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nng 3KCnepuMeHTanbHOPO ucnonbSOBaHHR npoTOHOB, ycKopeHHbIX no 

/1/ 
Bb!COKHX 3Hepruil: no MeTony KonneKTllBHOPO ycKopeHHR I Heo6XOAHMO 

onpenenHTb pas6poc npoTOHOB no HMnynbC8M ll cpa30Bb!H o6'beM npOTOHH0-

/2/ 
ro cryCTKa, 3TH BenH'lllHbl oueHHBanucb B pa6oTe • nng yTO'IHeHHR oue-

HOK paCCMOTpllM ABH:lKeHue npOTOHOB B 3neKTpOHHOM crycTKe. ITpoTOHbl 

o6pasyJOTCg B npouecce, nonusauuu aTOMOB Bonopona B KOnbUeBOM cryCTKe 

penRTllBllCTCKllX 3neKTpOHOB ll HMeJOT nocTaTO'IHO Manhie CKOpOCTH, cpaB-

HllMbJe co CKOpOCTRMll 8TOMOB BOAOpona. O6pa30BaBIIIllHCR npOTOH ncnbI-

TbJBaeT neil:CTBHe 3neKTPll'leCKOPO ll MaPHllTHOPO noneii 3neKTpo1rnoro crycT

Ka, a TaK:lKe BHeIIInero M8PHllTHOPO nong, BAOnb KOToporo ycKopReTCR 

crycTOK, PaCCMOTPHM KOnbUeBoil: crycTOK C 'lllCnOM 3neKTpOHOB, MeHbIIIllM 

14 
'leM 10 . ll ManbIM pannycoM a ' MHOPO MeHbIIIllM 6onbIIIOPO pannyca R • 

B 3TOM' cnyqae nng oueHOK MO:lKHO npeHe6petJb co6CTBeHHblM MarHHTHbIM 

noneM no cpaBHeHHJO C BHeIIIHllM 1 a T8K:lKe KpllBll3HOil: KOnbUa, B pesynbTa

Te npHXOAHM K sana'le O ABH:lKeHHll npOTOHOB B UHnllHAPH'leCKOM noTOKe 

3neKTponon, nepneHnnKyngpno ocn KoToporo (ocb oy HanpaBneHO BHeIII-

nee onHoponnoe MarnuTHoe none nenH'IHHhI H 0 ( Bnonb OCH OZ ) . 
B CllCTeMe noKOR 3neKTpOHHOPO crycTKa ypaBHeHHR nng nonepe'IHOPO ABll

:lKeHHR npOTOHa HMeJOT Bnn: 
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I'Jle w2 = ,n = • n - nnoTHOCTh aneKTPOHOB, M - Mac-0 M Mc 

ca npoTOHa, B Ka'ieCTBe Ha'ianbHb!X ycnOBHH npHMeM x = XO , y = 0 

i:= y= O. I1HTerp11py51 BTopoe, a 3aTeM nepBoe ypaBHeHHe (1 ), nony'IHM 1tnSI 

KOOpJlHHaT H CKOpOCTefi: 

I'Jle 

x X 
0 

( 1 + q COS W t ) y· = X q ( c,J. 

' o I l'+q ·(L-t-q)32 

,i, = -Xo v-14 wasinwt, +q y = 2 __E_ci.~ sin 2 

1 + q 

sin: w t ) , 

wt 

2 

(2) 

w2 n2 c 1 + q > , 
2 

Wo q=v M c2 n 
=277--

H2 
0 

ilnSI paccMaTpHBaeMOI'O aneKTPOHHO-HOHHOI'O CI'YCTKa q >> 1 • B 9TOM 

cny'iae Bb1pa:lKeH11e (2) npHHHMaeT cne1ty10m11tt BHJl: 

X = X COS 1/f -1/z 
y = X q ( t/J - sin t/J ) 0 0 

x = -x w sin t/J y = 2·x n <>in2 J!L (3) 
0 0 ' 0 2 

I'Jle 1/f w O t 
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BpeMH, B Te'Ie.llH __ e KOTOpOI'O CKOpOCTb npoTo.lla JlOCTHI'aeT MBKCHM)'Ma, 
. / 

M.IIOI'O Me.llbllle BpeMe.llH .llaKonne.llHSI H ycKope.llHSI npoTO.IIOB. C IlOMOIIIb!O .. 
Bb!pa)Ke.llHH (3) MO)l(.11O .IIBHTH pa36poc npOTO.IIOB no nonepe'I.llb!M HMnynh-

CaM B na6opaTOp.110H CHCTeMe KOOpJlHHaT: 

~ Py = 4 MO a 

Bb1pa)Ke.llHe JlllSI 9MHTTa.11ca CI'YCTKa npOTOHOB: 

~ p ~ p 
X y 

p2 
0 

s 

(4) 

(5) 

I'Jle ,PO - npOJlOllb.llb!H HMnynbC npOTo.11a, paB.llb!H JlllSI ynhTpapenSITHBHCT-

cKor-o JlBH)Ke.llHH M c y s - MaKCHManh.llaSI nnomaJlb nonepe'I.11or-o ce-

'IeHHSI KOllbUa, B paCCMaTpHaaeMOM cnyqae npH.IIHMaeT BHJl! 

