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3KcnepuMeuTanhHO ycTauosneuo 111 , 'ITO noT OK ynbTpa
xono~uwx ue8TpouoB, swxo~B~ux H3 uunuu~pu'lecKoro 

ue8Tpouoso~a. JaMeTHO yMeHbmaeTCB no Mepe ysenu'leHHB 
~llHHW Tpy6w f' no OTHOWCHHIO K ee pa~HYCY r. llpH 3TOM, 
ecnH ucTo'IHHK ucnycKaeT ue8Tpouw, pacnpe~eneuuwe no 
yrnaM uJoTponuo, TO nocne npoxo:>K~eHHB ~nuuw X yrno
soe pacnpe~eneuue cTauoBHTCB auuJoTponuwM c npeuMy
~ecTseuuwM uanpasneuueM ~BH:>KCHHB snepe~. 

Erne ~o nony'leHHH 3KcnepuMeHTanbuwx ~auuwx pa6o
Tbi I I I pacnpocTpaueuue ue8Tpouon no Tpy6e, nosepx
HOCTb KOTOpOB HC BBllHCTCH H~eanbHWM 3CpKallOM, 6bina 
TeopeTH'ICCKH paccMoTpeua H.6ep'laHy H B.K.HruaTosu
~eM 121. B 3TOB pa6oTe noKa3aHO, 'ITO H na~eHHe HUTCH
CHBHOCTH HCBTpOHOB B~Ollb Tpy6w, H nOHBllCHHe uanpasneu
HOCTH ~Oll:>KHW B03HHKaTb KaK cne~CTBHC TOro, 'ITO HMCCTCH 
ueKoTopaH ~onH ueJepKanhuwx oTpa:>KeHHB. TeopeTu'leCKHB 
auanu3 peJynbTaToB co~ep:>KHTCH u B pa6oTel 11. B o6oux 
cny'laX MO:>KHO, BH~HMO, roBOpHTb 0 Ka'leCTBCHHOM corna
CHH TCOpHH C onWTOM. qTO KacaeTCH KOllH'ICCTBCHHOrO 
cornacuB, TO sonpoc ueHceu H pemeuue ero B uJsecTuo8 
Mepe 3aTpy~HCHO CllO:>KHOCTblO y'leTa KOHKpCTHWX yCllOBHB 

reoMeTpHH OnbiTa. 
llocKonhKY H3Bne'lenue ynbTpaxono~uwx ue8TpouoB H3 

peaKTOpa BCer~a CBH3aHO C HCnOllb~OBaHHCM 3CpKallbHOrO 
ue8Tpouoso~a, npe~cTaBnHeTCH ue6ecnone3HWM npo~on:>KHTb 
TeopeTH'IecKoe o6cy:>K~euue 3Toro sonpoca. HeKoTopbie H3 
oco6euuocTeB, xapaKTepuwx ~nH ToKa ynbTpaxono~HbiX 

HCBTpOHOB no Tpy6e, MOryT 6WTb BWBCHCHW C nOMOillblO 
npOCTWX npu6nH:>KCHHblX C006pa:>KCHHB, KOTOpWe, B03MO:>KHO, 
noneJHW npu cpasueuuu c onhiTOM. Ouu u npuso~HTCH 

B 3TOB pa6oTe. 

