'J I +--2 

- ; 

P nRmv0 rp- R R + rP 

7 

4Rr 
k2 = _____]!_ 2 . 

P (R+rJ) 



KaK H npH oueHKe o s npe.nnono)l(eHHH «TOl.!Cl.JHOCTH» e- H n,. 3JICCh wure
ne 

rpHposaHHe s (8) Bhtn011H51eTC51 nocne Bhl'·mcneHH~ coorsercrsytOlllHX apyr apyry 

B Ka)K,!lOif nape KOHKpeTHbJX Be11Hl.JHH d H r . 
p 

Ha6op fiOJJHbiX yrJJOB o6JJeTa <jl 6biJJ HaiijleH Jln• MHHHMaJJbHOro (£ 1 =£F) H 

M3KCHManbHOfO (£2 
= 2EF) H3 B03MO)I(HbiX 3H31.JeHHJ1 ::lHeprnH .so36)'JKJleHHbiX· e-

30Hbl nposoJIHMocrw Me.nH. Pe3ynhT3Thi .naHhi s ra6m·me 2. 

Ta6Jmua 2 

tr- 4,4 aB Er- 8,8 aB 

to
11 

rp' CM 1011 d, CM <p, P"' co~( n-~ J 10
11 

rp' CM to 11 d, CM <p. pan CO>l n-n 
4,765 5,6016 6,954 0,94 4,524 5,14042 7,045 0,928 

4,77 5,6017 6,359 I 4,525 5,14043 6,65 0,983 

4,8 5,6031 5,437 0,91 4,527 5,14045 6,223 I 

4,96 5,6362 4,4 0,59 4,54 5,14085 5,314 0,893 

5,2 5,7483 3,875 0,36 4,58 5,1419 4,54 0,645 

-- - ·-L--- ~-
~~- ~--~ - ---

KaK H CJJeJIOBa..10 O:lKHJ].3Tb, 3JieCb H MHHHMaJlbHOe paCCT051HHe Me)I(JIY l.J3-

CTHU3MH npH o6nere YXH 3neKrpouoM c nonHhlM yrnoM o6nera ql- 21t H coor

sercrsywmHH npHUeJJbH&Ji:t napaMerp 6onee tJeM BJIBoe npesocxo.run 3TH 

senwl.!HHbl s ra6nHue 1. Ho JIHana30H npwuenbHhiX napaMerpos M, s KOTopoM 

npHo6peTaeMbiH OT e- HMnyn•c YXH 6p > 1,8p _, npH :meprnH £
1 
= 4,4 aB 

n e 

M ::= 1,6·1 o-14 
eM, a npH e

2 
= 8,8 aB L'.d ::= 4·10-15 

eM, 6onee YeM ua 1-2 nop•Jl-

Ka cy3H.rJC51. J1 coorsercrs)'IOlUHe 3¢¢eKTHBHble nonepetJHble cel.!eHH51 a
1 

H cr
2 

ne ne 

COCTaBJJ.IOT (JI - 5,6 a H cl - 1,3 6. 
ne ne 

OueHHM renepb sepo51THOCTb w ne Harpesa YXH s O.llHOKparHoM ero orpa-

)I(CHHH OT DOBCpXHOCTltorO C11051 MC.llH (TOJJ1UHH3 KOTOpOrO, K3K H3BCCTHO, COCT3B

nHeT M- 100 A [12]) 

I 
wne ;;;4 (Jne ¢> 11· (9) 

(MHOlKHTenb 1/4 s (9) oTpaJKaeT TOT <jlaKT, "To a<jl<jleKTHBHbiH Harpes YXH HJleT 

11Hlllb no O.UHOMY H3 l.JeTbJpeX K3H3110B ne-B33HMO,ueHCTBH~ - B33HMHOMY npHT51-

- _ 2M -
)I(CHH!O lJ3CTHU C CODJlOCKOCTHOH OpHeliT3UHelt HX MOMeliTOB; t l - ----, VYXH -

VYXH 

8 

CpCJlH~51 CKOpOCTb HelhpOH3 B HHTepsane t I - BpeMefiU npe6biB3HH~ B MeJlH 

vYXH- 250 eM/c). 

