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nonl"'opeuKHH M.11. P2 - 10986 

K sonpocy o6 aneKrpoMai"'HHTHOM HanyqeHHH ynbTpapenHTHBHCTCKPX 

aneKTpOHOB B KpHCTannax 

PaccMoTpeHo aneKTpoMai"'HHTHOe HanyqeHHe, coanasaeMoe ynbrpape

nHTHBHCTCKHMH KaHanHpy!OlUHMH aneKrpoHaMH, llBH>t<ylUPMHCH BHYTPP UHnPHil

pH'IeCKHX o6nacTeH, 06pa30B8HHblX TennOBblMH KOne68HHHMH Hllep KpHCTan

nH'IeCKOH peweTKH. npeJlCK838H8 3Hep!"'eTH'IeCK8H 8CHMMeTpHH Me>KilY 

aneKTpOH8MH H n03HTpOH8MH, l"'eHepHpOBBHHblMH y-KB8HT8MH, nBJl810lUHMH 

H8 KpHCTann B HanpasneHHHX KpHCTannOI"'pa~H'IeCKHX ocell. 06Cy>t<Jl8eTCH 

B03MOlKH8H CBH3b YK838HHOI"'O H3ny'leHHH C 8HOM8nbHblMH MHOI"'O~OTOHHblMH 

nHBHHMH WaAHa. 

Pa6ora s~omonneHa B fla6opaTOPHH BbiCOKHX 3Hepi"'Hil 011.RI1. 

Co061QeHBe 06'1oeJl&HeHHOI'"O BHCTBTYT& a.llepHWI BCCne.llOB&HBI • .,lly6H& 1977 

Podgoretsky M.I. P2 - 10986 
On Electromagnetic Radiation of Ultrarelativi?tic 
Electrons in Crystals 

Electromagnetic radiation is considered caused by ultrarela
tivistic channeling electrons moving inside cylindrical regions 
formed with nuclear heat oscillations of a crystal lattice • ..t\n en_ergy 
asymmetry is predicted for electrons and positrons, generated by 
y -quanta falling to a crystal along the crystalligraphic axes. 

A possible connection of the abovementioned radiation with the 
anomalous multiphoton Schein showers is discussed. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 

Communication of the Joint Institute for Nuclear Research. Duboa 19'1'1 
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1. B pa6oTe 
1 11 

paccMoTpeHo .IJ.BH)f(eHue ynbTpapemnu

BHCTCKHX qacTHQ BHYTPH "Tpy6KH", o6pa30BaHHO~ KOne6-

lliOIQHMHC.JI JI,D.paMH, pacnonO)f(eHHbiMH B,IJ.Onb O,IJ.HOrO H3 

KpHCTannuqeCKHX pJI,D.OB. qaCTHQa, B03HHKillaJI B KaKOM

nu6o JI,D.epHoM npouecce u neTJIIQaJI B,IJ.Onb ocu "Tpy6Ku", 

ucnbiTbiBaeT nocne,IJ.oBaTenbHble KynoHOBCKHe pacceJIHHJI, 

COBOKYllHOe ,IJ.e~CTBHe KOTOpbiX MO)f(HO JaMeHHTb CHnaMH, 

C03,IJ.aBaeMbiMH nonO)f(HTenbHbiM 3neKTpuqecKHM 3apJI,D.OM, 

HenpepbiBHO JanonHJIJOIQHM "Tpy6Ky"; B nepsoM npu6nu

)f(eHHH 3TH CHnbi OKa3biBaJOTCJI nponopQHOHanbHbiMH none

peqHoMy CMeiQeHHJO r . B peJynbTaTe nonO)f(HTenbHble 

qacTHQbl BbiTanKHBaJOTCJI H3 "TpyfiKH", a OTpHQaTenbHbie 

cosepmaJOT B He~ nepuo,IJ.uqecKue Kone6aHHJI 

-> .... -> 
r "'A cos w t + B sin w t, 

r,IJ.e A u B - nonepeqHble seKTOpbl, a qacToTa 

ec , 2 Z 
w=- v--

R dE 

/1/ 

/2/ 

3,IJ.ech R - pa,D.uyc "Tpy6Ku", d - paccTOJIHHe Me)f(.IJ.Y 

coce,IJ.HHMH JI,D.paMH KpucTannuqecKoro PH.D.a, Z - nop.II.IJ.KO

Bbl~ HOMep JI,IJ.ep, f - 3HeprH.II 'laCTHQbl. C yqeTOM npo

,IJ.OnbHO~ CKOpOCTH qacTHQbl V, KOTOpaJI npe,D.nonaraeTCJI 

O'leHb 6nH3KO~ K CKOpOCTH CBeTa C , npOCTpaHCTBeHHaJI 

paJBepTKa ,IJ.BH)f(eHHJI /1/ HMeeT BH,IJ. 