3 



EcnH cpe~Hee 4HCJIO CTOJIKHOBeHBH CO CTeHKOH, KOTO· 

poe HCnLITLIBaeT YJILTpaXOJIO~HLIH HeHTPOH npH npOXO)I(· 

~eHHH Tpy6LI, He npeBLIWaeT HeCKOJlbKHX COT, T. e. MaJIO 

no cpaBHeHHIO CO Cpe~HHM 4HCJIOM, He06XO~HMLIM ~JIR no

rnouteHHR HeHTpOHa, TO BCe 34xiJeKTLI ~OJI)I(HLJ 6LITb BLI3Ba· 

HLI HenonBOH JepKaJILHOCTLIO OTpa)l(eHHH. KaqecTBeHHo oqe

BH~HO, 4TO He3epKaJibHOCTb, B CaMOM ~ene, npHBe~eT 

H K yMeHLWeHHIO nOTOKa npH yBeJIH4eHHH ~~ r , H K nORBJie • 

HHIO HanpasneHHOCTH. ~eHCTBHTeJILHO, HeHTPOH nocne KO· 

He4Horo 4Hcna coy~apeHHH 6y~eT"3a6LIBaTL"o csoeM nep

BoHaqanLHOM HanpasneHHH ~BH)I(eHHR B, CJie~oBaTeJibHO, 

6y~yT npORBJIRTbCR 34xiJeKTLI, xapaKTepHLie ~JIR ~B4x~Jy3HH 
HeHTpOHOB. IJpH 3TOM XOpOWO H3BeCTHO, 4TO eCJIH yse· 

JIH4HBaTb TOJI~y Be~eCTBa, 4epe3 KOTOpyiO ~H~YH~HpyiOT 

HeHTpOHLI, TO HX nOTOK qepe3 ero BHeWHIOIO nosepXHOCTb 

na~aeT, T .K. BCe 60JILWee 4HCJIO HeHTpOHOB B03BpautaeTCR 

K BCT04HHKY H B KOHe4HOM HTore norno~aeTCR B HeM. 

IJpH 3TOM B6JIH3H BHeWHeH nosepXHOCTH B03HHKaeT rpa~H
eHT nJIOTHOCTH, TaKOH, npH KOTOpOM OHa o6pa~anacb 6LI 

a HynL Ja rpaHHI.tei se~ecTsa Ha paccTORHHH, pasHoM TaK 

Ha3LIBaeMoH 3KCTpanonHposaHHOH ~nHHe. B cso10 oqepe~L, 
HaJIH4He rpa~HeHTa nJIOTHOCTH cpa3y npHBO~HT H K nORB· 

JieHHIO HanpasneHHOCTH nOTOKa HeHTpOHOB. 3TH OC06eH· 

HOCTH 6LIJIH BLIRCHeHLI e~e B 1936 r. B nepBLIX pa6oTaX 

cl>epMH /
3
/, nOCBR~eHHLIX CBOHCTBaM TennOBLIX HeHTpOHOB. 

IlpHMeHHTeJILHO K ynLTpaxono~HLIM HeHTPOHaM 3TH 3<lJ-

4JeKTLI paCCMOTpeHLI B nepBOH 4aCTH pa60TLI. 

ECJIH ~JIHHa Tpy6LI no OTHOWeHHIO K pa~Hycy, T. e. 

~I r, cTaHOBHTCR ~ocTaT04HO 6onLwoi, To npH HanH4HH 

He 3 epKaJibHOCTH 4HCJIO OTpa)l(eHHH, KOTOpLie ~On)l(eH HCnhi

TLIBaTb HeHTpOH npH npOXO)I(~eHHH ~JIHHLI ~ 6LICTpO paCTeT 

c ysenH4eHHeM ~. B 3TOM cnyqae MO)I(eT cTaTL cy~eCTBeH
HLIM norno~eHHe HeHTPOHOB. IlonpasKa Ha norno~eHHe pac

cMoTpeHa so BTopoi qacTH pa6oTLI. Cne~yeT OTMeTHTL, 

4TO norno~eHBe MO)I(eT npoRBHTLCR H a B3MeHeHHH Hanpas

neHHOCTH nOTOKa HeHTpOHOB. B CaMOM ~ene, 4eM 60JILWe 

yron (), no~ KOTOpLIM ~BH)I(eTCR HeHTpOH no OTHOWeHHIO 

K OCH Tpy6LI, TeM 60JILWe 4HCJIO OTpa)l(eHBH OH ~On)l(eH 
HCnLITLIBaTb ~0 BLIXO~a H3 Tpy6LI. KpoMe TOrO, KOMnOHeHTa 

CKOpOCTB HeHTpOHa, HOpMaJILHaR K nosepXHOCTH Tpy6LI, 
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v z = v sin(), pacTeT c ysenuqeHHeM (). qTo KacaeTcR 

K03qxpHu;HeHTa OTpa)l(eHHR, TO OH, KaK H3BeCTHO, yMeHb" 

waeTcR c ysenuqeHHeM vz/4,5/ TaKHM o6pa3oM, ~nR 
B~eaJILHO 3epKaJibHOH CTeHKH Tpy6LI norno~eHHe 6y~eT 
npHBO~HTb K HanpaBJieHHOCTH, 6naronpHRTHOH ~JIR MaJILIX () 