3KCOOHCHUHaJlbHOe B03p3CT3HHC 3HaMCH3TeJI~ /(£) C pOCTOM £- £F Jlll~ BCeX 

B036)')K.llCHHbiX (C E > EF) ypOBJiej.{ 30Hbl npOBOJlHMOCTH y;+;.e npH .i!OCTH)I(etnm 

E-EF=2,94·k·T=0,076 38 Ha nop•llOK }'MOHbWaeT 1.1\£) I. OKa3biBaiOWHl1C• paB

HbiM 0,05 at.tecTo IJtef) I = 0,5. J.b-Ja 3TOro noJtasn•10wa. "acTb soJ6y)I(JleHHbix 

e- HMeeT cKopOCTH v _=vF+a (a<<vF). TorJla npH T=300 K 
e 

I 2·10-6 
w,., :0: 4 X 5,6 X J0-24x 4,4 X J028x 250- 4,9·10-4_ 

Orcw.o.a npe.aenhHOe l.JHCno orpa:lKeHHii YXH or creHOK cynepl.!HCToro Me.OHO

ro cocy,ua Nt' nocne JlOCTH:lKCHH~ KOTOporo sepO~THOCTb ll.115l HeiiTpOH3 B O.ilHOM 

H3 CTOJlKHOBeHHH CO CTCHKOH TIOil)'l.JHTb /1 E ;;:::: 0,008 :;~8 H TIOKHB)'Tb 06DeM xpa
n 

HeHH~ w = N · w = I, OK33bisaerc51 N - 2000, npwl.!eM - 3TO oueHKa csepxy, 
t' ne t 

T.K. H'arpes c A E < 0,008 38 npw oueHKe Mbl He )'l.JHTbJBamL 
n 

4. 3AKJIIOYEHJ.1E 

HraK, BbJWeH3JlO)KeHHble pacl.JeTbl (MarnwrHoro) ne-s3mtMOJieikTBH51 npuso

JlJIT K roil )l(e nponopuHoHanhHOH JaBHCHMOCTH sepo.strHOCTH ttarpesa YXH or 

reMneparypbi T creHOK Me.nttoro cocyn.a, KOTOp3.51 6hJna H3MepeHa s HHtepsane 

T E (50-300) K s (9]. 
KpoMe 3Toro, npaKTHl.JeCKH cosnaua10r HHTepsanl>l 3HepmH, Koropble npu

o6perator YXH s O.D.HOM ux crOJlKHOsenHH co crenKoH Me.rmoro cocy.na 3KcnepH

MOHTaJJbHbiil (8] L'. En E (0,0002-0,025) 38 H HaHJleiiHbiH 3JleCb L'. £, < 0,02 38. 

3¢ciJeKTHBHbJe celJeHH51 ynpyroro pacce5JHH~ 3neKrpoHOB Ha YXH npesocxo

.IDIT Cel.JeHlHI HeynpyrHX B33HMO,OefiCTBHfi OOCJle.UHHX C 51.llp3~1H aTOMOB npHMeH51e

MblX Jl11~ xpaHeHH51 YXH Merannos. 11, KpOMe roro, nnorHOCTb noroKa cnoco6HhiX 

HarpesaTb YXH aneKTpOHOB <!>- 4,4 x 1028 e- I cM
2 c no"TH ua 3 nop•JlKa npesoc

xo.nwr <I> Sl.. 

Bee 3TO .naer OCHOB3HHC CI.JHT3Tb pOllb M3fHHTHOrO ne-B33UMO.lleitCrsml B 113-

rpese xpan511UHXC51 s Meran;ml.JeCKHX cocy.nax YXH npesrump)'lOmeii Hall apyniMH 

3HaJIOrHl.JHbiMH cfJaKTOp3MH. 

