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EoH'I-Oc~wnoacKnil A.r., nonropeuKHil M.H. P2 - 11250 

0 panHauuoHHOM TopMolf<eHHII 'IBCTHU, KaHanupyJOWHX a KpHCTannax 

llpoaaaeuo COBMeCTIIOC paCCMOTpeHUe .lBH>KeHHSI H H31ly'leHHSI 38pSDKeH

Hh!X penSITHBHCTCKHX '<SCTHU. npn HX K8H811Hp0ll8HHH B KpHCT81ll,'8X, llOK838HO, 

'ITO npu aocTaTo'IHO ISOiihwoll Hn'lanhHOil anepnnt 'laCTHU aaryxaHHe nonepeq

HhtX KC.":eCam;:\ llpO!lCXOJIHT llv 3SKOHy, 3SMCTHO OTliH'IBIOWeMyCSI OT 3KCIIOHCII 

u::ailbHoro. A ~TOM r:.'ly'<ae nocne nonHoro aaTyxamtSI nonepe'IHhiX Kone6aHnii 

KOHe'IHaSI ~HCpf'iHI '11\CTHU 38BHCHT OT HX H8'181lhHOll 3Hepf'HH ( E K -E ~ 13 ) , 

8 MOWIIOCTb H CI19KTp811bHI>Iii COCTUB H31ly'lei!HSI MCIISIIOTCSI 110 Mepe npOXO>KJIC· 

HHSI 'ISCTHU qepe3 KpHCTSilll, 

Pa6oTa Bhlii011HeHa B na6opaTOpHH Bh!COKHX 3Heprull OIHIH. 

Coo6weHHC 06bCilHHCHHOrO HHCTIITyTa SUJ.CpHblX HCC11CilOBBHHli, Lly6Ha 1978 

Bonch-Osmolovsky A.G., Podgoretsky M,L P2 - 11250 

On Radiation Stopping of Particles Channeled in Crystals 

The motion and the radiation of charged relativistic particles 
channeled in a crystal are jointly cons ide red. 

It is shown that if the initial energy of the particles is .suffici
ently high, the damping of transverse oscillations of the particles 
nppreciably differs from the exponential one. In this case the final 
£>nergy of the particles {after the damp,ing of transverse oscillations) 
depends on an initial energy {8 K - E H 

13 
) ·and the intensity and the 

spectral distribution of radiation are changed as the particles pass 
the crystaL 

The investigation has been performed at the Laboratory of 
Hgh Energy, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 
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KaHanHpoBaHHe B KPHCTannax nerKHX sapsDKeHHbiX 'LJ:ac