O~HaKo B peanLHLIX cnyqaRx, KaK 6y~eT BH~Ho H3 ~anL

Heiwero, norJio~eHHe CKa3LIBaeTCR TOJlbKO B HeHTpOHOBO" 

~ax c Heu~eanLHO JepKanLHLIMH cTeHKaMH. B HHX Hanpas

neHHR CKOpOCTeH HeHTpOHOB 6y~yT nepeMeWHBaTLCR, H 

Tor~a yKa3aHHLie 3~ecL 34xl!eKTLI Hecy~ecTBeHHLI. Ilo3To-

. MY ~anee OHB He paCCMaTpHBaiOTCR. 

CHaqana ~nR HaXO)I(~eHHR HeKOTOpLIX cpe~HHX senH4HH 

o6paTHMCR K H~eaJIH3HpOBaHHOMY cnyqaJO HeiiTpoHOBO~a 
C H~eanLHO 3epKaJibHbiMH CTeHKaMH, HMeJO~HMH K034xiJH· 

I.J;HeHT OTpa)l(eHHR, paBHbiH e~HHHI.J;e. ~OllYCTHM, 4TO yrJIOBOC 

pacnpe~eneuue ue8Tpouos H30Tponuo. Ilpu u~eanbuo 3ep

KaJihHbiX CTeHKaX Tpy6bl npo~OJihHaR KOMITOHCHTa CKOpOCTH 

npu oTpa)l(eHHH ue 6y~eT MeHJITLCJI. TaKHM o6pa3oM, 

ITJIOTHOCTh Hei.fTpOHOB MO)I(HO pa3~eJIHTb Ha ~Be paBHble 

H He3aBHCHMble COCTaBJIJIIOII.tHe p+ H p_ H3 KOTOpbiX 

nepBOH COOTBeTCTBYJOT HeHTpOHbl, H~YutHe ITO Tpy6e Bnpaso, 

a BTopo8 - sneso. qucno ue8TpouoB, npoxo~JIUJ,HX 4epe3 

pnocKOCTh z = 0 nonepequoro ce4eHHJI Tpy6bi pa~uyca r 

f<.:M. puc. 1/ B npasyro cTopouy, pasuo 

r2 
N 

1 
= !!_ ( (! +(! ) v 

4 + 

rrr2 
2- r+ v /1/ 

Z=O l z=f 
I 

u'p+--: 2r l-U'P-

Puc. 1 

IlpH 3TOM HeHTpOHbl p_, KaK Mbl ycnOBHJIHCb, ~BH)I(YTCR 

sneso, TaKHM o6pa30M, secb noTOK B cTopouy z>O o6ycnos-

neu p + . 
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Ha HHTepaane .n;nHHLI f OT z,Q .n;o z =f a Tpy6e Heor
paHuqeHHo:ii ,D;llHHLI CO,D;ep)I(HTCB qucno HeHTpOHOB rpynnhi 
p+ , paaHoe rrr2 f p+, a, cne.n;oaaTenLHO, cpe.n;Hee apeMB 
T npoxo)I(,D;eHHB HeiiTpoHaMH p+ .n;nHHLI f paaHo: 

rrr 2 2cu --p vT=TTfcl._p 
2 + + /2/ 

HRH cpe,D;HHH nyTL, npOXO,D;HMLIH HeHTPOHOM B Tpy6e npH 
nepeMeiiJ,eHHH no Heii Ha paccTOBHHe f, paaeH: 

E0 = vT =2f, /3/ 

H, cne,D;OBaTellLHO, cpe,D;HBB KOMnOHeHTa CKOpOCTH ,D;BH)I(e
HHB HeiiTpoHOB a.n;onh Tpy6LI paaHa v/2,v '. MLI .n;nB npocTo
TLI 6y.n;eM .n;anee nonaraTb, qTo ace HeiiTpOHLI HMeJOT CKo
pocTL V, paBHYIO cpe,n;He:ii, KaK 3TO 06bfqHo ,n;enaeTCB npH 
paCCMOTpeHHH CBOHCTB TennOBbiX He:iiTpOHOB. IlyTb Me)I(,D;y 
,D;BYMB OTpa)l(eHHBMH OT CTeHKH ,no 06IIJ,eMy npaBHny,paBeH 

