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KaK H3BecTuo Ill , npa H3Y'IeHHH ynpyroro ep- paccesuas MeTo
,noM ,neTeKTHpOBaHHJI npOTOHOB OT,na'IH O,I(HHM H3 B03MO>KHbiX liloHOBbiX 
npoueccoo, ueoTnH'IHMbiX OT ynpyroro paccesuas, sonseTCJI H3nyqe
HHe :>KeCTKHX ·y- KBaHTOB, BblneTaJOIUHX B HanpaoneHHH ,I(BH>KeHHJI pac • 
cesuuoro :meKTpoua. Cpe,nuss 3Hepras TaKHX llloTouoo cpaBHHMa 
c 3Hepraei 3neKTpouuoro ny'IKa, a npa cooTBeTcTBYJOIUei :Juepraa 
3iieKTpOHOB MO>KeT ,I(OCTHraTb HeCKOnbKHX r3B. fiOnJOCHOe npH6na>KeH&e 
.nns aMnnaTy,nbl npoTouuoro KoMnToH- 3~eKTa, acnonh3yeMoe o6w'IHO 
npB p~CCMOTpeHHH pa,nHaUHOHHbiX nonpaBOK K Ce'leHHIO e p- pacces
HHJI/ 1-J( , HenpHMeHHMO ,nns OllHCaHHJI TaKOrO >KeCTKOrO B3nyqeHHJI. 

flo 3TOB npH'IHHe, a TaK>Ke Y'IHTbiBaJI, 'ITO BKna,n B pa,nHaUHOH
Hble nonpaBKH OT H3ny'leHHJI >KeCTKHX llloTOHOB 3neKTpOHOM BeCbMa 
cymecToeueu hi , 6onee cTporae oueuKH BKna.na >KeCTKoro H3nyqe
HHJI npOTOHaMH npe,nCTaBnJIJOTCJI He06XO,I(HMbiMH. 3TO TeM 6onee Ba:>KHO, 
'ITO o ycnoousx npooe.neuuoro ue.naouo 3KcnepnMeHTa no accne.nooa
HHIO e p- pacceJIHHJI Ha O'leHb Manbie yrnbl MeTO,I(OM ,neTeKTHpOBaHHJI 
npoTouoo oT,naqu c uenbro yTo'lneuus 3neKTPH'IecKoro pa,nuyca npoTo
ua-. I 41 , 3~eKTbi 3neKTpoMarnHTHoi CTPYKTYPbi npoToua cocTaonsna 
ocero uecKonbKO npoueuToB B ceqeuuu, T .e. oenH'IHHY Toro >Ke nops.n
Ka, 'ITO H pa,nHaUHOHHbie nonpaBKH. fi03TOMY ueonpe,neneHHOCTb B Bbi• 
'IHCneHHH nocne,nHHX MO>KeT cymecTBeHHO CKa3a TbCJI Ha OWH6Ke B onpe
.neneuua pa,nayca npoTona. 

flpe,ncTaBHM aMnnHTy,ny TOpM03HOrO H3ny'leHHJI Be p -pacceJIHHH 
M, B BH,ne cyMMbi ,noyx cnaraeMbiX, o.nuo H3 KOTOpbiX, M, , onHcbl

oaeT H3nyqeuae llloToua 3neKTpouoM, a BTopoe, M" - HJnyqeuae npo
TOHOM. 

B o,nuollloTounoM npu6nH>KeHHH .nns aMnnaTy,nbi B3aHMo,neicTBHJI 
Me:>K,ny JneKTpOHOM H npOTOHOM 3TH BenH'IHHbl npe,ncTaBneHbl B cne,nyro
meM ou,p.e: 
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q , p 
r .u;e 1 (2) 1 ( 2) _. - 4- HMnyJJhCbl 3JJCKTpOHa H npOTOHa .IJ;O /nocne/ 

paCCCJIHHJI, k , l - HMnyJJhCbl H nOJJJipH3aUHJI <iJOTOHa, t ~~) -aM· 

nJJHTY.IJ;bl noJJyBHpTyaJJ&HOrO KOMnTOH· 34JctleKTa Ha 3JJCKTPOHC H npoTOHC 

COOTBCTCTBCHHO, a r e (P) - 3JJCKTpOMarHHTHbiC BCpWHHbl 3JJCKTPO-
v 

Ha H npOTOHa. e e 

BeJJH'IHHbl t 11 v H r v .u;aiOTCl H3BCCTHbiMH KB8.HTOB03JICKTPO.IJ;H

HaMH'ICCKHMH Bblpa>KCHHJIMH, a r - H3BCCTHbiM o6pa30M Bblpa:>Ka· 
v 

IOTCJI qepe3 3JJCKTpOMarHHTHbiC <iJopM<iJaKTOpbl npoTOHa. 