THU COllpOB0)K,l:\88TCSI1 KBK H3B8CTH01 Cll8UH¢H'LJ:8CKHM H3ny

'LJ:8HH8M1 CXOAHbiM C OHAynSITOpHbiM1 HO HM8IOlliHM H pSIA 

cymecraeHHhiX oTnH'LJ:Hfi or nocne,~:~Hero 11 -1°1 . TiocKonb

KY H3ny'LJ:8HH8 Bbi3biB88TCSI nonepe'LJ:HbiMH KOne6aHHSIMH Ka

HanHpyiOlliHX 'LJ:BCTHU, OHO llpHBOAHT He TOnbKO K TOpM0)1{8-

HHIO npOAOlihHOI'O ABH)K8HHSI1 HO T8K)K8 H K paAHBUHOHHOMY 

saryxaHHIO yKa3aHHhiX Kone6aHHfi. XoTsr o6a 8TH sraneHHSI 

recHo casrsaHbi Apyr c ,~:~pyroM, OHH npoaHanH3HpoaaHbr 

llOK8 'LJ:TO TOnbKO ll0p03Hb; uenb H8CTOSilli8ll CT8TbH COCTo

HT B HX COBMeCTHOM paCCMOTpeHHH. TipH 8TOM1 B 'LJ:8CT

HOCTH1 6yAyT BbiSICH8Hbi ycnOBHSI1 llpH KOTOpbiX 3aTyXaHH8 

nonepe'LJ:HbiX KOne6aHHll npOHCXOAHT 6e3 cymecTB8HHOI'O 

H3M8H8HHSI llOnHoil: 8Hepi'HH KBHanHpyiOlliHX 'LJ:BCTHUo 

nBH)K8HH8 'LJ:8CTHU 1 paBHO KBK H C03A8B88M08 HMH H3-

ny'LJ:8HH81 6yAyT paCCMaTpHBBTbCSI B Kn8CCH'LJ:8CKOM llpH-

6nH)K8HHH1 KOTOpoe npeACTaBnSieTCSI AOCTBTO'LJ:HbiM AnSI 

K8'LJ:8CTB8HHOI'O OllHCBHHSI SIBneHHil:, CBSI38HHhiX C K8HanH

pOB8HH8M, B OCHOBHOM Mbi 6yAeM HHTepeCOB8TbCSI nnOCKo

CTHbiM K8H8nHpOB8HH8M ynbTpapenSITHBHCTCKHX ll03HTpO

,HOB, XOTSI aHanOI'H'LJ:Hbill llOAXOA BllOnHe llpHM8HHM H K 

aneKTpoHaM, ABH)KylliHMCSI BHYTPH "Tpy6oK" HnH "cnoea" 1 

o6pa30B8HHbiX TellnOBbiMH KOne6aHHSIMH SIAep KpHCTan-
n~ /9,10,111. 

BsaHMOAeficTBHe no3HTpoHa c pemeTKofi 6yAeM onH

CbiBBTb ycpeAH8HHbiM llOT8HUHBnOM 

V,., ..!.. kx 2 
2 

( 1 ) 

,3 



rae X - OTKnOHeHHe OT non0*8HHH paBHOB8CHH B HanpaB-
neHHH, nepneHAHKynHpHOM K nnoCKOCTHM, M8*AY KOTOpb!MH 

npOHCXOAHT KaHanHpOBaHHe, a K09~~HUH8HT k onpenenHeT
CH napaMeTpaMH H CTpyKTypoil: KpHCTanna. JlpH AOCTaToqHO 

ManOM nopHAKOBOM HOMepe Haep Z Bb!pa*eHHe ( 1 ) He 
oqeHb CHnhHO oTnHqaeTCH OT peanhHoro ycpenHeHHoro no

TeHuHana 
1121 . Bo BCHKOM cnyqae, ero MO*HO cqHTaTb 

npHrOAHh!M AnH Bh!HCH8HHH HHTepeCyiOIUHX HaC KaqeCTBeH

HhiX xapaKTepHCTHK. 

B nanbHeil:rueM Mhi aocnonhsyeMCH H3BeCTHhiMH HBHhi

MH Bbipa*eHHHMH AnH HHTeHCHBHOCTH H3nyqeHHH H CHnhi 

panHaUHOHHoro TopMo*eHHH (eM., HanpHMep, 1131 ) • B 

cnyqae, Korna npHcyTcTayeT oneo nHrub nonepeqeoe sneKTpo-
cTaTHqecKoe none, OHH, C yqeTOM ( 1 ) , npHBOAHT K ABYM 

ypaBH8HHHM, nonHOCTbiO onpenenHIOIUHM ABH*8HHe KaHanH
pyiOIUeil: qacT~Uhi: 

m:t (yx) .. -kx- 2ke2yx + 2k2e2x2x 
3mc3 am2c5 (2) 

2 2 2 2• • 2 X 

- ~.r___!___! (1- _!__) = - kx + f ' 
3m~ c2 P 

2d 22222 
me ~ a-kxx- k e y X 

d t 3m 2c 3 

.2 Z "2 X 
~(1- __!_)+xf 
c c2 P ( 3) 

3AeCb e H m - 3apHA H MaCCa ll03HTpOHa, C - CKOpOCTb 
• 2 • 2 

caeTa, y "' (1 - x ~z )-!,! nopeHu-~aKTop, ocb z npen-

nonaraeTCH HanpaaneHHoil: anonb npononbHoil: CKopoCTH ~ac
THUhi. 

IloncTaanHH a (2) 
dy 

aenHqHHy -, BhiPB*eHHYIO C no
dt 

MOIUbiO (3), nonyqHM ypaBHeHHe 

2 • "2 •• • 2 2 2 ke yX X 
myx + kx(1-x /c ) + (1- -)• 0. 