... ... ... R -;d 
r ~ Acosz / L + B sinz / L, L =- y-- . /3/ 

e 2 Z 
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)l,m1 Toro 'IT06bl qacTuua ue Bblxo~una Ja npe~enbl "Tpy6-
KH", yron Me)t(~y ee TpaeKTOpHeH H OCbiO "Tpy6KH" He 
~O~eH npeBbiiiiaTb KpHTH'IeCKOro 3Ha'leHHfi 

2 Z 
ek=ey--. 

t d 
/4/ 

Ilpu npOH3BOnhHblx uaqanbHbiX ycnoBusx /u npu A> 3 I 
~BH)t(eHHe THna /1/ HMeeT MeCTO TOnbKO TOr~a, -KOr~a 
nopeuu-llJaKTOp qacTHUbl 

u2+ v2 -1 / 2 mc2 R 2 
y~ (1- ---) < --- (-) . 

c 2 (2Z e 2 / d) A 
/5/ 

Ecnu A .,., R, ycnoBue /5/ npuuuMaeT BH~ 

< - 2 
y y = ~----

(2 Z e 2 / d) . 
/5 / 

v 2 y; 
Ilpu Bblnonueuuu /5/ MO)t(HO C'IHTaTb y =y ~ (1- - 2 )- 2 

v c 

Ecnu ycnoBue /5/ uapyiiieuo, llJopMynhl /1/-/3/ ocTaiDT
Cfi. BepHbiMH TOnbKO ~ns ~BH)t(euus no cnupanu, Kor~a 

x = A cos w t , y = A sin w t , z "' c t /6/ 

H, COOTBeTCTBeHHO, 

x = A cos z / L , y = I3 sin z / L /7/ 

B ocTanbHhlx cnyqagx ~BH)t(euue ycno)t(Hfi.eTcfi. /uo 4JopMyna 
/4/ coxpauJI.eT CBOIO cuny I. 

2. CKa3auuoe pauee oTuocunocb K n1061.1M oTpuuaTenb
uo 3aps)t(eHHbiM qacTHUaM. Ecnu pe'lb u~eT o6 JneKTpouax, 
B03HHKaeT HOBOe 06CTOfi.TenbCTBO: ~BH)t(eHHe JneKTpOHOB 
BHYTPH Tpy6KH conpoBO)t(~aeTcs HHTeHCHBHbiM JneKTpoMar
HHTHbiM H3nyqeuHeM, KOTOpOe npHBO~HT K noTepe 3HeprHH 
u K H3Meueuul0 aMnnuTy~hl nonepe'lublx Kone6auuii. Uenb 
HaCTOH~eii CTaTbH COCTOHT B HCCne~OBaHHH HeKOTOfbiX 
cBoiicTB yKaJauuoro H3nyqeuus*: KaK u B pa6oTe 11 , 

- * 3neKTpoMaruHTHoe H3nyqeuue Kauanupy10~x qacTHU 
y)t(e o6cy)t(~anocb B nuTepaType /eM., uanp., / -11 / /, uo 
HHTepecyiOIUHH HaC Cnyqaii ~BH)t(eHHfi BHYTPH "Tpy6KH" 
ue paccMaTpuBancs. 

4 

.. 

~ 

~ 

pe'lb 6y~eT H~TH TOnbKO 0 Ka'leCTBeHHbiX KnaCCH'IeCKHX 
oueuKax. 

