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Ewe pa3 o6 3neKTpoMarHHTHOM H3ny'IeHHH, B03HHKaJOweM npH 

llpOXO*J]eHHH ynbTpapenHTHBHCTCKHX ~8CTHU CKB03b KpHCTann 

PaccMoTpeHbi HeKoTopbie oco6eHHOCTH KaHanHpoeaHHH ynbTpapenHTHBHCT 

CKHX OTpHUaTenbHbiX 'IBCTHU, J]BH>t<YWHXCH BHyTpH o6naCTH, KOTOpaH o6pa3o

B8H8 TellnOBblMH KOne68HHHMH lll!ep, pacrronO>t<eHHblX B KpHCTannorpa<jJH'IeCKOH 

llnOCKOCTH KpHCTanna, 11ccneJJOBBHO H3ny~eHHe, C03J]8BaeMOe B 3THX ycnOBHH~ 

ynbTpapenHTHBHCTCKHMH 3neKTpOHBMH, 06cy*JJBeTCH B03MO>t<H8H CBH3b yKa-

38HHOro Hany~eHHH c aHOManhHbiMH 3neKTpoMarHHTHbiMH nHBHRMH Wai!Ha, 

H86nJOJ]8eMblMH B <jJOT03MynhCHRX, 3KCilOHHpOB8HHbiX B CTp8TOC<jJepe, 

Pa6oTa BhmonHeHa e Jla6opaTopHH BbiCOKHX 3HeprHil OH Hl1, 

Coo6weaae 06'1tCJUIHCRROrO BRCTBTYT& A.DepHWX Bccne.DOB&RBI • .lh6Ha 1977 

Pcx:lgoretsky "\1.1, P2 - 11140 
Once Again about Electromagnetic Radiation Produced 
by Ultrarelativistic Particles Passing through a Crystal 

Some peculiarities are considered of the channeling 

of ultrarelativistic nP{;!,ative particles moving within the area prcx:lu
ced by thP thermal vibrations of nuclei located in a crystallographi 
cal crystal plane, The radiation originating from the ultrarelativistic 
electrons in the"'e conditions is studied, Possible connection of the 
mentioned rndintion with the anomalous Shein gamma radiation, 
observed in photoe•nulsions exposed in stratosphere, is discussed, 

The investigation has been performed at the Laboratory 

of High Energies, JINR, 

Communication of the Joint Institute for Nuclear Research. Dubna 1977 
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§1. B pa6oTe /1/ paccMoTpeHo ,IJ;BH>KeHHe ynLTpapenJI
THBHCTCI<HX 3neKTpOHOB BHYTPH "Tpyfii<H", o6pa30BaHHOH 
I<OnefiniOIUHMHCH H,II;paMH, pacnono>KeHHhiMH B,IJ;Onh O,IJ;HOrO 
H3 I<pHCTannuqeci<HX pH,II;OB; B pafioTe 12 / - B03HHI<aiOIUee 
B 3THX ycnoauxx 3nei<TpoMarHHTHoe HJnyqeHHe. B o6oux 
cnyqaxx HcnonLJOBanacb npocTaH MO,IJ;enL, B I<OTopoii no
no>KHTenLHhiH 3apH,IJ; fiLm "pa3Ma3aH" BHYTPH UHnHH,II;pH
qeci<OH "Tpy6I<u" c nocTOHHHoii rrnoTHOCThiO. Ceifqac Mbl 
XOTHM 06paTHTbCH I< aHanorHqHbJM .IIBneHH.RM, CB.R3aHHbiM 
C ,II;BH>KeHHeM ynhTpapen.RTHBHCTCI<HX qacTHU BHe "Tpy6oi<", 
HO B,IJ;Onh I<pucTannorpa~uqeci<oii nnoci<ocTu. CooTBeTcr
ayromeu MO,IJ;enLIO MO>KeT Tenepb cny>KHTh nnoci<Hii cnoii 
/Mbi 6y,IJ;eM Ha3biBaTL ero npocTo "cnoeM"/, JanonHeHHhiH 
llOnO>KHTenhHbiM 3apH,IJ;OM ITOCTOHHHOH rrnOTHOCTH; ero TOn
lUHHa paBHa 2 R -y,IJ;aoeHHoii aMnnuTy,IJ;e TennoBLIX I<one6a
HHH H,IJ;ep. Tai<a.R Mo,IJ;enh I<a>KeTcH rrpuro,IJ;HOH ,IJ;nH I<aqecT
BeHHoro 06Cy>K,IJ;eHHH /o6 ycnOBH.RX ee rrpHMeHHMOCTH CM. 
Tai<>Ke §3/. B ,IJ;anLHeiirneM ,IJ;nH onpe,IJ;eneHHOCTH peqh 6y,IJ;eT 
H,IJ;TH o I<pucTannax, o6na,IJ;ai011\HX npocToH: I<y6uqeci<oii pe
llieTI<OH C ,IJ;nHHOH 3neMeHTapHOH gqeifi<H d *. 