3 me 3 c 2 (4) 
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r 

• 

Hac 6yneT HHTepecoaaTb cnyqail: cpaBHHTenbHO cna6oro 

saTyXaHHH, Korna c xoporueil: ToqeocTbiO nonepeqeoe 

ABH*8HHe qaCTHUhl onHCWBaeTCH rapMOHHqeCKHM 3aKOHOM 

X= A • cos (wt + o ), k 
w-Vmy · (5) 

IlpH sToM noqTH coxpaHHeTCH nonHaH nonepeqHaH 9HeprHH1 

1 "2 i·2 kx2 
paaeaH - mc2 y.1L+ V(x). CnenoaaTenbHo, -Millill.:: -~, 

2 c2 c 2 mc2y 
a 9Ta aenHqHHa MHOrO MeHbiUe eAHHHUhl npH n106hiX peanb

Hb!X 3HaqeHHHX napaMeTpa k. Jl09TOMY ( 4) nepeXOAHT B 

•• 2ke
2 

• k 
X + ---X + -X • 0. 

3rJc 3 my 
(6) 

B 9THX *e ycnoBHHX ypaaHeHHe (3) npHHHMaeT BHA 

• 2k2e2 2 x2 y ,.._ y 
3m 3c 5 ' (7) 

nOCKOnhKY 3HaKOnepeMeHHhiM OCUHnnapyiOIUHM qneHOM kxx 
• X 

(a TaK*e qneHoM xf P) MO*HO npeHe6peqb no cpaaHeHHIO 
2k2 2 2 2 

CO 3HaKOnOCTOHHHhiM qneHOM e Y X * 
3m2c3 

J1TaK 1 sanaqa CBOAHTCH K COBMeCTHOMy pemeHHIO ypaB
HeHHH (6) H (7). PemeHHe (6) 6yAeM HCK8Tb B BRAe 

_1 £t 
x-e "] f(t), f -

2ke 
2 

3m2c 3 
(8) 

* Mo*HO noKasaTb, qTo nocne ycpeneeeaH no nepHo

AY Kone68HHH OTHOIUeHHe 9THX qneHOB no nopHAKY aenaqa

Hhl paBHO 1/ y 2 << 1 ; Aa*e 6es ycpeAHeHHH OTHOIUeHHe HX 

MrHoBeHHblX 3HaqeHHH COCT8BnHeT npaMepHO (mc2 /kr;y ~'1 
rne r e =e 2/mc 2 - sneKTpoMarHHTHhiA panayc sneKTpoea. 

B HHTepecyiDmeA eac o6nacTH seepraii ( Korna y> 10 
3 

) 

sTa aenaqaHa TBK*e oqeeh Mana no cpaaeeHHIO c eAHHH

ueA. 
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f10ACT8BJ15HI (8) B (6), llpHXOAHM K ypaBHeHHJO 

k € 2 
f+(---)f aO. 

my 4 

B ypaBHeHRR (7) yao6Ho npoR3BeCTR 3aMeHy 

¢(t),.l/y(t), 

nocne KOTopofi OHO nepexoaRT B 

2 2 2 k e -£ t 2 
¢ "" 

3 5 
e f (t ). 

3m c 

(9) 

(10) 

(11 ) 

KaK Y*e ynoMRHanocb, B peanhHbiX ycnoBRSIX aMnnRTyaa 

Kone6aHRfi 3aTyxaeT MeaneHHO, T.e. 

(2 kA. 
-<<~-. 
4 m (12) 

f1peanOJ10)KRM eme, 'iTO OTHOCRTeJlbHOe R3MeHeHRe 3Hepi'RH 

B Te'ieHRe OAHOI'O nepRO):l8 T8K)K9 M8J10 1 T.e. BblllOJlHeHO 

ycnOBRe aaRa6aTR'i9CKOI'O npR6J1R)KeHR51 

;p ill 
-v-<<1 * 
¢ k¢ ( 13) 

Toraa (9) nepexoaRT B ypaBHeHRe 

.. k¢ f"' 0, r +-m 

3l * Y CJlOBRe (13) MO)KHO 38llRC8 Tb B BRAe y 2 << 
2 2 

<<(me~ If.! me 
2

; anSI peaJI,f-·:oiX KpHCT8J1J10B OHO BblllOJ1H5IeTC5I 

ue b 2 
llpR y « 106 ..;.10 7 . Y CJ10BR9 ( 12) RMeeT BRA y « JD£..: ; u2 
OHO BCeraa BblllOJ1HeH0 1 9CJ1H BblllOJlHeHO (13), e 

6 

r 

.. 