)l,ns Bbi'IHCneuus noTepb 3Hepruu ua H3nyqeuue npo~e 
BCero BOCnOnb30BaTbCH H3BeCTHOH 4JopMynoii 

• 1• f 1. 2 
.9..!.._ ~- -~-- ~-~-c(v__:: __ ~~ _-:_ Jr~E--- ~- ~- ~-. /8/ 
dt 3 m2c3 1-v '2'c2 

... . / ) " 
B KOTOpOH V ~ V t U - nonuas CKOpOCTb JneKTpoua, 
-> > I 12 / 
E u H - nonH, B KOTOpblx ou ~BH)t(eTcH /eM. cTp .236/. 
B uaiiieii Ja~aqe MaruuTuoe none ii = 0, a JneKTPH'IecKoe 
none HMeeT TOnbKO pa~uanbHYIO COCTaBnHIO~YlO 

2Ze 
E ~ ----- • r , r <' R . 

dR
2 

l-13 /8/ u /9/ cpa3y cne~yeT 

dt 

dt 

8 z 2 6 ,, 2 e f- r 
-----2·-----· -- 2 3d R4 4 7 -- (1-u / c2) m c r • 

_d _~--- ., - -8 z2 e 6 ( 2r 2 
dz 

3
d2R4·-(;;c2)4(1-u;; c2), 

/9/ 

/10/ 

/10 '/ 

r~e ur - pa~uanbuas cocTaBnfi.IO~as nonepequoii CKopo
CTH U. )l,nfi. BHHTOBOrO ~BH)t(eHHH, OnHCbiBaeMOrO 4JopMyna
MH /6/ u /7/, pa~uanbHafi. cKopoCTb u r =0; KpoMe Toro, 
B pa6oTe 111 6hlno noKa3auo, 'ITO B HHTepecyiOIUHX uac yc
noBHfi.X Bcer~a u 2 / c 2 « 1 . Ilo3TOMY u B o6~eM cnyqae 
/10/ u /10' I MO)t(HO JanucaTb B BH~e 

dc 8Z
2

e6 c 2 r 2 dc 8Z
2

e
6

c1-
2 

-- = - --------- --=- ---
dt 3d2 R4m4c7 

B ~anLueiiiiieM no~ npoH3BO~HbiMH 

dz 3 d2R4(mc2)4 

d( 

dt 
H j_~ 

dz 

/11/ 

Mbl6y~eM 

nouuMaTb ue MrHoBeuuble noTepu Juepruu, a noTepu, yc
pe~ueuuble no nepuo~y Kone6auuii. Tor ~a B I 11/ cne~yeT 
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BMeCTO r 2 
BBeCTH BenH'IHHY f 2 . IlpH BLIDOnHeHHH 

ycnoaax 151 ~nx pa~aanLHoro ~BIDKeHag, onachlaaeMoro 

$opMyno8 111, B I<OTopoa B =- 0. HMeeM f1!,. 1 /2 A 2 . Co

OTBeTCTBeHHO 

_e!.~ ~
dt 

4Z2e6£2A2 

3d 2 R4 m 4 c 7 
..9..~ =-

dz 

4 Z 2e 6£ 2A 2 

3d 
2
R 4 

( m c 2 ) 
4 

11 ' I 

,LJ.nx BHHToaoro ~BH:>KeHHx 17 I aenH'IHHa ~ = A 2 . Ilo3TOMY 

d( 8Z
2e 6

l ~ 2 ~- = _ ~z 2 e_: /A 2 
_ 111" I 

dt 3d 2 R 4 m 4c 7 dz 3d2R4(mc2)4 

IloTepu 3Hepruu acer~a Bhlpa:>KaiOTcx I!JopMynaMH TaKoro 

Tuna, noci<onLI<Y ~nx ni06hlx pe>KHMOB ~BH:>KeHHX BHYTPH 

"Tpy6I<H" rr ~ A 2 . 3aMeTHM eme, 'ITO HCXO~Hax I!JopMyna 

181 HHKai< He CBX3aHa C ycnOBHeM 151; cne~OBaTenhHO, 
3TO OTHOCHTCX H K nocne~yJOID;HM pe3yflhTaTaM 1101-1111. 
,LJ.ng "Tpy6I<H", o6pa30BaHHOH O~HHai<OBbiMH X~paMH, aM

nnuTy~a A "' R , u 111 "I MO:>KHO nepenucaTL B BH~e 

~-x-
dz 

8 Z 2e 6 ( 2 

3d2R 2(m c2) 4 

IloTepu 3Heprua Ha He6onLwo8 ~nuHe z 

2 6 2 
8Z e ( z 

I d f 1 z = ----- 2 4 ~ £ = dz 3 d 1?, 2( m c ) 

