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HHAYK~~R BeAy~ero MarH~THoro nonn Bz B n~He~HOM ~HAYK~~OHHOM 
ycKop~Tene /nHY/, npeAHa3Ha4eHHOM AnR ycKopeH~R 3neKTPOHHo-~oH
HbiX Kone~' AOn>KHa ~MeTb sen~4~HY -1 '2 7 1 '36 rl1,2/. MarH~THOe 
none C03AaeTCR C nOMO~b~ BCTpOeHH~X B ~HAYKTOp~ OTAenbH~X KaTy
WeK, 3an~T~BaeM~X ~MnynbCH~M TOKOM, An~TenbHOCTb nonynep~OAa 

KOToporo T~ Ha 2 7 3 nopRAKa npes~waeT speMR nponeTa 3neKTpoH
Ho-~oHHoro KOnb~a 4epe3 nHY. B c~ny A~CKpeTHOro pacnono~eH~R pR
Aa OA~HaKos~x KaTyweK Bz Ha paA~yce KOnb~a 6yAeT ~MeTb 3HaKonepe
MeHHbl~ rpaA~eHT. 

Ben~4~Ha aMnn~TYAbl rapMoH~K~ Bz orpaH~4eHa Tpe6osaH~eM W< W
0 

, 

rAe W - CYMMapHOe yCKOpeH~e ~eHTpa MaCC 3neKTpOHHQ-~OHHOrO KOnb
~a, onpeAenneMoe HanpnmeHHOCTb~ ycKopn~~ero 3neKTp~4ecKoro nonn 
Ez ~ paA~anbHO~ COCTaBnR~~e~ ~HAYK~~~ Br Ha paA~yce KOnb~a; wn -
npeAenbHO AOnycT~Moe ycKopeH~e ~eHTpa Mace Konb~a. 6onee ~ecTKoe 
orpaH~4eH~e CBR3aHO C B03MO~HOCTb~ nepeCe4eH~R 3neKTPOHHQ-~OHH~M 
KOnb~OM PRAa pe30HaHCOB np~ YCKOpeH~~ B B ,~Me~~eM 3HaKonepeMeH-

K 
z v 

H~~ rpaA~eHT. poMe Toro, reoMeTp~R MarH~THO~ c~cTeM~ AOn~Ha s~-

6~paTbCR C y4eTOM orpaH~4eHHOCT~ sen~4~H~ ~HAYK~HH paccenHHOrO 
MarHHTHOrO nonR B o6naCTH nepMannoeB~X cepAa4HHKOB HHAYKTOpOB. 

R ~~~~na ~~~nTP R~u~rnRnTrR RPn~u~H~ ~MnnHTVn raDMOHHK B~ 
H ero rpaAHeHTOB, CBR3aHH~e C AHCKpeTHOCTb~ CTPYKTYP~ MarHHTHO~ 
CHCTeM~ nHY KaK Ha paAHYCe KOnb~a, TaK H BHe KaTyWeK; paCCMaT
P~Ba~TCR TaK~e orpaHH4eHHR Ha HX BenH4HH~, CBR3aHH~e C B03MQ~
H~M nepeCe4eHHeM pe30HaHCOB. 

1. PaCCMOTPHM MarHHTHY~ CHCTeMy nHY, COCTOR~Y~ H3 6eCKOHe4HOro 
PRAa OAHHaKOBbiX KaTyWeK C nno~aAbiO Ce4eHHR S, nOnHbiM TOKOM J, o6-
pa3y~~y~ nepHOAH4eCKY~ BAOnb OCH z CTPYKTYPY C nepHOAOM A /pHC. 1/. 
B TaKO~ CHCTeMe KOMnOHeHTbl HHAYK~HH BeAy~ero MarHHTHOrO nonR 
MOryT 6~Tb npeACTasneH~ B BHAe pa3nO~eHHR B PRA $ypbe: 
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B (r, z) = B · 
r zo 

"" _ 211m 
~ am(r). sin-- z 

m=1 A /2/ 

/C41-1TaeM, 4TO Ha4ano KOOPAIIIHaT HaXOAIIITC~ B cpeAHe~ nnOCKOCTI-1 OA
HO~ 1-13 KaTyWeK/. 
3AeCb 

dr) { 1 npl-1 r < r 
0 

, 
/3/ = 

0 npl-1 r>r 0 +h, 

B Zo 
4rr·J 

I c - cKopocTb cBeTa/ =--
C·A 

Ill 

2 

a m(r) 

x10J 
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t-A4 
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/4/ 211m 
1 .I ro - -x-<ro-r) 217mb 

--·v-·e A 2 --A-
2. L· h r . <;;;) , (l- e ). sin 1TmL 

A 

__ 211m 217mb np1-1 r < r 0 ' 

1 ~0 - T (r -ro) A 2 -x-- . 11mL --. v-. e (-) ·(e -l).sm-
2· L· h r 11m A 

13 
f,cM 

np1-1 r > r 0 +h. 