T,e, B ypaBHeHHe OCUHJ1J15lTOpa C MeaneHHO H3MelHIJO!llefi

C5I qaCTOTOfi, RMeJO!llee aaRa6aTR'ieCKRfi RHB8pH8HT 

I-wA2 zy k¢(t).A 2(t). 
m (14) 

3aecb A(t) - aMnnRTyaa Kone6aHHfi !lJyHKURR f(t ). Onu-

paSICb H8 ( 14) 1 peweHRe ypaBHeHR51 ( 9 ' ) MO)KHO 38llH

C8Tb B BRAe 

¢ 1/4 t kA. 
f(t)zA

0
(-<!.) cos(J .i.::.:J:..dt+o ) ¢ o v m o ' ( 15) 

rae BenR'iRHbi Ao.¢o"'l/y
0 

R o0 onpeaenSIJOTCSI Ha'ianh

HbiMR yCJ10BR5IMR 1 RMeJO!llRMR MeCTO npR BJleTe ll03RTpOH8 

B KpRCT8J1J1, 

C yqeTOM (15) ypaBHeHRe (11) npRo6peTaeT !lJopMy 

2 2 2 ¢ 1/2 2 t k¢ 
• 2k e A 0 e-n (__Q_) cos (Jy-dt+o

0 
). (16) 

¢• 3 5 ¢ o m 
3m c 

f10J1b3Y51Cb ycnOBR5IMR (12) H (13) 1 3H8KOllOCT05IHHbifi R 

6biCTpO R3MeH5IJO!llHMC51 MHO*RTeJlb cos
2 

( f y ~ dt + 0 ) 
0 

m o 

MO)KHO ycpeaHHTb no nepRoay Kone6aHHfi. 3To aaeT 

if>,. ~fpe -£t(~ 1/2 3kA2 
3 ¢ ) · P--~o 

4mc 2 ( 17) 

PeweHRe RMeeT BRA 

~z¢ ll+L(l-e-ft)l2/3 
0 ¢ . 

0 

(18) 
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$aKTH'IeCKH HaC HHTepecyeT He MrHOBeHHOe 3Ha'leHHe ¢, 
a HMeHHo ycpenHeHH89 aenH'IHHa ¢; KpoMe Toro, nerKo 

ITOK83aTh, 'ITO npH cna60M 38TyX8HHH OTHOCHTenhHOe OT

KnOHeHHe ¢ OT ¢ O'leHh Mana, ~ HMeHHO, 

1¢-"¢1 kA~ 
;p = ymc2 « l. (19) 

floaTOMy ( 18) 03H8'18eT TaK}I(e 

,.~,. ,.~,. I P -( t 
'P -'Po 1 + -(1 - e 

¢o 

lln9 nopeHU-lP8KTOpa y 

y. Yo 

2/3 
) I 

oTciOna cnenyeT 

ll + Pyo (1-e-£ t) 12/3 

( 18) 

(20) 

floncTaBn99 (18) B (15), nony'IHM TaK}I(e OKOH'IaTenhHOe 

Bbipa}l(eHHe anSI nonepe'!Horo CMellleHH9 qacTHUhi: 

-£ t -V6 -~£t t k -£ t f/3 
x"'A 0[l+py0 (1-e )] e coslfv-[l+Py, (1-e ) dt+o 1. 