111 " / 

1121 

JaMeTHM, 'ITO BCIO~y HegBHO npe~nonaranaCh B03MO:>KHOCTL 

npeHe6pe'lb "I<aTacTpoi!Juqeci<HMH" I<ynouoBCI<HMH paccex

HHXMH, HapywaJOID;HMH pe:>KHM I<aHanHpOBaHHX. B pa6oTe
1 11 

6blnO fiOI<a3aHO, 'ITO COOTBeTCTBYIOIUHH "I<a TaCTpO$H'IeC

I<HM" paccegHHgM cpe~uaa npo6er 

2 9 
P"'2£R / Ze~ 1131 

6 

.. 

.. 

Cne~oaa TenLHO, I 121 HMeeT cMLICn TonLI<O npu z < t Ilo3-

TOMY ~ng OD;eHI<H Mai<CHMaflhHO B03MO:>KHhlX llOTepb Ha H3-

ny'leHHe a I!JopMyny 1121 Ha~o no~cTaBHTh z "'e. 3To ~aeT 

(~£)max 
d £ 16Ze 4 £ 3 I -- I e "' -· --·-·------
d z 3d 2 ( m c 2 ) 4 

1141 

flo T epH Ha H3fly'leHHe XBflXIOTCX OCHOBHhiM MeXaHH3MOM 

3HepreTH'IeCKHX noTeph KaHanupyiOIUHX 3neKTpoHoB * . B 
OTflH'IHe OT 3fleKTpOHOB , fi03HTpOHhl BhiTani<HBaiOTCX H3 

"Tpy6I<H" H fiO'ITH He TepXIOT 3HeprHH Ha H3fly'leHHe. Ilo3-

T OMY B ycnOBHXX KaHanHpOBaHH X , KpOMe yi<a3aHHOH B /1/ 

yrnOBOH aCHMM eTpHH, O:>KH~aeTCX TaK:>Ke 3aMeTHaX 3Hepre

TH'IeCKaX aCHMMeTpHX Me>K~Y 3fleKTpOHaMH H ll03HTpOHaMH, 

o 6 pa30BaHHhlMH COOTBeTCTBYIOIUHM o6pa30M CKOflflHMHpo

BaHHhlMH y - KBaHTaMH BhiCOKOH 3HeprHH B npon;ecce y ~e t:t:e :-

3. 06cy:>K~aeMOMY H3fly'leHHIO COOTBeTCTBYIOT ~OBOflhHO 

BhlCOKHe 'laCTOThl. B CHCTeMe ( *) , B K OTOpOH V "" 0, n p H 

BhlfiOflHeHHH ycnOBHX 151 ero 'laCTOTa Q * = W * = w y 
8 na6opaTOpHOH CHCTeMe 'laCTOTa Q 3aBHCHT OT yrna 

BhlneTa rP * B CHCTeMe ( *), a HMeHHO Q = y Q * (1 t: ~COS ¢* ) , 
T . e. no nopx~I<Y aenH'IHHhl 

2 u "' (<) y 

c 

1151 

* B aKTax "px~oaoro" KynoHoacKoro paccexHHX KaHanu
pyiOmax 'laCTHn;a MO:>KeT nepe~aTL x~paM "Tpy6KH" HeKo
TopyiO KHHeTH'IeCKYIO 3HeprHIO. ,LJ.ng OD;eHKH aenH'IHHhl COOT
BeTCTBYIOIUHX fiOTepb 3HeprHH 6y~eM C'IHTaTh g~pa CBO-

d f 2 4 2 
6o~HLIMH. Tor~a i -- I"' Ze /2 drA c, r~e M-Macca 

d z 

g~pa. 3TO Ha HeCKOflhi<O nopX~I<OB MeHLWe pa~HaD;HOHHhlX 
noTepL 3Hepruu penxTHBHCTCI<HX 3nei<TPOHOB. AHanoruquax 
OD;eHKa HOHH3aD;HOHHhlX DOTe ph 3HeprHH fiOI<a3hlBaeT, 'ITO 

HMH TaK:>Ke MO:>KHO npeHe6pe'lh. 

