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BeAY~ee MarHHTHoe none B~ B HHAYK~HOHHOH YCKopR~eH CHCTe

Me KYTH-20 C03AaeTCR c'nOMO~b~ BCTpoeHH~X B HH~r~TOp~ oTAenbH~X 
KaTyweK, 3anHT~BaeM~X HMnynbcH~M TOKOM·/pHc.l/ . B KalKAOM HH
AYKTope HaXOAHTCR N KaTyweK, KOTop~e MOrYT 6~Tb 06"!>eAHHeH~ 
B rpynn~ no M, 3anHT~BaeM~X nOCneAOBaTenbHO. B pa3pa6aT~BaeMOH 

HHAYK~HOHHOH YCKopR~eH CHCTeMe
M KYTH-20 M = N =2/21. B cl1ny AHCK.,__----.A---

peTHoro pacnono*eHHR pRAa OAHN N 
...------"----~ HaKOB~X KaTyweK HanpR*eHHocTb ..-. 	 YCKopR~ero 3neKTpH4ecKoro nonR 

E~ H I1HAYK~I1R MarHHTHoro nonR 
B~ Ha paAHyce 3neKTpoHHo-HOH
Horo Konb~a 6YAYT I1MeTb 3HaKO
nepeMeHH~H rpaAHeHT. BIll nony
4eH~ OrpaHI14eHI1R Ha BenH4HH~ 
aMMHTYA' rapMoHHK E ~ H B ~. CBR

PHc.l. reoMeTpHH MarHHTHoH saHH~e C B03MO*HOCTb~ nepece4e
CHCTeMhl. HHR pRAa pe30HaHcoB Al1nOnbH~x 

Kone6aHI1H H Kone6aHHH Man~x pas
MepoB Konb~a.YBenH4eHHe aMnnI1TYA~ Al1nOnbH~x Kone6aHHH Mo*eT 
npOHCxOAI1Tb H H3-3a cnY4aHH~x B03My~eHI1H B B~,CBR3aHH~x C pas
6POCOM BMnnHTYA H TOKOB B KaTywK9x aI. aKCHanbH~X pasMepoB KaTY
weK aL. a TaK*e C pa36pocoM BenH4I1H~ cM~eHHR I1HAYKTOPOB KaK 
~enblx azo 11 BenH411HbI cABHra KaTyweK BHYTPH I1HAYKTOPOB l\z. 

YBenH4eHI1e aMnnl1TYAbi Kone6aHHH HOHOB B 3neKTpoHH~X Konb~ax 
npl1 HanH4HH BHeWHero 4>OKYCHpy~ero nOllR B pesynbT9Te AeHCTBI1R 
1Il11YKTY9~I1H 311eKTpoMarHHTHoro nonR B BI1Ae "6enoro wYMa" paCCMaT
pl1BallOCb B pa60ie /3/. B AaHHOH pa60Te onpeAellR~TCR KoppellR~110H
Hble lIlYHK~HI1 CllY4aHH~X npo~eCCOB, CBR3aHHblX C (JlnYKTya~I1RMH Bblwe
YKa3aHHblX napaMeTpOB MarHHTHOH CI1CTeM~. H O~eHI1Ba~TCR AonycTI1
Mble BenH4HHbI I1X pa36poCOB. Tpe6yeMbie AnR yCToH411Boro YCKopeHHR 
caMo(JlOKYCl1pY~lIterOCR 3neKTpOHHO-HOHHoro Konb~a. 

a::: 

1. YpaBHeHl1e AllR x -OTKllOHeHHR aKCl1allbHOH nonRpH3a~I1H p~ 

OT ee paBHOBeCHoro SHa4eHHR p z=W . (1 y,t)HMeeT BHAIlI; 
w 2. (1-t) 

d 2 1 df3z d 2 2 	 df3JLll + __ - . .!!A. + k (z). x = a . k (z). aB (z); f3 . _z J!... /1/
dz 2 f3 dz dz 	 r z dz c2z 

e· E z . (1-t) 
3AeCb a =.--4- ; k(z) = W ; W 0 - ; e H m - SapRA 

myw f3z(z). c my· (1 +t) 
11 Macca 311eKTpoHa; y - penRTI1BHCTCKI1H lIlaKTop Bpa~eHI1R 311eKTpo

.._--. 
:~.: .' IL"TJ'1' I

....~t .;. ~ /\ 
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HOB B KOnb~e; ~ - 4aCTOTa AHnOnbH~X Kone6aHHH B 3neKTpOHHO-MOH
HOM KOnb~e; f - K03~H~HeHT HeHTpanM3a~MM; ~ - ~aKTOp 3arpY3KM; 
C - CKOPOCTb CBeTa; f3 =z,/c ; E Z - aMnnMTYAa YCKOpRlOIqerO 3neKT

o 
pM4eCKOrO nOnR Ha paAMyce KOnb~a; SBr~)- cnY4aHHOe BOSM~eHMe 
paAHanbHOrO KOMnOHeHTa BeAY~erO MarHMTHOrO nOnR CO cpeAHMM no 
BceM peanM3a~MRM cnY4aHHoro npo~ecca, paBH~M Hyno. HHTerpMPYR 
III npM ycnoBMM, 4TO.Ha4anbHoe 3Ha4eHMe aMnnMTYA~ AMnonbH~X 
Kone6aHMH a paBHO Hyno, nonY4MM YP'aBHeHMe AJlR M3MeHeHMR 
MeHM cpeAHero KBaApaTa MOAYnR aMnnMTYA~ <l a I2> 141 

d<laI2 > a 2 z-=- fk(z).k(z-v).<SB (z).8B (z-v»x
dz 2 0 r r 

z 
x [cos r k(z' )dz ' 1dv . 

