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1. B B e JJ. e· a n e 

~ JJ.BHHOI pa6oTe Hano~eH~ peaynbT8Thl TeopeTnqeCKHX HCCn~JJ.OBB~HA 

H pacqeTOB IIO OTJJ.Snbflb!M BOIIpOCaM, CBSI38HHbiM C C03Jl8HHeM. KOnneKTHBHbiX 

YCKOpHTeneA, 0T6op M8Tepnana onpenenSinCSI, C OJlHOit CTOpOHbi 1 TeMaTHKoA; . 

. 'no KoTopoA B To A nnn ·fiaoA cTenean "BeneTcSI aBTopa~m pa6oTa, a; c npyroA 

CTOpOHbi1 Ba~HOCTbiO Jl8HHbiX BonpoCOB npll npoeKT11pOB8HHII KOJineKTIIBHbiX 

YCKOf:lHTeneA, 

. ,. 

. 2, <f>opMHJJOBBHHe M8T'HIITHOT'O nonSI C ·noMOII1blO 
';' 

JlHCIIneH CO CBeTOBb!M KapaHJJ.81110M 

B H8CTOSI!I1ee BpeMSI KOnbueBoA cryCTOK aneKTpOHOB C03JJ.aeTCH, KaK 

II3BeCTHO, B nnOCKOC'fH Cl!MMeTpHU CJIB6ocpoKyCHpy!O!I1ero pacTyiUero' BO Bpe-. 

Ill. . · . · · · 
Mean MarHHTaoro nonSI anreaaTopa • ·Docne oKoaqaanSI npouecc1:1 c~aTnSI 

H HHX<eKUHH HOHOB . CIIMMeTpiiSI nonSI flapy111aeTCSI H KOnbUO 'BbiBOJJ.IrTCSI Ir3 

anreaaTopB··B n~CTOSIHHOe BO BpeMSHU MBT'HHTHOe none YCKOpSIIO!I1eA CElKUI!ll, 

_. KouqmrypaunSI KaTyllleK, coana10mnx Tpe6yeMoe none,' non6npaeTcSI c nc~ 

Me, ··MarHHTHOe none KaTyllleK H M8T'HlrTHOe none YCKOpSIJOUleA CeKUirll Bb!qUc-. 

·• 
nSIIOTCSI Ha '3BM, Oapa!'vleTpbl KaTyllleK H. rpacpi!KI! 'cyMM8piiOT'O nonSI BbiCBeqn-

B810TCSI Ha .8KpaHe JJ.HCnneSI, C noMOUlbiO CBSTOBOT'Cl KapaHJJ.81118 MSHSIIOTCH. na':"'. · 
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paMeTpbl KaTymeK, OTCbmaiOTCSI na nepecqeT1 ananH3HpyeTcSI rpacpHK nonSI. 

TaKHM o6paaoM yJlaeTCSI cpaBHHTenbHO 6biCTpo noJlo6paTb CHCTeMy KaTymeK, 

C03Jl8~1!1HX aeo6xoitHMoe none ( pHc. 1). 

MO)!<HO yqeCTb. MarHHTHOe none·,_ HaBe)leHHOe B CTeHK8X KaMepbl 'aJlre-

' aaTopa. BHxpeBoe aneKTpHqecKoe none E B npoBOJlSIWHX cTeHKax Bhi'IHCnH-

. - ' /2/ 
eTCSI HS HHTerpanbHoro ypaBHeHHSI ~peJlronbMa BToporo poJla : 

E(Q) 
'AI , . . 'AI ; 

+i>..afE(M)y-.f(lc)cJS .. =-iA fi (M)y--f(lc) JSAI, 
r Q ... 0 •• r Q 

(1) 

•• 
wpo 

rile A= -211' i Q 1 M - TO'IKH Ha6nroJleHHSI H HHTerpHpOB8HHSI COOTBeTCTBeHHo; 

paJlHanbHble KOOpllHH8Tbl TO'IeK ; fU -. KpyrOB8SI '18CTOT8 TOKOB 

. . ._ -7 OM•CeK 
B KaTyl,UKllX1 /l O = 4TT • 10 

'_Q • r AI 

M 
; a - npoBOilHMOCTb CTeHOK KaMepbl an-

r~::iaTopa; D, D ex - cooTBeTCTBeHHO ce'leHHSI npoBOilHWHX cTeHoK KaMepbl _H 

KOnbueBbiX BHTKOB nnoCKOCTbiO (}= const( (} - ·aaHMyTanbH8SI KOOpllHH8Ta)., 

f(lc)=(f -lc)K(Ic).:_ f- E(lc), ( 2) 

.E(Ic)- , K(lc) COOTBeTCTBeHHO nonHble annHIITH'IeCKHe HHTerpanbl nep-

Iioro H BToporo pona MonynSI lc , rJle 

1c2..: 4r0 rAI _ 
.- ' 2 2 , 

(rQ+rAI) +(z
0 

-z AI) 
(3) 

-z 0· 1 z .. - npoll onbHbie KOOpJlHH8Tbi To'leK Q H M ; I - nnoTHOCTb . m . ex 

ToKa B KaTymKax ( CHCTeMa ~HTKOB). B cpopMyne ( 1) E H - KoMnneKc-

H~Ie aMnnHTyJl~l COOTBeTCTBYIOWHX BenH'IHH, HaXOJlSl HHJlYUHpOB8HHble TOKH 

e cTeHKax. ; = a E 1 MO)KHO OIIpeJlenHTb C03Jl8BaeMble HMH MarHHTHble nonSI. 

npH H8ITHC8HHH (1) HCIIOnb30B8nOCb KB83HCT8UHOH8pHoe npH6nH)KeHHe. 

l 
1 
:!·. 

.I 

I· 

PHc. 1. npHMep pacnpeJleneHHSI MarHHTHoro nonSI anreaaTopa 

KOnbUa(6ea y,:IeT8 aKp8HHpOB8HHH CTOHK8MH ·KaMepb!) JlnSI KOH.K 

nono)KeHHSI KaTymeK c TOKall-in paanH'I}IUii: 'eenH'IHHbl Ha aKpane 

fopHaonTaJibHaSI och - ocb z( M) , eepTHKanbHaSI - ocb r( M) 
KpliBaH - q)aqmK B ,. 1 6enhi_e ·KBaJlpaTbl H npHMoyronbHHKH 

Ka1-ymKH c ToKoM, aeepxy noH:a3aHbl MaKcHMYM 11 MHHHMYM s , 
HHTepnane '% • HHK- B. pacnpe)lene}IHH IIOnSI mrKBIII,llHpyeTCSI II) 

paHHpyromero )leii:CTBHSI CTeHKH 8Jli'e3aTopa. _ 

,5 



aHannanpyeTcs rpa~nK nons. 