AMnJJHTy.u;a HyKJJOHHOrO KOMnTOH- 34JctiCKTa C O.IJ;HHM BHpTyaJJ&HbiM 

<iJoTOHOM HMCCT CJJO>KHYIO CTpyKTypy H OnpC.IJ;CJIJICTCJI BOCCMHa.u;uaThiO 

KOMnJJCKCHbiMH <iJyHKUHJIMH. TeM HC MCHCC, OCHOBHOH BKJJa.IJ; B CC'ICHHC 

TOpM03HOrO H3JJY'ICHHJI, npOHHTerpHpOBaHHOC no 4Ja30BOMY 06~eMy, 
rpaHHUbl KOTOporo onpe.IJ;CJJJIIOTCJI pa3pCWCHHCM annapaTypLI, OT H3JJy

'ICHHJI npOTOHa H OT HHTep<lJepCHUHH ero.c H3JJY'ICHHCM 3JJCKTpOHa npH 

MaJJbiX nepe.u;aqax OKa3biBaCTCJI B03MO:>KHbiM Bblpa3HTh qepe 3 TpH H3MC

pHMbiC BCJJH'IHHbl: .u;u<lJ<lJepeHUHaJJhHOC CC'ICHHC peaJJhHOrO KOMnTOH- 3<lJ-

4JeKTa Ha HYKJJOHC, nOJJHOC CC'ICHHC B3aHMO.IJ;CHCTBHJI ·y- KBaHTOB C npo

TOHOM H OTHOWCHHC BCIUCCTBCHHOH H MHHMOH 'laCTH, HC 3aBHCJIIUCH OT 

CnHHa aMnJJHTY.IJ;bl KOMnTOH· 34JctiCKTa no.u; HYJJCBbiM yrJJOM. 

,lJ;CHCTBHTCJihHO, HCnOJJh3YJI CTaH.u;apTHhiC MCTO.IJ;hl, npHMCHJICMbiC 

npu paccMoTpeHHH npoueccoB 3JJCKTpopo:>K.IJ;eHHJI qacTHU ua HYKJJOHax, 

CC'ICHHC TOpM03HOrO H3JIY'ICHHJI npOTOHOM MO:>KHO npe.IJ;CTaBHTh B BH· 

.ne: 

...... 

do PP 

d T • , -+ • P·y 

-_a_ f dq2 
(2'11) 2 . l (q ) 

2 2 

l'iil d 0 
lqjq

2 
dT .yp->yp(q

2
;!q!,2MT),/2/ 

r.ne HHTerpupoBauue no d q npoH3BO.IJ;HTCJI B npe.u;enax, onpe.u;eJJJICMLIX 
v 2 

reOMCTpHCH OnbiTa. 

Hanuque <iJoTouuoro nponaraTopa B no.u;HHTerpan&HOM B&Ipa:>KeHHH 

npHBO.IJ;HT K TOMY, 'ITO OCHOBHOH BKJJa.IJ; B HHTCrpaJJ .u;aeT 06JiaCTh 

q 2 = ( q _ q ) 2 _ O . ll03TOMY CC'ICHHC noJJyBHpTyaJJhHOrO KOMnTOH-
1 2 

34JctiCKTa .!...!!_ y p -> y p B Bblpa:>KCHHH MO:>KHO 3aMCHHTh CC'ICHHCM pe

dT 
aJJ&HOrO KOMnTOH- 34JctleKTa. 

OueuuM Tenep& cpe.u;uroro 3Hepruro H3JJyqaeMoro <iJoToHa, onpe.ne

JIHB e e KaK 
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-cu 
f cudij2/f dq2 
. dq)q2 . £(q)q2 

/3/ 

r.ne cu =E -E -T, l - 3HeprBJI 3JieKTpoHa .no u nocne 
J 2 p J (2) 

pacceJIHBJI, TP - KBHeTB'IecKaJI 3HepruJI ,neTeKTBpyeMoro npoToHa. 