4V 4 rr r 2 f 
f 1=- = ---=2r, /4/ 

S 2 rrr f 

H OTCIO,D;a cpe,n;Hee qucno OTpa)l(eHHH, KOTOpoe HCnLITLIBaeT 
HeHTpOH, nepeMeiiJ,aBCb no Tpy6e Ha paCCTOBHHe f , 
nonyquM, conocTaBnBB /3/ H /4/, paBHLIM 

~ 
fi= --, 

r 
/5/ 

HnH cpe.n;Hee nepeMeiiJ,eHHe no Tpy6e Me)I(,D;y ,n;ByMB coy.n;a
peHHBMH paBHO r • 

,lJ;onyCTHM Tenepb, KaK 3TO HMeeT MeCTO Ha CaMOM 
,n;ene, qTo HeHTpOHOBO,D; He BBRBeTCB H,D;eanLHO 3epKanb
HLIM. 0603HaqHM BepOBTHOCTb TOrO, qTo HeHTpOH nocne 
OTpa)l(eHHB nonyqHT npOH3BOllbHOe HanpaBneHHe ,D;BH)I(eHHB, 
qepe3 1/ {3 /r.n;e .B ~ 1 /. 

TaKHM o6pa3oM, aepoBTHOCTL Toro,qTo HeiiTpoH "3a6y
.n;eT" CBOe HanpaaneHHe ,D;BH)I(eHHB, ecnH OTHeCTH ee K e,n;H
HHIJ,e nyTH B,D;Ollb Tpy6LI, paBHa 

1 1 -=-
At {3r /6/ 
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H At HMeeT CMLICn TpaHcnopTHOH ,D;llHHLI B ,n;Hcl>cl>Y3HH HeHT
pOHOB. IlpH 3TOM MLI npe,n;nOllO)I(HllH, qTO BepOBTHOCTb 
He3epKanLHOrO OTpa)l(eHHB He 3aBHCHT OT yrna na,n;eHHB, 
HnH, ToqHee, qTo JTo cpe.n;HBB no yrnaM na.n;eHHB aenuqHHa. 
IlpH ,D;Hcl>cl>Y3HOM OTpa)l(eHHH HeHTpOH C paBHOH BepOBTHOCTbiO 
MO)I(eT OCTaTbCB B rpynne p + , ecnH OH 6bin B Heii, HllH 
nepeiiTH K p • TaKHM o6pa3oM, OTHeceHHaB K e,n;HHHIJ.e 
,D;llHHLI Tpy6LI-BepOBTHOCTb nepexo,n;a HeHTpOHa H3 p+ B 
p_ HRH o6paTHO paBHa 

a, _1 __ = _1_ 
2.\ 1 2 8 r 

/7/ 

PaccMOTpHM TenepL noToK HeiiTpoHoB, H.n;yiiJ,H:ii a.n;onL Tpy6bi 
OT HCTOqHHKa K ee KOHIJ,y. TaK KaK KOMnOHeHTa CKOpOCTH 
HeHTpOHOB B,D;Ollb Tpy6LI paBHa v',. v/2, TO nnOTHOCTb no
TOKa /T.e. noToK qepe3 e.n;HHHD.Y nnoiiJ,a,n;u nonepeqHoro 
ceqeHHB/ paBHa 

j ,y '( p - p ) • 
+ - /8/ 

IlocKonLKY nornoiiJ,eHHeM MLI npeHe6peraeM, TO aenuquHa 
j nOCTOBHHa B nJ060M nonepeqHOM ceqeHHH Tpy6LI, npuqeM 
nonHLIH nOT OK S, BLIXO,D;BIIJ,HH H3 Hee, paBeH S"" TT r2 j . 113-
~;·~HeHHe TOKOB, COOTBeTCTBYJOIIJ,HX p H p _ no ,D;llHHe 
Tpy6LI, npH OTCYTCTBHH nornOIIJ,eHHB 6y,n;eT onpe,n;enBTbCB 
TOllbKO nepeXO,D;OM H3 p B p _ H o6paTHO 3a cqeT ,n;Hcl>cl>Y3-
HOrO OTpa)l(eHHB. + 