Z-'V 

B~4McneHMe KoppenR~11.0HH~X~YHK~MH <SBr,z (z) . SB r,z (z -v) > 
Bcex TMnOB B03My~eHMH npMBeAeHO B npMnOlKeHMH. OHM MOrYT 
npeACTaBneH~ B BMAe PRAOB ~YPbe: 

+ 00 n 17 • j . (2 z -v)
<SB (z). SB (z') > = I f. (v). cos . 

r r n j=O .J A 
M 

rAe v = z - z' ; n = 1 cooTBeTcTByeT pa36pocy SI ; n = 2 
cy Sz 0 ; n = 3 - pa36pocy ~z. M n =4 - pa36pocy SL. BHA 
fj (v) npMBeAeH B npMnolKeHMM l~pMyn~ n. 8-;-n. 12/. 3Aecb 
MnM AWM· A B 3aBMCMMOCTM OT TMna B03M~eHHR n. 

-

BO Bpe

/21 

AnR 
6~Tb 

131 

pa36po
~YHK~HH 

AM = A 

Ha pHc.2 nOKa3aH~ paCC4MTaHH~e no ~opMynaM In.7-;-n.121 Hyne
Bble rapMOHHKM (j = 0) Koppeml~MOHH~X ~YHK~MH f 5,2, 3, COOTBeTCTBYo
~MX cnY4aHH~M ~nYKTya~MRM SI, 8z 0 101 ~z. KpHB~e COC4HTaH~ 

npM cneAyo~MX 3Ha4eHHRx napaMeTpOB KaTyweK: R = 9,1 CM; L = 
= 1,9 CM; A = 2,5 CM ICM. pMc.1/, a TaKlKe npH ycnoBHRX, 4TO 
M=N=2H 

~(SI)2::_ = .25..~~O)2~ = «~z)2> «8L)2> 

12 L2 L2 L2 

1
Bce KpHB~e HOpMMpOBaH~ Ha MaKCHManbHoe 3Ha4eHMe ~YHK~HH f O· 
~YHK~MR f~ AJlR CnY4aHHrX ~nYKTya~MH AJlMH KaTyweK SL OKa3~BaeT
CR B -100 pa3 MeHbwe fo M Ha pMc.2 He nOKa3aHa. H3 pHc.2 BHA
HO, 4TO B paCCMOTpeHHOM cnY4ae ~YHK~MH fg~) c~eCTBeHHO OTnH4
H~ OT HynR Ha paCCTORHMM IAJlMHa KoppenR~HH B03M~eHHHI nopRAKa 
3R ::! 27 CM. . 

AnR B~4McneHM~ CKOPOCTM pOCTa aMnnHTYA~ aKCManbH~X Kone6aHHH 
nOnRpH3a~MM Hcnonb3yeM CTaHAapTH~e npeAnonOlKeHMR 

141 
, KOTop~e 

AnR MHAYK~MOHHOH YCKopRo~eH CMCTeM~ KYTH-20 XopOWO B~nonHROTCR: 
1. AnMHa YCKopeHHR I La = 20 MI MHoro 60nbwe AJlMH~ KoppenR

~MM. 
2 

• 


-0,4 


-0.6 


PHe .2. rpacPHKH HYneBblX rapMOHHK KoppenHWiOHHblX cPYHKIJ;HH 
f 1 , f 2 f 3 H nepBoA rapMoHHKH f 1. 
o 0 0 

2. CKOPOCTb 3neKTpOHHO-HOHHoro 
Ha AJlHHe KoppenR~HH. TOrAa 1013 121 

2 2 +00 
::!~.k (z). r <SB (z). SB

2 . r rdz o 

1 

Konb~a Hec~eCTBeHHO MeHReTCR 
HMeeM: 

(z-v».cos[k(z).vl·dv. 

nOACTaBnRR B 141 ~YHK~HH In.97r'l.121 H npOBOAR Bbl4HcneHHR AnR 
KalKAoro THna B03My~eHHR, nonY4HM: 

2
d<laI > 17.a 2 2 4 +00 217j n 17j' n 17j ] 

.. -. k (z) ··I I Icos - z .[Fj (k(z)+-)+F j (k(z)--) + 
dz 8 n=l j=O AM AM AM 

151 
k(z) _ !!l. k(z) +..!!.i 

2' +00 n AM AM 
+ ...1. .. sin ~z ·of F. (v) . [----=--- 2 . ldv I. 