B~pameHH~ /4/ cnpaBeAnHB~ B cny-
4ae, KOrAa s~nonH~~Tc~ HepaseH-

21Tr 1 cTsa h << r 0• 1-1 -,\- » · 

PaCCMOTpiiiM MarHIIITHy~ CHCTeMy, 
reoMeTpH~ KoTopo~ 6nH3Ka K reo
MeTPI-11-1 MarHIIITHO~ CHCTeM~ HHAYK
~~~~OHHO~ YCKOp~~~e~ CeK~I-11-1 npo-
TOT.Hna KYTH 121 : h = 1 , 2 eM; 
f=0,6 CM; ,\ = 4,6 CM /4,6 CM -
aKCHanbH~~ pa3Mep OAHOrO IIIHAYK
TOpa/. Ha p1-1c.2 /KPHBa~ 1/ no
Ka3aHa pacc4HTaHHa~ An~ 3tHx 
KaTyweK no ~opMynaM /1/-/4/ 3a
BHCHMOCTb aMnnHTYA~ Bz oT r BHe 
KaTyweK B o6nacTH nepMannoeBbiX 

PHc.2. PacrrpeAeneHHe pacceHHHoro 
Bz B o6nacTH rrepMannoeBbiX cep
AeqHHKOB HHAYKTOpOB, 

cepAe4HHKOB HHAYKTopos np1-1 ro = 7 eM 1-1 Bz
0

= 1,36 T. H3 pHCYHKa 
BHAHO, 4TO MaKCHManbHoe 3Ha4eHHe pacce~HHoro Bz B o6nacTH nepMan
noes~x cepAe4HHKOB He npes~waeT senH41-1H~ 6,3·10-3 T 1-1 6~cTpo 
yMeHbwaeTc~ c ysenH4eHHeM r. TaKo~ yposeHb 3aMarHH4eHHOCTH pac
ce~HH~M MarHIIITH~M noneM npaKTI-14eCKI-1 He BnH~eT Ha pa6oTy cepAe4-
HIIIKOB. 

2. Han1-141-1e nepHOAH4ecKoro B03My~eHH~ BeAy~ero MarHHTHoro non~ 
MOmeT npHBeCTI-1 K pe30HaHCHOMY B036ymAeHI-1~ KOne6aHI-1~ KaK non~p~~~-

3a~l-11-1, TaK 1-1 Man~x pa3Mepos 3neKTPOHHo-HOHHoro KOnb~a. B npo~ec
ce ycKopeHH~ non~p1-13a~~~~~ Konb~a Pz 1-1 Koop~HHaTa ~eHTpa Mace zo 
I-13MeH~~TC~ BO BpeMeHI-1 COrnaCHO ypaBHeHIII~M 31 : 

•• 2 
p z .+ w 'pz 

1 + ~ 217 
W .(--) + W ·(1+~). cos-z -

0 1-f 1 ,\ 0 

2 
. 217 z "Pz w • (1 + n . sm--:\ o • --· 1 

A 

/5/ 

277 z 0 = w 0 + w 1 . cosT z 0 • 

3AeCb W O 
e. Ez. (1-f) . e. B r 

m·y·(1 + ~ ' W1 = m·y·(~ ; f3o.:: 1; ~- ~aKTOp 

3arpy3KH; f - K03~~~~~~~~~eHT He~TpanH3a~~~~~~~; e 1-1 m- 3aP~A 1-1 Macca 
3neKTPOHa;y- pen~TIIIBIIICTCKI-1~ ~aKTOp Bpa~eHH~ 3neKTPOHOB B KOnb
~e; w- 4acToTa AHnonbH~x Kone6aHH~ B KOnb~e, cB~3aHHa~ c napa
MeTpaMH KOnb~a: 

2 w 
z • e 2, N I l 
----'C-. • (l + - ), 

IT·R·a·m·y ~ /6/ 

rAe Z Ill N I - cpeAHI-1~ 3ap~A Ill 41-1Cno HOHOB B KOnb~e; R Ill a - 6onb
WO~ Ill Manbl~ paAHYCbl KOnbri@r. 

OepeXOA~ B CIIICTeMe /5/ OT Alll~~epeH~IIIPOBaHI-1~ no BpeMeHI-1 K AH~
~epeH~IIIPOBaHI-1~ no KOOPAHHaTe z 0 ,nony41-1M 

2 
d Pz 1 d{3 z dpz w 2 
--+-·--· -- + ---·P 
dz~ {3z dz 0 dz 0 (3z2. c2 z 
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2" 2" 
W1(1+e1· cosTzo 2"Pz. (1+~).w1 ·sin-r-zo, 
----:----- - A f3 2. c2 t 2 2 z f32. 0 2(1- f) f3z c z 

w0 • (1 + e-> 

171 

df3z Wo W1 2" 
f3 • -- = --+- . cos- z 0 • 

z dz0 c 2 c2 A 

~ . 
3Aecb f3z= -c-· KaK B11AHO 113 ypaaHeHI1~ 17l,pe3oHaHcHoe B036Y>KAeH~e 
KOJle6aHI1~ nOJ1.Rp~3a41111 B03MO>KHO np11 BblnOJlHeH~~ CJleAYIOU4~X YCJ10811~: 

11 

w 2rr --=-
f3z •C A 

1 

W TT 

~ . c 
I-'Z2 

A 

181 

191 

nepaoe ~3 3T~X paBeHCTB COOTBeTCTByeT npOXO>KAeH~IO 4enoro pe30HaH
ca, a aTopoe - napaMeTp~4ecKoro Pe3oHaHca Kone6aH~~ non.Rp113a4~~ 
3JleKTPOHH0-110HHOrO KOJ1b4a. 

An.R npoeKTI1p~eMbiX napaMeTpoa KYTH-20 141 : ,4Hcno 3JleKTPOHOB a 
KOJ1b4e Ne = 10 1 

; 4~CJ10 110HOB ypaHa N; = 3.4.10 10 : Rc4 eM: a= 
= 0, 2 eM; Z/ A = 0, 13 I A - aTOMHbl~ sec ypaHal; K03$<1l114~eHT 3anaca 