Ha paccTOHHHH x oT ueHTpanLHoii nnoci<OCTH "cnoH" 
HMeeTCH nonepeqHoe none 

E 2"Zex 
= ------ X < R. /1/ 

Rd 2 

,lJ;nH rpy6oro yqeTa 3nei<TpOHHOrO 3I<paHHpOBaHHH 6y,IJ;eM 
Tai<>Ke nonara Th, qTo 3nei<Tpuqeci<oe none OTCYTCTByeT 

* Ha>Ke npuae,IJ;eHhi Hei<oTopbie qacneHHhle oueHI<H ,IJ;n.ll 
CBHHUa. llOCI<Onhi<Y peqh H,IJ;eT TOnhi<O 06 OpHeHTHpOBI<e 
B rrop.II,IJ;I<e COOTBeTCTBYIOll\HX BenHqHH, pa3nHqHe Me>K,IJ;y 
rrpOCTOH I<yfiaqeci<OH perneTI<OH H CBOHCTBeHHOH CBHHUY 
rpaHeUeHTpHpOBaHHOH I<yfiuqeci<OH perneTI<OH He rrpHHHMa
nOCh BO BHHMaHHe. 
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npH x > R * . B HTore npHXOAHM K cuTyau;HH, cxOAHO:ii 
c Toii, KoTopaJI HMeeT MecTo BHYTPH "Tpy6KH". CneAosa
TenLHo, AanLHeiiwHe paCCY)l(AeHHJI MO)l(HO npOBOAHTL no 
aHanorHH c onHcaHHLIMH B pa6oTax 11 •21 . CKa3aHHoe, pa3y
MeeTcs, OTHOCHTCS TOnLKO K ABH)l(eHHIO B HanpaaneHHH X , 
T.e. no HopManH K "cnoro"; ABH)l(eHHe a nnocKOCTH "enos" 
B paMKaX npHHSTOH MOAenH OCTaeTCS CB060AHLIM. 

)J.ns ynLTpapensTHBHCTCKoii 'laCTHu;LI, aneTaroiiJ;e:ii BHYTPL 
"enos" nOA AOCTaTO'IHO ManLIM yrnOM (), ABH)l(eHHe HMeeT 

BHA 

X=Acos((ut+o), z .. ct, /2/ 

npH'IeM 'laCTOTa 

2rrZe 2 c2 /3/ w•y 
£ R d2 

rAe £ - 3HeprHS 'laCTHIJ;LI. 3TO BCero llHWL B yd/rrR 

pa3 MeHLwe, 'leM B cnyqae "Tpy6KH", T .e. pa3nH'IHe Heae-

nHKO IAnS CBHHIJ;a y _d_ ""2 
rrR 

j. Mo)l(HO TaK)l(e 3anHcaTL 

x,.. Acos(z/L+o), L""v R£d
2 

2rrZe 2 /4/ 

)J.ns Toro, 'IT06LI qacTHu;a He BLIXOAHna 3a npeAenLI "enos", 
yron () He AOll)l(eH npeBOCXOAHTL KpHTH'IeCKOrO 3Ha'leHHS 

e = y 2rrRZe
2 /S/ 

k £d2 

CHoBa nonyqaeM aenH'IHHy, B yd/rrR pa3 MeHLwyro, 'leM 

* TeM caMLIM MLI orpaHH'IHBaeMcs KpHcTannaMH, o6-
pa3oBaHHLIMH aTOMaMH C AOCTaTO'IHO 6onLWHM HOMepOM 
Z, KOrAa paAHYC 3neKTpOHHOrO 3KpaHHPOBaHHJI COnOCTaBHM 
c R H Man no cpaaHeHHIO c d . 

4 

AnS "Tpy6KH". 0AHaKO BepOSTHOCTL \V 3aXBaTa B pe)l(HM 
KaHanupoaauus TenepL ao MHoro pa:3 6onLwe, TaK KaK 
ycnOBHe () ,5 f) k KaCaeTCX TOnLKO. yrna, nepneHAHKynsp
HOrO "cn01o", yron ¢ a nnocKOCTH caMoro "enos" MO)l(eT 
6LITL npOH3BOnLHhlM. fi03TOMY BMeCTO cPOpMynLI /14 'j 
CTaTLH /l/ HMeeM , 

2rrRZ"T w = <e > - v· -------·-. k - 2 
td 

/6/ 

BepoxTHOCTL 3axaaTa B pe)l(HM Kauanupoaauus yaenH'IHaa-

eTCH npHMepHO B V {~- pa3. flpH AOCTaTO'IHO BLICOKHX 

;~ 6 v 3HeprHXX BenH'IHHa V ---2 CTaHOBHTCS O'leHL OnLWOH; 
Ze 

HanpHMep, AnS CBHHIJ;a npu 3HeprHH ! "" 1 F3B OHa npH
MepHO paBHa 4,5.10 2 . 