0 noao6p8Tb CHCTeMy K8TyWeK 1 

'!HOe B CT9HK8X KaMepbl 'anre­

npOBOJlSWHX CT9HK8X Bbi'IHCns-
. /2/ 

1a BToporo pona : 

'Nt 
) '1/ ~ l(lc) ciS Nt , (l) 

KTerpHpOB8HHS COOTBeTCTB9HHO; 

0 · CU . -. KpyroB8S '18CTOT8 TOKOB 

lJlHMOCTb CTeHOK K8Mepbl an-

npOBOllSWHX CT9HOK K8M9pbl .H 

- '83HMyTanbH8S KOOpllHHBTa),' 

( 2) 

rmnnTnqecKne HHTerpanbl nep-

(3) 

K:· ,Q H M ; I ex - nnoTHOCTb 

rne ( 1)' E n i - KOMnneKc-

~XOJlS HHJlYUHpOB8HHbl9 TOKH 

LB89Mbl9 HMH M8rHHTHbl9 nons. 

tHoHapHoe npn6nn)l(eHne. 

•. 

Pnc. 1. flpnMep pacnpeneneHHSI MarHHTHoro nonn anreaaTopa npn · BbiBOJle 

KOnbU8 ( 6e3 yqeTa aKp8HHpOB8HHSI CTOHKBMH KaMepbl) JlnSI KOHKpeTHOro pac­
nonO)I(9HHSI KaTyweK c TOKBMH paann'iuuii: Benii'IIIHbl Ha aKpaHe Jliicnnes, 

fopnaoHTanbHBSI ocb - ocb z(M) 1 BepTHKanbHaSI - ocb r(M) 1 nyHKTHpHaSI 

KpHBas - rpa~IIK 8 :r 1 6enbl9 KBaapaTbl II npSIMOyrOnbHIIKII - BHTKH II . . . 

KaTywKn c ToKoMI BBepxy noKasaHbl MaKciiMYM n MHHIIMYM B ., Ha na.HHciM 

HHTepnane z •. UnK B pacnpeneneHnn nons nnKBnwnpyeTcs npn y~eTe aK~ 
paHnpyiOwero neii:cTBIISI cTeHKn anreaaTopa. 

5 
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3. Llorrycin Ha MarHnTHoe none Ha'lanbHoro yqacTKa. 

ycKopri!OmeH: cncTeMbi 

. PaccMoTpnM JlorrycKn Ha Benn<inHy ~~~r~IITHoro rromi Ha'lanhnbro y'laC"'T-
=-- : ~ •. . . . ~ • ·. 

·, ~ Ka yCKOpHioiUeii, CIICTeMb~, rAe ;:tBIDKeHIIe. CryCTKa eme Hepem!TIIBIICTCKOe, 

YcKopeiine crycTKa rro.a · Aeti:cTBneM cocTe~Bmnou~eH: MarunTHoro <Io:u1 B, 
' . . . . ' _. 2rre2"';;-

rrpiiBOAIIT K KOne6aHIIHM llOHOB B cryC'fKe C 'laCTOTOi!. W =\--M----

I'Ae : . . n - rrnOTHOCTb ::meKTpOHOB · B KOnhue 1 

13 I 
M ·- ll.iacca IIOHa. 0TKnoHeHne 

IIOHa OT ueHTpa cryCTKa B MOMeHT p11BHO 

x(t) =- --.!..:.· J B (t ')sinw (t-t ')cit , 
mw o·' · · (4) 

ecnn OTKnOHeHIIe .II CKOpOCTb B Ha'IinhHbiM MOMeHT BpeMeHJI paBHbl Hyn 10, 

3neci. m - Macca ane~Tpoaa, yTHmeneHHaH 3a C'leT ero Bpamemm. 

BpeM·H B ( 4) HBnHeTcH ·ljlyaKuneH: KoopAHHaT'6r ueHTpa- crycTKa t = t(x ) , 
• -. e 

KOTOpag orrpeA.~M518TCH 3aKOHOM AB<IMeHl!H. STCli'O ueHTpa" OTHOCHTenbHO HeiTOll-

BlDl{Horo Ha'lana. ·,:. =X .(,j , TO eCTb t - o6pa.THaH ljlyHKUIIH OT ~.=X (t). 
. e e .·· . · - e e 

: Cny'laiinhre B03MyiUeHnH ~aranTH.Jro rrong yBenH'IUBaJOT oTKnoaenne HoHoB 

' .OT. UeHTpa, ITpH'IeM. HX BKnaA B cp"eAHHM KBaApaT OT~nOHeHHH paBeH 
"•tN •• , 

f!.x2 e2 !!.B~ 
m2w2 

"e x·e dx 
7 

dx 
2 

If.( J(·J 0 0 V x
1 

V X 
2

. 
g (J x 

7
-x 

2
1) sinw[t(x)-t(x

1 
)] x 

X sin w[ t(xe )-t(x 
2
)], 

(5) 

rAe v 
dx e 

=dt g - KoppengunoHHaH ljlyHKUHH. Ecnn Annaa KoppenHunn 

r «~ 
w TO g = U;(x) • B 8TOM cnyqae 

/1 X 
2 = l11s!~t (l-~in2wt_}, 

2 2 · 2wt 2m ·w v 
,( 6) 

6 
.. ~- -· . 

. .'j 
'• 

I .. 
·; 

· •.. 

. I 
·: 

,;' 

~ '} ' 

'"'' . ~ 
,•' :. 

rAe. ·~ ..,. ~ cpeAHee, 3aa•wHne cKopocTn crycTKa. iliu( BpeMeHn 

·Maoro ·6onhlllero rr.epnoAa Kone6aiimi noa~. 

e2 118,2 ~t 
!!.x2 . " 

,2m 2w2v. 

