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B KonneKTHBHbiX. mmeiiHbiX ycKopHTemix HOHOB B ·KaqecTBe ycKopsnomero · 

crycTK8 HCITOnh3yeTCH _aneKTpOHHOe KOnbUOo ITpH BbiBone H3 an~e3aTopa 
. I . . . . 

KOnbUO ycKOpHeTCSI B cnanaiOIIleM M8I'H~THOM none. E3 yCKOpHTene,_ paCC'IH-
' . . 

T8HHOM Ha yCKOpeHHe npoTOHOB no GBepXBb!CO~Hx_· aHepf'Hll; STan ycKopeHHH 

B Mii'HifTHOM 'none ~BnHeTCH npenBapHTenbHb~M. KaK nOK83b!B8IOT pa~q~Tbl,' 

npH ycKopeHHH B cnanaiOIIleM none aneKTpOHHOI'O KOnbUa, Harpy~eHHOI'O TH-
- ' • ' ' --; J . • ' 

~enbiMH HOH~MH, nocnenHHe MoryT npno6pecTH aHeprHIO no 10 Maa/HyKnoH, ·' 

'ITO . m3nHeTCH nocTaTO'IHbiM nnH <fJH3H'IeCKHX SKCnepHMeHTOB~ 

B n'aHHOll pa6oTe paccMaTpHBaeTCH rrpo6neMa ynep~aHIISI HOHOB B noTeH

UHanhHOii HMe aneKTpOHHOI'O KOnbUa, npH ycKopeHHH ero B_cnanaiOIIleM Mar-

. HHTHOM none. ITpH. STOM npHHHTbl cnenyiOIIIHe npennono~eHHH: 

_;_ aneKTpOHHoe Konhuo C'IHTaeTcn ToponnoM c KpyrnhiM· .. _nonepe'IHhiM 

ceqeHHeM; OTHollieane. Manoro pannyca _a · K 6onbliiOMY ,pannycy . R -To-

ponna ynoaneTBopHeT·. HepaaeHCTBy::. a l R .. « 1 

. - cyMMapHaH M8CC8 BCeX HOHOB. 3H8'1HTenbHO MeHbllle CyMMapHOll Mac-

Cbl . aneKTpOHOB;. 

-nonSipH3aUHH ycKOP~!fHOI'O HOHHO:-aneKTpOHHOI'O KOnbUa C'IHTaeTCH Ma

noii H <flopMa· aneKTpOHHOI'O crycTKa OCTaeTCSI HeH3MeHHOll npH :'ycKopeHHH; 

BnHSIHHeM nonSI H:oaaoii KoMnoaeHTbi Ha aneKTpoHHbiii crycToK npeae6peraeTcSI; 
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- l 
b < 

- no .Ra'Iana ycKope.IIHSI no.IIbi B aneKTpO.II.IIOM · nmype Mo.IIoaaepreTH'I.IIhi 

If HM910T aaepi"HIO Eo 1 a tPY.IIKUHSI pacnpenene!IHSI HO.IIOB HMeeT BHn: 

f = 
No 

_;;,· (z~ ) 8 ·(E -
'217 2 a2 

N 0 - 'IIfcno no.RoB B Konbue no ycKope.RnSI; 

E - a.ReprnSI HO.IIoB; 

E o ) , rne (I) 

·;;, (zJ- .IIeKaSI tPY.IIKUHSI OT KOopnH.II8Tbl HO.II8 1 _ CMb!Cll_ KOTOpOH CT81I9T SIC9.1I 

na i:tanb.Reiirnero. 

rpanHe.IIT MBI".IIHT.IIOI'O IIOllSI B na6opaTOpliOH ylfCTeMe IIOCTOSIUe.II
1 

CKO

pOCTb KOllbUa B .II81Ip8Bll9.1IHH YCKC)p91IIISI C'IHTaeTCSI .IIepenSITHBHCTCKOH. 

OcuoB.IIbie mipaMeTpbi aa.r:ia'In cnenyJOIIIHe: 

Q - 'I8CTOTa Kone6a.IIHH HO.IIa B IIOT9liUH8llbliOH SIMe aneKTpOHliOI"O III.IIypa: . 