k = 0,25; ~= 47,5; Ez = 10 KBicM H y=31,3, nony4aeM ~3 161 
w = 4,1.109 c-1 • KoHe4Ha.R 3Hepr~.R ycKopeHHbiX 110HOB ypaHa t = 

= 20 M3B/HyKJ10H COOTBeTCTByeT f3 z = 0, 2. AJ1.R A = 4, 6 CM ~3 <!lOPMYJl 
181~19/nony4aeMf3z =0,1~ f3z

2
=0,2. · 

Aanee 04eH11M yaen11JeH~e aMnn~TYAbl Kone6aH~~ non.Rp~3a4~11 np~ 
nepece4eHI111 4enoro pe3oHaHca lnp~ 3TOM ~3 nepaoro ypaaHeH~.R c~
CTeMbl 171 ~CKJ1104aeTc.R TpeTbe cnaraeMoe a npaao~ 4acT~I. 6yAeM 
~cKaTb peweH11e a B~Ae Pz = Pz 0 + x, rAe p zo ecTb cTa4~0HapHoe 
3Ha4eHI1e nOJl.RPI13a4~~ 3JleKTPOHH0-110HHOrO KOJ1b4a BO BHeWHeM 01\HO
POI\HOM 3JleKTP~4eCKOM none Ez : 

P zo 
w0 .(1 +~) 

w 2 (1- f) • 
TorAa ypaaHeHI1e 1\Jl.R x np~H~MaeT BHA 

d
2

x 1 df3z dx w2 
--+---·--+---x 
dz~ f3z dz 0 dz0 f3~·c2 

4 

W1 .(1 +~) 

f3 2. c 2 
z 

2rr 
cos-zo · 

A 

1101 

111 I 

I1HTerp11py.R I 11 I a npeAnono>KeHI111 W 1 << W0 c Ha4aJlbHbiM11 ycnoB11SlM11 

dx xi = 0 
z0 =0 

11 --I =0, 
dz 0 z0 =0 

nony4aeM cneAYI0114ee Bblpa>KeHI1e, on11-

Cb1Ba10114ee 3aBI1C11MOCTb X({3 z ): 

.~ = ~ ,; A(l + ~) (l -f) ·I cos( w • f3z·C _ ~) x 
Pz

0 
2W0 2pz

0 
w0 4"W 0 

"f3zc 1 "f3z • c 1 
~--

0 

X [S ( 
Aw 2 Aw 2 

) - s ( - --
rzW0 rrW 0 v- v-
Aw 2 Aw2 

rrf3z·C 1 

w·f3z ·C Aw2 --x;;-- 2 
+sin( - --) · [ C (-----

Wo 4rrW0 --;;w-
v-o 

Aw2 

) ] + 

rrf3z • c 1 
0 x-w---- 2 

- c c -m 
rrW0 

V Aw2 

1121 

2z W 
3AeCb {3 2 ={3 2 +___Q_Q_; 8({3) ~ C(f3)- ~HTerpaJlbl <llpeHen.R. Ha 

z zo c 2 z z 

p~c.3 IKP~Ba.R 11 noKa3aHa pacc4~TaHHa.R no <!lOPMYJle 1121 3aa~ci1-
MOCTb f(f3z ), ~J1J110CTP~PYIOU4a.R H3MeHeHI1e aMnJl~TYAbl AHnOJlbHbiX KOne-

6aHI1~ yCKOP.RIOII4eroc.R 3JleKTpOHHO-~OHHOrO KOJ1b4a, OTHeCeHHO~ K 

!.::.._,..; A·(1 +~)(1-f) . 113 pi1C.3 B~AHO, 4TO MaKC11MaJlbHOe 3Ha4eHHe 
2W0 2p z 

0 

c!>YHK4~11 f({3 z) = 1 , 66. Tor Aa ~3 I 121 nony4aeM cneAY10114YIO 04eHKY AJl.R 
MaKc~MaJlbHO AOnycT~Moro Br : 

0 

Ezn -~·v A·(1+~) .1,66. 1131 
-E- - l - 2E 2p • (1 - f) 

zo zo zo 

An.R npoeKT~pyeMbiX napaMeTpoa KYTH-20 npeAeJlbHO AonycT11Moe E z n = 
= 14 KBicM, a Pz, onpeAeJl.ReMoe 113 ypaaHeHI1.R 1101, cocTaan.ReT 
BeJ111411HY- 0, 033 'tM 11 paBHO 0, 72 OT npeAeJlbHO AOnyCT11MOH nOJl.RPI1-
3a41111. noACTaBJl.R.R B 1131 CJ1eAYIOIJ411e 3Ha4eH11.R napaMeTpOB: 

A= 4,6·cM, ~ =47,5; Pz = 0 033 CMj f = 0,1 
0 ' 
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1.L 

1.2 

1,0 

o.sl 
0,6 

o.J I 
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PHc. 3. 3aBHCHMOCTb aMWIHTYAf>I 

AHTIOnbHb~ KOne6aHHH 3neKTpOHHo

HOHHOrO KOnb~a OT ero CKOpOCTH 

{3 z • 

11 Pz MaKe • .::; Pzo, nony4aeM OL~eHKY Allfl 

Br 3 
Br : --..£._ < 8 · 1 0- 111111 I AilR E = 

o Ez - zo 
o - -s 

=10 KB/cM/(aBz) <S., 1,3 .10 T/M 
_ az MaKC. 

I B z- 11HAYK1..111fl, ycpeAHeHHafl no 
nllOCKOeTI1, OXBaTbiBaeMm1 KOJlb
I..IOM/. 

KaK B11AHO 113 p11e.3 /KPI1BaR 1/, poeT aMn1111TYA~ Kone6aHI1H npo-
11CXOAI1T B orpaHI14eHHOM 11HTepeane eKopoeTeH ~{3z. Y411T~Bafl noBeAe