17 A J 2 17j' 2 
M -00 v -(k(z)-_) v -(k(zh~') 2 

AM AM 
n 

3AeCb Fj~) - ~YPbe-06pa3~ COOTBeTCTBY~HX KoppenR~HOHH~X ~YHK

~HH. 
B AanbHeHweM B~4HcneHHR 6YAeM npOBOAHTb TonbKO AJlR HyneB~x 

rapMOHI1.K Bcex KoppenR~HOHH~X ~YHK~HH, TaK KaK aMnnHTYA~ nepB~x 
rapMOHI1.K OKa3~BaOTCR 60nee, 4eM B 10 pa3 MeHbwe HyneB~x ICM. 
pHc.2, KpHBaR f! I. TorAa POCT aMnnHTYA~ aKCHanbH~XKone6aHHH 

3 

141 



o~eHHBaeTCR KaK: 

j 4 kO 
D; 

~pz(Z) = w F (It) 
1: ~ . J o . dk. 

PZO 2·E z n=l W k(z) k 
0 

/6/ 

rAe ko - Ha4anbHoe 3Ha4eHHe aonHoBoro 4Hcna. 

F.(K) 
Fe' 

PHc.3. rpa~HKH ~YPbe-06pa30B 
F 1 , F 2 H F 8 AJUI KOppe.nHQHOHo 0 0 1 2 8 
HhIX ~YHKQH~ f 0' fo H f 0 COOT-

BeTCTBeHHO. 

Ha pHC. 3 nOKa3aHbI.· paCC4HTaHHble 3Ha4eHHR I)lYPbe-06pa30B F~·2.Ut) 
AnR KoppenR~HOHHblX I)lYHK~Hi:1 f J,2.8 (v) COOTBeTCTBeHHO. Bce Kpl<1Bble 
HOpMHpOBaH/>I Ha MaKCHManbHoe 3Ha4eHHe I)lYHK~1<11<1 Foll){). 

2. B npo~ecce YCKopeHHR H3-3a cnY4ai:1Hblx pa36pocoB YKa3aHHblX 
Bblwe napaMeTpOB MarHHTHO~ CHCTeMbi B03MomHa paCKa4Ka He TonbKO 
aKCl<1anbHoi:1 Pz • HO H paAl<1anbHoi:1 Pr COCTaBnR~~ei:1 Al<1nOnbHblX Kone-
6aHHi:1 3neKTpOHHO-HOHHoro Konb~a. nonY4HM o~eHKY, aHanOr1<14HY~ 
/6/, AnR aMnnHTYAbi 3THX Kone6aHHi:1. 

PaccMoTpHM ypaBHeHHR paAHanbHblX AHnonbHblX Kone6aHI<1i:1 B 3neKT
POHHO-HOHHOM Konb~e co cnY4a~Hoi:1 npaBoi:1 4aCTb~: 

{ 

.. 2 2 8B z 2 
r + w . r +w .(r - r· ) = - . w . r. e oe eel BOO 

Zo 

.. ' 2 
ri +wi·(ri -r e)= O. 

/7/ 

3AeCb re H ri - KOOPAHHaTbi ~eHTpOB TRmeCTH 3.[1eKTpoHHoi:1 H HOHHOi:1 
KOMnOHeHT; we•i - 4aCTOTbi Kone6aHHi:1 3neKTpOHOB B none HOHOB 
H HOHOB B none 3neKTpOHOB COOTBeTCTBeHHO; Wo - 4aCTOTa Bpa~e-
HHR 3neKTpOHOB; ro - paAHYC Konb~a; 8B z H B z - B03My~eHHe 

o 
1<1 aMnnl<1TYAa Bz KOMnOHeHTa BeAy~ero MarHHTHoro nonR Ha paAHY
ce Konb~a. 

npeAcTaBHM /7/ B BHAe 

2 
.!LY + A. Y=B. 
dt;2 

4 

/8/ 

rAe, r /. /8B z. w 
2 

. r /. /flJ2+ w2 _W 
2!e B 0 '0 0 e e 

Y = ; B = Zo A= . /9/ 
r. 0 _w. 2 w. 2 

I I I 

6YAeM HCKaTb peweHHe ypaBHeHHR /8/ B'BHAe pa3nomeHHR no C06CT
BeHHblM BeKTopaM MaTpH~bI A. B pe3ynbTaTe nonY4aeM 

2 222
P (t) = [0 . f (t)  0 . f (t)]f(O - 0 ), 

r 112212 /10/ 

( 1 [ 2 2 2) 2 2 2)]K 2 2r =. --). f (t). (0 -w -w. -f (t). (0 -w - W. :1\0 -0 ). 
c l+f lie I 2 2 ell 2 

/11/ 

r. ·f+ r 
3Aecb p =>r - r. ; r = I e_ KOOPAI<1HaTa ~eHTpa TRmeCTH Konb

rei c l+f 
~a; O~ H 0: - co6CTBeHHble 3Ha4eHHR MaTpH~bI :A: 

2 1 2 2 2 1 J 2 2] [ 2 2 ] o =_·(w +w +w.) ±-. (w +w.) +w . (w -w.) +w ,
1.2 2 0 e I 2 0 leO I e 