Benn'IHHY AorrycKa JiaiiAeM, rronarag AnH oueHoK v: 11 x 2 ~ a ·, 

nhrii · paAnyc Konhua: 

2N e 

y/18:;;; m; .v 
77

MRL ~ 

3AeCh L - Annaa, Ha KoTopoH: nponcxbAII.T ycKopernie, R -. 6c 

Konhua. 

R 

H 
.. N . l 

arrpnMep, AnH 'lncna· aneKTpoaoB B crycTKe · . e = 5-10 
. " - 10 " . 
5 eM, ~ = 2 eM, v.= 10. cMiceK, m = 40m 0 (. 

ITOKOH ·aneKTp'oaa) y!!,. sz; 12 rc ( llnH rrp~ToHriB) 1 • COOT 

!!. (a B z I a z) = 5 "" rc I CM. LleiiCTBne OAIIHO'IHblX B03Mymea 
" " .,. /4/ • 

ro rrong~ Ha HOHbi•,MOX<HO oueHIITh Ha OCHOBe pa6oTbl ·" .... Ecn~ 

HO'Il!OrO B03MyiileHHH. rrong paBHa Y. 0 (. r o -:;< .!.: ) , TO on 
(U,. 

rrycKa Ha 11 B . B 8TOM tnyqae K A~rry~KY" (8) Ha cny'laiiHhJe 

paBHO v ~ L !2 r; . DpnBeAeHHbie r)JopMynhi ' rrpnMeHHIOTCH H IT] 

HUH MarHHTHoro nong aAre3aTopa c rroneM ycKOpH!OlUeii CHCTe~ 

penHTU.BIICTCKOI'O ABH/KeHHH KOlibUa rrpiiBeAeHHbie cpopMynhi. Tpee 

HUH, 

4. HaKonneane HOHOB B KOnhUeBOM cryCTKe 

8.03MOIKHOCTh :yCKOpeHUH THIKenbiX HOHOB K"onneKTIIBHbiM ~ 
;5,~/ /7/ " 

rroKa3 aHa B • TaM me n B · o6cyiKAancH Bon poe o IUJK 

7-



9llbHOI'O Y'IBCTKB 
, .. 

THOI'O DOllH HB'IallbHOI'O Y'IDCT-
. 

Ka. ewe uepemiTI!BI!CTCKoe. 

~eA'Marni!THoro ~ong B, 
·· <' 277e2-;;-

c.~o;~on. w .=\-M-:-
•· 

·- MBCCB I!OHB, 0TKllOHeHI!e 

JBBHO 

(4) 

leHT BpeMeHII paBHbl HY /110, 

iH _.3a c'!eT ero npawennH, 

eHTpa crycTKa t =f(xe ) , 

o uenrpa DTHOCIITenbHo nenon­

lBTHaH cpyHKUliH· OT X . = X ( t), 
. · e e 

~'IIIriBIOT OTKllOHeHHe HOHDB 

T OT~llOHeHIIH paBeH 

t(x)-.t(x.
1 
)] x ( 5) 

f(x
2
)]; :: 

Ecnu nniiHa KoppenHuuu 

_( 6) 

., 

.... J. 
. , . 

1 
l 

' i. 
I 

;· 

. ' 
£ 

rne v . cpeauee GHB'ICHIIe CKOpOCTII cryCTKa. niui. npeMeHII ycKopeHHH,· 

MHOI'O 60llblliero nepiioaa KOlle6aHHH IIOHB, 

e 2 118,2 et 
,2m 2w 2 v ( 7) 

Bemr'IIIHY aonycia ilaAaeM, nonaraR anH ouenoK v'.11 -;2 ;:; a , rae a··- Ma­

nwA paniiyc KOnhua: 

2 2N e 

y 11 B ' -~ m v . V rr M R L e 

3necb L - nnuua, ua KoTopoA npoiicxbaii.T ·ycKopernie, R :... 6oabu'Joii paaiiyc 

KOllbUB. 

HanpiiMep, anH 'IIIcna· aneKTpouon B crycTKe 
. . - 10 . 

R = 5 CM, e = 2 CM, v.' = 10 cM/ceK, m = 40 m 0 m 0 - Macca 

noKoH aneKTpoua) y 11 B2, = · 12 rc ( anH DpOTOHdB),. COOTBeTCTBeHHO .·· 

., 
11(a8z /az} = 5 · f'C /eM. neACTBHe OniiHO'IHbiX B03MyWeHIIA MBrHHTHO-: 

.. /4/ 
1'0 DOllH '. HB liOHbl •. MO)I<HO OUeH.HTb HB OCHOBe pa6oThl . • Ecnii amiHa oan-

HO'!Horo B03MyweHnH· non~ panna f. 0 
v 

) 1 TO OTHOilleHIIe ·ao-· w. 

nycKa Ha 118 . B 9TOM Clly'lae K aonycKy. (8) liB CllY'IBAHbie B03MyllleHHH . . . 

pBBHO v e L /2 eg . DpiiBeaeHHbie yopMyllhl DpiiMeHHIOTCH' II npu cornacona­

Hllll ManinTuoro rro'nH anre3aTopa c noneM ycKopHrouieA cncTeMhi. B cny'lae 

penHTHBIICTCKOI'O aBHIKeHllH KOllbUB npnneneHHble cpopMyllhl .Tpe6yroT o6o6uie,.. .. 

llllH, .. · 

4. HaKonneHne HOHOB B KOllbUeBOM cryCTKe 

Bo3MOIKHOCTb . YCKOp.eHHH THIKellbiX' HOHOB KOlllleKTHBHbiM MeToaoM 6bilTa 
> ;5,f); /7/ . 

ni:JKa3 ana n • TaM IKe II B o6cy~KaancH nonpoc o HaKonnenm(uolwn 

7 

·. 
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B aneKTpOHHOM KOnbUe.· flpii 9TOM npeanonaranocb, :'ITO H8KOnneHHe IIOHOB 

npOHCX'?JlllnO B KOHUe cmaTIHI KOnbUa II HX BnHSJHIIeM ·na pa3Mepbl KOnbUa 

MomHo n·pene6pe'lb. B aaHHoii pa6oTe y'lHTbiBaeTcSJ BnHSJnne noHoB Ha n:'o­

uecc ¢opMKpoBaHIISJ aneKTpoHHo-noHHoro crycTKa. Heo6xoanMocTb aToro 

BD3HIIKa~T, nanpnMep, B cnyqae, Koraa raa, IIOHhi KoToporo .HaKannnBaiOTCSJ 

B cryc;TKe, ·npncyTcTByeT B KaMepe aareaaTopa (KoMnpeccopa) B Te'leHne 
-7 

BCero BpeMeHII cmaTIISI KOnbUa npii Jl8BneHIISIX1 fiOnbl!IIIX 10 MM pT.CT. 