TaKHM o6pa3oM, yquTLIBaB /8/, HMeeM: 

, d p + (z) , ( ) , ( ) . ; 9; v ""-a v p z + a v p z =-a 1, 
+ -

H ,D;nJI OTpHIJ,aTenbHOrO TOKa: 

• d p (z) , ( ) , ( ) . 
- v ---- .. - a v p z + av p z = + a 1 . 

dz - + 
/10/ 

3HaK MHHYC B /10/ onpe,n;enBeTCB TeM, qTo TOK p Hanpaa-
neH B cTopoHy OTPHD.aTenhHhiX z. 0TcJO,n;a -

v'p (z)=•'p - jaz = j -jaz, 
+ 0 0 /11/ 
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r ,D;e J 0 = v' p 0 H p O- IIITOTHOeTh p + y HeTO'IHHKa (z =0). 
TaK KaK TOK p rrpH Z =0 paBeH v'p (O)=v'p -j , TO 

- 0 

v'p (z)=v'p -)-)aZ. 
- 0 

/12/ 

H3 OTKphiTOrO KOHI~a Tpyfihl y Z = f HeiiTpOHhl MOryT TOnh

KO BhlTeKaTh, H, ene,D;OBaTenhHO, V, p ( f) = 0, II03TOMY 

H3 /12/ rrony'IHM -

i= Jo =--~f---. 
1+ a f 2(1+ -- f ) 

2{3r 

/13/ 

~opMyna /13/ eoarra,D;aeT e paHee rrony'leHHOH Eep'laHy H 

HrHaTOBH'IeM 121, o,D;HaKo K03cW!HUHeHT rrpH f HMeeT He

eKOIThKO HHOH eMhlen. ~OpMyna /13/ ,D;aeT 3aBHeHMOeTh 

aenH'IHHhl IIOTOKa, BhiXO,D;JIIUero H3 Tpyfihi, KaK cPYHKUHIO 

1 1 
ee ,D;ITHHhl. TaK KaK a=--= -

2
-- /eM. 7/, TO IIOTOK y6hl-

{3r At 

OH Mano 3aBHeHT 

IIOTOKa o6paTHO 
aaeT HarronoBHHY rrpH f = 2AvllPH f «At 

OT f, H, Hao6opoT, rrpH f >>At erra,D; 
rrporropuHoHaneH .D;nHHe f . BenH'IHHa p+. KaK BH.D;HO H3 

/11/, y6hmaeT nHHeHHO KaK cPYHKUHJI z. Herronh3YJI /13/ 
,D;nJI p (z), H3 /11/ rronyqaeM: 

+ 
v v az 
-- P (z) "' - P (1- - ). 
2 + 2 ° 1 + af 

)l,eHeTBHTenhHO, IIpH Z=0 p+(O)=po H IIpH Z =f 
llpH Z = f + 1/a BenH'IHHa, eTOJIIUaJI B rrpaBOH 

/14/ 

-~p (z) =i. 
L. + . 

qaeTH /13/, 
o6pamaeTeB a Hynh. TaKHM o6pa30M, ponh 3KeTparronH

poaaHHOH ,D;ITHHhl HrpaeT 

1_=2\=2f3r. 
a 

/15/ 

~opMyna I 14/ II03BonBeT orrpe,D;enHTh yrnoaoe paerrpe,D;ene

HHe HeHTpOHOB, BhlXO,D;JIIUHX H3 Tpy6hl, eenH ero Ha6mo,D;aTh 

e rroMOIUhiO rroaopoTHoro KonnHMa Topa I eM. puc. 2/. 
B eaMoM ,D;ene, Mhl rrpHHBnH, 'ITO yrnoaoe paerrpe,D;ene