flpeAUOllO)l(HM, 'ITO y - KBaHT neTHT BAOllL "cnox" B6nH3H 
ero UeHTpanbHOH UllOCKOCTH H C03AaeT 3lleKTpOHHO-n03HT
pOHHYIO napy. TorAa 3neKTpou 6yAeT KauanupoaaTL, ecnu 
yrnOBOH paCTBOp napbl mc2 / £ MeHbWe KpHTH'IeCKOro 
yrna () k . 3TO npHBOAHT K ycnOBHIO, orpaHH'IHBaiOIIJ;eMy 
nopeuu-cilaKTop 3neKTpoua CHH3Y 

2 2 _ d .me * 
y ::_y ~ 

2rrZRe 2 171 
3 

,LJ;ns cauuua aenH'IHHa y cocTaanseT npHMepuo 3,8.10 . 
IlpH BLinonueHHH 17 I 3neKTpou Kone6neTcs BHYTPH 

"enos" a cooTBeTCTBHH c $opMynaMH 121-/4/, a no3HTpou 
BLITanKHBaeTCS uapy)l(y H, noCKOllLKY d>>R, 6onLWYIO 'laCTL 
apeMeHH uaxoAHTcs Me)l(AY "cnosMH". KaK H B cnyqae 
"Tpy6KH", 3TO npHBOAHT K pa3nH'IHIO yrnOBhlX pacnpeAene-

* y CllOBHe /7/ COBnaAaeT no CBOeMy CMLICny C ycno
BHSMH 111/ H /20/ B pa601'f/11. 3aMeTHM B 3TOH CB113H, 
'ITO aonpeKH cKa3aHHOMY a' ' $opMynLI 12/- I 41 ocTaiOT
CS BepHLIMH npH mo60M COOTHOWeHHH Me)l(AY Y H Y · As
TOp 6naroAapeH A.r .JioH'I-OcMonoacKoMy, yKa3aaweMy 
Ha 3TO 06CTOSTenLCTBO. 
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HHH 3JieKTPOHOB H no3HTpoHoB, o6pa3oaaBWHXCH B rrpo

uecce y .... e + + e- : yrnoaoe pacnpe~eJieHHe 3JiexrpoHOB 

OKa3b1BaeTCH 6oJiee y3KHM. IlOBTOpeHHe /c COOTBCTCTByiO

UUIMH O'ICBH~HbiMH H3MCHCHHHMH/ paCCY)I(~CHHH, CO~ep
)l(a~HXCH B I 1/, rrpuao~HT K 3axoHaM pacrrpe~eneHHH 

2 
0/0 d y 2 0 k 0k 2 

p (0): -- J ----- ---ln(-- v'<e--) -1) 
--- 0 0 - rrOk 1 y'y2-1 'f7 k 

/8/ 

o_se::;e k' 

P+(O)-
0 o ::;o::;ok . /9/ - . 

oy'e 2 -e 2 
k k 

IlpH BbiBO~e /8/ 
<lJaKTOpbl O'leHb 

H /9/ rrpe~IIOJiaraJIOCb, 'ITO_JIOpCHI~
BCJIHKH ITO cpaBHCHHIO C Y, T.e. 

mc 2 

--- <<() ( k • H 'ITO / - KBaHTbl rra~aiOT Ha KpHCTaJIJI 

CTporo rrapaJIJieJibHO KpHCTaJIJiorpa~H~CCKHM IIJIOCKOCTXM. 

Mo)I(HO ~yMaTh, 'ITO xapaKrep pa3JIH'IHH MC)I(~y yrJIOBbiMH 

pacrrpCACJICHHHMH 3JICKTpOHOB H II03BTpOHOB He H3MeHHCT

CH H IlpH OTCTYIIJieHHH OT yKa3aHHblX )l(eCTKHX Tpe6oaa

HHB, a TaK)I(e rrpn nepexo~e K 6onee peaJIHCTH'IeCKHM 

MO~CJIJIM. 

Ha6JIIOACHHe yrnoaoro pacnpe~eJieHHJI P_(O) B 'IHCTOM 

BRAe B03MO)I(H0 TOJibKO AJIJI AOCTaTO'IHO TOHKHX KpHCTaJI

JIOB, xorna MO)KHO npeHe6pe'lb "KaTaCTPOlPH'ICCKHMH" KYJIO

HOBCKHMH paCCCJIHHJIMH, OTKJIOHJIIO~HMH 'laCTHUbl Ha yrOJI, 

60JibWHH KpHTH'ICCKOrO yrJia (Jk , H BbiBOAJIUUIMH HX H3 

pe)I(HMa xaHaJIHpoaaHHJI. Jlerxo noxa3aTh, 'ITO no nopJIAKY 

BeJIH'IHHbl COOTBeTCTBYIO~aJI cpeAHJI.Ii AJIHHa 

2 2 e "" 4R E/Ze . /10/ 

6 

. T .e. OHa IlpHMCpHO TaKaH )I(C, KaK H B CJiyqae ~BH)I(CHHH 

BHYTPH "Tpy6KH" /eM. <lJopMyJiy /17/ B/l/ /. Il03HTpOHbl 

IlpOBO~HT BHYTPH "CJIOeB" TOJibKO MaJiyiO ~OJIIO apeMeHH, 

paaHyiO rrpHMepHo RId ; II03TOMY ~JIB HHX "xaracrpo

lPH'IecKaH ~JIHHa" 60JibWC, a HMeHHO: 