TionaraJI ,IJ;JIJI npOCTOTbl, 'ITO MaKCBMaJibHbiB KBa,npaT MaCChi He· 

,neTeKTBpyeMOB CBCTeMbl - pacceJIHHbiB 3JieKTpOH llJIIOC clJoTOH - MHOrO 

MeHLWe KBa,npaTa nepe,naHHOrO llpOTOHY BMllYJibCa llOCJie HeCJIO)KHbiX, 

HO ,IJ;OBOJibHO rpOM03,IJ;KBX BbiKJia,IJ;OK, llOJIY'IBM 

r.ne cu ,.ax = l - T 
06bi'IHO 

..... 

TaK 'ITO 

cu cu 
max 

m2 
[ 1 - ln- 1 _____!:L ] , 

m2 
e 

m2 

~ - 10 3 + 10 
5 » 1-

m2 
e 

m2 

ln ~- 7 .;.JO, 
m2 

e 

/4/ 

0TCIO,IJ;a CJie,nyeT, 'ITO B3Jiy'laeMbiB npOTOHOM clJOTOH YHOCBT npaKTB'IeC

KB BCIO 3HeprBIO CBCTeMbl 3JieKTPOH-clJOTOH. TaKBM o6pa30M, BeJIB'IBHY 

d 0 -
-- y p -+ •Y p B Bblpa)KeHBB /2/ MO)KHO BbiHeCTB B3- llO,IJ; BHTerpana 

dT . 
B TO 'IKe q 2 = 0 ,II q - q I - l - T , nocne qero nonyqaeM 

J 2 

do 

dT 

pp 

ep -+ epy 

a 

Brr 

m2 

~ln 
MT 

m 2 do 
_.2_ -
m2 d T 

e 

5 
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llpH OUeHKe HHTep~epeHUHH TOpM03HOrO H3nyqeHHH npoTOHOM 

H :meKTpoHoM yqTeM, qTo npH Mam.IX nepe;:taqax ( T P .<< M ) 3aBH-
v ~' I CHMide OT CnHHa HyKnOHa cnaraeMLie B npOTOHHOH BepWHHe ManLI no-

pH;:tKa .JT/M I, TaK qTo HHTep~epHpOBaTL CO cnaraeMLIMH Me 6y

;:te'f B OCHOBHOM nHWL CnHH·He3aBHCHIUaH qaCTL aMnnHTY;:tLI KOMnTOH· 

3tlxl>eKTa. 

JaMeHHH, KaK H paHee, aMnnHTY.LtY nonyBHpTyanLHOro KOMnTOH-

3~eKTa aMnnHTy;:toii peanLHoro KoMnToH·3tlxl>eKTa, nonyqHM nocne npo

Be;:teHHH HHTerpHpOBaHHH ;:tnH HHTep~epeHUHOHHOrO cnaraeMoro B ceqe

HHH TOpM03HOrO Hlny'leHHH 

tot 

d 0 ep 

dT e p -+ e P.y 

a 
0 

8 rr 

tot 

y 1J -+ ·Y P 

2 

yln~ 
2 ' m 
e 

161 

0 v .1. 
r;:te yP - nonHoe Ce'leHHe B3aHMO;:teHCTBHH ~OTOHa C npOTOHOM, 

a ·y- OTHOWeHHe BeiUeCTBeHHOH K MHHMOH qacTH, He laBHCHIUeii OT 

cnHHa HyKnOHa aMnnHTy;:tld KOMnTOH- 34KtleKTa. 

do ee I I 
BenHqHHa -- nony'leHa B pa6oTe 3 

dT 
llonaras npH 'IHcneHHLIX oueHKax 

do M tot 
- - -(o 
d T ·Y N -+ y N 8 rr y p -+ y p 

2 2 
) (J +·y )exp(-a2MT) 171 

6 ~t 
H yqHTLIBaH, 'ITO B 0 nacTH HeCKOnLKHX r3B oyP =,100 MO, y =0,2, 
a = 8 1r3alc1·2 , nonyqHM, 'ITo ;:tns nepe;:ta'l 2M T :: w-rrlalc/2 , 
THnHqHLIX ;:tn.fl epeaaHCKOrO 3KCDepHMeHTa, ~OH OT. )l(eCTKOro TOPM03-

Horo HlnyqeHHs npoToHoM cocTaBnseT 10-4 ce'leHHH ynpyroro pac

CeHHHH. 