IInii npii JlOCT8TO'lHO MOl!IHOH IIMnynbCHOH IIHmeKUIIII raaa. HaKonneHne 3Ha-

'liiTenbHOrO KOnii'leCTBa IIOHOB MOmeT 3aMeTHO noBniiSJTb Ha pa3Mepbl Ce'le­

H;HSI Konbua, a TaKme npiiBeCTII K npoxomaeHHIO paananbHOii qacToToii 6eTa-

Tp~HHbiX Kone6aHIIH pe30HaHCHoro 3H8'leHIISI v =I , . 
TaKJIM o6paaoM B ypaBHeHJISJX, noaBonSJIOUIIIX: HaiiTII Konii'leCTBo naKan-

. 161 . 
nJIBaeMbiX IIOHOB t cneayeT Y'lliTb!B8Tb yMeHbl!IeHJie 06beMa KOnbua V 

clN k Nk-1 
--;;;- = .\ k-. 1 -v--

Nk 
,\ky' ( 9) 

rae V ~ const , N k - 'liiCno IIOHOB c aapHJlOM ke ' ,\ k =N e c a k ' a k -

ce'leHIIe IIOHIIaauiin nona. 

CIIcTeMa ypaBHeHJiii (9) pel!Ianacb MeTOJlOM nocnenoBaTenbHhlX npn6-

nrimeHIIfi COBMeCTHO C CIICTeMoii ypaBHeHJIH JlnSJ nonyoceii annnnTH'leCKOrO 
- - Ill . . . 

Ce'leHIISI KOnbUa b (no OCII Z ) ll g -(no OCJI r ) Il3 • flpii 9TOM 

B BhlpameHIIHX JlnH KynOHOBCKIIX CJlBIIrOB 'laCTOT JlOnOnHIITenbHO y'!TeH 

BKn8Jl IIOHOB. 

4.1. PacCMOTpiiM H8KOnneHIIe HOHOB ll3 ra30BOH cpeJlbl, B KOTOpoii 

npoucxoanT cmaTIIe KOnbua. Ha'lanbHbie napaMeTpbi KOnbua cneayromiie: 
• 

I 
y .1 = 4 ( Y.i 

0 · .I {32 .• . · v 1- (} 
Tpona); ·6onBllloii paanyc R0 

nonepeqfiag· oTnocnTenbHaSJ sHeprnSJ aneK-

38 eM, io = g0 R 0 = 1,5 eM,. b 0= b 0R _o = 

8 

"1. 
-~ . 
) 

I 
• I 

,. 
I 
I 
i. 

i 
i 

(l 
~ r: 