Q2 
· 2v me 2 Z 

e v 
m A a 2 e 

Ne - qncno· aneKTponoB B IIIHype; 

M, m.- MaCChi IIOKOSI Ho.IIa H aneKTpofia; 

Ne 

211 R 

e2 

mc2 

"e; z. A. aapSin 'HOUa H ere aT~MHb!H Bee COOTB9TCTBe.IIno; 

rne 

. wo - aenH'IH.IIa ycKope.IIHSI B na6opaTopnoii· cncTeMe KoopnnnaT: 

. -
w = - ~ __!!. ~; y = ( 1- f3 2 )-~ • 0 my 2 az 

-.,.: 

4 

( 2) 

(3) 



' {3 

none . 

OTHOIIJeHHe CKO!JOC'I'II Bp8lii9HlHI 

Hz · K CKOpOCTll CI\CT8i Hz = 

SJ19KTpOHOB. BO BH9IIIH9M .l\18rlll1TIIOM. 

__!_ JR H (x) x dx ;' 
. R2 z 

. BpeMH ycKopeHHH 0 KOTOpOe MO.JKHO CBH38Tb C llJlHIIOH yCKOpH!Oliiero 

TpaKT8 L = Wa l
2 

2 
flpHHH.Tbl9 H8MH npH5JIHJKSHHH II03BOJIHIOT 38M9HHTb rione, .cieil:CTBYIOlllee 

Ha non co CTOpOHbi · sneKTpOHHoro· Konhua, noneM rrpsrMoro sneKTpOHHoro I.:mypa 

KpyrJIOI"_O C9'I9HHH 0 BBeCTH X z - OTKJIOH9HH~ HOH8 OT UellTpa 

IIIHypa, H B CHCTeMe 0 CBH38HHOH C yCKOpSI!OIIUIM IIIIlypOM 1 3811IIC8Tb ypllBHeJiiiSI 

l1BIIJK9HIIH HOH8 B. BIIJle: 

M z" = -Mw( t) + e cz 

Cf 
X 

· B iflopMyne (4) ( 
z 

II 

z (0) i (O) 

(4) 

x(O) x (II) xo 

( - KOMIIOIIellTbl rmeKTflii'ICCKOrO IIDJISJ 
X 

.IIIHypa ( c = -grad ¢ ) 1 Ct ycJ:opCH!Ie w (I ) SJJl.'15ICTcs• q•y m:ancii npe .• tenn, 

'ITO II03BOJIHeT yqeCTb MOMUIIT jlll 1IllJill· yCKOpCIIIHI IIIIlypa, rJono>I'.IIM: 

X> 0 

w ( l ) w
0

a (I) , rAe ·a(x) ( 5) 
0 X< 0 

. TaKaH iflopMa BpeMeHHOii sanllcl!MOCTU w (I ) ynpomaeT Bhi'IliClteHne: u JW. 

sr~nneTcH rrpnHunrrnanhnon nnn Kone'IHhlX pesyn&TaToB. HanneM nepBhlA AHTB

rpa11-l1BU~<eumr CHCT9Mhl (4): 
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I 

., 
t 

l,; 

·._e_<l> 
M 

E 
0 

• 2 x 2 . 
. z ,. +. - == .- wo z 

2' 

', '·' 

.!:...; <I> + E
0 

, 
M 

02 
2 

r 

2 

;, e-~ 

a (a - r ) - a 2 l!n ( -~ · ) a ( r...., a ) J , 
r. 

2 2 2 . . 
r == x + z ; 1! , == 2, 718 •• 

02a2a.(-t) + ( --
2 

02 a 2 . 
..;_ __ + w z ) a (t) 

2 0 0 

( 6) 

ITpHcTynHM K HccneaoBaHHID noTeHUH8nhHOfi SHeprHH HOHa . U 
muypa. 113 ypaBHeHH~ (6) cnenyeT: · 

B none 

u w 0 z 

cflyHKilHSI , . U 

B TO'IKe z == ·min · 

+ 0 
2 

I _,C a ( a - r ) - a 2 f'n ( a 1! .;..~ ) a .. ( r - a ) I 
2 r ( 7) 

HMeeT SKCTpeMyMbl B nnOCKOCTH X 
wo 

02 
.. 

u 
min 

u MHHHManbHa: 

"'2 
- --A:._ 

2 0 2 

6 

0 npn I z I < a 

( 8) . 



a rrpH I z l '> a . , B TO'IKe z == -.max .. 