TaKHM o6pa30M, H 6onee aKKypaTHaH oueHKa ~oHa *eCTKoro 

F.3nyqeHHH npOTOHOM CBH;:teTenLCTByeT, qTO BKna;:t ero B pa;:tHaUHOH

HLie nonpaBKH OKa3LIBaeTCH npeHe6pe)I(HMO ManLIM no cpaBHeHHIO 

c BKna;:toM TOpM03Horo H3nyqeHHH 3neKTpOHa /nopH;:tKa w-2 I H on

paB;:tLIBaeT npHMeHeHHe pe3ynLTaTOB paOOTid IJI ;:tnH yqeTa pa;:tHaQHOH

HidX nonpaaoK K ceqeHHIO ep- paccesHHH Ha ManLie yrnLI. 
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HaKoHeu, npHae;:teM BLIPa*eHH.fl ;:tn.fl oueHKH c 
npouecca ep -+ ep rr 0 , KOTOpldH MO)I(eT HMHTHpOBaTL 

HHe, ecnH MaKCHManLHLIH KBa;:tpaT MaCCid HeperHCTpl 
2 6 0 m OnLWe KBa;:tpaTa MaCCLI rr ·MelOHa 
max 

m2 - m 2 

do a 
-- o=--
d T ep-+ eprr 8 rr 

err rr ln 

MT 

m err 

m2 
e 

do 

dT 
•YP -+ rr 

0
P I 

2 2 2 M T 
flonara.fl m "rr- m rr - m rr- H yqHTLIBa.fl, qTO npH 

rHH epeBaHCKOrO yCKOPHTens/ 

do (0) -
do(O) 

2 
J.Lb 

2M--- - • 
dt raa 

y p -+ rr op 
dT 

nony'laeM 

do 
dTep-+ePrro 

do 
1-

dT 
ep-+ ep - 10 

TaKHM o6pa30M, ;:ta)l(e npH TaKOM nnoxoM p< 

~OHOBLIM MO)I(eT OLITL npouecc $oTOpO)I():teHH.fl nHOHO 

aenH'IHHa 3Toro $oHa cocTaanseT coTLie ;:tonH npoi 

yqHTLIBaTLC.fl npH o6pa60TKe 3KCnepHMeHTallLHLIX ;:ta 

ABTOPLI 6naro;:tapHLIB.C.KHceneay,n.H.nanH;:t 

BY 3a o6cy)l(;:teHH.fl H none3HLie 3aMe'laHH.fl. 

Jlumepamypa 

1. A.S.Kroass. Phys. Rev., 125, 21?2 
2. N.Meistero, D.R,Yennie. Phys.Rev., 
3. A.II.BaHJICa, C.P.TeeopK.RH, A.B. Tapacoe. 

P2- 6309, jfy6Ha, 1972. 
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HaKoHeu, npuae~eM aMpa~eHHH ~nx oueHKH ceqeHHH ~oHoaoro 
npouecca ep .... ep rr 0 , KOTOPLIB Mo~eT HMHTHpoaaTL ynpyroe paccex:
HHe, ecnH MaKCHManbHblB KBa~paT MaCChi HeperHCTpHpyeMOB CHCTeMhl 

m 2 6onLrne KBa~paTa MaCCM rr
0 

-Me3oHa 
max 

da 
d T ep-+ t!/JTT

0 = 
_.!!... 

Brr 

m2 -m 2 

"" " ln 
MT 

m 
"TT 

m2 

da 
d T ·YP .... rr op ( £ T' 2M T) . /8/ 

t! 

2 2 2 M T llonarax m t!TT- m 1T- m 1T- H yqHTbiBaH, qTo npH E = 5 r3B /3Hep-

rHH epeaaHCKOrO yCKOpHTenx/ 

nonyqaeM 

da (0} 

dT 

do 

yp-+rr
0 P 

d T ep-+ e/Jrro 

da(O} ll b 
2M---2-

da 
1-

dT 

dt f8B 

e p -+ e p - 10 

/9/ 

-4 

/10/ 

TaKHM o6pa30M, ~a~e npu TaKOM nnoxoM pa3perneHHH, Kor~a 
~OHOBbiM MO~eT 6h1Tb npouecc ~OTOpO~~eHHH DHOHOB, OTHOCHTenLHaH 
aenuquHa 3Toro ~oHa cocTaanxeT coTMe ~onu npoueHTa H Mo~eT He 
yqHTbiBaTbCH npH o6pa60TKe 3KCDepHMeHTanbHbiX ~aHHbiX. 