o my
0 

o o 

l13 (21) cnenyeT, 'ITO nonepe'IHbie Kone6aHH9 3aTyxaiOT, 

aoo6me roaop9, HeaKcnoHeHuHanbHo. To'!Hee, npH ManbiX 

BpeMeHaX, Korna t<-1-, 38KOH 3aTyXaHHSI :3KCITOHeHUHaneH, 

£PYo 
npH t - 1 I£ aKcnoHeHUHanhHOCTh HapymaeTC9, H, HaKoHeu, 

npH t> J .. CHOB8 B03HHKaeT :3KCITOHeUUHanhHblH pe}I(HM, HO 
( 

na npyroM aMnnHTynnoM ypoane. l1 MeeT, cnenoaaTenhHO, 

MecTo caoeo6pa3HbiH CKa'IOK aMnnHTYllbi ( conpoao}l(nae

MbiH: T8K}I(e CK8'1KOM '18CTOTbl KOne6aHHH H '18CTOTbl H3ny

'leHHS1), TeM 6onhlllHii, 'leM 6onhllle aenH'IHHa Py
0 

. CKa

'IOK CTaHOBHTC9 38MeTHbiM TOnbKO npH py 
0
>>1, T.e. llpH 

8 

I 
\ 

\ 
J 

1 --y >>- ""y ,. 
0 p 

mc2 

kA2 
0 

* (22) 

lla}l(e B :3THX ycnOBH9X CK8'10K Cp8BHHTenhHO Man, OH 

( / -)1/6 
paaeH npHMepHO · JO y · flpH K8H8nHpOBaHHH ll03HTpO-

HOB B KpeMHHH Me}l(ny nnoCKOCT9MH (110) BenH'IHHa y = 
4,0.1 0 4

. floaTOMY ycnOBHe (22) Bb!IlOnHSieTC9 npH llOBOnh

HO BbiCOKHX :3HeprH9X, llOCTH}I(HMb!X TOnbKO Ha C8MblX 

6onhlllHX yCKOpHTen9X. 

flocne 3aTyxaHHSI nonepe'IHbiX Kone6aHHii npeKpamaeTC9 

TaK}I(e noTep9 nonHoii aueprHH KaHanHpyiOmeH: qacTHUhi. 

l13 (20) cnenyeT, 'ITO KOHe'IHaSI aueprHSI 

Yo 
(23) y - 2/3 ""' (1 + Py

0 
) 

a OTHOCHTenhHaSI llOTepSI :3HeprHH 

1 . -1-- ~~2/3 (~y/yO)t->oo- (l+Py
0
) (24) 

Ha'lanbHa9 aMnnHTyna A 0 3aBHCHT OT MecTa H yrna 

aneTa KaHanHpyromeii qacTHUbi a KpHCTann. TionO}I(HM nnSI 

onpeneneHHOCTH A 0 -d /3 , rne d - nocTOSIHHa9 pellleTKH. 

Torna a (22) axonHT aenH'IHHa 

lOme 2 

-
kd 2 y = (22 , ) 

flpH y
0 
«y H3 (24) cnenyeT 

~y/y =Y /y . 
0 0 

(25) 

TaKHM o6pa30M, OTHOCHTenhHbie llOTepH :3HeprHH O'leHh 

* ----------- :...::. 
. flerKO y6enHThC91 'ITO npH Y"' Y B CHCTeMe Ko-

OpllHH8T, llBH}I(yllleHCSI CO CKOpOCThiO, COBll8ll8IOllleH CO 

cpenHeii npononhHOH CKOpOCThlO '18CTHUbl 1 nonepe'IHOe llBH-
• /11/ 

}l(eHHe '18CTHUbl 9Bn9eTC9 pen9THQJ!CTCKHM 

9 



Ma11hi; B 8TOM cnyqae MO)KHO f'OBOpHTb 0 "panuaUHOHHOM 

OXJ1a)KlleHHH 11 KaHanupyiDUIHX TI031iTpOHOB, He COTipOBO)Kllae

MOM 3aMeTHbJMH noTepHMH aHeprnH. Hao6opoT, npu y 0 >>y 
TIOTepH Be11HKH: 

I ( 4 -I 213 
l\y y ::1- -y y ) 

0 3 0 . 
(25 , ) 

DpH 8TOM 

1/31-2/3 
Yoo=Yo y ' 

(23,' 

T.e. KOHe'lHaH 8HeprHH pacTeT BMeCTe C H8'la11bHOH. 