l 

~ 
f 
r 
I 
J 

I ,, 

N 5 1 
12 . . = 0, 75 eM, : e = • 0 , noKa3aTenb nonSJ_ n 0 = 0,5. Kone'!Jihie ~ 

· R 1 ,= '6 eM; n 1 = 0,06. BpeMH cmaT~H 2·10-4 ceK. 
·.. . . -7 

llnH rennH npn )laBneHHll 2.-10 MM pT.CT. KO!Ie'!Hble 3H8'leJ 

- - 2 . 
MeT;JoB cneayromne: g 

1 
= 1,81 ~M, b 

1
= 1,33 MM, v, = 0,986, 

10 . 
3,2 .. 10 • YBenn'lenne aaBneHnH raaa npuBOJliiT K npoxo)KJleHIIIO 

v = l • CooTBeTCTByromee MaKcnManbHo aonycTnMoe aaBnenne a 
, ·-8 . - -

paBHO +2.10 MM pT.cT. B aTOM cnyqae g 1 = 1,81 MMi b 1 =. 
. 9 10 9 .. .· 9 

N7 = 9,14·10 , N2 = 1 ,07•10 , N 3 = 5,36·10 , N 4 = 1,06·10 
.·· 1 

IIOHOB c aapHJlOM 6onbl!Ie 'leTbipex He3Ha'lnTenbHo. Ilpn Ne = 10 

. TaTbl. npaKTH'leCKII Te me. PacqeTbl JlnH renneBoii cpeJlbl ncnonb-

npH onpeaenennn 'lncna aaxBa'leJIHbiX a -qacTnu B cmaToe sneKT 
181 

KOnbUO B pa6oTe 

4.2. PaccMoTpnM HaKonnenne no.lioB THmenhiX aTOMOB JlnSJ K 

14 
N e = 10 , Koraa cmaTne KOnbua c Ha'lanbHbiMII napaMeT;:>aMII R 

y = 7 1 b = g- = 1,5 CM IIpOHCXOJlllT B Bb!COKOM BaKyyMe ( ll 
+o o o 

nonoa na ocTaTo'lnoro raaa B npouecce cmaTnSJ Momno npene6pe• 

KoHetiHhiX aHa'lennii R 1 = 5 eM, g 1= 0,84 MM 1 b I= 2,4 MM 

9TOrO MarHHTHOe none aare3aTopa nOJlJl9plKIIB8eTCSI IIOCTOHHHbiM1 

nepeceKaeTcSJ B Te'lenne BpeMeHJI T noTOKOM HeiiTpanbHblX 8Tl 

'le~ BpeMH .;.T MHOrO MeHbllle BpeMeHH H8KOIIneHIIH ( BpeMSJ H8KC 

oTpeaoK BpeMeHn oT Ha'lana IIHmeKUHJI raaa Jlo Ha'lana ycKopeHnf 

B 9TOM cnyqae B KOHUe H8KOnneHIIH B cryCTKe, B OCHOBHOM, COil 

llOHbl C 6onbl!IHM a a pSI JlOM, I1pii'leM. npouec.C HaKonneHJISI liOHOB C 

38pS!JlHOCTbiO 3H8'lUTenbHO yCKOpS!eTCSI IIpii y'leTe aana6aTJI'leCKOr 
- I 

·HllH pa3MepOB nonepe'IHOro Ce'leHHSI KOnbUa ·b II g B npouecce 

HUH, Bbi3B8HHOrO TeM, 'ITO liOHbl KOMIIeHCIIpyroT .i:te!f>oKycnpyiOiuee 

co6cTBennoro nonSJ sn~KTponnoro Konbua • 

9 



110Ch1 . 'ITO HBKOITneHHe HOHOB 

rnnneM·na pa3Mepw xonhua 

8TCSI BnHSIHHe HOHOB HB Il;'O­

:TKa; Heo5xoJJHMOCTh aToro 

IOHhi KoToporo iiaKarrmmaJOTCH 

la .(KoMrrpeccopa) B Tet:ieliue 
• . .. :-7 
50nhWHX 10 MM pT,CT, 

iKUHH ·ra3a, · HaKorrnenne 3Ha-

rroanuSiTh na pa3Mepbi ceqe­

) paananbHOH 'IBCTOTOH 5eTa-
~ · . 
. =.I --•. 

>WHX:HBHTH KOnli'I8CTBO HaKaii­

H~We~ne ·o5'heMa KOnhua V 

(9) 

lOM Ice 

.OM IlOCneJJC>BaTenhHhiX Ilpll5-

erronyoceit snnnrrTn'IecKoro . .. ·. I 11 . . . 
ocn- r ) H3 , Dpn 3TOM 

I'830BOH Cp8Jlhl 1 B KOTOpOH 

aTphi :Korihua cneayJOIU ne: 

OTHOCHTenhHBH 3HeprHH aneK-

R .. 
0 0 ·1,5 CM,.b o=boR 0 = 

12 
= 0, 75 CM, : N.. = 5·10 • IlOKa3aTenh rronH n 0 = 0,5·. 

. -4 
·. R 1 ,= '6 eM; n 1 = 0,06, BpeMH C)I(BTHH 2·10 ceK. 

. -7 
nnH ren.HH Ilpll JlBBneH.Hll 2.}0 MM 

MeT;JOB cneayJOWHe: g I = 1,81 MM 1 b I 

pT,CT, KOH8'IHb18 3H8'I8H.HH rrapn-

2 
1,33 MM, 1/, = 0,986, Nl = 

10 
3,2 .. 10 • Yaen.n'Ienne aaanennn ra3a rrpnaoanT K rrpoxo)I(JleHHIO pe3oHanca 

1/ = l , • CooTaeTCTByJOmee MaKCHManhHo aorrycTnMoe naanenne nnn a3oTa 

paBHO 
-8 . 

+2.10 MM pT.CT, B 3TOM Cny'Iae g I= 1,81 MMi f I= 1,36 MM 1 

9 10 9,14•10 , N2 = 1 ,07•10 , 9 9 N 3 = 5,36·10 , N 4 = 1,06·10 , 'IHcno 

13 
nouoa c 38PHilOM 5onhwe 'I8Thipex He3Ha'IHTenhHo, Dpl! N., = 10 pe3ynb-

. TaTbi rrpaKTU'IeCKII Te )1(8, Pac'IeTbi )lnH renneaoit cpeJlhi .ncrronh3oaanHCh 

IlpH orrpeneneHl!ll 'IHCna 38XB8'I8HHhiX a -'I8CT.HU B C)I(8TOe aneKTpOHHOe 
/8/ 

KOnhUO B pa6oTe 

4,2, PaccMoTpHM HaKorrnenne noJioa TH)I(enhiX aToMoB nnn Konhua c 

N e = 10
14

' KOI'Jl8 C)l(aTne KOnhua c Ha'IanhHbiMII rrapaMeTp8Mll R 0 = 35 . CM, 

y =7 tO b- - - 1,5 CM IlpOHCXOJlllT B BhiC•OKOM BaKyyMe ( H8KOIIneJIIIeM 0 = g 0 -

UOHOB .H3 OCT8TO'IHOI'O !'838 B Ilpouecce C)I(8THH MO)I(HO Ilpeue5pe'Ib) JlO 

KonetinhiX 3Ha'Ien.nti R 1 = 5 eM, g 1= 0,84 MM 1 b I= 2,4 MM, Docne 

3TOI'O MBI'HHTHOe rrone 8Jli'838TOpa IlOJlJlepm.naaeTCH IlOCTOHHHhiM 1 .II KOnhUO 

rrepeceKaeTcH a Te'Ienne apeMeHn T rroToKoM neitTpanhHhiX aToMoB, rrpn-

qe~ apeMH ;: T MHoro MeHhwe apeMenn naKorrnennn ( apeMH naKorrneH'!H -

oTpe3oK apeMenn oT Ha'Iana HH)I(eKunn ra3a no Ha'Iana ycKopennH Konhua), 

8 3TOM cnyqae B KOHU8 H8KOITneHHSI B cryCTKe 1 B OCHOBHOM 1 C0Jl8p)I(8TCH 

noHhi c 6onhWHM 3apHJlOM, rrpn'IeM rrpouecc HaKorrnennH .nonoe c 5onhmou 

38pHJJ.HOCThlO 3H8'IIITenhHO yCKOpHeTCH IIpH y'IeTe 8Jl.Ha5aT.H'Ieci<:'oro YM8HbWe-
- I 

HHH pa3Mepoe rrorrepe'I.Horo ce'IeHnH KOnhua b n g B rrpouecce HaKorrne-

nnn,. Bhi3B8HHOI'O TeM, 'ITO HOHbl KOMileHCllpylOT )le<jloKyC.npylOiuee Jl8HCTBH9 

C05CTB8HHOI'O nonH 3n~KTpOHHOI'O KOnhua, 

9 



,, 
" :i 

. ~-

A ..... 

YKasaHHhiM MeTo.noM orrpe,'leneHbi- tJ:I!cna IIOHDB ·c · pa3HbiM sapR.nDM anR 

N_ , · Ar ,. ·xe , Hg rrp11 .naBneHIIRX B ~T~ye rasa 10-
5

, io.:.6, · 10-
7 

MM 

' ' ' ' -6 ·. ' 
pT.CT. Hal!6onee IIpl!eMneMb!M cnenyeT. C'IIIT8Tb .,(laBneHI!e 10 MM pT.cT. 

