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<f>OKYCHpOBKa HHTeHCHBHOI'O sneKTP0HH0I'0 ny'IKS B nmieliHOM. 
HH/lYKllH0HH0M ycK0pHTene "CHnYHil" 

Hano>KeHbl peayni.TaTbl 'IHCneHH0I'0 peweHHS! MeT0/l0M Pyare-KyTTa 
. napaKcuanbH0I'O ypaaHeHHS! /lBH>KeHHS! ny'IKa sneKTpOHOB B. peani,aoii CTpyKTy-
pe nHHeliH0_I'0 HH/lYKllH0HH0I'0 yCKOPHTensr; , . 

IToKa3a.Ho, 'ITO. B /lSHH0M npH6nHlKeHHH. <jl0Kycapy10wasr _CHCTeMa YCK0P.H­
Tensr CHnYHll .noaaonsreT TpaacnopTHpoaaib' sneKTpoHHbie ny'IKH· c T0KOM ll0 
10 KA. - . . . , 

MeTO/lOM "KpyllHblX '18CTHll" pa_CC'IHT8Hbl KOne6aHl!S! p8/lH8nbHOH npoeK,;_ 
llHH qiaaoaoro 06'!,eMa ny'IKa •Ha JlnHHe 0/l_Holi YCKOPS!!Ollleli ceKllHH, . 

.. Coo6Ul0HHe 061.eJVtH0HHoro HHCTHTyTa BJlepHblX HCCJ!0JlOBaHHA 

,l(y~Ha, . 197 4 
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~ml IIOJIYlleHHJI HHTeHCHBHblX 3JleKTpOHHblX Konen B aAre -

3aTope YCKOPHTeJIJI TJI)KeJiblX HOHOB /l / He06XOAHMO HMeTL 

B KatieCTBe HH)KeKTopa CHJILHOTOllHblH 3JieKTpOHHblH YCKOpH­

TeJIL C TOKOM nyqKa He MeHee 500 A, 3Heprueii 3JieKTPOHOB 

IIOPJIAKa 2 M3B C OTHOCHTeJILHblM 3HepreTHlleCKHM pa36po­

COM He 6onee ± 2,S'fo. B AaHHoii pa6oTe paccMaTpHBaroTCJI 

cl>oKycHpyroI:QHe CBOHCTBa yCKOpJIIOI:Qeii ceK:QHH YCKOPHTeJIH 

"Cl1 flYH.U". 
B KatieCTBe ypaBHeHHJI, OIIHCbIBalOI:Qero paAHaJILHOe ABB-

. >KeHHe qacTHnbl nyqKa no TpaKTY ycKOPHTeJIJI, BO3LMeM 

napaKCHaJILHOe ypaBHeHHe qacTHnbl B IIOJie 3JieKTPOMarHHT­

HOH JIHH3bl ,C ytieTOM npocTpaHCTBeHHOro 3apJIAa nyqKa 

H ycKop,i:roJ:Qero •non,i: ceKnHuh/: 

' 
ycp(l+k¢)-dd (ycp(l+kcp) ddr )+..!..{(1+k¢) x 

z z 4 

d
2
¢ . I ]+kB2 lr x[--- z 

dz
2 

2 2e¢_, l+k¢ 
rrr V-;- v 1 + 2k ¢ 

/1/ 
o. 

3AeCL r H z - TeKYI:QHe KOOPAHHaTbl qacT~bl B nu-

JIHHApHqecKoii cucTeMe, k 
e 

2m c 2 , rAe e H m - 3apHA 

H Macca IIOKOJI 3JleKTpOHa, c - CKOPOCTL CBeTa B BaKyyMe, 
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I - TOK U'f'IKa, ¢ H B z - noTe~uan :mexTpJ111ecxoro nou 
H z • KOMUOHeHTa HH.D;YKIUIH MarHHTHoro nonJI Ha OCH nHH3:W:. 

Ha OCHOBaHHH MarHHTH:W:X H3MepeHHii B·peanLHOICTpyx­

TYPe CeKIUIH ycxopHTenJI BenH'IHHY B ( z) annpOKCHMHpyeM . z 
BWpa)KeHHeM: 

Bz(z) = B 0[1+ b(l+ e1r 2) 2rr ] . cos- .. ,z ' 
L 

/2/ 

r.D;e BO= J.. ( B + R . ) - cpe,D;Hee 3Ha'leHHe HH.D;~HH Ha OCH, 
2 max '-'min . , • 

B -B · 
b = max min - rny6HHa MO.D;YilJIIlHH MarHHTHOro nonJI 

Bmax + B min 

C nepHO.D;OM )'O.D;YilJIIlHH L • IC034xl>HllHeHT ~I y'IHTLIBaeT 

HeO,D;HOPO.D;HOCTb nonJI Ha pa.D;Hyce KOHe'IHOii ·,D;nHHW. 