YMecrHO yKa3aTb HaH6onee cymecrsenH&Je npHl.!HHbl, o6ycJIOB11HBaswue ue

JlOOUCHKY sepo51THOCTH narpesa YXH B036y)KJICHHbiMU 311eKrpoua~m 30Uhl npo

BOJlHMOCTH MCTaJ111Hl.JeCKHX COCyJlOB B npe.Ubi.UYWHX TeopentttCCKUX pa6orax. 

rnasHOii cpe.nw t1HX npe.ocrasn~erc5~ Hcnon&3osamte asropaMH oueuoK npennona-

9 



rae~fOH HMH BeJlWHl.Hbl 3MflJHITYJlhl r0 M3niHTHOf0 ne-833HMO.UeiiCTBH51, p3BHOii 

r
0 

= 2,82 X 10-13 CM - Kl13CCWteCKOMY pa,rmycy sneKTpOH3, a He peanbHOii ee 

-11 
seJJHttHHbl r

0
- 4,5 x 10 CM. 3ro npHBO.ilHJlO K He.nooueuKe crne npHMepuo a 

2,5 x 104 pa3. KpoMe sroro, MOf cywecrseHHO qnnHTD ouemtsaeMyJO aepo51THOCTD 

W Harpesa HeytteT BbiWeynOM51'HyrOH peanDHOH nnOTHOCTH nOTOKa <l>, ttTO .no-
ne 

nonm-rre.nbHO yMeHblllaJlO 6h1 w ewe npH.Mepuo s 10
3 

pa3. 
ne 

Yro :>Ke Kacaerc51' nosyweK YXH JIHSJieKrpHtteCKHX, ro, HeCMOTp51 Ha Manocrn 

a nepe.11attH 3HeprHH YXH 3JleKrpoHaMH Hapy:>KHbiX o6ono"!eK aroMOB JlHSlleKr~ 
ne . 

pHK3, BCJlC,!lCTBHC OOttTH H3 3 nOp51JlK3 60JlbWeJ1 HX OJIOTHOCTH OOTOK3, tteM <1>, 
KOJIHtteCTBCHHOe KB3HTOB0-MCX3HJ.i1-JeCKOe HCCJICJlOB3HHe B03MQ)KHOCTH Harpesa B 

HHX YXH 3JleKrpoHaMH npe.ncraM.5lerc51' raK;t\e aKryanbHbiM. 

B JaKnJ04eHHe HCKpeHHe 6naroJiap10 B.fl.AKceHoaa, B.H.flylllHKosa, 
A.B.CrpeJJKOBa H O.H.lOnaawesa Ja ueHHDie cosern1 H noMOWD. 
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\ b.ro~a l-:Uvf. P4-98-25 
B3all~!OJCiiCTBJie ManJIITHbJX MOMCHTOB 3.'lCKTJ>OHa 11 HCi-iTJ>OHa 
- O,JHa H3 npi!'U!H HarpeBa J'XH npH HX XpaHCHHH B ~feTa't'lll\fCCKUX COC)'.lax 