/12/ 

a I)lYHK~HH fl 1<1 f 2 RBnR~TCR peuieHHRMH ypaBHeHHi:1: 
2 

d f 1.2 2 . 8B z 2 
-2 + 0 12 . f12 =-_. wo' roo 

dt •• B 
Zo 

/13/ 

HHTerpl<1PYR 'ypaBHeHHe /13/ C HyneBblMH Ha4anbHblMH ycnoBHRMH, HC
nonb3YR Te me npeAnonomeHHR, 4TO 1<1 npl<1 Bbl4HcneHHH aMnnHTYAbi 
aKCl<1anbHblX Kone6aHHi:1 nOnRpl<13a~I<1H 1<1 paCCMaTpHBaR TonbKO HyneBY~ 
rapMOHI<1KY I)lYPbe-06pa30B KoppenR~HOHHblX I)lYHK~Hi:1 ¢ 6. 2 •8•4 /n. 15 + 
+n.18/, nonY4aeM BbipameHHe AnR ycpeAHeHHblX KBaApaTOB aMnnHTYA 
I)lYHK~I<1i:1 f 

1,2 
2 2 

2 woo R 2 0i<\a.\ > =.1!.. (--'_)._ 
I 2 0 ~ B2. W 

I Zo 

4 
1: 

n=l 

k. 
10 
J 

k
j 

(z) 

If> n (It)
-1!.

k 
dk (i = 1.2) ./14/ 

3AeCb ki=Oi/(f3z'C)'C I<1CnOnb30BaHHeM l)l0pMyn /10/ H /14/ Hai:1AeM 
3aBI<1CI<1MOCTb aMnnl<1TYAbi paAl<1anbHblX Al<1nOnbHblX Kone6aHH~ ~Pr OT 
Anl<1HbI YCKopeHI<1R z: 

w2 .R 
k n 

~P (z) = 0 1 ~ 2 
41 

0 If> o (It) 112 
-_. _17_. [ (0 . 1: J dk) + 

r 0 2 _ 0 2 B z 2 . W 1 n= 1 kl (z) k 
1 2 0 

k n 
2 4 l If> (It) 1/2

+(02' 1: ~dk)]. 
n=l .k JZ) k 

Ha pHc.4 nOKa3aHbI COOTBeTCTBY~He rpal)lHKH HyneBbix rapMOHHK 
KoppenR~HOHHblX I)lYHK~Hi:1 ¢~2.8 (v). a Ha pHC. 5 - rpal)lHK I)lYPbe-06pa
3a 1f>01(k) AnR KoppenR~HoHHoi:1 I)lYHK~HH ¢ ~(v). I)lYHK~HH it> ~.8.4 He 
nOKa3aHbI, TaK KaK OHH 60nee 4eM B 100 pa3 MeHbwe I)lYHK~HH 1f>01(1t). 

5 



--

. . ~ ft1 
-28 -£4 -iD ·16 -12 8 12 16 2Q 24 28 

...... 
~1(K) PHC .• 4. rpa4lHKH HyneBbIX 

KoppenH~OHHbIX ~YHK~ 
'" 2 H ",3
'f'0 'f'0' 

K.1tM 
PHC .5. rpa4lHK ~YPbe-05pa3 a <I> 0 

a at KoppenHIUIOHHOH ~YHK~H <P ~ • 

3. YBenH4eHHe aMnnHTYA~ Kone6aHHH nonRpHsa~HH 3neKTpOHHO
HOHHoro Konb~a, KOTopoe AaeTCR $OpMynaMH /6/ H /15/, nonY4eHO 
AnR MOH03HepreTH4eCKoro 3neKTpOHHoro nY4Ka. npH o~eHKe AonYCKOB 
AJlR peanbHoro Konb~a He06xoAHMO Y4HTblBaTb 3QK1leKT 41asoBoro nepe
MewHBaHHR. npH pas6poce 3HeprHH BpaUlaTenbHoro ABHlKeHHR 3neKT
POHoa ~y/y~% xapaKTepHaR AJlHHa saTyxaHHR AHnonbH~x Kone6aHHH 

/6es Y4eTa BHeWHero BOSMYUleHHII/ D '" ]I. / (~) 15/. 3AeCb ]I. 8 = . 

= .!!!.. f3 . c . Jlnfl xapaKTepH~x napaMeTpoa HH~YK~HOHHOH YCKOPRlOIIIeHz€U e 
CHCTe~ KYT~-20 H 3neKTpOHHO-HOHHblX KoneLl D COCTaBnReT BenH4H
HY -1,5 M, 4TO MHoro MeHbwe AJlHH~ YCKopeHHR La' CneAoBaTenbHo, 
ao BpeMR YCKopeHHR 3HeprHR KorepeHTH~X AHnonbH~X Kone6aHHH 
3neKTpOHoa, CBRsaHH~X C BOSMYUleHHIIMH MarHHTHoro nonR, 6YAeT 
nepeXOAHTb B 3HeprHO HeKorepeHTH~X Kone6aHHH, H cpeAHeKaaApaTH4

rapMOHHK 
1

<PO' 

1 

• 

i 

'J 


J 
., 


/51H~H paSMep ce4eHHfI 3JleKTpoHHoro Konb~a yeeJlH4HTCR KaK 

2 2 2 
a =a + ~P /16/

f,Z fa, ll,o r,ll, 

3AeCb H B AanbHeHweM HHAeKCOM 0 OTMe4eH~ Ha4anbH~e SHa4eHHfI 
napaMeTpOB • 

POCT paSMepOB ce4eHHfI 3neKTpOHt:toro Konb~a npHaOAHT K YMeHb
weHHO 4aCTOTbi Kone6aHHH 3neKTpOHoa B none HOHOB'6/. 