HI1e VIHTerpaJlOB ~peHeJlfl B 06JlaCTI1 apryMeHTOB -1, 113 /12/ Ol..leHI1M 
~{3 z : 

1'1{3 z 
---
f3zl 

11p z • (1 - f) 
4. v 0 

A(l+O 
/15/ 

noAeTaBJlflfl B /15/ {3 21 = 0,1 11 3Ha4eHI1fl napaMeTpOB /14/,noJly4aeM 
~{:! 'L. .... 8 ~a - 2

• ::! .. '"':~ C,~\:i ;n:;.; M.i"it-ti-iot /,L., Nd KU I UIJUVi uc.;.y~t::c.;. J BJI.ReTCR npo

XO~AeH11e 1..1enoro pe3oHaHea, HcnOJlb3yeM eTopoe ypaeHeHHe el1eTeMbl 
171 11 ypaeHeHI1e /10/. B pe3yJlbTaTe 11MeeM 

~ z = -A [ ~ _u __ t_fl_ 1 
112 

7T 7T (1-f)p 
Zo 

/16/ 

noAeTaBJlRR e /16/ 3Ha4eHI1R napaMeTpoe /14/, nony4aeM ~z =72 eM. 
TaKI1M o6paaoM, npoxo~eHI1e 1..1e11oro pe3oHaHca oey~eeTBilfleTCfl Ha 
A1111He, KOTopy~ 3aH11Ma~T -16 11HAYKTopoe. 

3aMeTI1M, 4TO B flHY Ez Ha PaAI1yee KOilbl..la TaK~e 11en~T~BaeT KQ
Jle6aH11fl e nep110AOM A, aMn1111TYAa KOTOpbiX 3aBI1,e~T OT yenOBI1H, 3a
AaBaeM~X KOHeTPYK1..111eH 11HAYKI..IV10HHOH el1eTeMb1' 5 . PewaR 3aAa4y o6 ye
KopeHI111 3JleKTPOHH0-110HHOro KOJlbl..la B nepi10AV14eCKOM 3JleKTP114eeKOM 
none 11 npoBOAfl Bb1411eJleHI1R, aHanori14H~e npeA~AY~11M, nony4aeM 
eJleAY~~y~ Ol..leHKY Allfl MaKeV!MaJlbHO AOnyeTI1MOH aMn1111TYAbl nepBOH 
rapMOHV1KI1 3JleKTPI14eeKoro nOilfl: 

6 

E zn -1 

E z
0 

= ~v A.u +i> 
2Ez 2p z (1 - f) 

0 0 

. 1,66. /17/ 

-}~' 
-'i,, 

,'J 

\' 

Ez 1 3 
.QnR Hawero eny4afl 113 I 17 I 11MeeM ~ = 8 ·1 0- . 0AHOPOAHOeTb nonfl 

zo 
MHOrO Jly4We Tpe6yeMOH MO~HO nOilY411Tb, ee1111 B pa6o4y~ o6naeTb 
eeeeTI1 3JleKTponpOBOAfi~I1H 1..1111111HAP, BblnOilHeHHbiH 113 KepaM11KI1 e HaHe
eeHHbiM Ha BHyTpeHH~~ noeepXHOeTb npOBOAfi~11M eJlOeM e 3JleKTponpo
BOAHOeTb~ KBaApaTa noeepXHOeTI1 1 0-4 7 1 0 -S OM - 1 /f>/. 

0~11AaeMafl eKopoeTb 31leKTPOHH0-110HHbiX KOilel..l Ha BXOAe B 11HAYK-
1..1110HHY~ yeKOPfl~~y~ el1eTeMy KYTH-20 eoeTaBJlfleT ee1111411HY f3z

0 
~ 

= 0,066. Ee1111 3JleKTpl14eeKoe none OTeyTeTeyeT, TO MaKe11MaJlbHafl 
aMn1111TYAa A11nOJlbHbiX KOJle6aHI1H 6yAeT onpeAeJlfiTbefl BbiHY~AeHHbiM pe
weHI1eM ypaeHeHI1H /7 I e W 0 = 0: 

tip z 
w 1. (1 + () 

w2 /18/ 
1 ~ w 
----. [cos-z- cos--z]. 

1 - (fJz /f3z )2 A {3z c 
0 1 0 

. 9 
noAeTaBJlflfl B /18/ e = 47,5; w = 4,1 .10 c-1 ; f3z = 0,066; f3z

1 
= 

= 0,1; A=4,6 eM, 11MeeM t'ipzMaK<f-7,7·10-4 CM, 4-fo B 17 pa3 MeHb
we npeAeJlbHO AOnyeTI1MOH nOilfiPI13al..ll111 ~Pz npeA:3To no3BOJ1ReT npoeo
AI1Tb HaJlaAKY yeKOpi1TeJlfl np11 HylleBOM Ez 6e3 pa3pyWeHI1fl KOlle~. 

3. Ha pl1e.4 noKa3aHa paee411TaHHaR no ~opMynaM /2/-/4/ 3aBV1-
ei1MOeTb aMn1111TYAb1 nynbeai..II1H yeKOPfl~~ero rpaAI1eHTa(aBz/az~aKC. 
Ha paA11yee KOJlbl..la OT BHyTpeHHero paAI1yea r 0 KaTyWeK e yKa3aHHbiM11 
Bblwe napaMeTpaMI1 /eM. pa3Ae11 1/ np11 Bz = 1,36 T. H3 3Toro pl1-o 

eyHKa B11AHO, 4TO ypoeeHb (aBz) ,Heo6XOA11Mb1H Allfl npOXO~AeHI1fl l..le-
az MaKe. 

JlOrO pe30HaHea, AOeTI1raeTefl Allfl KaTyWeK C paA11YeOM f O 2 9,8 eM. 
0AHaKO Bbln011HeHI1e 3TOro Tpe6o-

0.15 

0.13 

0.11 
:a: 

~-"'..uo 
~ 

~Q07 

0.01 .__ 
I * * *~ 5 • 

r..,c ... 

BaHI1fl npi1BOA11T K ey~eeTBeHHOMY 
yBeJll14eHV1~ M~HOeTI1 el1eTeMbl ni1-