7 



~nH CBHH~a B3 1151 cne~yeT, qyo DPHf 
0=- 4·1o22 'c-1 *·. 

1 F3B qacToTa 

C KBaHTOBOB TOqKB 3peHBK peq& H~eT 06 HCDYCKaHBH 
~OTOHOB awcoKoi 3HepraB; cne~oBaTen&Ho, KnaccBqecKoe 
paccwoTpeHHe npe~nonaraeT ycnoaae 

no $ c · 1161 

Kow6BHHPY• 121, 15 'I H 1151, y6elK,AaeMCJI, qyo npB y < y 

il -- 1\ 
ttnlc "' --vyly < ---« 1 . 1111 

meR meR 

T.e. HepaBeHCTBO 1161 BWDOnHeHO. flonolKeBHe MeHSeTCJI 
npa y > y . MolKHO noKa3aT&, qyo Tor,Aa ,AnJI HaH6onee 

1t 1-
R 

• y y • 
me 

awcoKHX qacToT 1i n I c "' T.e. KnaccB-

qecKHi no~xo~ ywecTeH Ton&Ko npB 

- meR 2 
yly<-- =-10 . 

- .:n 
1181 

He HapywaeTcs nB pelKBM KaHanapoaaHB.a H3-3a OT.AaqB 
DPB HCDYCKaHHH ~OTOHa BWCOKOB 3HeprHH'l 3Toro He DpOBC
XO,AHT, TaK KaK B na6opaTOpHOB CBCTeMe ~OTOH BWneTaeT 
DO~ yrnoM DOpJI,AKa 1/ y DO OTHOWeHBJO K TpaeKTOPBB 
qacTH~w. H ero nonepeqHwi BMnyn&c cocTaanseT oqeH& 
wany10 ~onJO oT nonHoro . B pe3yn&TaTe OKa3waaeTcs, 
qyo npa y <y a o6cy~aewow npo~ecce HanpaaneHBe 

1'l 
,ABHlKeHHH qaCTB~hl H3MeBJieTCJI Ha yron 8 0 == • () k , 

meR 

* YqeT ~BcKpeTBOCTB pacnpe~eneHBS 3apJI,Aa B,Aon& 
"Tpy6KH" npaaen 6w K nossneHBJO ~ononBBTen&Horo B3ny
qeHB.a co 3HaqaTen&Ho6on&weiqacToToinops~a 2trey21d • 
AHanB3 3TOi qaCTB H3nyqeHHS Tpe6yeT, B HHTepeCYJO~X 
HaC ycnoBBSX, KBaHTOBOro ODBCaHBS; MOlKHO AYMaTh, qyo 
COOTBeTCTBYJO~i BKna,A B o6~e DOTepB 3BeprBB nponop
~OHaneH Hey • a Ton&Ko nepaoi cTeneHB nopeB~-4laK
Topa / 8/, H npa AOCTaToqHo 6on&wBx y ero pon& Be ss
nseTcs onpe~ensKKQej. 06cy~eHHe yKa3aHHoro sonpoca 
npose~eHo A.r • .lioaq -OcwonoscKBM. 

8 

~ 

/\ 

1'1 
T. e. o ()I() k =- --R- << 1 . AHanorBqHwii: pacqey npB Y > y 

me 

,AaeT fl()l()k "' -
11
-y y/y • T.e., C yqeTOM 1181, 

meR 

8(JI()k<y~ << 1. 
meR 

4 . .Donee ,ABa,A~aTB neT TOMY Ha3a~ B ~OT03Myn&CBB, 
31CCDOHBpOBaHHOi B CTpaTOC~epe, 6wn 06HapylKeH Heo6wq
HWi 3neKTpOHHO-~OTOHHWi nBBeHh: DO Mepe ero pa3BBTBJI 
q•cno e+e- -nap B03pacTano B HecKon&Ko pa3 6wcTpeii:, 
qey 3TO cne,AOBano B3 KaCKa,AHOi TeOpBB ,AnJI nBBHS, 
o6p&30~N'frO O,AHBM nepBBqHWM Y - KBaHTOM BWCOKOi 
3HeprBB .no waeHBJO a&Topos 1 13 ~ peq& wna o npo~ecce 
O,AHOBpeMeHHOi reaepa~BB OKOnO ABYX ,AeCJITKOB nep&Bq
BWX Y -ICBaHTOB, noqTB COBDa~aJO~X DO HaDpasneHBJO B 
o6pa3yKKQBx MBoro o6wqHwx xacKa~awx nBBHei, cnBBaJO
~xcs 3aTeM a OABH 6on&woi ~pea&. BcKope nossBnBc& 
coo6weaB.a ewe o qeywpex aHanorBqawx co6wTH.JtX 
lcw/14- 161 a TaKlKe