' ~ ' 

PesynbTaTbi Bbi'li!Cnermii rroKa3biBaiOT, 'ITO rrp11 -8TDM .naBneHIIII II T = 10 . ceK 

'', . ·- -.. -5 . 
38 ~peMSl. 15•10 ceK B KOIIbUe MO)KHO H8KOIIIITb He06XO,[li!MOe KOIII!'leCTBO · 

IIOHOB 830T8 C 'sa.p51,[10M 7 (puc. 2), IIOHOB KCeHOH8 (piiC. 3) II aprDH8 C 

38p51,[10M 8 f- 10 II IIOHDB pTY.TII c! 38p51,[10M 9 f- 11. . ' 

. Cne.nyeT 3aMeTllTb 1 .'ITO IIpll H8KDIIneHIIII MHorosap.51.(1Hb!X IIDHOB HeB03-

· •. MO)KHO II36e)K8Tb IIpOXO)K,(leHI!.Sl pe3oHaH'ca v r = l, • Bimmme llpDXO)K,(leHII.Sl 

8TOrO pe30H8HC8 Ha $opMI1pOB8HIIe sneKTpOHHO-IIDHHDrO KOIIbU8 B llpiiBO,[lll-

. MhiX pactJ:eTax He ytJ:I!TbiBanoch. 

5. K Borrpocy 6 cTaTIItJ:ecKoM anresaTope (KoMrrpeccope) 

/9-11/ B pa6oTax · 6hmii rrpenno)KeHhi pasmi'IHbie BapiialiThi cTaTII'leCKD-

ro KoMrrpeccopa (anresaTopa)~ CaMa n() ce6e IIneH cTaTII'leCKoro anre3aTopa 

'saM8H'lliB8
1 

0,(1H8KO IIMeeTCSl p51Jl TpynHDCTefi, KOTOpb!e Heo6XOllliMO IIpeono-
•.. . - -

neTb IIpii p83p860TKe T8KDrO CIIOC06a CD3ll8HII51 aneKTpOHHO-IIDHHOrO crycT-

Ka. 

OnHa us TaKIIX TpynHocTeii -•o6ecrretJ:eHIIe ycnoBnii rrpononbHDii (Bnonb 

ocii z ) TpaHcrropTIIpDB.KII 11 $oKycl!pDBKII KOnhua~ · · 

C 
u u /9/ 

T8TII'leCKIIII anresaTOp 1 IIpennO)KeHHbUI B 1 IIpeJl'bSlBIISieT CIIIIWKDM. 

)KeCTKIIe ,Tpe60B3Hl!Sl.K yrnoBOMy II 8HepreTII'l8CK.DMy pa36pocy rryq~a ,( BHeW:.:_· 

. /111 
HHR z -<f>oKycllpDBKa oTcyTcTByeT). B rrpenno)KeHIIII aBTopoB rrpenrrona-

raeTCR IICIIOIIb30B8Tb lliiSl TpaHCIIOpTIIpOBKII II BHeWHefi ~OKyCIIpOBKII llliH8Mli~ 

qecKyiO IIOTeHUIIlliJhUYJO HMY 1 HO TaKOH KDMI/peccop IIO CyllleCTBy He 6y.neT 

>·· .· 

10 

ric"_ 
::1· -

P=lo·• 
II;· 

_ ....... · 
., 

i5o - --t{plliJ 

Puc. 2. fpaqli!K 118KOIIneUIIH IIOHOB 830Ta B KDllbUe. 

"·I/()· 

N, 

~·~o·• "' . 

fOO 

Pnc. 3. fpa$IIK HaKorrn_eHH.SI noHoB KCeHolla B KOnbu~. 

11 



!l IIOHOB ·c p83Hb!M 38pHUOM UllH 

. · -5 .:..a . · -7 
pye ra3a 10 , 10 , 10 MM 

-6 · .. ·. . 
STb .naBneHIIe JO MM pT,CT, 

. .. 5 . 
pH -9TOM U8Bll8HIIII II T = 10- ceK.: 

IITIITb HGOOXOUIIMOe KOlliiqecTBO· 

KC8HOH8 (piiC, 3) II aproHa C 

. 11. 

II MHOr038pHUHbiX IIOHOB H8B03-

= 1. , Bimmme rrpoxo)l(ne HIIH 

HO-IIOHHOro·KOllbU8 B rrpiiBOUII-

e3aTope (KoMrrpeccope) 

a3JII!qHbie Bap~aHTbi c~aTIIqecKo­

~ IIneH cTaTIIqecKoro anre3aTopa 

, KOTop~~ aeo5xoniiMO. rrpeono-

IIIH 9ll8KTP?HHO-IIOHHOro·crycT-

!fiie ycnoBIIii rrpononbHoii ( Bnonb 

lllbU8, :· 

·/9/ .· 
. B '· ITP8U'bHBllH8T ClllilliKOM. 

q~cK.oMy pa36pocy rryq~a .( BHelll-· 

Ill/ 
>)I(GHI!II aBTopoB rrpenrrona-

1 BH8UIHeii ijloKyCIIpOBKII UIIH8MII-:-

18CCOp rro cyn1ecTBy · He 6yaeT 

.. t 
.. : I 

.;. 

. \ · .. 

ISO - --t(p&tCJ 

Pnc, 2, fpaqli!K H8KOITll81lliH IIOHOB 830T8 B KOllbUe, 

., 

Puc, 3, fpacPIIK H8KOlin8HliH IIOHOB KC8HOl!8 B KOllbU~, 
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. 1101 
cTaTIPieCKHM. B cny'lae, paccMoTpeHHOM KpHCTo<fmnocoM , T8K}Ke oT-

cyT~TByeT BHelliHS!SI nHHefiH8SI Z -<floKyCHpOBK8 x/ • 

3J:leCb p8CCM8TpHBaeTCSI B8pll8HT CT8TH'leCKOI'O 8Jli'e38TOp8 1 B KOTOpOM 

llp0JlOnhH8SI ¢oKyCHpOBK8 ooecne'IHBaeTCSI B38HMOJlefiCTBHeM KOnbU8 C pa3-

~ . ~ ~ 
6 

• I 121 
pe3HOH BHelliHeH MeTannH'leCKOH Tpy OH 1 8 Tp8HCITOpTHp~BK8 H KOMnpec-

CHSI KOnbU8 ITO 6onh1IIOMY pannycy llpOHCXOJlSIT·8BTOM8TH'leCKH (nocnenHee 

. 1101 
HMeeT MeCTO H B npennO}KeHHH ) • 

nycTh 38Jl8Hhl 38KOHhl H3MeHeHHSI pannyca H llpOJlOnhHOI'O HMITynbca 

ToHKoro aneKTpoH~oro Konhua snonh ocn cTaTn'lecKoro anreaaTopa nnnHhlL! 