TaHI1fl YCKOPI1TeJlR. 

H3 /8/ 11 /9/ B11AHO, 4TO, yee
Jli1411BaR 111111 yMeHbWafl nep110A 
eTpyKTypbl A,Mo~Ho 1136e~aTb npo
xo~AeH11fl 1..1e11oro pe3oHaHea Kone-
6aHI1H nollfiPI13al..ll111 B 11HAYK1..1110H
HOH yeKOPR~el1 el1eTeMe. 0AHaKo, 
KaK eJleAyeT 113 ~OPMYJl /2/-/4/, 
np11 yeenl14eHI111 A aMn1111TYAa 

a a 
PHC, 4, 3aBHCHMOCTb (-Z-) OT az MaKe. 

r0 AJUI KaTymeK c A = 4,6 eM, 
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PHC,5. 3aBHCHMOCTb (a~ OT 

az MaKe, 

r0 AJUI KaTymeK C A = 2, 3 CM, 

Br Ha paAHyce Konb~a 6~cTpo pac
Te~ H yme npH A > 4,6 CM CTa
HOBHTCfl 6onbWe npeAenbHO AOnyc
THMOro Bro = 0 '46 ·1 o-2 T. noa
TOMY B AanbHe~WeM 6yAeM paccMaT
PHBaTb MarHHTHY~ CTPYKTYPY C 
yMeHbWeHHbiM 3Ha4eHHeM ,\ , 

Ha pHc.5 noKa3aHa pacc4HTaH-

aiiz 
Hafl 3aBHCHMOCTb (-)MaKe. OT r 0 az 
Anfl KaTyWeK C A = 2, 3 CM, TO 
ecTb Anfl cny4afl, KOrAa B HHAYK-

fo,CM TOP BCTpOeHO 2 KaTYWKH C napa-
MeTpaMH: h=1 ,2 CM; f = 0,6 eM; 
L = 1,7 eM. KaK BHAHO H3 pH

cyHKa' ypoBeHb ( aBz) 'He06XOAHMbl~ Anfl npoxomAeHHfl ~enoro peao-
az MaKe, 

HaHca, AOCTHraeTCfl npH ro ~ 6,9 eM. Anfl TaKa~ cHcTeM~ cornacHo 
<t>opMyne 18/ f3 z1 = 0, 05 H, KaK cneAyeT___t13 f13/, aMnnHTYAa Br

0 

B 3TOM cny4ae MomeT 6~Tb yaenH4eHa B V~ pa3. 
B paccMaTpHaaeMOM cny4ae f3z = 0, 066 oKa3biBaeTcfl 6onbwe peao

HaHcHoro 3Ha4eHHfl f3z
1

, H aMnnH1YAa Kone6aHH~ nonflpHaa~HH He Hc
n~T~BaeT peaoHaHcHoro pacTa B npo~ecce ycKopeHHfl KOnb~a, 4TO 
Hnn~CTpHpyeTCfl KPHBO~ 2 Ha PHC.3. MaKCHManbHOe 3Ha4eHHe f(f3z) = 
= 0' 16. npH 3TOM L\pz OKa3biBaeTCfl B 1 0 pa3 MeHbWe L\pz rrpe~· PaCC4H
TaHHafl 3aBHCHMOCTb OT r aMnnHTYA~ pacceflHHOrO MarHHTHOrO nonfl 
B o6naCTM nepMannoeB~X cepAe4HHKOB Anfl KaTyWeK CA=2,3 CM fro 
= 7 eM, Bz = 1,36 T/ noKaaaHa Ha pHc.2 /KpHBafl 2/. 

KaK cneAyeT H3 /4/, rapMoHHKH nynbca4H~ Bz Ha PaAHyce KOnb4a 
6onee BbiCOKOrO nOPflAKa HMe~T cy~eCTBeHHO MeHbWY~ aMnnHTYAY Kone-
6aHH~. KpoMe Taro, c yaenH4eHHeM HOMepa rapMoHHKH m oTnH4He 
f3z 1 OT f3z

0 
yaenH4HBaeTCfl. no:HOMY BKnaA BbiCWHX rapMOHHK B pacKa4KY 

4enoro peaoHaHca Kone6aHH~ nonflPH3a~HH ycKOPfl~~erocfl aneKTpoH
Ho-HOHHoro KOnb~a npeHe6pemHMO Man. 

4. YMeHbWeHHe nepHOAa CTpyKTyp~ ,\ AO 2,3 CM npHBOAHT K TOMy, 
4TO B npo~ecce yCKOpeHHfl 3neKTPOHHO-HOHHOe KOnb~O 6yAeT npoxo
AHTb napaMeTPH4eCKH~ peaoHaHc Kone6aHH~ nonflpH3a4HH /cornacHo 
/9/ f3z 2 = 0,1/. KpoMe Taro, 3TO 3Ha4eHHe f3z 2 COOTBeTCTByeT napa
MeTpH4eCKOMY peaoHaHcy Kone6aHH~ Manoro paaMepa KOnb~a, TaK KaK 
4aCTOTa HeKorepeHTH~X KOne6aHH~ 3neKTpOHOB C T04HOCTb~ AO no
npaBOK nOPflAKa 11.; COBnaAaeT C W Ia~ PaCCMOTpHM CHa4ana cny4a~ 
8 

npoxomAeHHfl napaMeTpH4ecKoro peaoHaHca Kone6aHH~ nonflpHaa~HH. 
CornacHo /7/ H3MeHeHHe eo apeMeHH f3z onHc~aaeTcfl ypaaHeHHeM 

d2pz 1 df3z 
--+---
dz5 f3z dz0 

dpz w 2 [1 + 
2

11Pzo (~) . (1- f)· sink z
0

1· Pz =0.; 19/ -- +-- ,\ 
dz {3 2 c 2 A Wo 0 z 

CornaCHO /19/ MaKCHManbHbl~ HHKpeMeHT r onpeAenfleTCfl <t>opMyno~ 161 : 

7T 2. Pzo 

2:\2 
wl 

·(-) ·(1-f). 
Wo 

r /20/ 