e , JL. e ,4RddZe 2 . 
+ R 

/10'/ 

§2. ,}J,BH)I(eHHe 3JieKTpoHa BHYTPH "cno.11" corrpoao)l(

~aerc.ll HHTeHCHBHbiM 3JICKTpOMarHHTHblM H3Jiy'leHHCM, IlpH

BO~.Ii~HM K 3aMeTHOMY TOpMO)I(eHHlO. IloTepH 3HeprHH Ha 

e~HHHUe IIYTH, ycpe~HeHHble IIO nepHO~y KOJie6aHHH, ~aiOT

C.Ii Bblpa)I(CHHCM 

dE 4rr 2 Z2 e
6 

/ A
2 

dZ- ~ - 3?i-2(n~-2-y- /11/ 

06bi'IHO A "'R H /11/ MO)I(HO rrepenHCaTb B BH~e 

ii_ ~ _ 4r/ Z 
2~-=-

dz 3 d4(mc2)4 
/12/ 

ll3 /12/ CJICAyeT, 'ITO B CJiyqae CBHHUa IIOTepH COCTaB

JI.IilOT rrpHMepHo 6.10 - 2 lM3B/cM. IloTepn 3HeprHH Ha 

nyTH a 
2 2 6 2 

L1c~\~la"' 4rr Z e ~a 
d z 3d4 (mc2 )4 

/13/ 

)J,JI.II Bbi'IHCJieHHJI MaKCHMaJibHblX noTepb 3HeprHH cnenyeT 

nOJIO)I(HTb a "" f . 3TO naeT 

i6rr 2 Z R
2
e 4

f
3 

"" ------ . ----
3 (1'1 E )max 

d4 (mc2 )4 
/14/ 

06Cy)l(naeMOMY H3JIY'ICHHIO_ COOTBeTCTBYIOT AOBOJibHO Bbi

COKHe qacTOTbl. EcJIH y <y. qacTOTa n no nopJIAKY ae

JIH'IHHbl onpeneJIJieTCJI <lJopMyJIOH 

g, wl= y' 2rrZe 2 L3 
md2R -, 

/15/ 
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T. e. 6LieTpo paeTeT e yaeJIBqeHHeM Y ; 
MeeTO e~e 6onee 6LieTpLIH poeT. )l,JIJI 

eJie,IJ.yeT' qTO npB ( , 3 F3B qaeToTa n "' 

npH y>y BMeeT 

eBBHIJ,a B3 /15/ 
1d3 c- 1

;JHeprHJI 

eOOTBeTeTBYIO~BX Y • KBaHTOB eoeTaBJIJieT npBMepHO 

100 M3B. 
IloTepB Ha B3JiyqeHHe JIBJIJIIOTeJI OeHOBHLIM MeXaHH3-

MOM 3HepreTBqeeKBX noTepL KaHaJIBpyiO~HX JJieKTpOHOB. 

B OTJIBqBe OT JJieKTpOHOB n03HTpOHLI BLITaJIKBBaiOTeJI H3 

"eJIOJI" H TepJIIOT 3HaqHTeJILHO MeHLWe JHeprBB /B paMKaX 

Haweii ynpo~eHHOH MO,IJ.eJIB npBMepHO B d /R pa3/. Il03 • 

TOMY B YCJIOBHJIX KaHaJIBpOBaHBJI KpOMe yKa3aHHOH paHee 

yrJIOBOH aCHMMeTpBH O)I{H,IJ.aeTeJI TaK)I{e 3aMeTHaJI 3Hepre

TBqeeKaJI aeHMMeTpHJI Me)I{,IJ.y JJieKTpOHaMH B n03HTpOHa· 

MB, o6pa30BaHHLIMH B npoD,eece y -+ e+ + e- eOOTBeT· 

eTBYIO~HM o6pa30M eKOJIJIBMHpOBaHHLIMB y ·KBaHTaMB ,IJ.O· 

eTaTOqHo BLieOKOH JHeprBH. 