1181 
B o63op 

1191 1. • / 20-25 / 
Bo3HBKWaJI a 3Toii: CBJI3B ABCKYCCBJI no~a3ana, 

qyo 3neweaTapHwe 3neKTpowarHBTHwe npo~eccw ITBna 
MHOrO~OTOHHOi aHHBrBnS~BB BnB MHOr~OTOHHOrO Top
M03HOrO .B3nyqeaB.al ae woryT o6ecneqBTh aylKBoro qBcna 
Y -xaaHTos* . llo3TOMY a pa6oTe 1271 6wno o6paweao 
BHBMaHBe Ha BalKHYJO ponh 6onhWBX ~nyKTya~Bi B pa3BBTBB 
3neKTpowarHBTHoro KacKa~a. BwecTe c Tew asTopw yKa-
3aHBOi pa60TW He cqBTanB BODpOC OKOHqaTen&HO BWJIC
BeHHWM B Be YTBep~anB, qyo o6cy~aewwe co6wTBJI 
~eiCTBBTenhHO o6~JICHJIIOTCJI 6onhWBMB ~YKTya~HJIMB 
o6WqHWX B OCTan&HWX OTHOWeHBJIX 3neKTpOHHO-~OTOHHWX 
nBBBei, TeM 6onee, qyo B HeKOTOpWX cnyqaJIX COOTHOWeHBe 

~ + -3HeprBa nocne~oBaTen&awx e e -nap JIBHO npoTBBopeqBT 
TaKOMY npe~nonolKeHHJO I cne~yeT, npas,Aa, BMeT& B B~Y, 
qyo ToqaocT& B3MepeHBii: 3HeprBB 6wna oqeH& HB3Koii:l. 

C ,Apyroii: CTOPOHW, DO Kpaii:Heii: Mepe B O,AHOM B3 ODB
caHHWX C06WTBH aHOM&nhHO 6WCTpee pa3MHOlKeHBe DpOBC-

* EcnB He npBHBMaT& so BHBMaHBe rBDOTeTBqecKBX 
npo~eCCOB reHepa~BB nap MOHODOn&-aHTBMOHODOnh B BX 
nocne.AYJOWeii: aHHBrBnJI~BB / 26/ 

9 



XO.D.HT He c caMoro Ha'laJia 1 14 • 1 &~ PaccTOJIH8e Me)K.IJ.Y nep

SbiM8 .IJ.SYMJI e+ e - -napaMH * COCTaSJIJieT, llp8MepHO, 

27 MM, T. e. npHMepHO cosna.zr.aeT C seJI8'18HOB t - e,IJ.8H8U,bl 

s ~OT03MYJihC88. Bcne.zr. 3a 3T8M no.RsJI.ReTCJI xoMnaKTHa.ll 

rpynna, co.zr.ep)Kama.11 21 e+e- -napy co cpe.IJ.H8M paccTo.R

H8eM Me)K.IJ.Y COCe,IJ.JIM8, paSHbiM llp8MepHO 1 MM /s 30 pa3 

MeHhwe t -e.IJ.8H8 U.b1/ . Co3.zr.aeTc.ll sneqaT JieH8e, 'ITO 3.IJ.eCh 

He 060WJIOCb 6e3 COSM eCTHOrO o6pa30SaH8JI 60JibWOrO 

'18CJia y -xsaHTOS 8 'ITO 3 T OT npou,ecc CSJ13aH KaK8M-TO 

o6pa3oM co sTopoB: e+e- -napoB:. 

5. Mbi XOT8M o6pa T8Tb SH8MaH8e Ha S03.M0)KHYIO CSJI3h 

o6cy)K,IJ.aeMbiX aHOMaJibHbiX JI8SHeB C 3JieKTpOMarH8THbiM 

83Jiy'leH8eM, S03H8KaiOIIJ,8M np8 KaHaJI8pOSaHH8 3JieKTpOHOS . 