O~eHHM yaenH4eHHe aMnnHTYA~ Kone6aHH~ npH npoxomAeHHH napaMeTpH-
4ecKoro peaoHaHca KaK L\p z = L\p z • ef'-L\z , rAe L\p z - Ha4anbHafl 
aMnnHTYAa Kone6aHH~, a L\z - WHPH~a peaoHa~cHo~ n8noc~. Ha /19/ 
!.1MeeM 161 · 

L\z 
211. (1 +g). {3;

2
• c 2 w

1 --=---. (-). 
,\.w2 Wo 

/21/ 

noACTaBnflR B /20/ M /21/ 3Ha4eHI-1R napaMeTpOB /14/, a TaKme W = 
= 4,1·10 9 c-1 ; ,\ = 2,3 eM; f3z

2 
= 0,1 HW

1
/W 2 = 2.10-2 , nony4aeM 

r .. 5,5·10-4 CM-1 
1.1 L\z ""1,4 CM. OTC~Aa er.L\z "'1. TaKHM o6pa30M, 

111..11'1 IIIJUJI.UIII.4t::MI'II'I 1Jt::;,UMdMI...MUi1 nUJIOCbl aMnnHTYAa KOneOaHHH nonRpH3a
~HH npaKTM4eCKH He yaenH4HBaeTCR. 

YpaeHeHHe AnR HeKorepeHTH~x Kone6aHH~ aneKTPOHOB a KOnb~e 
HMeeT BHA/3/: 

2 - -
d (z e - z e) 1 df3 z d(z e - ze ) 
------+- -- . --- + 

dz ~ f3 z dz 0 dz0 

277R Bro 
+-·(-). 

,\ Bz 
0 

o.fl • [1 
+~ 

f3zc 

1 277 ---. cos-z 0 ] (z - z ) = 0. 
2 ,\ e e 

Vze 

3AeCb Ze - KOOPAHHaTa 3neKTPOHa; Ze- KOOPAHHaTa ~eHTpa Mace 

/22/ 

w2 
3neKTpOHOB; v~e= -

w2 
I w 0 - 4acToTa epa~eHI-1R aneKTPOHOB e KOilb~e/. 

0 5 
B HaweM cny4ae v~e = 0,3; Br = 6,2·10- T; Bz = 1,36 T; R=4 
,\ =2,3 CM. npoBOAR B~4HCneH~R aHanorH4HO paC4gTy npoxomAeHHR 
napaMeTpH4ecKor~ peaoHaHca Kone6aHH~_nonRpH3a~HH, nony4afM ~a 
ypaeHeHHR /22/ r = 5, 7 ·1 0-4 CM-1 H L\z = 1 , 4 CM. 0TC~Aa e •L\z.. 1 , 

CM; 
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TaK~M o6paaoM, ~ e cny4ae npoxomAeH~~ napaMeTp~4ecKoro peaoHaH
ca HeKorepeHTHbiX Kone6aH~~ 3neKTPOHOB aMnn~TYAa Kone6aH~~ npaKT~-
4eCK~ He yeen~4~eaeTc~. 

5. ,[lanee Ol..leH~M A~anaaoH ~aMeHeH~~ Ne, An~ KoToporo 6yAeT 
npo~CXOA~Tb YCT0~4~BOe YCKOpeH~e 3neKTPOHHO-~OHHbiX KOne1..1 B Mar
H~THOM none, C$OpM~poeaHHOM KaTyWKaM~ C B~6paHH~M~ napaMeTpaM~: 
A= 2,3 CMj e = 0,6 CMj h = 1,2 CMj ro = 6,8 CMj Bzo= 1,36 T. .an~ 
n~6oro Ne KOn~4eCTBO ~OHOB B KOnbl..le AOnmHO npeBOCXOA~Tb HeKOTo
poe M~H~ManbHoe 4~cno N~ 1n,o6ecne4~Ba~~ee ycTo~4~eoe ycKopeH~e 
e coneHO~Aax c yMeHbwa~~e~c~ ~HAYKLI~e~ Bz. Cor nacHo peaynbTaTaM 
pa60Tbl /?! MOmHO C4~TaTb, 4TO cpeAHee OTHOWeH~e Z/A HaKonneHHbiX 
~oHoe ypaHa c yMeHbWeH~eM Ne OT 10 13 AO 5·10 12 n~He~Ho yMeHb
waeTc~ OT Z/A = 0,13 AO z/ A = 0, 0936. noACTaBn~~ B $OpMyny An~ 
npeAenbHO AOnycT~Moro 

(as~ 
az II peA. 

= (~) 
A 

2.k.e·N1 ·A 
/23/ 

rr· R 2 • a 

as 
cneAY~~~e napaMeTpbl: ( az Z)npeA .= 0, 23 T /M; k = 0, 25; R = 4 CM; A =238 

~ a = 0, 2 cM, Ha~AeM N ~m An~ n~6oro N e e e~6paHHOM A~anaaoHe. 
0TMeT~M, 4TO pe30HaHCHble CKOPOCT~ f3z 1 ~ f3z

2 
He 3aB~C~T OT Ne ~ 

paeH~ 0,05 ~ 0,1 cooTeeTcTeeHHo. C yMeHbweH~eM Ne yeen~4~eaeTc~ 
$aKTOp 3arpy3K~ ~. 4TO np~BOA~T K np~6n~meH~~ {3. K pe30HaHCHOMY 
3Ha4eH~~ f3z1. B peaynbTaTe aMnn~TYAa Kone6aH~~ non~p~aa~..~~~ yee
n~4~BaeTc~ ~. Ha4~Ha~ c HeKoTop~x 3Ha4eH~~ Ne• MomeT npeeao~T~ 
npeAenbHO AOnycT~MY~ ~Pzl~ewHa p~c.6 np~BeAeHa 3aB~C~MOCTb OT 
Ne OTHOWeH~~ MaKC~ManbHO~ aMnn~TYA~ KOne6aH~R non~p~3a4~~ B npo-
4eCCe YCKopeH~~ ~Pz K npeAenbHO AOnycT~MO~ ~Pz npe:J .. KaK B~AHO, 

.4Pz 