2 . 2 n .a 
- MaKCHMyM: 

2 2 n 2a ~ n a en ( --- e-. ) . . . ·-
; wo 

(9) 

_Ha pac~ .l aaua <jlopMa u B IInOCKOCTH X == 0 , llmi pa3nH'IHhlX 
2 ..,! 

W 0 • J13 pHCYHKa BllllHO, 'ITO IIpH Wo < Q a e yCKOpeHHe He BnHSieT 

n2 n-l . ,.;.2 a , Ha llBH:ll<eHHe HOHa, SIMa llnSI .MORa OCTaeTCSJ.. npll u a. v . . < Wo .< u 

. . . .· .• : • . . ... •• . 2 2 
CTBHOBHTCSI 'MeHbille UairanbHOH aueprHH HOHa .0. a '/ 2 auaqeune u 

max 
~' ; . - . . ' 

SIMhr He cymecTnyeT. I1cxonsr na mpTHHhi ne<jlopMaUHH rro- · 

TeHUHanbHOH SIMhi, MO:lKHO HaiiHCBTb YC~OBHe,. IIpH BbiiiOn~eHHH XOTOporo ROll 

· ocTaeTcsr B aneKTpOHHOM muype. Bylletvl. C'IHTaTb, 'ITO <jlya:KuHsr t/1 (z 
0

) orrn- . 

Ch!BaeT 8TH ycnoBHsr •. nocKonbKY E 

z 
0 

z cos n t .-
z 

sin 

. . 

ansr t ·> 0 . ,:, srnnsreTcsr .tPYHKUHeit · 

( 10) . 

.Terrepb. nerKo Hat!:TH 'IHCnO. HOHOB B MOMeJIT BpeMeHH rro <jlopMyne: 

dx dz di: , 

i· I 

I 
I 
i 

-- ______ _j __ . 
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PaccMoTpn:M nBa pe)lmMa ycKopeHn:SI:-· 

• 113 pn:c. ·1 _SICH0 1 "-lJTO 38 TBKOe BpeMSI. B IUHy-

pe ocTaHyTCSI liOHbl c E 0 :< u max • 113 ( 6) 1i ( 9) Haii:neM:, 'ITO 8TO yc ;_ 

. noBn:e BbiiTOiU{SieTCSI nnSI liOHOB C Ha.lJanhHOH KOopnn:HaToii:: 

. -.a <. z0 < a 
0 2 a 0 2af- 1 

----'e~ -a v 
wo 

113 ( 12) onpenenSieTCSI Bn:n t/1 ( z 0 ) 

t/1 ( z
0 

) • = u ( z 
0 

+ a ) u ( a'V - z 0 ·) • 

n:HTerpn:poBaHn:e B ( 11) c y"'eT;M ( 13), nony'IHM: 

N l 

2. 

l 
+-arc sin V 

1T 

( 12) 

( 13) 

(14) 

B Ta6n. C~pn:Benellbi. "'IicneHHbre pac'leTbi rro <jlopMyne ( 14). 3aMeTnM 

'ITO :j Vl < l • 113 ycnoBHSI V = l HBXOAiiTCSI TO M8KCiiManhHOe 

ycK~peHI~e, llpli KO~OpOM, CornaCHO ( 1S) 1 BCe HOHbl ynep)l{liB8JOTCSI B Ill Hype. 

JI • w 
0 

·> 0 2 
a , 0 t < · 2 rr • EyneM cqn:TaTh, 'ITO B aToM pe)l{n:Me 

OCTaJOTCSI 'Bee li0Hbl 1 KOOpAiiJI8Tbl KOTOpblX B n i66oii: MOMeHT BpeMeHII Z < a • 

OTc~da t/1 ( z0 ) =: u _(~ 2 
- · z 2 

) H. 