AaTopM 6naro~apHbiB.C.Kucenesy,n.H.nanu~ycy,r.H.MenuKo
ay 3a o6cy~~eHHH H none 3Hhle 3aMeqaHHH. 

Jlumepamypa 

1. A.S.Krass. Phys. Rev., 125, 21?2 
2. N.Meister, D.R,Yennie. Phys.Rev., 
3. A.II.BaHJICa, C.P.reaopr<:.RH, A.B. Tapacoa. 

P2-6309, ,l{y6Ha, 1972. 
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4. IO.K.AKuMoe u C>p. ,4oKAaC> Ha XY MeJICC>yHapoC>Hoi1 KOHtflepeHf.IUU 
no tflU3UKe e~orcoKux 3Hepzui1. Kuee, 1970 z. 

£C.~ AkePZof~ K.BePkeZman et aZ. Phys.Rev.~ 
16J~ Z482 (196?). 

PyKonuc~o noc111ynu11a e U3CJal/lellbCKUi1 OI/ICJe/1 
21 UIOHJI 1972 zoC>a. 
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Y CJIOBHB 06MeHa 

npenpHHTbl H CO";ClUlC'Ellll OlHil1 paCCbin810TCSI 6ecnnaTHO, 

HMHoro o6MeHa,yHHB8pCHTBTSM, HHCTHTyTSM 1 na6opaTOpHS!~ 
Hay'IHb!M rpyrrnaM H OTJlCJlbHb!M Y"'BHb!M 6onee 50 CTpaH. 

nonyqaTenSIM H3I\Dtll1H Ol1Hl1 rrpe)lOCTaBnSieTCSI B03M0)KH( 

SlBHTb HHHUHllTHBY B GecrrnaTHOH ITOCbiJIKe rry6nHK8UHH B ily 

06MeHa rrpHHHM8JOTCSI uay"!Hb!B KHHrH, )KypH8Jlb! 1 npenpHHT: 

ny6nHK8UHH no TeMaTHKe Ol1HI1. 
EaHHCTBeRHNii BHJl ny6nHKauHii, KOTOphlii HaM npHChlna 

8TO penpHHTbl ( OTTHCKII CT8T8H 1 y)!<e orry6nHKOB8HHb!X B Hay 

1::1 psme cny•weB MLI caMH o6pamaeMcH K uay"!HbiM y'lpE 

6onee KpyrrHhlM rronyqaTenSIM HamHx H3Jl8HHA - c rrpocb5o~ 
CJ18Tb H8M K8KHe-nH60 KHHrH HnH Bb!ITHC8Tb anSI H81l\e~ 6H6J 

)KypH8nbi
1 

H3)l8JOU\H€CSI B HX CTp8H8Xo 

0 T,neJlbHble 3anpocbl 

J.1308T€nbCKHH OTOen 8)KerOOHO BhliTOnHSI8T OKOJIO 3000 0 

COB H8 Bb!Cb!JlKY H3Jl8HHH 0J.1HJ.1. B T8KHX 38IIpOC8X cnell) 

yKa3hiBaTb HHJl8KC 3anpamnBaeMoro H3JlSHHSI. 

A.npeca 

nHCbM8 ITO BC8M BOIIpOC8M o6MeHa rry6nHK8UHSIMH 1 8 Ti 

oTnen&Hbie H3Jl8HHSI cneayeT HanpaanHTb no a)lpecy: 

/11ocKBa, 
TnaBHhiii noqTaMT, niH 79. 
H3aaTenbCKHH oTaen 

06'beaJtH€'IlHOrO HHCTHTYT8 

HaepHbiX HCCJieaoBBHHH. 

Anpec }lnSI ITOCLinKH BC€X ny6JIHK8UHil B rropS!JlKe o6Me 

6ecnnaTHOH ITOJliTHCKH H8 H8Y'li!LI€ )KypRanbi: 

MocKBa, 
TnaBJib!ii noqTaMT, niH 79. 
Hayqflo-TexaHqecKaH 6rr6nrroTeKl1 

06'beaHHeJIHOrO HHCTHTyTa 

>raepJIL>!X HccneaonaHJH'f. 