~npea 

1,8-
1,6 
1,4 
1,2 
\0 
0,8 
0,6 
O.L. 
0.2 
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Ne 
12 To12 

i\p z 12 .J 
-->1 np~ N < 6,7 ·10 . 
L\pz npeA. · e 

4~cno ~OHOB B KOnb4e MOmeT 
npeeocxoA~Tb NT1n . Ha p~c. 7 no
KaaaHa paCC4~TaHHa~ OQnaCTb AO
nycT~M~X 3Ha4eH~R napaMeTpoe 
3neKTPOHHO-~OHH~X KOne1..1 /3aWTp~
XOBaHa/. np~ $~KC~poBaHHOM 3Ha-
4eH~~ Ne c yeen~4eH~eM N

1 
> N

1
min 

Ha4anbHa~ CKOPOCTb KOnb4a {3z 
CTaHOB~TC~ paBHO~ f3z 1 .BcneACT~~e 
3TOrO CHa4ana npo~CXOA~T 6biCT-

PHc.6.3aBHCHMOCTb OTHOWeHHH 
tl.pz I ~Pz npeu. oT tmcna 3J1eKTPOHOB 
B KOJJbu;e N e· 

.,do 

Na 
4 s 6 7 8 9 10 11 12·1~2 

N. 
PHc.7. OonaCTb p;onycTHMb~ 
3Ha~eHHH napaMeTpoB N e H 

Nt. 

·10'0 
16 

14 

12 

10 

28 

6 

4 

2 

5 6 7 8 9 10 11 12 ·1012 

Na 

PHc. 8. OonacTb p;onycTHMbiX 3Ha
~eHHH napaMeTpoB Ne H N 1 npH 
OCTaTO~HOM p;aBJJeHHH B KaMepe 
p = 2·10-9 MM pT,CT, 

Pbl~ poeT aMnn~TYAbl A~nonbH~x Kone6aH~~ ~p z• ~ $YHK4~~ f(f3z ), KaK 
cneAyeT ~3 /12/, AOCT~raeT ceoero MaKC~ManbHoro 3Ha4eH~~ f({3 )MaK~. 
"' 1 '66. np~ 3TOM An~ Ne < 8 '6 ·1 0 12 ~Pz npeBbiWaeT Llpz npeA,npH A~nb
He~weM yeenH4eHHH N1 3Ha4eHHe f{{3z )MaKc·npaKTH4eCKH He MeH.ReTc~ 
Ill, Ha4HHa~ C HeKOTOpbiX N j', L\pz CHOBa CTaHOBI'tTC~ MeHbWe Ll.pz npe)l. • 
3T~M "' o6ycnoeneHo no~eneHHe Ha PHC. 7 rpaHHLI Nj ~ Nj~ rpaHHI..Ia 
N~aKctooTeeTcTeyeT 3Ha4eHHIO K03$$HLIHeHTa He~TpanH3ai..IHH f = 0, 5, 
TaK KaK npH f 2: 0, 5 KonneKTHBHOe YCKOpeHHe HOHOB B 3neKTPH4eCKOM 
none CTaHOB~TC~ He3$$eKTHBH~M. nyHKTHPHbiMH KP~BbiM~ o603Ha4eHbl na
paMeTpbl Kone1..1, COOTBeTCTBy~~e $HKC~poeaHHbiM 3Ha4eHH~M KOHe4HO~ 

3HeprHH HOHOB ypaHa e KYTH-20 f = 20 M3B/HyKnoH /KPHBa~ 1/ "' 
£ = 17 M3B/HyKnoH /KpHea~ 2/. 

Ec11111 eaKYYM e KaMepe aAreaaTopa P= 2.10-9 MM pT.cT., To cor
nacHo pa6RTe 171 4~cno HOHOB a3oTa e Konb4e /npH Ne = 10 13 I 
N i = 8 ·1 0 °, HX cpeAHH~ aap~A z = 5. Ha pHc. 8 noKa3aHa pacc4HTaH
Ha.R C y4eTOM 3arpy3KH KOJ1e4 HOHaMH a30Ta o6naCTb AOnycTHM~X 3Ha-
4eHHA napaMeTpoe Ne 111 N 1 ypaHa. KpHe~e 1 111 2 cooTeeTcTBY~T aHa-

4eHH~M KOHe4HO~ 3HeprHH HOHOB € = 20 M3B/HyKnOH ~ € =17 M3B/HyKnOH 

KaK BHAHO H3 p111c.8, np~ YXYAWeHH~ eaKyyMa o6nacTb AOnycTHM~x 
3Ha4eHHA Ne 111 N 1 ypaHa cy~ecTBeHHO yMeHbwaeTc~. 

B 3aKnl04eHHe KpaTKO C$OPMYnHpyeM OCHOBH~e pe3ynbTaT~ pa6oT~. 
Tpe6oeaHHe ycTOA4~Boro ycKopeHH~ 3neKTPOHHO-HOHHbiX Kone4 e 

KYTH-20 HaKnaA~BaeT mecTKHe orpaHH4eHH~ Ha eenH4HHY MaKCHManbHO 
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AOnycn1MOi1 aMnm1TYAbl nynbCai..IHi1 BeAYlllero MarHHTHoro non.R Bz "" 
ycKopA~lJiero 3neKTPH4ecKoro nonA Ez. 

AnA KaTyweK, C03Aa~Hx BeAYlllee MarHHTHoe none c nepHOAOM, pas
HbiM aKCHanbHOMY paaMepy HHAYKTopa X = 4, 6 CM /KaK B HHAYKI..IHOH
HOi:1 ycKopA~ei1 ceKL!HH npoTOTHna KYTH/, nepece4eHHe 1..1enoro peao
HaHca Kone6aHHi1 nonAPH3ai..IHH npoHCXOAHT npH CKopocTH Konbl..la ~z = 
= 0, 1, a nepece4eHHA napaMeTpH4eCKHX peaoHaHcos Kone6aHHi1 nonA
PH3ai..IHH H Manoro pa3Mepa He npOHCXOAHT. 