3ToT nocnenHnfi pe3ynbTaT npoTuaope'lHT o6meMy no

no)KeHHID ( npHBeneHHOMY B § 76 KHHf'H /13/ CO CCb!11KOH 

H8 /14/ ) , COf'J18CHO KOTOpOMY npH llOCTaTO'lHO 6011bUIOH 

H8'la11bHOll :3HeprHH 3apH)KeHHOH pe11HTHBHCTCKOH 'l8CTHUbl 

ee KOHe'lHaH aaeprHH nocne npoxo)KneHHH o6nacTH npocT

paHCTBa C 38ll8HHbiM aneKTpOMaf'HHTHblM noneM nepecTaeT 

3aBaceTb oT aa'lanbHOfi aaepruu. Dpa noKa3aTenbCTBe 

aToro yTaep)KneHHH MOJI'lanHBO npennonaraeTcH, 'ITO aanu

'llie H311y'leHHH npaKTH'leCKH He H3MeHHeT TpaeKTOpliiD 

'laCTHUbi: aapuaUHH TpaeKTOplili ll0J1)!(Hbl 6hiTb HaCTOJlbKO 

M811biMH, 'lT06bi MO)KHO 6bl110 npeae6pe'lb OTHOCHTe11bHbiMH 

H3MeHeHHHMH aneKTpH'leCKOf'O H M8f'HHTHOf'O nonefi BO 

BCeX COOTBeTCTBeHHbiX TO'lK8X p8CCM8TpHB8eMbiX TpaeKTQ-

• puii. OnaaKo HMeHHO aTo ycnoaue nonaocTbiD aapyUiaeTCH 

B 38ll8'le 0 K8H811HpOB8HHH, llOCKOJlbKY Bll011b paBHOBeCHOH 

TpaeKTOpHH, BOKpyr KOTOpOH npOHCXOllHT nonepe'lHbie KQ

ne6aHHH, aneKTpH'leCKOe none paBHO Hynro H 11IOObie OTKJIQ

HeHHH OT paBHOBeCHOH TpaeKTOpHH npHBOllHT K p8llHK811b

HOMy H3MeHeHHID nefiCTBYIDUIHX H8 'l8CTHUY nonefi H, cne
llOB8Te11hHO, K CT011b )Ke p8llHK811bHOMY H3MeHeHHID p8llH8-

UHOHHhlX TIOTepb,3aMeTHM, 'ITO K KOHKpeTHOll 38ll8'le, pac-

CMOTpeHHO:li B HCXOllHO:li pa6oTe /!4/, YK838HHble KpHTH'leC

KHe 3aMe'l8HHH He OTHOCSITCHo 

DpoHnnrocTpHpyeM nony'leHHbie pesynhT8Thi aa KOHKpeT-

HOM -npHMepe K8H811Hp0B8HHH Me)KllY llJIOCKOCTSIMH ( 110) 

10 

KpeMHHH. B aTOM cnyqae noTeHuaan Hennoxo annpoKCHMH

pyeTCH napa6onoii co saa'leHHeM k = 4•10 17 
aB/cM 2 

( /12/ ) CMo , CTp. 138 , a paCCTOSIHHe Me)KllY CMe)!(HbiMH 

nnocKOCTHMH d = 1 ,9.10 -s eM. Torna y::: 4·10 4 
, a ycnoaHe 

3/2 ( mc2 112 - 7 
Y < kr2) y naeT y < 2,5 .10 BenH'lHHa l . onpe-

e 
nenHromaH saTyxaaHe nonefe'lHbiX Kone6aHHii, oKa3bJBaeT-

CH paBHOH npHMepHO 5,10 C - 1 , !l11HH8, Ha KOTOpofi npo-

IICXO!lHT cymecTBeHHOe saTyxaaHe Kone6aHHH, As.£_:: 6 MM. 

l13J10)!(8HHbie BbiUie Coo6pa)KeHHH OTHOCHTCH Hel TOJlbKO 

K ll03HTpOH8M, HO T8K)Ke II K :3118KTpOHaM, KaH811HpyiDl1IHM 

BHYTPII "cnoea" II "Tpy6oK", o6pasoaaHHhiX TennoBhiMH 

KoneoaHHHMII Hnep peUieTKH /9, 10 ·11 1 . DpH llBH)KeHHH 

BHyTpH 11 cnoea" cnenyeT BCIDllY C'lHT8Tb 

k- 2rr Z e2 - """ii"d2 , A o = R ' 

rne R- aMnnHTyna TennoBbiX Kone6aHIIfi. Torna 

Y :: m c 
2 

d..:_ , l -::. ~ • c r e , A :: _!l . ..B:.._ • R . 
2rrZe2 R 3y R2 2 re 

(26) 

ilnH paCCMOTpeHHOf'O B 
1111 

C11y'l851 CBHHUa 8TO naeT 
- 3 11 -1 A y::4.10, l:: 2,5.10 C .' ::: 1 MM, a HepaBeHCTBO 