E "' 

32ir R a
3 

2 
C 

2 
y 

13 
ilnSI cr-ycTKa c 'IHCllOM aneKTPO.IIOB 5•10 , 

-2 2 
nony'IaeM E = 5°10 (MM. MpaJl) • Cpaa.11e.11ne 

(6) 

4 3 = 2•10 a, y = 10 

nony1:Je.11.11or-o aMHTTa.11ca 

ycKopeH.IIOI'O ny'IKa C 9MHTTa.llCOM ycKopHTenSI C )KeCTKOH ~OKYCHpOBKOH 

Ha TaKy!O )Ke a.11epr-n10 llOK83bIBaeT, 'ITO 9TO aenH'IH.llbl OJlHOI'O nopSIJlKa~ 
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IToMHMO 9MHTT8HC8 B8lKHOi1: xapaKTepnc::-nKofi ny'IKOB, nonytJaeMh!X Ha 

ycKopnTengx, HBnHeTCH l{X BpeMeHHaR npOTHlKeHHOCTb n, COOTBeTCTBeHHO, 

"cpaKTop 3anonHeHnR". 

nnnHa nMnynbca r ycKopeHHhlX '18CTllU B KonneKTHBHOM ycKOpll"rene 

-14 
0'19Hb Mana. ilng 9HepI'llll npOTOHOB 1000 faB r "' 10 CeK. 'PaKag 

crpyKTypa nytJKa HMeeT CB0H npenMyrueCTBa ll HeAOCT8TKll. ITpeuMyrueCTBa 

npOHBnmoTCH BO BCeX 0Ilh!T8X C Hei1:TpHHO, 8 T8KlKe B PHAe cnyqaeB npn 

pa6oTe C ny3hlpbK0Bh!Mll I{ HCKp0Bh!Mll KaMepaMn. 3KcnepnMeHThI, B KOT0-

pb!X TpaAHUHOHHh!M cnoco6oM ucnonb3YIOTCH C'leT'lllKll n CX9Mhl COBil8A9HHi1:, 

3Aecb Tpe6yroT cneuuanbHhI:X: pa3pa6oToK. 

3KcnepliM9HThl C ny3h!pbKOBh!Mli KaMepaMli Tpe6yIOT npeAB8PHTenbHOi1: 

cenapaUlili nytJKOB BT0pli'IHh!X '18CT!iU. 3Ta 38A8'18 B006rue B9CbM8 cnolK

H8H npn T8KllX 9HepI'!iHX. OAH8KO nytJKli, KOTOphie MOlKHO nony'lliTb C no

MOIUbIO KonneKTliBHOI'O yCKOpliTeng, H8H6onee IlOAXOAHIUli Ang 9TOH uenn 

BBliAY liX Manoi1: oceBofi npoTHlKeHHOCTH. CxeMa cenapauHH npocTa. 

t.IaCTliUhl C OAliH8KOBh!Mli HMnynhC8Mli Ii OTnlitJ8IOIUliMllCH Mac·caMH nocne 

nponeTa onpeAeneHHOH 6a3h! L pa30HAYTCH B npOAOnhHOM HanpaBneHlili 

Ha H9KOTOpoe pacCTOHHli9ilL 113-38 pa3nli'lliH B CKOp0CTHX. ilanee pactto

naraeTCH BhICOKO'laCTOTHOe ycKopoi1:CTBo-cenapaTop, KOT0poe OTKnOHHeT 

'18CTRUhl OT OCH. EcnH B3HTb ~L = 1-· I'Ae A - J:WliHa BOnHhl B cenapa-

Tope, TO '18CTliUhl pa3HhIX, Mace OTKnOHHTCH OT OCH B rrpoTHBOilOnOlKtlhIX 

HanpaBneHHHX, To eCTb npoH30i1:AeT HX pa3Aenenne. Ba3a 

>.. 
L 

2 
( p C ) 

2 2 

Eo2 - Eo1 
(7) 

I'Ae EOI I E02 - 9HepI'liH IlOK0R paCCMaTpnBaeMhIX copTOB '18CTllU (cM., 

/3/ 
HanpnMep, ) , p - HMnynbc '18CT!iU. 
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H anp.il:Mep, 1:wsi: oTaerieHHSI K · .;.MeaoHoB OT " -MeaoHoB npn 