2 
ve . C '. [ ________2_,_f_, 

€U! ------1. /17/
Y 

+ a 2 +t;.2+a2 )ja~ .(ja~~ Vat rz z . 
e i 8 1 e 

rAe HHAeKc~ e , i OSHa4aOT 3neKTpoHbI H HOH~ cooTaeTcTBeHHo; 
N 2 

v =~ . .!L- - napaMeTp 6YAKepa; N- 4HCJlO 3neKTpOHOB B Konb
8 277ro mc2 8 

~e. npH 3TOMYBenH4HBaeTCR CTa~HOHapHoe SHa4eHHe nonRpHsa~HH 
3neKTpOHHO-HOHHoro Konb~a P ll, /CM. $OpMyny /1//, KOTopaR He MO
lKeT npeB~waTb BeJlH4HH~/5/: 

2P .1L..l . /2. (a 2 + a ). /18/z 2 4 ll, ll,.
max €U e 1 

e 
C4HTaR, 4TO Ha4anbH~e paSMepbl 3neKTpOHHoro H HOHHOrO Kone~ 

COBnaAalOT (all, . =3r i =ao). nonY4HM, HcnonbSYR /16+18/:
8,10 e. 0.----- ,-- 

ao = /1 + ~P=+jl + ~P~ /19/ 
Pll, 2.a2 2·a2 

000 

~SMeHeHHeM AnHH~ ]I. e /-30%/, CBRsaHH~M C YBenH4eHHeM paaMe
POB /CM. /16/ H /17//, MOlKHO npeHe6pe4b no cpaBHeHHIO C ee yae
nH4eHHeM, 06ycnoaneHH~M POCTOM CKOPOCTH Konb~a f3 z a npo~ecce 
ero YCKopeHHR. n03TOMY npH abl4HcneHHH npHpOCTa ~ P z H ~ P r MOlKHO 
Hcnori'bsoBaTb 41opMyn~ /6/ H /15/, KOTop~e BMeCTe C /19/ onpeAe
nROT rpaHH~y 06naCTH AonYCTHM~X SHa4eHHH oWH60K a napaMeTpax 
MarHHTHOH CHCTeM~. 

4. Ha PHc.6 nOKasaH~ 3TH rpaHH~~, paCC4HTaHH~e a npeAnono
lKeHHH, 4TO oWH6KH a reoMeTpH4eCKHx napaMeTpax paBH~ no BenH4H
He 

«8z )2> 1/20 [ « ~z )2> 1112 «8L)2>] 112[ 1 "" 8/L.
L2 L2 L2 

AnR HecKonbKHx SHa4eHHH M npH AnHHe YCKopeHHR - 9 M /nRTb yCKO
PRIOIIIHX ceK~HH/. Ha PHc.7 cnnOWH~MH nHHHRMH npoaeAeH~ aHanorH4
H~e KpHa~e, paCC4HTaHH~e npH AJlHHe YCKopeHHR -18 M /AecRTb YC

6 7 



1 PHc.6. 06naCTH AonYCTHMNX SHaqe

xi! [<~r ~ <1811 2 1/2 
.., HID!: paS6pOCoB [ 2 >] H 8lL. 

:~ "'-16 

18 

16 

141 

! , {-3
A ~ n .t'" .... 41 ~ I) 

PHc.7. 06nacTH AOnyCTHMNX SHaqe
2 112 

HHA paS6poCoB [ <1811 > 1 H 81L 
I 

2 ' , 

paCCqHTaH~e AnH AeCHTH YCKOPHW
~X ceK~. 

I , 
paCCqHTaH~e AnH nHTH yCKOPHW~X 
ceK~. 

[ 
<I&lJ2".f 

-3 12
xlCT 

M,2 M-4 

Sr-::.::.----... ....... 

y, ft16 

.... -t 

"'" 
"\ 

\..i. 
\L.\ _~1 ...... 4J-V'U' 

KOPR~HX ceK4HH/.npH paC4eTax HcnonbSOBanHCb cneAY~~He SHa4eHHR 
xapaKTepHWX napaMeTpOB HHAYK4HOHHOH YCKopR~eH CHCTeMW KYTH-20 
H 3neKTpoHHO-HOHHWX Kone4 /1/: Pz = 0,033 CM; E z = 10 KB/cM;

o 0 
Bz = 1,36 T; f =0,1; r = 31,3i ~ = 47,5; w = 4.1.10 9 c 1 

; 
R .2 9.1 CM; fO = 4 CM H N e = 10 8. Bo Bcex cnY4aRx qHCnO KaTyweK 
B HHAYKTope N = 4. f 

TaKHM 06pasoM, AonYCTHMW cneAY~He oWH6KH B CHCTeMe ~OPMH
pOBaHHR BeA~ero MarHHTHoro nonR: CPeAHeKBaApaTH4HaR owH6Ka 

B TOKax [«81) ~,] 1/2 He AOn>KHa npeBwwaTb BenH4HHw '" 3· 10-8 
, a B 

12 ~ 
reOMeTpH4eCKHX paSMepax 81L - BenH4HHW - 8· 10 . npH L = 20 MM 
AonYCK Ha pas6poc reoMeTpH4ecKHx napaMeTpoB COCTaBnReT 8 = 
::: 0,16 ,MM. HaHMeHee c~eCTBeHHWM OKaSWBaeTCR pas6poc B AnHHaX 
OTAenbHWX KaTyweK 8L. TaK KaK 3TOT pas6poc BXOAHT B I!lOpMynw 161 
H 1151 C HaHMeHbWHM BeCOM. BKnaA OCTanbHWX BosM~eHHH npH YKa
saH,HWX Bwwe napaMeTpax npHMepHO 0AHHaKOB. 