Pacnpe.D;eneHHe noTeHilHana 3nexTpu11ecxoro nonJ1 ¢ ( z) , 
H3MepeHHOe Ha MaKeTe B 3IleKTPOnHTH'lecxoii BaHHe H pac­

C'IHTaHHoe MeTO.D;OM ceToK/3/, MO)KHO onHcaTL d>YHKilHeii: 

q• La 2rr 
¢(z) =¢

0
[l+az + ---( l+t2r2)sin-• z]. 

2rr L 
/3/ 

3.D;eci. BenH'IHHa ¢
0 

xapaxTepH3yeT Ha11ani.Hyro 3Heprmo 
11acTHil:W:, a onpe.D;emieT cpe.zuno10 HaDpJl)KeHHOCTL ycxopJIIO• 
Ulero nom1 B HH.D;YKTope. Ilo aHanorHH c /2/ BenH'IHHY 

q= 
E. +E . 

E -E . max m1n 6y.D;eM Ha3LIBaTL rny6HHoii MO.D;YilJIIlHH 

max m1n 
3nexTpe:11ecKoro nonJ1. Ko34xl>HllHeHT f 2 Ta101Ce oTpa)KaeT 

nonJI no pa.D;uycy. BLI6paHHWii noTeHilHan HeO,D;HOpO.D;HOCTL 
O.D;H03Ha11Ho onpe.D;enJ1eT BenH'IHHY ycxopJ110Ulero nonJ1: 

d¢ 2 2rr 
E(z) =-a;-=-¢oa[l+q(l+,2r) COSL• z]. /4/ 

Y'IHTLIBaJI BnHJIHHe Ha noBe,D;eHHe Dy'IKa Ha'lanLHLIX ycJio­
BHii Ha KaTO,D;e, BBe,D;eM B ypaBHeHue /1/ 'lneH, xapaKTepu-
3YJOIIlHB none Ha KaTo.D;e B1,;, , H nepeH,D;eM K 6e3pa3MepHoii 
nepeMeHHOii R = r/r o, r.D;e r o - pa.D;Hyc 11acT~LI Ha BXO.D;e 
B YCKOPJIIOUlYIO CHCTeMy /npu z = 0/. Tor,D;a ypaBHeHHe 
/1/ nepenumeM B BHi:i;e: 

4 

~ 

I 
) 

) 

d2 R 

dz2 

1(1+ 2k¢)y~ 
· 2e.,, 1 --:------====~·-+ 

4rrr2¢(l+k¢)y(l +k ¢) R 
0 

2 2 2 2rr 
k Bo[ 1 + 2 b ( 1 + g 1 R r o> COST z] R 

kBiG 
+-----

4¢(1 + k ¢) 
1 n3 - --:-;-;-:----:--:-------

4¢(l+k¢) 

+ 

a¢/1+2k¢Hl+q(l+t2 R2
r~) cos-1[:-•z] 

2¢(l+k¢)y¢(l+k¢) 

¢ 0 aq2rr 

4L ¢ 

(1 + t 
2
R 2 r2 ) sin ~ • z 

o L 

4L¢ 

dR 
• --- + 

dz 

• R. /5/ 

- rk 4 Bk 2 3.D;eCL G=(-) £-) - napaMeTp 3KpaHHpOBKH KaTo,D;a, 
ro B 01 

rk - pa.D;HYC nyqKa Ha HeM. 

YpaBHeHHe /5/ pemanoci. 11ucneHHO MeTO.D;OM PyHre­
KyTTa c noMOUlLIO 3BM B3CM-6 c pa3nu11HLIMH Haqani.HLIMH 
ycnoBHJIMH Ha .D;nHHe 18 nepHO.D;OB, 'ITO COOTBeTCTByeT .D;IlHHe 
O.D;HOH ceKilHH yCKOPHTem1. B Ka'leCTBe Ha'lanLHLIX ycnoBHH 
61,mu BLI6pam.i cne,u;yroUlHe : 3HeprHB 11acTHilLI Ha Bxo,u;e B 
ycKopHIOUlYIO cucTeMy 300 K3B, TOK ny11Ka I = 1000 A, 
Ha11anLHLiii pa,u;uyc nyqKa ro=l,5 CM, pa,u;Hycny11KaHaKaTo,u;e 
rk =1,5 CM. Ha11ani.HLiii yrnoBoii pa36poc y'IHTLIBancB npu 

pacqeTax BLI6opoM ~~ lz=O = 0 ;± 0, 1, 'ITO cooTBeTCTBo:eano TpeM 

HanpaBneHHJIM BneTa qacTHilLI B ycKOpBIOUlYIO CHCTeMy' no.D; 

yrnaMH 0°, ±8°30. · 
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B.11uJ1Hue no.11J1 Ha 1<a111ooe 