3/2 ( mc2 
)112 me 2 

y < ---- ----
kr2 kR 2 ' e 

onpenenHIDmee aepXHIDID rpaHHUY o6nacTH npuMeHHMOCTH 

paccMaTpHaaeMoro nonxona, npHHHMaeT BH!l 
6 

y < 1,6 ·10 . 

ilBHf'851Cb BHyTpH "cnoH", aneKTpOH M0)!(8T HCllb!T8Tb T,H. 

"KaTacTpo~oqecKoe" KynoaoacKoe pacceHHHe, HapyUiaromee 

pe)KHM KaaanHpoaaHHH /11/. CooTaeTcTayromHii cpenHHii: 

npo6er 

f = (27) 
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OoaToMy nonaoe aaTyxaaue nonepeqHbiX Kone6aHHH eoa
MO)I{HO TOnbKO npH ycnOBHH f > A, KOTOpoe MO)I{HO 38llH

C8Tb T8K)I{e B BHUe 

3Z 
y> -- y 

8 ( 28) 

DnSI ceuaua (28) aaeT y > 30 y = 10 
5 

. 
llBH*eHue aneKTpOHOB BHYTPH "Tpy6oK" 19 ,1 O/ conpo-

BO*UaeTCSI llBYMepHbiMH nonepeqHbiMH KOne6aHHSIMH, npuqeM 
noTeHuuan V o6nanaeT oceeo:ii CHMMeTpueH. Ecnu nonaraTb 

1 2 2 
V,. '2 k(x +Y ), 

rae x H. y - opToroHanbHbie nonepeqHbie KoopauaaThi, To 
ace npoeeaeHHhie BhiUJe paccy*aeHHSI noqTH qTo He uaMe
HSiroTcSI. B peaynbTaTe BMecTo (21) nonyqaeM aea paeeHCT-

sa: 

1 
-£ t -V6 -!! £ t t k -tt 213 

x,.. A 
0
[1 +Py

0
(1-e )l e coslf ..j-[1 +Py (1-e )] dt+ 

o myo o 

+8 01. 
1 t 

-£t -V6 --tt -£t _Jl/3 
y ... B

0
[1+Py (1-e )1 e 2 coslJ..j...lL[1+Pr,(1-e )1 

o o my o 
. 0 

dt+IL01 • 

(29) 

B KOTOphiX A o • B o • 8 o, IL 0, Yo onpeaenSiroTcSI aaqanbHhiMH 
ycnoBHSIMH; «lJopMyna (20) He uaMeHSieTcSI, eenuquHa £ 

HMeeT npe*Hee aaaqeHue, B To epeMSI KaK 

2 2 

-3_k~(A_o~+...::B~o...:..) p .. 
4mc2 

(17 ') 

B KOHKpeTHhiX ycnoeuSIX KaHanupoeaHHSI eHyTpu "Tpy6Ku"' 
cneayeT TaK*e nono*HTb 

A0 -R, 

12 

B
0 

-R, k,.. 2Ze
2 

dR 2 

00UBOllSI HTOrH COBMeCTHOrO paCCMOTpeHHSI llBH*eHHSI 
KaHanupyiOIIIHX qaCTHU H HX aneKTpOMarHHTHOrO uanyqeHHSI, 
OTMeTHM, qTO llpH llOCT8TOqHO CHnbHOM penSITHBH3Me H3-
nyqeHHe OK83biBaeT 3HaquTenbHOe BnHSIHHe H8 xapaKTep 
llBH)I{eHHSI, a 9TO, B CBOIO oqepeab, npHBOllHT K oqeHb 6biC
TpOMY H3MeHeHHIO xapaKTepHCTHK H3nyqeHHSI (ero MOUJ-
HOCTH H ClleKTpanbHOrO COCTaBa), . 

AeTophr 6naroaapHhr B.r.EapbiUJeBCKOMY aa none3Hhre 

38MeqaHHSI. 
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