AonycKH Hec~eCTBeHHO saBHCRT OT paAHYCOB KaTyweK R H Konb
4afo' no cpaBHeHH~ C pesynbTaTaMH, nonY4eHHWMH B pa60Te /1/.3TO 

8 

CBRsaHO C TeM. 4TO npH YBenH4eHHH paCCTORHHR Me*AY Konb40M H Ka
TYWKaMH BKnaA AnHHHOBOnHoBwx,BosM~eHHH. 06ycnoBnHBa~Hx pac
Ka4KY Kone6aHHH HOHOB B f-HanpaBneHHH. MeHReTCR HeSHa4HTenbHO, 
B OTnH4He OT BKnaAa KOpoTKOBonHOBWX Bos~eHHH, 06ycnoBnHBa~
~HX paCKa4KY Kone6aHHH 3neKTpOHOB B Z H f-HanpaaneHHRX. Ha 

• pHc.7 nYHKTHpHOH KPHBOH nOKasaHa rpaHH4a AonYCTHMWX SHa4eHHH 
, owH60K, paCC4HTaHHaR npH fO = 2 CM. Hs Hee BHAHO, 4TO B 3TOM 

, ,~ «81)2> 1/2cny4ae AonYCKH MoryT 6WTb YBenH4eHW AO SHa4eHH14 [ 1 '" 
-8 ...2 12 

... 4· 10 H 81L .. 1.2· 10 . 

ABTOPW c4HTa~T CBOHM npHRTHWM AonrOM BwpaSHTb 6naroAapHocTb 
A.6.KysHe40BY sa noneSHwe saMe4aHHR. BWCKasaHHwe npH 06cY)I(Ae
HHH nonY4eHHWX pesynbTaTOB. 

nPHflOlKEHHE 

BW4HcneHHeKoppenR4HOHHWX ~YHK4HH <8Br, z (z1)~. z~» 

6YAeM c4HTaTb. 4TO 3neKTpOHHO-HOHHoe Konb40 ABH>KeTCR B Mar
HHTHOM none, COSAaBaeMOM 6ecKoHe4HoH nepHoAH4ecKoH CTpYKTYPOH. 
Hs06pa>KeHHOH Ha PHc.l. AnR pac4eToB YA06Ho Bocnonb30BaTbCR BeK
TOPHWM nOTeH4HanoM,KoTOPWH B TaKoH CHCTeMe COSAaeTCR TonbKO 
aSHMYTanbHWM KOMnOHeHTOM nnOTHOCTH TOKa B KaTYWKax je(r. z), 
a B 4HnHHAPH4ecKoH CHCTeMe KOOPAHHaT HMeeT BHA: 

2 +00 ik(z-z')
Ae (f0 • z ) ""c fffr' . e ·1 1( Ik Ir0)' K 1(1 kl R). j e(r', z ' ) . dr' • dz . dk. 

-00 In.ll 
3Aecb 11 (x) H K 1(x) - MOAH<!lH4HpoBaHHwe ~YHK4HH 6eccenR. B npe
He6pe>KeHHH :on~HHOH KaTyweK je (r'; z ' ) HMeeT BHA: 

je (r '; z') "" 1e<z ' ) . 8 (r' - R ). In.2/ 

HCnOnbSYR <!lopMynw In.ll H In.2/. honY4HM CPeAHee no peanHsa
4HRM cnY4aHHoro np04ecca npoHSBeAeHHe <8B r (Zl) , oBr (Z2» : 

+00 'k ( ") 'k ( ,"4D2 1 1 zl- z ' 1 2 z2- z )
<8Br(Zl)·8Br(z2»=>-7ffffkl,k2,e ·e x 

-00 

xA(lk11)' A( ), < 81e( z 1)' 81e(z 2) > dz'. dz n, dk l' dk 2; In.31 

A(lkl) ",,1 1(l kl fO) . K l(lkl R). 
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+00 n 11.j.(zl+ z2) 
npeAn0I10lKHM AIlR onpeAeneHHOCTH, 4TO N< M ,101 4J.1CI10 MIN - l.leI10e. <8B (zt)·8B (z2»n =j:'o fj (z2- z 1)'cOS A "(j' /n.7/ 

r r 
TorAa I1HHeHHY~ nIlOTHOCTb TOKa MOlKHO npeAcTaBHTb KaK: M (n = 1, 2, 3. 4)

2 

MIN N 1 Lmnj 2
+00 n 

le(Z)= !. L.!. .!. --,u[---(Z -zmn')1, /n.4/ rAe£j = 1 npHj~O 101 £j:: 1/2 npJ.1 j=O, a ~YHKI.lHH f j (Z2- Z1) 
j=-- J m=1 11=·1 L. 4 J npeACTaBI1R~TCR B BJ.1Ae J.1HTerpaI1a $YPbe:

mnJ 
" n +00 n 

rAe I j - nOI1HYH TOK, npOTeKa~J.1H 4epe3 Ce4eHJ.1e KaTYWKJ.1, Lmnj f(z2 -z)= I F (k).cosk(z -z )dk. /n 8/
j 1 j 2 1 • 

N'A M A o
AI1HHa, a z n' =,Zj'+ -(2m -,--1) + -' (2n -N - 1) - KOOPAJ.1HaTa 

m J 2 N 2 rAe 

l.leHTpa Ka,TYWKH /z j - KOOPAJ.1HaTa l.leHTpa rpynnbl KaTyweK/. 