IlpH aHaJIH3e ,D;BH)KeHHJI 'laCTHIJ;LI B l}>oKyCHPYJOUleii CHC­
TeMe 6e3 YCKopeHHJI B O,D;HOpO,D;HOM MarHHTHOM none, cooT­
BeTCTB}'lOUleM 6pHnmo3HOBCKoMy /Bo = B b /, npH non­
HOCTLIO 3KpaHHPOBaHHOM Ka To,ne / G = 0 / BH,D;HO, 'ITO HaJIH­
'IHe ,na)Ke He3Ha'IHTenLHoro yrnonoro pa36poca ae,neT K 
paccornacoBaHHIO ny11Ka H no.HaneHHIO nyn&ca:u;Hii, a.MnJIHTy,na 
KOTOpLix npeBLIWaeT anepTypy YCKOPHTenLHOH Tpy6KH / r = 
=3 CM, 'ITO COOTBeTCTByeT R=l /. "BKnID'leHHe" ycKopeH~ 
Ha ,D;JIHHe O,D;HOH CeKIJ;HH He npHBO,D;HT K . CfllleCTBeHHOMY 
yMeHLWeHHIO nynLca:u;Hii, a HanH11He MO,nyn.HIJ;HH 3neKTpH11e -
CKoro H MarHHTHoro noneii yxy,nwaeT CHTya:u;HID: "Bxnw11e­
HHe" Ha xaTo,ne MarHHTHoro non.H, paaHoro cpe,nHeMy nonw 
B ceKIJ;HH /'ITO COOTBeTCTByeT He3KpaHHPOBaHHOMY KaTo,ny/, 

~AIIU rs~o' 

~Q 

(S 

to L-------:-~--A~--~'iti IDt1 .1"'7 

,8q{2t') """ ~" 
Puc. 1. 3aeucuMoc111b paouyca ozu6a10111eii 0111 ee.11u11uH&1 cpeo­
Hezo no.11J1 e ce1<t1uu npu Bk = B b• 

6. 

'i 

I 
,\ 

IlOJIHOCTLIO paccornaCOBLIBaeT IlY'IOK, pacKa'IHBaJI ,D;a)Ke 
qacTHIJ;LI, BneTalOUlHe B YCKOPJIIOlll}'lO CHCTeMy napannenLHO 
OCH. H TOnLKO JIHWL yBeJIH'leHHe cpe,D;Hero nonJI B ceK:QHH 
.no 3Ha11eHHii, npeBLimaIDUlHX B b , y11e11LmaeT nyn&ca:u;HH pa­
,D;Hyca nyqxa H aeJIH'IHHY ~a,nHyca orH6aIOUleii, ocTaBnJ1J1 ero 
B npe,nenax pa,D;Hyca ycxopHTenLHoii Tpy6KH. Ha puc. 1 
npe,ncTaaneHhl H3MeHeHHJI pa,nayca orH6aIOUleii R max B 3aBH­
CHMOCTH OT BenH'IHHhl cpe,n11ero nonJI B cex:u;HH BO npH no­
CTOJIHHOM none Ha xaTo.ne Bk= B b /11acTn11110 3xpaHHpoaa11nLiii 
KaTo,n/, H b = 0, 1 ; q = 0, 1 . TaM )Ke noKa3aHO H3MeHeHHe 
l},aKTopa G B 3aBHCHMOCTH OT nonJI B ceKIJ;HH. BH.u;HO, 'ITO 
pa6011Hii ,D;Hana3oH H3MeHeHHJI l},oxycHpYJOUlero non.H B ceKIJ;HH 
,non)KeH 6LITL B npe,nenax 700-1200 re. 

Ha puc. 2 noxa3a11a 3aBHCHMOCTL pa,nnyca orH6aIOUleii 
OT BenH'IHHLI cpe,D;Hero nonJI B cex:u;HH npH Bk = B o /He -
3KpaHHpoaaHHLiii KaTo,n/ H 3Ha11eHHJ1X b = o, 1; q=O, 1 . H3 
pHCYHKa BH,D;Ho, 'ITO npH G=l /He3xpaHHpoaaHHLiii xaTo.u;/ 
MO)KHO cl},oxycHpoaaTL ,na)Ke 11acTHULI, o6na,naIDUlHe Ha11anL­
HLIMH pa,nHanLHLIMH CKOPOCTJIMH, ecJIH yaenH'IHTL cpe,nHee 
none B cex:o;HH .no 311a11eHHii B 0 ~- 500 re. Pac11eTLinoKasLI­
aa10T, 'ITO ,na)Ke npH CfllleCTBeHHOM yaenH11eHHH nom1 B cex­
UHH nonHOCTLIO H36aBHTLCJI OT nyn&ca:u;Hii pa,nHyca HeB03MO)K­
HO. 