HHe HeHTPOHOB rpyrrrrhl p + /TaK )Ke,KaK H p _ I H30TporrHo, 

8 

f 
I 

I 

~ .. o ! z-f 

<fA,= jo_j- j0-i 2r j --=::~ 
/ I <-;~t!~/ 

Puc. 2 

H II03TOMY IIOTOK HeHTpOHOB ,Il;OIT)KeH fihin fihi fihlTh H30TPOII

HhlM, eenH 6hi p+(z) = const. lloeKonhKY, O,D;HaKo, rrpH rroao

poTe KonnHMaTopa/puc.2/ .D.eTeKTop "BHAHT" pa3Hhie yqaeT
KH HeHTpOHOBO,D;a, ,D;ITJI KOTOphlX p +( z), 3aBHeBIUee OT Z , 

HeO,D;HHaKOBO, TO IIOTOK HeHTpOHOB B ,D;eTeKTOp ,D;OIT)I(eH fihiTh 

rrporropuHoHaneH p (z). EenH KonnHMaTop HarrpaaneH rro,D; 

yrnoM 8 K OeH ~py6hi /eM. puc. 2/, TO OH,CMOTpHT'Ha 

yqaeTOK Tpyfihi, paeiiOITO)I(eHHhlH Ha paeeTOJIHHH Z OT ee 

Ha'lana: 

z = f - r ctg e ; r ctg (J < f . /16/ 

OTeiO,D;a ,D;nJI yrnoaoro paerrpe,D;eneHHH, Herronh3YH /14/, 
rronyqaeM 

v 
J(U)=A2-Po 

1 t (a r )ctg 0 

1 + a f 

1 1 +( -) ctg () 
2(-3 

= B --~~~------ . /17/ 
1+aS:~ 

3Ta clJopMyna, O'leBH,D;HO, HeiipHMeHHMa IIpH r ctg()?; f, TaK 

KaK B 3TOM enyqae ,D;eTeKTOp "BH,D;HT"HeTO'IHHK. qTO Kaea

eTeB HHTeHeHBHOeTH HeHTpOHOB, HarrpaaneHHhlX BIIepe,D;, 

TO OHa JaBHeHT oT TeneeHoro yrna KonnHMaTopa H f . 
EenH TeneeHhlH yron KOITITHMaTopa Man, TO IIpH He6onhWHX 

f ,D;eTeKTOp B enyqae 8= 0"BH,D;HT" TOIThKO HeTO'IHHK. fipH 

3TOM HHTeHeHBHOeTh He ,D;OIT)I(Ha eymeeTBeHHO 3aBHCeTh 

OT f, a IIpH 60IThWHX f OHa IIa,D;aeT. Cne,D;yeT fihiTh OCTO

pO)I(HhlM H B IIpHMeHeHHH cPOPMYIThl ,D;ITH 8, 6nH3KHX K rr/ 2 . 

B 3TOM cnyqae .n.eTeKTop "BHAHT"yqacToK Tpy6hl, rrorra,D;a

HHe Ha KOTOphlH 3epKanhHO OTpa)KaiOIUHXCJI HeHTpOHOB 3K

paHHpOBaHO KonnHMaTopoM. TaKHM o6pa3oM, clJopMyna /17/ 
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)l.OITYCKaeT cpaBHeHHe C 3KCITepHMeHTOM B o6naCTH yrnOB 

tg 8 > f , HO npH 8 < ; . 

af'=_l f' 
2{3~ 

B 3THX ycnoBHJIX u npu 6onhll1Hx 

CHBHOCTh )l.Omt<Ha 6LITh nHHeHHOH clJyHKUHeii * 

-1-ctge. 
2 (3 . 

HHTeH-

PaCCMOTpeHHWH 3)l.eCh MWCneHHWH OITWT He COOTBeT

CTByeT ycnoBHJIM reoMeTpHH pa6oTw I 1 I. B Heii npu H3-

MepeHHH yrnoaoro pacnpe)l.eneHHJI TenecHwii yron, noA 

KOTOpWM ,Ll.eTeKTOp"BH)l.HT"nyqoK, orpaHH'leH BWXO)l.HWM OT

BepCTHeM UHnHH,Ll.pH'leCKOrO HeHTpOHOBO)l.a /eM. ITYHKTHp 

Ha puc. 2/. IIpH yaenH'leHHH e 3TOT TenecHWH yron co

KpamaeTCJI,,KaK cose, 'lTO Y'lHTWBaeTCJI B 3KCnepHMeHTe. 