Cne,IJ.yeT no,IJ.qepKHYTL, qTo yKa3aHHaJI acHMMeTpHJI BMe

eT MeeTO TOJILKO )J,JIJI )J,OeTaToqHo TOJICTLIX KpBeTaJIJIOB, 

Kor,IJ.a a>> L. IlpB a:s; L no3BTpoHLI He ycneaaiOT BLIHTH 

B3 "eJIOJI", 3JieKTpOHLI B n03BTpOHLI )J.BH)I{yTeJI npBMepHO 

B O)J,HHaKOBOM JJieKTpBqeeKOM none H no 3TOH npHqHHe 

B3JiyqaiOT TaK)I{e npBMepHo O.IJ.HHaKOBo. Pe3KaJI JHepreTu

qeeKaJI aeBMMeTpHJI Heqe3aeT. CKa3aHHoe enpaBe,IJ.JIHBO 

H TOr,IJ.a, KOr,IJ.a qaeTHIJ,LI na,IJ.aiOT Ha KpHeTaJIJI H3BHe: B ye· 

JIOBBJIX KaHanupoaaHHJI npH a >> L JJieKTPOHLI TepJIIOT 

3HeprHIO Ha H3JiyqeHHe 6onee HHTeHeHBHO, qeM n03HTpOHLI; 

npB a::; L noTepH JHeprHH eTaHOBJITCJI npuMepHo O.D.HHaKo

BLIMH. 

B noene,IJ.HeM enyqae /T .e. npH a :S L I BHTepeeHo 

eonoeTaBHTL pa,IJ.HalJ,HOHHLie noTepH e TeMB noTepJIMB, 

KOTOpLie HMeJIH 6LI MeeTO 3a cqeT 06LiqHoro TOpM03HOrO 

H3JiyqeHHJI npB na,IJ.eHBB qaeTHIJ, Ha aMopclJHoe TeJio /BJIB npu 

na,IJ.eHHH Ha KpBeTaJIJI B HanpaBJieHBB, B KOTOpOM OTeyT

eTByeT KaHaJIBpOBaHBe/. )l,JIJI 06LiqHOrO TOpM03HOrO B3Jiy

qeHBJI y,IJ.eJILHLie noTepB nponopiJ,BOHaJILHLI y. a o6ey)I{

,IJ.aeMLie KOrepeHTHLie noTepB nponopD,BOHaJILHLI y2 ; noJ· 

TOMY npH MaJILIX y ORB MeHLWe, a npB ,IJ.OeTaToqHO 60JIL• 

WHX y • 60JILWe TOPM03HLIX noTepL. IJpBMepHOe paBeH

eTBO ,IJ.OeTBraeTeJI npB 

8 

' I 

it 
r 

}' , _3 __ c _El J r . .!!_ • .!!._ * 
4 11 2 z 2 e 'ld R 

/16/ 

r,IJ.e t - pa,IJ.HaiJ,BOHHaJI )J,JIHHa. )l,JIJI CBBHIJ,a /16/ ,IJ.aeT 

Y ,2,6 ·10 4 
· IlpH BLIBO,IJ.e /16/ yqBTLIBaJIOeL, qTO B paMKaX 

HaWeH MO,IJ.eJIH TOJILKO He60JILWaJI )J,OJIJI qacTHIJ, yqaeTByeT 

B reHepaiJ,BB B3JiyqeHBJI /.IJ.OJIJI nopJI,IJ.Ka R/d, OTHOeJI~aJieJI 
K qacTBIJ,aM, nonaawBM BHYTPL KaKoro-nH6o "enoJI"; Ha

noMHBM, qTO peqL H,IJ.eT 0 60JILWHX Z H eOOTBeTeTBeHHO 

MaJILIX pa,IJ.Hyeax 3KpaHHpOBaHHJI/. 3aMeTHM ellJ,e, qTO npH 

BLinOJIHeHBH /16/ )J.JIJI H3JiyqeHBH o60HX TBnOB eoana,IJ.aiOT 

TOJILKO nOJIHLie 3HepreTHqeeKHe noTepH; eneKTpaJILHLIH 

eoeTaB OeTaeTCJI pa3JIBqHLIM. 

PJI.D.OM JKenepuMeHTaJILHLIX pa6oT noKa3aHo, qTo npu 

KaHaJIHpOBaHHH B TOJieTLIX KpBeTaJIJiaX n03HTpOHLI, nona

,IJ.alOIIJ,Be Ha KpBCTaJIJI H3BHe, B3JiyqaiOT 3aMeTHO ena6eii, 

qeM B eOOTBeTeTByiOIIJ,eH aMOPcilHOH epe,IJ.e /eM., HanpHMep, 

pa6oTLI 
13

•41 , BLinoJIHeHHLie npH JHeprHB 1 F3B/. B enyqae 

nJIOCK~eTHOrO KaHaJIBpOBaHHJI 3TO npoBeXO,IJ.BT H3·3a TOro, 

qTO 60JILWaJI qacTL n03BTpOHOB nona,IJ.aeT Me)I{,IJ.y "eJIOJIMH" 