3epHa 6pOM8C T OrO cepe6pa, SXO.IJ.JIIUH e S COCTaS ~OT03MYJih-
/28. 

C88, .llSJIJIIOTC.Il, K a K 83SeCTHO, MOHOKp8CTaJIJiaM8 /eM . 

CTp. 197 I , 8 np8 cooTseTCTSYIOIUeM HanpasneH8H pacnpo

cTpaHeHH.Il y -xsaHTa co3.zr.asaeMa.R 8 M e +-e- -napa co.zr.ep 

)KHT 3 JieKTpoH, xaHaJI8PYIOIUHH sHyTp8 .R.IJ.epHoii "Tpy6Ku"; 

aHaJIOrHtiHOe JISJieHHe 8MeeT MeCTO, KOr,I~a 3JieKTpOH, JieTJI

IIJ,HB S HY)KHOM HanpasJieH88, reHep8pyeT TOpM03HOH Y -

J<S a H T. ,LI;JI.Il S03H8KHOSeH8.1l KaHaJIHpOSaH8.1l Tpe6yeT C.Il T a K

)Ke , liT06bl 3Hepr8.11 6biJia 60JihWe Kp8T8'1eCKOH 3HeprHH 

( k , onpe.zr.eJI.ReMOB S COOTSeTCTS8H C ~OpMyJIOH /20/ 
CTaTb8 1 1/ , ,IJ.JIJI KpHCTaJIJIOS Ag Br seJI8liHHa fk He 

npesblwaeT M8JIJIHap.zr.a 3JieKTpoHosoJihT . Pa3Mepbl 3epeH 

6pOM8CTOrO cepe6pa ,II.OSOJihHO MaJibl ( - 0,511 ), O,IJ.HaKO 83 

/12/ cne.zr.-yeT, liTO s paccMaTp8saeMbiX ycnos8JIX noTepu 

3Hepr88 MOryT COCTaSJIJITb 3aMeTHYIO ,II.OJIIO HCXO,II.HOH 3Hep

r88. ll03TOMY snOJIHe S03MO)KH0 o6pa30SaH8e HeCKOJibK8X 

y -xsaHTOS, SbiJieTaiO{U8X 83 O,II.HOrO 3epHa, T.e. npaKT8-

'IeCK8 - 83 O,II.HOB TO'IK8, np8lleM TaKOe C06biT8e He 06JI3a

TeJihHO ,II.OJI)KHO 6biTb CSJI3aHO 8MeHHO C nepsOB e+e- -napoB; 

T8n8liHOe ,II.JIJI o6blliHOrO JI8SHJI MOHOTOHHOe y6blsaH8e 3Hep

r88 nocne.zr.osaTeJihHblx e +e- -nap TaK)Ke He .RSJI.IIeTc.R o6.R-

3a TeJihHbiM. 

* B6JI838 Ha'laJia JI8SHJI pacnoJio)KeHa o.zr.Ha e+e --napa, 
KoTopa.R, cy.zr..11 no ee HanpasneH810 8 3Hepr88, .RSJI.ReTCJI 
~oHosoB: /cnyqaB:Hoe HaJio)KeH8e/; OHa He paccMaTp8saeTc.R. 

BMecTe c TeM cne.zr.yeT yxa3aTh 8 Ha cymecTseHHoe 

3aTpy.zr.HeH8e, C KOTOpbiM, S03MO)KHO, CTaJIK8SaeTCJI npHse

,IJ.eHHaJI r8noTe3a o npupo.zr.e aHoMaJihHbiX JI8SHeii: O)K8.IJ.ae

Ma.ll sepO.IITHOCTb HX perHCTpaU,HH Ka)KeTCJI He,IJ.OCTaTO'IHOB 

H3- 3a MaJIOB seJIH'IBHbl KpHTH'IeCKOrO yrJia H MaJIOH HHTeH

CHSHOCTH Y - KSaHTOS SbiCOKOB 3HeprH8 S KOCMHlleCK8X 

Jiyqax /eM., Hanp., 
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, cTp. 330/. XoT.Rsepo.RTHOCThno.Rs

JieHHJI aHOMaJibHbiX JI8SHeH, SbiTeKaiOIUYIO 83 ony6JI8KOSaH

HbiX 3KcnepuMeHTos, ou.eHHTh O'leHh TPY.D.HO 83- 3a 6oJibWOB 

Heonpe.zr.eneHHOCT8 ycnos88: noucxa, np8XO.IJ.8TCJI see )Ke 

KOHCTa T8pOsa Tb paCXO)K,II.eH8e Ha HeCKOJibKO nop.R,II.KOS C TeO

peTH'IeCKOB OU,eHKOB. 