CpaBHeHHe c clJopMynoii /17/ 3aTPYAHeHo, O)l.HaKo, TeM, 

'lTO )l.eTeKTOp"BH)l.HT" liiHpOKHH yqacTOK CTeHOK HeiiTpOHOBO

)l.a )l.O CaMOrO ero KOHUa ,z = f'. Ji3 CKa3aHHOrO BH)l.HO, 'lTO 

B03MO*HOCTh cpaBHeHHJI clJopMynw /17/ C 3KCDepHMeHTOM 

cymeCTBeHHO 3aBHCHT OT reoMeTpHH ODhiTa. 

IIpH af' > 1 Bepo.BTHOCTh Toro, 'lTO HeiiTpOH )l.OH)l.eT 

OT HCTO'lHHKa )l.O )l.eTyTopa, He HCDWTaB He3epKanhHWX 

OTpa*eHHH, paBHa e -a , T .e. CTaHOBHTCJI Manoii. B pe-

3ynLTaTe o6mee qucno oTpa*eHHii, KaK 3epKanLHhiX, TaK 

H He3epKanbHWX, KOTOphle HCDWTWBaeT HeiiTpOH Ha DYTH 

K )l.eTeKTOpy DpH af' > 1, pacTeT KBa,Ll.paTH'lHO C yBenH'leHH

eM f'. IIo3TOMY 3apaHee Henh3JI cKa3aTL, ,Ll.onycTHMO nu 

npeHe6pe*eHHe nornomeHHeM, c)l.enaHHoe B Haqane coo6-

meHHJI. Ha 3TO o6cTo.BTenLcTBO o6paTHn Moe BHHMaHHe 

B.K.HrHaTOBH'l npu o6cy*.AeHHH pa6oThl. B CB.B3H c 3THM 

c,Ll.enaeM oueHKY cpe,Ll.Hero qucna coy)l.apeHHH, KOTOphle 

HCDWTbiBaeT HeHTpOH DpH DpOXO*.AeHHH Tpy6hl )l.nHHOH f' . 
3To OAHa H3 3a)l.a'l o6 onpe,Ll.eneHHH TaK Ha3hiBaeMoro nyTH 

* Ilpu ,Z\HdlcbY3HOHHOM paccMoTpeHHH B acHMDTOTH'leCKOM 
cnyqae B /2/ nonyqeHO f(Oz) -1/2(1 +2/rr ctg0), TaKHM o6pa-
30M, BMeCTO 1 /28 CTOHT K03ciMIIHUHeHT 2/rr. 

~0 

nepaoro AOXO*AeHHJI. AHanorH'lHhle npo6neMw B AH4J4Jy3HH 
Tennoawx HeiiTpOHOB paccMaTpHBanHch E.ll.~eiiH6eproM H 

aBTopoM eme B copoKOBhiX ro,Aax. HeiiTpoH, BwneTaromuii H3 

HCTO'lHHKa, MO*eT BepHyThCJI o6paTHO, npo6LIB B Tpy6e 
cpe)l.Hee apeM.II T_ u npoii)l.JI cpe)l.HHH nyTL f' unu BLIHTH -· 
qepe3 ,Ll.pyroii KOHeu Tpy6w, npo6wB B Heii cpe)l.Hee BpeM.B 
T+ u npoiiAJI cpe,Ll.HHii nyTL f +. EcTeCTBeHHO ,AonycTHTh, 

'ITO T+/T_, unu, 'ITO TO *e, f+/f_ , OTHOC.BTCJI KaK 

o6paTHbie BeJIH'lHHhl TOKOB HeiiTpOHOB, BbiXO)l.JiliiHX 'lepe3 

p6a KOHUa Tpy6hl, TaKHM o6pa30M /eM. /12/,/14/ H /13//, 

T+ f'+ j 0- j o 1 f' 
-- = -- = ------=a d-.-=--- - , /18/ 
T_ S:_ j 2{3 
. v u 

r,Ll.e J O = L PI} - TOK HeHTpOHOB, BhiXO)l.JiliiHX H3 HCTO'lHHKa, 
H, CJie)l.OBaTeJihHO, j0 - j - TOK HeHTpOHOB, B03BpamaiOliiHX-

CJI o6paTHO. IIpuMeHHMOCTh $opMynw /18/, no-BHAHMOMy, 

Tpe6yeT BhlnOJIHeHHH ycnOBHJI a f' » 1 .npH KOTOpOM HeiiTpOH 

MHOrOKpaTHO nepeXO)l.HT H3 rpynnhl P+ B P- H o6paTHO. 