B H3JiyqaeT epaBHBTeJILHO Mano /a paMKax Haweii rpy6oii 

MO,IJ.eJIH OHH B006~e He H3JiyqaiOT/; qTO KaeaeTeJI n03HTpo

HOB, nonaBWBX e eaMOrO HaqaJia BHYTPL "enoea", TO ORB 

B3JiyqawT BHTeHeHBHO, HO queno HX Mano /.IJ.OJIJI - R/d I. 
KpoMe Toro, npH a>> L HMeeTcJI ,IJ.onoJIHHTeJILHoe no,IJ.aa

neHHe H3JiyqeHBJI 3THX ll03HTPOHOB, noeKOJILKY B3- 3a JJieKT • 

poeTaTHqeeKoro OTTaJIKHBaHHJI OHH npOBO)J.JIT 6o'JILWYIO qaeTL 

apeMeHH He BHYTPH "cnoea", a Me)I(.IJ.Y HBMB / e~e O.IJ.BH 

MaJILIH MHO)I{BTeJIL nopJI.D.Ka RId I. 

*1Iepexo,IJ. oT "enoea" K "Tpy6KaM" He MeHJieT xapaK
Tepa paeeMaTpBaaeMLIX JIBJieHBH. IlpB a.$. L JJieKTpOHLI 
B ll03BTpOHLI B3JiyqaiOT llpHMepHO O)J.BHaKOBO, npBqeM )J,JIJI 
MaJILIX y 3TO B3JiyqeHBe MeHLWe o6LiqHoro TOpM03HOrO, 
a npH 6oJILWBX y - 6onLwe. PaaeHeTao ,IJ.OeTBraeTeJI a 

o6naeTH 
., mc2 3 d 

y"' ~ ( --) • --. 
8Z 2 e2 /d t 

/17/ 

B enyqae eBBHIJ,a y "'8,6 ·10 3 
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O,IJ,HaKo npH ,IJ,OCTaToqao 6onLWHX 3HeprHHX ManLiii 
¢aKTOP R 2/d 2 c nuxaoii KOMneHcupyeTc.H TeM, qTo y,IJ,enL
HLie noTe pH nponopu;uouanLHhi y2. B HTore pa,IJ,Hau;HOHHLie 
llOTepH ll03HTpOHOB CTaHOB.HTC.H He MeH&We, a 60./lbWe 

06hlqHLIX TOpM03HhlX llOTepL. IlepeXO,IJ,HOH o6naCTH COOTBeT

CTByeT nopeHu;-$aKTOp 
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,l],n.H CBHHu;a 3TO ,IJ,aeT y ""4 ·10 5 EcnH He npeHe6peraTL 
HJnyqeHHeM ll03HTpOHOB, ,IJ,BH)KYllJ.HXC.H Me)K,IJ,y "cnoHMH", 
TO Ol.J;eHKa 1181 MO)KeT 6LITL llOHH)KeHa. 

Aaanoruqaoe saneHHe HMeeT Mecro H o cnyqae oceoo

ro KaHanupoaaHH.H, HO Tor,IJ,a 

3 mc2 3 d d y "" --- • ( ) ( -- )2 • -
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Cne,IJ,yeT, npaa,IJ,a, HMeTL B BH.l1.Y, qTo .IJ.JIH oceaoro KaHanu
pooaHHJI HJnyqeHHe, Bhl3BaHHOe ll03HTpOHaMH, nonaBWHMH 
nepBoHaqanLHO BHYTPL "Tpy6oK", no,IJ,aaneao cymecTBeHHO 
6onee cHnLHO, qeM ,IJ,nJI nnocKoCTHoro KaaanupooaHHJI lnpu
Mepao B d 2 /R2 pa3l. Ilo3TOMY H3Jiy'{eHHe ll03HTpOHOB, 
H.IJ.Yll.J;HX Me)K,IJ,y "Tpy6oK", HrpaeT 3Ha•unenbHO 60JILWYJO 
ponh H 1191 ,IJ,a)Ke npu 6onLWHX Z cne,IJ,yeT paccMaTpHBaT~> 
TOJILKO KaK oqeHL rpy6yro oepxHJOJO ou;eHKY. HcTHHHoe 
3HaqeHHe y MO)KeT 6LITh 3HaqaTeJ1bHO MeHLWHM, HO ero 
BhlqHCJieHHe Tpe6yeT HCnOJih30BaHH.H 6onee peaJIHCTHqecKOH 