Cne.zr.yeT , O.IJ.HaK0,8MeTh s S8.IJ.Y, 'ITO nocJie.D.H.IIJI, sepo

JITHO, nOSbiWaeTCJI, eCJI8 pe'lb 8,IJ.eT 0 HeKOTOpOM CO'IeTa

H88 xaHaJI8posaH8.11 c 60JihWOB ~JIYKTyau,8eu s nocne.zr.yJO

IIJ,eM KaCKa,IJ.HOM pa3S8T88 JI8SHJI; Kp8T8'1eCK8H yroJI TaK)Ke 

MO)KeT cymeCTSeHHO npeSbiWaTb SeJI8'18HY 0 k • ~8ryp8py10-
IIJ,yl0 s HaweD: np8M8T8SHOB MO.IJ.eJI8. KpoMe Toro, np8 no.zr.

clleTe llaCTOTbl o6cy)K.zr.aeMoro 3414lexTa cne.zr.osano 6bl Yli8-

TbiSaTh 3aS8C8MOCTb sepO.IITHOCT8 o6pa30SaH8.1l e t e- -

nap /8JI8 sepO.IITHOCT8 TOpM03HOrO 83Jiy'leHHJI/ OT Hanpas

JieH8JI nepSHliHOB 'laCT8U,bl OTHOCHTeJibHO peweTK8 KpHCTaJI

Jia /s.zr.onb xpucTaJinorpa~8'1eCK8X oceB: sepo.RTHOCTh yse

JI8'1HsaeTCJI, eM. 
18 1 

u 
30 -

331 
/. KaxyiO-TO poJih MO)KeT 

8rpa Tb 8 ynOMJIHYTOe SbiWe ,II.OllOJIH8TeJibHOe SbiCOKO'IaC

TOTHOe 83JiyqeH8e, CSJI3aHHOe C .IJ.8CKpeTHbiM pacnpe,IJ.eJie

H8eM 3ap.II,II.a S,II.OJib "Tpy6K8" /eM. llpHMe'laH8e K CTp.8/. 

MO)KHO n03TOMy .D.YMaTb, 'ITO, HeCMOTp.ll Ha OTMe'leH

HYIO HeJICHOCTh, 3JieKTpOMarH8THOe 83Jiy'leH8e, S03HHKa10-

IIJ,ee np8 xaHaJI8 posaH88 3JiexTpoHos SHYTPH .R.IJ.epHbiX "Tpy-

6ox", HMeeT see )Ke HeKOTOpoe OTHOWeHHe K aHOMaJibHbiM 

3JieKTpOHHO-~OTOHHbiM Jl8SHJIM. ,LI;JIJI OKOH'Ia TeJibHOrO pe

weHHJI yxa3aHHoro sonpoca xpaB:He )KeJia TeJihHbl 3Kcnepu-

6 I u / 19,34,:r5; 
MeHTbl Ha OJibWH X YCKOpHTeJI.RX CM. S 3TOH CSJI3H . 

TaKHe 3KCnep8MeHTbl HMeiOT, KOHe'IHO, H 60JibWOe CaMOCTOJI

TeJihHOe 3Ha'leHue. 

B 3aKJIIO'IeH8e Sblpa)KaiO CSOIO 6naro.zr.apHOCTh B. r. Bapbl

wescKOMY' A. r. BOH'I- OcMOJIOSCKOMY' B. B. BaCHJibesy' 

C.H.JII06oMHJios y, B.JI.JII060IIIHU.Y u 3.A.IIepeJihWTeBHY 3a 

MHOrO'IHCJieHHble KOHCYJihTaU,HH H yqacTHe S 06Cy)K,IJ.eHHJIX. 
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