..!L·=Tf (z), 
R o . . 

.!..!.._~ ( z), 
Po o 

( 10) 

r)le R 1 p (J - COOTBeTCTBeHHO H8'18nbHhlll pannyc KOnbU8 H H8'lanbHhlll 
0 . 

83HMyTanhHhlll ·nMnynbC 1 .COBIT8Jl8IOIUHfi C ITO.'IHhiMo npnMeM Tf(O)=I 1 Tf(L)=l/k, 

k - Koa¢¢nuneHT KOMnpecnn 1 ~ (0) =~ (L) =0 1 · f< l .. • Torna Heo6xonnMoe 

M8I'HIITHOe none Ha ITOBepXHOCTH r=R(z) 

2 
8 (z)=Bo yl-~ (z) , 8 (z),;, B

0
R

0 
~(z) 

z Tf(z) ' yJ-~2 

. OnpenennM TBK}Ke 

fn(Bz !Bo) 
ii(z)= fn(RfR

0
). 

2 fn[J-f (z)] 

2fnTf(Z) 
-1. 

Dpn Tf (z) .< l nony'laeTcsr ;; ( z) •> -1 

6yJleT HMeTb BHJl 

cl~ 
--;[";" . 

Ha ( 10) -12) cnenyiOT, B 'laCTHOCT.H1 nasecTHhie cny'lan: 

( 11) 

( 12) 

. 2 ....L - R Bo ~ 1, npn I -~ = nony'laeTCSI n=-2 • .,.. = ( -8 ) - ycKopeane 
. Tf2 reo. z 

( cl~ ) ' --•> 0 B Cll8Jl8IOIUeM ITO Z li ITO'ITll OJlHOpOJlHOM ITO r M8I'HliTHOM 
~ .. 

none. 

xl 
npn 8Jllla6aTH'l€CKll MeHSIIOIUeMCSI ITO Z M8I'HliTHOM non.e llp0JlOnhH8SI· 

cftOKyCHpOBKll., B cryCTKe OTHOCHTenbHO ero JlBll}KyiUerocg ueHTpa OTCYTCTByeT. 

2. Tf= J , Torna ii ... "" R .=R 0 =eonst 
. . <B,;> 

8 z = -
2

- + const 

.< 8 ·>- cpenaee none B Kpyre pan nyc a R • :3To cny'lafi ycKopeJ z . 

naiOmeM none npn nocToHHHo~ R 

3. ~ = 0 • Tf i l 1 llpll 8TOM n =-1 I 8, =0 

/12/ 
'ITO COOTBeTCTByeT cny'laiO; paCCMbTpeHHOMy B. pa6oTe 

R 
-= 
Ro 

'-laCTOTbl 6eTaTpOHHhiX KOne6aHHfi llpll JlOCT8TO'IIIO · MenneHIIO 

IIHIL napaMeTpOB ITO Z '6YAYT 

. 2 
2r H YJ. . R ] .

1 v2 =·1- 0 • [ T r + - - - "" ' 
' TTR(y~-_J) y}g(g+b) 

V2= 
z 

2roH.Y;l. [Tz 

TTR(.y1- l) +b) 

.., R2 

rib(ii 
1 

· 

. . -13' . . 
3Aecb r 

0 
= 2,8• 10 eM, ·y J. = y ly II , rAe ·y - nonuasr 

TenbH8H aHeprHSI aneKTpOHOB KOnhU8 1 SJBnHIOIU8HCSI HHT.erpanoM Jll 

y = l 
. II v ,..;. i 21c2 

~ llp0JlOnhH8SI OTHOCHTen~H8SI 8Hepi'liSI aneKTpi 

ua, r = 1133; ·r = 11 68 ~ senn'lliHhi1 onpenensreMhie. cnnaMn 
r z 

H 38BHCSIIUlle OT reoMeTpH'leCKliX napaMeTpOB • 

AAna6aTn'lecKoe naMeueHne aMnnnTyA 6eTaTpoHHhlX Kone6aH 

mee: 

b "" ( lL)~ 
v 

- IL 
g ,.(1!)72 % 

v ==R 
r z 

· K KOHUY KOMnpeccnH npH6nH}KeHHO vz ""R-!i, b ,.R 3/4. 

· MoHoTOHH!JCTh yMe.HhllleHnsr senn'IHH g n · b o6ecneqnsae'I 

~l.< n":"' n aTa senn'lnHa He o'leHb 6nH3Ka K 0. MarHHTHoe noll 

HOfi KOH<flllrypauHH H:a noBepxHOCTH R ( z) C03)laeTCSI cneuuani:.HbU. 

MH co cpeAHHMHPBAHycaMH o6MoToK R1(z),Riz) ; Me}I{Jly KaT 



/10/ 
IICTOqJHnOCOM 1 T8K)Ke OT-

x/ 

'IJeCKOI'O 8Jli'e3aTopa 1 B KOTOpOM 

8HMOJlefiCTBHeM KOnhU8 C pa3-

, a TpaacnopTup~~Ka 11 KoMnpec­

rT.aBToMaTH'IJeCKII (nocne)laee 

yea u npoJlonhHoro HMnynhca 

lTII'IJecKoro aJlreaaTopa JlnHHbiL: 

( 10) 

:j paJliiYC KOnhU8 II i!B'IJanhHblfi 

Hb!M, npiiMeM 7J(O}=I' 1J(L}= 1/k, 

'{JleT IIMeTb Bllil 

(II) 

( 12). 

IBeCTHbie cny'IJall: 
. R ( Bo ~~ , -,r;,

0
.= B - ycKopea11e 
' z 

lHOPOilHOM no r . MarHIITHOM 

Z M8I'HIITHOM non.e npOJlOnhH8H 
lllmymerOCH uenTpa :oTCyTCTByeT, -. 