AJ1A YAOBneTBOpeHHA AOnYCKOB Ha BeAYll\ee MarHHTHOe none Heo6-
XOAHMO YMeHbWHTb nepHOA A B ABa paaa 6e3 H3MeHeHHA cpeAHero pa
AHYCa KaTyWeK. nocKOnbKY B 3TOM cny4ae Ha4anbHaA CKOPOCTb KOnbl..la 
OKa3biBaeTCA QOnbWe ~ z1 = 0, 05 , TO 1..1enb1i1 pe30HaHC HM He npOXOAHT
CA H POCT aMnnHTYAbl Kone6aHHi1 nonApH3ai..IHH B npOI..IeCce YCKOpeHHA 
B 10 pa3 MeHbWe npeAenbHO AOnyCTHMOi1. npH npoxomAeHHH KOnbi..IOM 
napaMeTpH4eCKHX pe30HaHCOB KaK KOne6aHHi1 nonAPH3ai..IHH ,TaK H Ma
noro paaMepa KOnbl..la /~z2 = 0,1/ CYll\eCTBeHHOrO POCTa aMnnHTYA 
KOne6aHHH He npOHCXOAHT. 

YCTOi:14HBOe YCKOpeHHe Kone1..1 npH Bb16paHHOi:1 MarHHTHOi:1 CHCTeMe 
B03MO~Ho TonbKO np~-1 Ne > 6·10 12 /npH AaBneHHH B KaMepe 
p ~ 2·10-9 MM PT.CT./. 

AnA Taro 4T06bl KOHe4HaA 3HeprHA ycKopeHHbiX HOHOB ypaHa B 
KYTH - 20 6blna 6onbwe HnH pasHa 20 M3B/HyKnoH, Heo6xoAHMoe 4Hcno 
3neKTpOHOB B KOnbl..le orpaHH4eHO CHH3Y BenH4HHOi1 N e = 1 0 13. 

AsTopbl Bblpama~T 6naroAaPHOCTb 3.A.nepenbwTei1Hy "" B.C.AneKcaHA
posy aa none3Hble o6cymAeHHA. 
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PyKonHCb nocTynHna B H3AaTenbCKHi1 OTAen 
11 MapTa 1983 roAa. 

Ka3aPHHOB H.IO., Ka3a4a B.H. 9-83-148 
0 AonYCKaX Ha 3neKTPH4eCKOe H MarHHTHOe nonA B HHAYK~HOHHOH YCKOPA~eH 
CHCTeMe KYTH-20 

PaCC4HTWBaQTCA aenH4HHW aMnnHTYA rapMOHHK BeAy~ero MarHHTHoro nonA Bz 
H YCKOPA~ero 3neKTPH4eCKOrO nonA Ea B HHAYK~HOHHOH YCKOPA~eH CHCTeMe 
KYTH-20,o6ycnoaneHHWe AHCKpeTHOCTbQ ee crpyKTypw.OnpeAenRoTcA_ orpaHH4eHHA Ha 

~:::~~:: ~:~~:~~~Ar:::~:::c~: :o~~~e~~===H:w:e~o~~~=~~=:: ;:::~:~;~~:r~oH 
HO-HOHHOrO KOnb~a. npeAnaraeTCA reOMeTpHA MarHHTHOH CHCTeMW, o6ecne4HBa~eH 
ycTOH4HBoe ycKopeHHe 3neKTPOHHO-HOHHWX Kone~ c npoeKTHpyeMWMH a KYTH-20 
napaMerpaMH. AHanH3HpyeTcA AOnycTHMWH AHana3oH H3MeHeHHA 4Hcna 3neKTPOHoa 
N• H 4Hcna HOHoa ypaHa N1 a KOnb~e. 

Pa6ora awnonHeHa a 0TAene Hoawx MeToAoa ycKopeHHA OHRH. 

C~eHHe 06~eAHHeHHoro HHCTHTyTa RAepHwx HccneAoaaHHM. AY6Ha 1983 

Kazarinov N.Yu., Kazarinova V.I. 9-83-148 
On All owances for El ectr ic and Magne ti c Fi e lds in KUTI-20 Induction 
Accelerating System 

The amplitude values of the guiding magnetic field Bz and accelerating 
electric field Ezharmonics in the KUTI-20 induction accelerating system 
caused by its discrete structure are determined. The limitations on the 
amplitude values of Bz and Ez harmonics connected with a possible intersec
tion of the resonances of coherent and incoherent electron-ion ring oscil
lations in the course of accelerating process are defined. The magnetic sy
stem geometry providing a stable acceleration of the electron-ion rings 
with designed KUTI-20 parameters is determined. The permissible alternation 
range of the electron number in the ring N8 and uranium ion number N1 is 
analysed. 

The investigation has been performed at the Department of New 
Acceleration Methods, J INR . 

Communication of the Joint Institute for Nuclear Research, Dubna 1983 
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