MO,IJ,enH. 
B pa6oTe 121 paccMoTpeaa B03MO)KHaJI CBJI3h Me)K.IJ.Y 

HJnyqeaHeM 3neKTpOHOB, KaHanapyromax BHYTPH "Tpy6oK" 
KpHCTannHKOB 6poMHCTOrO cepe6pa, H aHOMaJihHLIMH 3J1eKT
poMarHHTHhlMH JIHBH.HMH lliaiiHa, Ha6nJO,IJ,aeMblMH B $OT0-
3MYJ1hCH.HX, 3KcnoaapoaaHHhlX o cTpaToc¢epe. B KaqecT
aeHHOM nnaHe TaKoe 06b.HCHeHHe npHpO,II,hl aHOMaJibHhlX 
nuaaeii npe,IJ,cTaBn.HeTC.H anonae npueMneMhlM, HO Teope
THqeCKHe ou;eHKH qaCTOThl HX nOJIBneHH.H Ka)KyTCJI qpe3Bbl
qaHHO HH3KHMH no cpaBHeHHJO C 3KCnepHMeHTaJ1bHhlMH 
lnpH BhlCOKHX 3HeprH.HX pe3KO na,IJ,aeT HHTeHCHBHOCTh y-
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KBaHTOB KOCMHqecKHX nyqeii H oqeHL Mana BepO.HTHOCTh 
JaxaaTa 3neKTpOHOB B pe)KHM KaaanapoaaHH.H BHYTPH "Tpy-

6oK"I. 
O,IJ,HaKo npu o6cy)K,IJ,eHHH ¢opMynhl 161 Mhl BH,IJ,enu, 

qTo B cnyqae KaHanapooaHHJI BHYTPH "cnoea" aepo.HTHOCTL 
JaXBaTa MO)KeT 6LITh Ha HeCKOJlhKO nopJI,II,KOB BblWe, qeM 
npH KaHanHpOBaHHH B "Tpy6Kax". tlTO KacaeTC.H B03HHKaJO· 
mero B npou;ecce KaHanupoaaHH.H 3neKTpoMarHHTHoro HJ
nyqeaH.H, TO ero CBOHCTBa npH nepeXO,IJ,e OT "Tpy6KH" 
K "cnoro" noqTH qTo ae HJMeH.HJOTC.H. Mo)KHO no3TOMY 

,IJ,yMaTL, qTo npH aaanHJe nuaaeii Illaiiaa cne,IJ,yeT npe)K,IJ,e 
acero HMeTL a BH.IJ.Y HJnyqeaae, BOJHHKaJOmee npa Kaaa
nupoaaHHH anyTpH "cnoea". ,ll,n.H oKoaqaTenLaoro Bhi.HCHe
HH.H 3Toro aonpoca )KenaTenLHLI, Koaeqao, 3KcnepaMeHThl 

Ha 6onhWHX yCKOpHTeJIJIX. 

§3. PaccMoTpHM ycnoBH.H, noJBOJI.HIOll.J;He npu aaanHJe 
KaHanapooaHHJI ynhTpapen.HTHBHCTCKHX qacTHI.( JaMeHHTL 
HCTHHHOe ,IJ,HCKpeTHOe pacnpe,IJ,eneHHe Jap.H,II,OB HenpephlB
HhlM. B cnyqae KaHanapoaaHH.H BHYTPH "Tpy6KH" 3TO B03-
MO)KHO, ecna npocTpaHcTBeHHLiii nepuo,IJ, aenHK no cpao
HeHHIO C pa3MepaMH KpHCTannHqecKOH gqeHKH, T .e. ecnH 
L>>d . IlpH .IJ.BH)KeHHH BHYTPH "cnog" BOJHHKaiOT ,IJ,ononaa
TenLHhle Tpe6oaaHH.H. IIycTL oTpau;aTenLHa.H qacTuu;a o6-
pa3onanacL BHYTPH HeKOTOpOH "Tpy6KH" laanpHMep, B 
npou;ecce y ... e+ + e- I. ,ll,nH Toro, qTo6hl oaa .IJ.BHranacL 
BHYTPH "cnog", Ha,IJ,o, qTo6LI yron () Me)K.IJ.Y aanpaoneHHeM 
ee .IJ.BB)KeHH.H H "cnoeM" 6Lm MeHLwe KPBTHqecKoro yrna 
151. Ecnu yron t:P o nnocKOCTH "c.IJO.H" TaK*e MeHLWe 
HJIH npBMepHO paoeH () k , HMeeT MeCTO KaHanBpOBaHHe 
BHYTPB "Tpy6KH"; npB Q >()k peqh H,IJ,eT 0 KaHanupoaa
HHB BHYTPH "cno.H" lnpe,IJ,nonaraeTC.H, qTO OCH "Tpy6KB" 
cooTBeTCTByeT Q "" 0 I. B nocne,IJ,HeM cnyqae qacTuu;a no
cne,IJ,oBaTenLHO nepeceKaeT p.H.IJ. napannenLHhlX ,IJ,pyr ,IJ,pyry 
"Tpy6oK". JICHO, qTQ MO,IJ,eJIL HenpephlBHO pacnpe,IJ,eneHHO
ro Jap.H,IJ,a BMeeT CMhlCJl TOJILKO TOr,IJ,a, KOr,IJ,a B TeqeHHe 
o,IJ,Horo npocTpaHcTBeHHoro nepuo,IJ,a Kone6aauii 141 npouc
XO.IJ.HT MHOrO TaKHX nepeceqeHBH. 3TO npBBO,II,BT K YCJIOBHIO 

cp > cp k "" V 2rr Ze 2 • 1201 
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JICHO TaiOKe, 'ITO yCJIOBHe /20/ OCTaeTC.R B CHJie H .D:JI.R 
'laCTHU., BJieTeBillHX B KpHCTaJIJI H3BHe * o 