I 

2, 1J = l -, TOI'Jla n -> "" R =Ro =eonst 
<B,i> 

Bz =~ +const 

.< B ~>- cpeJlaee none B Kpyre paJlllyca R , 3To cny"'afi ycKopeHIIH B cna­

JlaJOIUeM none npll noCTOSIIIHOM R 

3, ~ = 0 ' 1J i , 1 npH aTOM n =-I B, =0 

'IJTO COOTBeTCTByeT cny'IJ8101 paCCMOTpeHHOMy B pa6oTe 

R Bo 
Ro= B; 

/12/ 

'laCTOTbl 6eTaTpOI!HbiX Kone6aHIIfi np11 JlOCT8TO'IJfiO Me)lnefiHOM H3MeHe-

HHH napaMeTpOB no .Z 6yJlyT 

2 r0H. y .l 
v,

2
=·1- --~,.---- [ T, 

TTR( y. 2- l} 
J. .. 

( 13) 

3 2·,8·10. - 13 . I JleCh r 0 == eM, y J. == y -y II , rile y - nonaaH oTnocu-

Tenbaasr aaeprHH aneKTpOHOB KOnhua, SIBnSIIOIU8SICSI HHTerpanoM JlBHmefiHH1 

\ l 
r II == -..;-=, _::::;:.z:::;z/=c:::z 

- npOJlOnhHBH OTfiOCHTenbHBSI aHeprHSI aneKTpOHOB_ .. KOnh-

ua, T, == 1,33; ·r z == 1,68 ~ senH'IJIIHbi, onpellensreMbie. cunaMu liao6pameausr 

H S8BHCSIIUHe OT reoMeTpH'IJeCKHX napaMeTpOB, 

AllHa6aTuqecKoe naMeaeaue aMnnHTYil 6eTaTpoHHbiX Ko~e6aana cneJlyJO-

mee:_ 

z 

- R· ~ ~ 
g ,(-} .. R 

v, ( 14) 

K KOHUY KOMnpeCCHII npn6nu:w;eHHO vz R-!S L' R. 3/4 
::::::: I D :=::= • 

MoHOTOHHOCTh yMeHbmeansr senH'IJHH g u ;; o6ecne'IJHBaeTcsr, ecnn 

:-l .< n":' H aTa senR'IJRHa ae o'IJeHb 6nRaKa K 0. MarHRTHoe none yKaaaa­

aoa KOH<!JRrypaURH H:a noBepxnoCTR R ( .z) C03JlaeTCH cneuRanbHbiMR- KaTywKa-' 

MR co cpellHHMHPBilRYCaMH o6MOTOK R1(.z),Rz(.z) ; Mem)ly KaTywKaMn 

. 13 
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JlBIDKeTC.H K~n~uo: R1(z) •>', R(z )•>,R2 (z) • l1.H)I{eKUH.H no HOB a< KOnhuo nponcxoJlnT 

npn HanycKe ra3a B ycTaHOBKy. 

. Ha :pnc. 4 -npnBoJ::t.HTcSI pe3ynhTaTbi· pacqeToB 'npn cneAywmnx napaMeT-

. ~ • 14 . 
P/lX sneKTpoHHoro KOnhua YL 0 =Y -;:40 , · N e= 10 , k ~ 8 9. 0 = 0,204 eM, 

b O . = 0, 78 CM ( llHJl8KCOM "0" IIOMe'IeHbl. HaqanhHbie napaMeTpbi) 1 !jla30BbiH . 
o6'heM ·llH)I{eKTHpyeMoro nyqK"a l O IlpllHSIT ,-paBHbiM 40 CM,MpaJl, 3aKOHbl 

H3MeHeHH.H R II npoAOnhHoro IIMnynhca Bhi6paHbi TaK: 

1J ( z ) = l - ( 1 - ...!... ) 2_.' 
· k L 

0 < z < L. 

/: ( ) ,-.~max ( 2 z ) : 
c, z =·-2- l-eas _17 r , ( 15) 

TaKoii a)lre3aTop no3BOnSieT nony'IIITl> npene;IhHOe ycKopSiwmee noHhi 
. E . MB 

none, COOTBeTCTByiDmee KynOHOBCKOMY IIOniD Ha KpaiO cryCTKa, "' 9 --, . CM 

BonpoCbi ·nH*eKUIIII n ·co3Jl8HH.H MarHHTHoro nonSI HY*HOH K.oH!jlnrypa-" 

unii Tpe6ywT cneunanhHoro paccMoTpennSI. CneAyeT 'yKa3aTh TaK)I{e, tiTo ·· 

. !jla30BbiH o6~eM ll!I)I{eKTIIpyeMoro IIY'IK8 MO)I{eT OK~38ThCSI 6onhllle- IIpHBe)leH­

HOro, 'ITO yMeHhlllllT K'ynOHOBCKOe~'rrone 3a C'IeT yBenn'IeHIISI pa3MepOB c·e-:. 

. . . -1 
qeHnSI Konhua. OueHKH noKa3biBaroT, 'ITO E "' l 0 

n .II T.e paT y p a 

·1. ~.H. l1BaHoB II AP· OperrpnHT Ol1.Hl1 P9-4132, _.Qy6na, 1968 • 

· 2,' O.B.·To::ioimo PacqeT. sneKTpoMar!inTHhiX noneii na Bhi'IIICnnTenhHhiX Ma-

IIIHHa?t.• "TexnnKa~', Knea, 1961, 

3, A.r •. EoH'I-"OcMonoBcKnfi II AP· OpenpiiHT OH.HH P9-:4171, .Qy6Ha, ·1968. 

·.4." A.r. EoH'I-:-OcMonoacKnii, Open-pnHT Ol1.Hl1, 9P9-5142, .Qy6na, 19?:0. 
' - c • ~ 

. ~ .... 

'-;· 

..... ; 

_,. 5.' ,J.A. ·Kadyk. Syrnp~sium on Electron Ring Accelerators, _Berk~l~y,-

1968, p,120; H. Levy. Symposium on ElectroY} Ring Accelerators, 

Berkeley, 1968, p. 318. 
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·. .· ,. '• 

,• . 

.. ~ . ' . : 
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