B03M~eHHR BeA~ero MarHHTHoro nOI1R MorYT c03AaBaTbcR nYTeM 1(k Co <IBII2> (I IT) I) (I k ITj I) . (k 11) LF. )=_. .. A k+~· . A --.• sm +-. _·x 
oTKIloHeHHH OT HAeaI1bHblX 3Ha4eHHH BeI1H4J.1H TOKOB Ij' KOOPAJ.1HaT j ML2 12 AM AM AM 2 /n. 9/
L\eHTpOB rpynn KaTyweK Z j' AI1HH Lmnj 101 KOOPAHl-IaT l.leHTpOB KaTyweK 
Z~nj . nYCTb: x sin(k _,&.).1. .. (-I)j -cos A' M· k (A = M· A),


M 

AM 2 11jI j =I+8Ij : Lmnj =L+BLmni Zj M· A· j + 8z.

J, cos _. - cos A' k 

M 


/n.5/ 2
 
F.2(k) =- ~ <18zo I > . A(lk + EL I)' A(I k _ .!L I)' [k 2 -.(&)2] xN· A A 

z . =·z. + _. (2m -MIN -1) + -(2n -N-1)+ 8z .. J N L2 A A A /n.l0/
N ,N Nm~ J 2 2 m~ 


. 11) L. IT) L (_l)J - cos A·N·k N)
~Sm(k+-)-.sm(k --)_.. ' (A N = • A
TorAa B nepBOM nopRAKe no B03MYmeHJ.1RM KOOPAHHaT J.1 TOKOB owH6Ka 

AN 2 AN 2 cosEl. -cos A· k
B I1HHeHHOH ,nI10THOCTH TOKa Ble (z) eCTb: 

2, N 
S <It!.z I. > J{M+l) 11j ITj+00 BI, MIN N L 2 2 F (k)==C .'(-1) • A(I k + -1)' A(lk --I) x

8Ie(Z)= !. -2.. !. !. u[--(z _·z .)]- j o L2 AM AM
j=-oo I m= 1 11=1 4 mn] /n.ll/ 

I +00 MIN NiL2 2 2 IT) 2. ITt L. 11j L 
--!. !. !. BL .·I-u[--.(z-z .)]- x [ k - (- ) ] • sm (k + - \ ~ . sm (k - - ) - (AM A) 


Lj=-oo m=i n""1 mnJ L 4 mnJ 
 AM AM • 2 AM 2 

2 
F.4(k) =SL. <18~ 1 >; (_1)HM+ 1) A (I k +.!1-1 ). A(!k -.:2.1) . [k 2_(.:2. /] x-.!...B[.k,-.(z -.~ .)I-..1.B[.k + (z - z .)]1 + 

2 2 mnJ 2 2 mnJ J 4 L AM AM AM 
/n.6/ ·/n.12/ 

. 11i LI +00 MIN N L L 2.sin(k+~) L .' 2· sin (k -.:.:..1.)- .+-!. !. 8zmj !. !B[--(z-z .)]-B[-+(z-,z ,)11 + '\14 "2'" 11J L A.M 2 IT l LL j=-oo m=1 11=>1 2 mnJ 2 mnJ x [___ -cos (k + -)-~ . [-COS(k -- ) - ] 


(k + .!!.) L ~ 2 (k _ & ) L AM 2
I +"" MIN N L L+-!. !. !. t!.z . 18[--(z -z .)] - 8[- + (z - z .n I. AM ~ (A M=>A). L j=-<><> m=1 n.. l mnJ 2 . mnJ 2 mnJ 2 28.Bz ·R.A 
3AeCb 101 B AaI1bHeHWeA Co == 0, '. AHaI10rJ.14HO n0I1y4aeM:


SAeCb Y4TeHO, 4TO = Bz .+ t!.z (t!.z . - cABHr KaTywKH BHYT-
BZmnj mJ mn mnJ IT 
pJ.1 HHAYKTopa/. IT j (z 1 + z 2) £. /n.13/npeAn0I10lKHM, 4TO Bce ~I1YKTyaI.lHH APyr C APyroM He KOppeI1HpO <8B z (z 1 ) . 8 B z (z 2) >n '" +00 n Z )cos J 4)

j=o j 

BaHbI ~ pacnpeAe~eHbI HOpMaI1bHO C AHcnepCHRMH <1811 ~, <18L 12.>, 

<IBz 1 > 101 <It!.z! ~cooTBeTCTBeHHo. nOACTaBHB /n.6/ B /n.3/,ycpeA

!. ¢ (z2 - 1 AM (n=I,2,3, 

Y .o rAeHHB no peaI1H3aL\HRM CI1y4aJ.1HorO npOL\eCca, npOB~R HHTerpHpOBaHHe 

n +00 n
no z' 101 Zn, a 3aTeM CYMMHpOBaHHe no m. n H j, HaHAeM KOppeI1R /n.14/¢.(Z2-z1)= I 41J(k).coSk(z2-z1)dk