YcnoBHe /20/ BhlTeKaeT TaK*e H H3 ,npyrHx, He3asu
CHMhlX coo6pa*eHHH. IlepeceKa.R coce,nuHe "Tpy6KH" /noq
TH napaJIJieJibHhle TpaeKTOpHH/, 'laCTHU.a HCllbiTbiBaeT no
CJie,noBaTeJibHhle KynouoscKue pacce.RHH.Ro ,[I,HcKpeTuoe pac
npe.neneuHe 3ap.RJJ:OB MO*HO 3aMeHHTb 3KBHBaJieHTHhlM eMy 
uenpephlBHhlM pacnpe.neneHHeM TOJibKO B TOM cnyqae, Kor.na 
3TH nocne.nosaTeJibHbie aKThl pacce.RHH.R cKoppenHposauw 
Me*.D:Y co6oii:, Toe. H3MCH.RIOT yrOJI e B O.D:HOM H TOM *e 
uanpasneHHH. ,[l,n.R 3Toro qacTHU.a ,noJ!*Ha nepeceKaTb co
ce,nuHe "Tpy6KH" no O.D:HY H TY *e CTOpOHY OT U.CHTpaJibHOH 
nnocKocTH paccMaTpHsaeMoro "cno.R"; B npoTHBHOM cnyqae 
BMeCTO ynop.RJJ:O'IeHHOrO .D:BH*eHH.R THna /2/ Mhl 6y,neM 
HMeTb auanor MHoroKpaTHoro pacce.RHH.R B uanpasneHHH, 
nepneH,nHKYJI.RpHOM "CJIOIO". JlerKO y6e,nHTbC.R, 'ITO 3TH 
coo6pa*eHH.R CHOBa npHBOJJ:.RT K yCJIOBHIO /20/o 3aMeTHM, 
'ITO B KOJIH'ICCTBeHHOM nJiaHe 83 HepaBeHCTBa /20/ He 
CJie,nyeT CKOJibKO-HH6y,nb Cy~eCTBeHHOe yMeHbillCHHe Be
pO.RTHOCTH 3axsaTa B pe*HM KaHanuposauu.R BHYTPH "cno.R", 
llOCKOJibKY yroJI cp k • KaK Y*C OTMe'laJIOCb, .D:OBOJibHO MaJI 
/npu 3Hepruu f "" 1 raB .D:JI.R CBHHU.a cb k ""'5.4 ·10 -

3 I 0 

,[I,BH*CHHe KaHaJIHpyiO~eH 'laCTHU.hl H C03,nasaeMOe eiO 
H3Jiy'leHHC paCCMaTpHBaJIHCb Bblille B paMKaX KJiaCCH'ICCKHX 
npe,ncTasneHHii:. AHaJIH3 ycnosHii:, no3BOJI.RIO~ux npoH3Bo
.D:HTb 06CY*.D:aCMhlC OU.CHKH 6e3 y'leTa KBaHTOBOH MeXaHHKH, 

npaKTH'IeCKH cosna.naeT c npose.neuuwM s pa6oTax 11 ~ 1 

JlerKO y6e,nHTbC.R, 'ITO B HHTepecyiO~eH HaC 06JiaCTH 3Hep
rHH 3TH yCJIOBH.R OKa3biBaiOTC.R BhlllOJIHeHHhlMH C .D:OCTaTO'I
HOH TO'IHOCTbiO. 

*B o6nacTH swcoKHX 3HeprHii: yron ¢k Man, H npH 
cp "" cp k o6Cy*,naeMhlC nepeceqeHH.R OTHOCJITC.R K "Tpy6-
KaM", npHMepuo napanneJibHhlM HMnynbcy qacTHU.hl. Csepx 
3THX nepece'leHHH qacTHU.a nepeceKaeT pJI.n "Tpy6oK", no'ITH 
nepneH,nHKYJI.RpHhlX ee HMllYJibCY. Il03TOMY nepexo,n K MO
,neJIH uenpepwsuo pacnpe.neneuuoro 3ap.11,na Tpe6yeT TaK*e 
BhlllOJIHCHH.R yCJIOBH.R L > d 0 
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ABTOP swpa*aeT 6naro.napuocTL A.r.Bouq-OcMonos
CKOMY 3a yqaCTHe B 06CY*.D:CHHJIX H U.CHHWe 3aMe'laHH.R. 
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