4To KacaeTcH cpe,Ll.Hero nyTH HeiiTpoHa B Tpy6e, AO Bwxo

)l.a qepe3 nro6oii ee KOHeu, To oH, KaK nerKo y6eAHThCJI, 

HCnOJih3YJI 4JopMyny /4/, He 3aBHCHT OT HanH'lHJI pacCeJIHHJI 

H paBeH 2£. 
0TCIO)l.a no onpe,Ll.eneHHIO cpe,n:Hero H c yqeToM /13/ 

nonyqaeM 

o i0 - i o i o 1 ~il o o ) 2J... = -....--- .,L_ +-:-d-.-+ = -1 --rcl (~_a d-.- + d-.- • 
10 lo +ad-.-

Cne,Ll.oBa Tenhuo, 

f. 
+ 

1 f. 
-=f' (af'+l) =f'(-- --+ 1). 

2 (3 r r 

/19/ 

/20/ 

'LJHCJIO coy,Ll.apeHHH HeHTpOHa CO CTeHKOH Haii)l.eM, pa3,Ll.eJIHB 

f'+ Ha 2r. C'lHTa.ll, q1o Bepo.IITHOCTh nornomeHHJI npu OAHOM 

coy,Ll.apeHHH paBHa -, nony'lHM ycnoBue ManocTH nornomeHHJI 

£2 y 
« 1. f.+ /21/ 

2 yr 4 (3 y r2 

B clJopMyne /21/ onymeH nuHeiiHwii no f. qneH, 'lTO B03MO*HO 

npH C,Ll.eJiaHHOM npe,Ll.nOJIO*eHHH a f' » 1 · 
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TaKHM o6pa3oM, J~n.ll ManocTH nornomeHH.II Heo6XO.IJ.HMO 

i' 
- < v' (1 y . 1221 
r 

EcJIH, HanpHMep, y = 500, TO B cnyqae He3epKanhHOH 

cTeHKH ( (3--= 1) H3 1221 nony'-IHM :f!r < 22, a ecnu BepoHT
HOCTh He3epKanhHOrO OTpa)f(eHH.II paBHa 0,1, T.e. (-1 = 10, 
TO Benn'-IHHa f /r <. 70 . TaKHM o6pa30M, npeHe6pe)f(eHue 

nornomeHHeM, B caMoM )J.ene, He Bcer)J.a B03MO)f(HO B 
peanLHhiX 3KcnepnMeHTax. 

Benn'-lnHa 5\ /2yr 6e 3 .IJ.OrronHHTenLHoro aHann3a He MO)f(eT 
6LITh ncnonh30BaHa .IJ.nH pacqeTa nornomeHHH B cnyqae, 

KOr)J.a OHO BHOCHT 3aMeTHhlH BKna)J., H, cne)J.OBaTenhHO, 

ycnoBne 1211 y)f(e He BhmonHeHo. B caMOM )J.ene, npu 3TOM 

cymecTBeHHa He TOnhKO cpe)J.HHH BenH'-IHHa f+ ,HaH)J.eHHaH 
3)J.ech, HO u JaKoH .IJ.Hcnepcuu 3Toii BenH'-IHHhi. B .IJ.H$<lly-

3HOHHOM npn6nH)f(CHHH I OHO B03MO)f(H0 npu a c~) Y> 1 I 3TO 

npHBO)J.HT K TO My, 'ITO c~ .._/2yr B 1211 C TO'IHOCThiO )J.O '-IHC-
2 2 

neuuoro Ko3<b$uuueuTa uMeeT CMhiCn f /P 
0 ,r.IJ.e P 0 - .IJ.H<b-

<byJuouua.ll )J.nuua. 

ABTop BeChMa npu3HaTeneu B.K.HruaToBH'-IY u M.B.Ka
JapuoBCKOMY 3a CYU.(CCTBCHHhie 3aMe'-laHHH, C)J.enaHHhle 
npll o6cy)f()J.CHHH 3TOH pa60Tbl. 
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