N u (l + U ) [ _!_ + U v' l - U 2 + -
1
- arc sin U ] 

2 1T 

u l - _5!.... ( l - cos 0 t ) • 

,02 a 

9 

( 15) 

~--



N 
B Ta6n; 1 conep>KaTc.II pe3ynhTaThi ·pactteToB N~ ( U ) TaK>Ke 11 nn.11 ·, 

:aToro pe>KnMa . ycKopemm. 

cl>yUKUII.II 1+ u rrono>KI1Tenhlla nn.11 ·w0 '> .. 0 2 a . IIpll n t < 7T 

a nmr n l > 7T , rrpn w < q2 a 
0 

cl>opMynhi (14) 11 ( 15) COBM9CTIIO C Ta6n. l. Jl810T OTBeT· 118 IIOCTaBneu-

nyro 3anatty a rrpen~nax rrpiiiiSIToii Mone·nl1 • 

.13 3aKn~tteuiie Mo>Kuo oTMeTIITh ·cnenyromee: 

rrpenrrono>Ke1111e o MoHo:aHepreTIIttHocTI1 110l!OB B nattane ycKope1111.11 

MO>KHo ctti1TaTh ne'cymecTBenn~xM.' Mo>Kuo o6o6Iui1Th pe3ynhTaThi, · aBen5! a . . . 

¢yHKUIIIO pacrrpeneneniiSI ( i) 3aanciiMocTh. N 0 ( E 0 ) . . . . 11 IIp011HTerpiipOB8Th 

K_onettHhxe pe3ynhTaThi no Eo ; 3a KopoTKI1e apeMeHa ycK~peHIIe MO>KHO 

~~y~eCTBn~T~ (~._,~·> 0~ a) U9HOIO IIOTepb !19I<OTOpOrO KOllH'I9CTBa .~OHOBi 
MO>KHO ocymeCTBnSITbpe;KHM ycKopeHIISI 'II3 .llBY:C 3~8IIOB: _neptl~Iii ~ w~ < {l 2 

a 

II n t > 2 7T i BT~poii - wo > n 2 a ' • n t ' < 7T • Opn 3TOM I;JO.Il. N 0 

a ¢opMyne-( 15)· cnenyeT rroHIIMaTh N .. · 113 cjlopMymx ( 14). 

PyKorrnch nocTyrrnna a H3.1laTenhcKIIii oT~en· 

23 ileKa6pSI 1970. rona. 
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Ta6imua ·I 

Pe3ynhTBThi. pacqijTOB no ¢opMynaM ( 14) . .11 ( 15) , 
. . l' .. 

' .. w., ·.x={: F{x)= 1 +XVt-x~· ~jtUL.Nnx·· cJ.=-· . JZZa,_ . 

1'.02 .. o.9998 0.000002 ' 

1.10 '.;..0.9952 0,.000202' 

.1.20 -0.9812 0.0015 

·1'.30 . ' .. -0~9580 · o.oo49 

lAO: •0.9200 0.0112 ., 
1.50 -0.0018 0.02l0 

1.60 . ··'. -0.8480 0.034'1 

1. '10 -o ~ '19'19 <· 0~0528' 
r·• 

1.£0. ... o. '1420 0.0'155 

1.90 ..Q~6005 0.1030 
.. 

2.00. ..:o:6t3'1 0.1354 

2~10 ·' ..o"-.5419 . 0.1'12'1 

2.20 ;..0.4654 0.2148 

.. 2.30 . -0.3843 0.2615 

2.40 .:.o.2900 0.3126 

·2.50 -0.2093 0 .367'1 

·2.60. -0.115'1 .0.4265 

2.'10 .. -0.0182 0.4884 

0.0100 . 0.5064 

o;to ' -·· 0.5635 

0.20 . 0.6265 

0.30 0.6881 

0.40 .. o. '14'1'1 

0.50 0.0045 .. ... · 
0~60' 0'~85'16 

0. '10 ' 0~9059 

6.80 .. 0.9479 

.. 0.90 0.9813 . 

·1.00 ·1 ;oooo 
; .II 

.. 
... , .. .. 