3 CM ll. p C 500 T::rn,· nonyqaeM L "" 30 KM, a Jlnsi: aHnmpoTOHOB 

;L ,. 7,5 KM. 

nnsi:' COKpamemrn o6umx p~3MepoB cenapaunoirnoit. CHCTeMbl MO}KHO 

:i: aacTaBHTb BTOJJH'IHbre tJ:aCTHUbI aauraThCSI no··aaMKHYTbIM _TpaeKTOpHSIM 

·'· ·,B MaI'HllTHOM none. B03bMeM JlnSI npnMepa MarHHTHYIO cn:cTeMy cna6oqioKy-

' cupyroruero THna co CBepxnpOBOJlSilllllMll MaI'HHTaMH ll noCTOSIHHbIM BO Bpe-

·. MeHH MaI'HHTHbIM noneM H' = 60 K9~ nn·SI E = 500 faB paJln:yc Kpyro-

., ': BOH TpaeKTOpllll R ,. 280 Mo TTpn COOTBeTCTBYIOllleH KOnnn:MaUHll BTOPH'l:-
• ~. 0 ' .. 

•. ~ Hb!X nytJ:KOB MO}KHO HMeTb aMnnHTYllY 6eTaTpOHHblX K6ne6apntt a. b "' 1 ·CM. 

PacCMOTPHM JlBa ·:sapuaHTa. 

, •j I. 1IaCTHUbl paaHblX Mace, BparuaSICb B. MaI'HllTHOH CHCTei.J:e, paCXOJlSIT-

•I 

·-,· 

. csi: no aanMyT;. Ecnif JlaneJ 61,1cTpo yMeHblllllTb Ha He6onbwyro BentttJ:HHy 

MarHHTHOe none, TO OTCTaBwasi: tJ:aCTHUa He nOBTOpllT TpaeKTOplllO nepeJl-

: 'HeH 'l:aCTHUbI, H OHR BbIBellYTCSI H3 KOnhua no pa3HbIM HanpaBneHHSIMo Mo}K-

. HO CJlenaTb nporue: nocne BbIBOJla qaCTHU no. OJlHOH TpaeKTOPHll HCnOnb3O-

BaTb o6bl'l:HblH cenapaTop~ 
' : . 

·" 2. nocne HH}KeKUHll tJ:aCTHU B KOnbUO BKnIOtJ:aIOTCSI YCKOpSIIOllllle Bb!COKO

, _._tJ:aCTOTHbie aneMeHTbI. TorJla npn: npoXO}KJl8HHll tJ:aCTHUaMH B KOnbUe nyTH 2L 

none3Hble tJ:aCTHUbl npn COOTBeTCTBYIOllleM Bb16ope qia3bl YCKOpSIIOlllero nonsi: 

nonytJ:aT npH6aBKY aHeprHH H nepefiJlyT Ha 6onbWHil paJlnyc, a _tJ:aCTHUbl 

~ HHOH Maccoil OCTaHyTCSI Ha npe}KHeM paJlHyce. CllBHI' no paJlHYCY onpe-

Jlensi:eTcsi: qiopMynofi 
!:!,.Ro 1 !':!,.(,I 
T ,,,_ - , I'Jle n - noKaaaTenb MarHHTHoro 

o (l -n) p 
· •.• : I'!,. l':!,.E 

.. · nonsi:, f!.1?_.,_ , E - aHeprnsi:. TTpH I'!,. R0 "' 5 CM, n,,,..1_ 
3 ;: p E 

·qHcno. o6opoTOB JlnSI K -Me3OHOB "' 37, JlnSI aHTn:npoTOHOB "' 8. noneaHble 

tJ:aCTHUbI, OTJleneHHbie no paJlHYCY OT HeHy)KHbIX, BblBOJlSITCSI 

:··. ' H3 KOnhU8o 
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CnenyeT. OTMeTllTb, 'ITO llHTeHCllBHOCTb HeCTa6nnbHblX '18CTllU 6yneT 

yMeHblll8TbC5I npn paCCMOTpeHHblX. 6onblllllX nnnHax npo6era. PaccMaTpnBae

MOe KOnbUO MO)KeT 6b!Tb ncnonb3OB8HO T8K)Ke K8K H8KOITllTenbH8SI cncTe

Ma nnSI npOTOHOB, 8HTnnpOTOHOB ll nnSI ocymeCTBneHnSI nx CTOnKHOBeHnSI 
. - . /2/ 

nnn K8K ycTpOHCTBO, paCTSII'llB810ll!ee npoTOHHblll ny'IOK BO BpeMeHn • 
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