JaP.!.>I OUCHKil CC'lCIIUii )Tip)TOrO paCCCSIHH51 13036)')K.leH!lblX 3.1CKTJ'OHOB 30Hbl npOBO.J}J~IOCTH 
~:e:a1.1a COcy:J.Ol> Ha xpaHBMbJX B HHX Y'XH, OTpa.:KaiOlUIIXC$1 OT CTCHOK COC)';l,OB. C nO)>!OWbiO 
.:BaJifK..iaCCII'lCCKOil MCT0,111KH, aHa'lOnt'IHOif pac~CT)' PeJepcf>Op:.IOM CC\fCHHH paCCC$1HU51 Q-\faCntU 
9-.Jpa\m a:m:OB, IJOKaJaHO, \fTO C )"'CTOM pea'IhHb!X pa3MCpOB KO.'lhUeBOii Clp)'Kl)'pbl 3.'JeKTpOHa 
~¢~~KT!:E:ibiC Ce'lCHH$1 nepeJa'Hi OT HerO 3Hepnm YXH B MC;lHO!>I COC)'.JC B O.lHOM CTOJIKHOBeHI·nt 
HeihpoBa CO CTCilKOii npcsocxo;vn CC\feHil$1 IIC)'!lpy;:HX B3aHMOJCiiCTBilH YXH C Si!lpa\IH, a pac'lenn,n1 
mnepea1 nepl:.Jas3e:.n,:x YXH :ueKrpoHa\m ~mepmii b. £n e (0-0,02) aB npaKTIJ\feCKH cosna:Iaer c 

:nY-epcHHbJM C:pe.lKOBL1~1 A.B. ll Xemc.'lbTml ~. (.)K3Tct>, 1978, r.74, B.l, c.23) .a.,151 Cu ~en E 

e (0,0002--0,25) :;~B. CoBna.JafOr n JaBUCH!>IOCTH or re:.mepaTyph! T sepo~rHOCTH wne(7)- const·T 

pac~.~erHas! 11 1!3~1epeHHM HrnaroawteM H .ap. (OMJIH, P3-82-8Il,lly6Ha, 1982) 11.-1$1 50S T$. 300 K. 

HaiiJ.e!l ;msapHaHTHb!il' 1:Hrerpa1 OT pacnpeJe.'leHml <t>ep~m-.UHpaKa /{£)- t-tl sep0$1THOCTH __ , 

3anO.lHeHIHI )'pOBHeii B ¢lep~Hi-fa3C .l 
E 

,,, 
J f{€)d€ = l npu .'1J06hlX JHa'iCHIIS~X T. 
0 

e kT + 1 

Pa6ora BLmO,'lHeHa s .1a6oparopHH HeiirpOHHOil ¢u31!KII ''~I.H.M.<t>paHKa OH..SIH 

0penp11HT 06'be.JJ1HeHHOrO HHCTHT)Ta Sl.!lepHhiX HCC.1e,1lOBaHHi-f. .l]y6Ha, 1998 

Matora !.M. ?4-98-25 
Ekc;wn 2nd :-\eu:ron :..1agnetic !\·foments Interaction 
- Po~sible Rea~on for Healing of UCN Kept in Metal Vessels 

The evaluations of the cla<tic scanering cross sections of the excited electrons from conductivity 
zone on L:C;-.1 reflected from the metal vessel walls are pre~ented. The quasiclassic technique analogous 
to RU!hcrford"s calculations of 1he a-panicles scauering on the nuclei was applied.lt is shown, that with 
taking into account a real ~ize and structure of elec\fon ring the effective cross section of the energy 
1ransfcr to UC:-.l in one collision with Cu waJI surpasses on; for inela~tic UCN interactior. with wall's 
nuclei. The calcula:ed range of t:nergy transferred to UC!\' in one collision~£, e (0-0.02) eV practically 

coincides with 1he mea~ured dy Strelkov A.V. and Hctzell M. (JETP, 1978, v.74, 1, p.23) ~en e (0.0002-

0.025) c\'. The dependences of the probability ~~·M(7) of heating UCN by l!- in Cu vessel, which was 

calculated here and measured by lgnato\'ich d al. (JlSR, P3-82-811, Dubna, 1982), also coincide. The 

[ 
,_, l-1 

im·ariant in!cgral from Fermi-Dirac distribution fit)= e---;:/ + 1 of the energy le\'el filling 

~tF 

. . I f probability;- ft)d£::::. I 
F o 

for all Tis found. 

The i:westi,gation ha-. been performed at Jhe Frank Laboratory of :-.1eu1ron Physics, JINR. 
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