I.lHOHHye ~YHKI.lHH AI1R pa3I1H4HOrO THna B03MymeHHH: J 0 
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1JI~(k)",-...SL. <181!2> A (Ik l1 j !) 	 Sin(k+p)t'Sin(k_&~ITj 
L2 I 2 1 + ~ . A 1qk .!!.!.j ) • M AM 

2 

A A 	 - ~M	 14 14 k 2 _(2U)2 

AM In. 151 

(-1)1 -cos k·M ..A 


x 	 •(AM'" M. A). 
l1jcos_ -COSk'A 
M 

3Aecb Al (lkl)"", !kl . Io(lk! ro)' K1C!kIR), 10 - MOAH4>Hl4HpOBaHHaR 4>YHK
l4HR 6eccenR. 2 

2 Co <18z I > ITi ITj. ITj L
IJIj(k) - a .. A t (lk+..:.:...I.-I).A 1(lk--I).Slfi(k+_>2"X 

N L2 AN AN A N In.161 

x sin(k _ & ).1.. (-1) 
j 
:_~<:~_~~

A 2 . lTj 	 ('\ N·A). 
N cos --cosk. A 

N 

1JI~(k)=.C . <IAZj2>. (_l)j(M+1). A ( k + I). A (Ik - & ) xJ 0 L 2 	 t AM 1 AM 
In.l71 

xsin(k + JU..).l.I. sin(k -JU..,).....k.. (AM '\).
AM 2 AM 2 

4 Co <18I12> j(M+l) ITi ITi 
IJI.Ck) - ..:::.J..~_(_1) ·A (Ik +.:.:..f.,..I)·A (lk--"4I)x

J 4 L2 	 1 A 1 A 
14 14 

. 	 L L In.181
2.sin(k+~) - 2.sinCk- )_ 

14 2 lTj L 2 lTj Lx[-------- -cos(k + -)-]( -cos (k __)_]. 
(k + .!L)L AM 2 (k _ "!u')L . AM2 

AM 	 AM (AM "". A) 
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KasapHHOB H.m., Kasaqa 8.H•• ilepenbmTeAH 3.A. 9-85-176 
o AOnyclCax Ha cnyqaAHJ,Ie BOS~eHHf.[ MarHHTHoro nonR 
B H~OHHOA YCICOp~eA CHCTeMe KYTH-20 

AnR HHAYK~OHHOA YCICOPR~eA CHCTeMN KYTH-20 OnpeAen~TCR 
1C0ppen~OHHJ,Ie WYHIC~ cnyqaAHl>IX npon;eCCOB, CBRSaHHl>IX C 4InYIC
TY~.RMH cneAYJOIII;HX napBMeTpOB ee MarHHTHoA CHCTeMN: BMIUIHTYA 

~enoro,TOICOB B lCaTYmICax, CM~eHHf.[ HHAYlCTOPOB lCalC CABHra lCaTy
melC BHyTPH HHAYlCTOPOB H 81tCHaJIbHl>lX paSMepOB lCaTymelC. OnpeAe
~TCR 05nacTH AOnycTHMNIC SHaqeHHA BenHqHH HX pas5pocoB, Tpe
5yeMNe AnR YCToAqHBOrO YClCopeHHR BO BHemHeM nOCTORHHOM snelCT
p~eCICOM none caMoWolCycHp~_erocR snelCTpoHHO-HOHHoro lConb~a. 
ilolCasaHo, qTO AnR napBMeTpOB 9neICTpOHHO-HOHHhIX lCone~ B KYTH-201 
CPeAHeICBBJ;J;paT~Ha.R omH5ICa B TOlCax He AOJIXHa npeBbDllaTb BenHqHHb 
/S-'4/ .1O-S, a B reOMeTpHqeCICHX pasMepax - BenHqHHJ,I /8+9/. lO-s. 

Pa50Ta BNnonHeHa B OTAene HOBNX MeTOAOB YClCopeHHR OHHH. 

Coo_eBlle Ob8AJIlleHHOrO HBC'l'll'l"yT8 RDep~ HccneJlOB&JIHA. JlyG.8 1985 

ilepeBOA O.C.8HHOrpBAOBOA 

Kazarinov N.Yu., Kazacha V.I.. Perelstein E.A. 9-85-176 
On Tolerances for Random Magnetic Field Perturbations 
in 	the KUTI-20 Induction Accelerating System 

For the KuTI-20 induction accelerating system the correla
tion functions of random processes con~ected with fluctuaLion~ 
of the following parameters of its magnetic system: the cur
rent peak values in the coils, the shift of the inductor as 
a unit~the shift of the coils inside the inductors and the 
axial dimensions of the coils are determined. The regions of 
their spread in allowed values that are required for the self
focusing electron-ion ring stable acceleration in a constant 
electric field are determined. It is shown that for parame
ters of the electron-ion rings in the KUTI-20 the root-mean
square error in the currents must not exceed (3+4),10-3 and 
in the geometric dimensions - (8+9), 10 -so 

The investigation has been performed at the Department 
of New Acceleration Methods, JINR. 
communication of the Joint Institute for Nuclear Research. Dubna 1985 
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