Puc. 3 ,neMOHCTpHpyeT 3KCnepHMeHTanLHO H3MepeHHOe 
"' H3MeHeHHe TOKa ny11xa npH yMeHLWeHHH cpe,n11ero nonH B 

CeKIJ;HH OT 3Ha'leHHJI BO = 1200 re .no Bo= 44 re. 

B.IIUJIHUe z.11y6UHbl MOQY.IIJlijUU a.11e1<111pu11ec1<ozo 
u MaZHU1/lHOZO no.11eii 

Hccne,noaaHHJI noxa3aJIH, 'ITO 11aJIH11He Mo.nynHIJ;HH noneii 
cna6o BnHJleT Ha l},oxycHpOBKy qacTHri, BXO,D;JllllHX a CHCTeMy 
napannenLHO ocH. Mo,nynHpoaaHHe noneii pacxa11HBaeT 11ac­
THULI, o6na,naIOUlHe Ha'lanLHLIMH pa,nHanLHLIMH CKOPOCTJIMH, 
O,D;HaKo npH Bcex 3Ha11eHHJIX b H q,peanH3yeMLIX Ha YCKOpH­
Tene, 3TO He npHBO,D;HT K CKOnLKO-HH6y,nL CfllleCTBeHHLIM 
IlOTep.HM ny11Ka. H TOnLKO npH HCKYCCTBeHHO BBe,neHHLIX, 
aHOManLHO 6onLWHX 3Ha'leHHJIX rny6HHLI Mo,nynHIJ;HH /b>0,6; 
q :::_0, 5 / ny'IOK pacKa'IHBaeTCJI HaCTOnLKO, 'ITO 6onLWaJI 'laCTL 
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Puc. 3. Oc11u.11.1102paMMbl UMnYAbC06 moKa Ha 6blX00e ceKijUU 
npu pa3AU'-IHblX 3Ha'-leHUJIX B O I B k = 600 re/: a/ B O = 
=1200 re. 6/ Bo= 820 re, e/B0=420 re; 2/ B0=44 re. 
a/.6/.,e/ - '-lyecmeumeAbHoc.mb oc11u.11.1102pa¢a 1000 A/oe.11. 
2/. - 200 A/oe.11. 

3 



I 

,fmaz 

lmar I I ~.z' -11~~ I -,!#,Jg' 

+a°.Jo' 
l,J ~ 

( ,;3~ ~1".Jo' l,J 

(2 ~ 
-8'JO' 

I l,2 I- I,~ 

/,I~ &=- D,I (fb j"W {/1 j:q.s 

o" o" o" 1,01 (0 (ti 

0 QI ~J {J,S" (J,7 1/, 
0 qz q,,, O,G f' 0 Ill (lf (Z6' 6' 

& ~Jr J"0/4 

I 
8-f 

&(%)! f(J% _,,/ 10,t 
f~ 

;-811.10' 

-

Jo,% r .t1J »$1 -l"JO 
, 

I coir 9, =t?I Nll j=t/o 
20,;1 

g .. 0,1 /QJr,______ ..ot 
10.21 

O" 

o" 
I I 

" (!2 4f 46' t' " f/l q~ q6' 11 
(J 

41 o,~ O,i" (),7 'I-

I 
Puc. 5. 3aeUCUMOC11lb QMMU111YObl nyAbCQijUUpaouyca 0111 ZAy-

Puc. 4. 3aeUCUMOC1/lb paouyca ozu6a10111eii 0111 ZAY6UHbl Mooy-
I 

6UHbl MOOYA.RijUU MQZHU11IHOZO nOA.R. 

A.RijUU 3Ae1<111pu<1eCKOZO noA.R. 
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qaCTHn, HMelOUVIX Ha"laJILHLle pa,IUlanLHhle CKOPOCTH, nona­
'AaeT Ha CTeHKH Tpy6KH. 

Ha puc. 4 H Snoxa3aHo H3MeHeHHe pa,IV1yca orH6al<Jlleii 

~ Rmax-Rmin 
R H nynLCa:o;HH pa,IVlyca 8 R ----- B 3aBHCHMOCTH 

max Rmax+Rmin 

OT H3MeHeHHJI BenH"IHH b H q 'AnJIBk= 800 I'c,Bo .. 1000 re. 
Pac"leThl IlOKa3hIBalOT, "ITO HanH"IHe. Ha"lanLHLIX p~HaJILHLIX 
cxopocTeii, 06ycnoBnuBa10UV1x yron BneTa qacT~, npe -
BL1ma10UV1H 10°, cy~eCTBeHHO yxy~aeTq>OKYCHPOBKyTaKHX 

qacTun. IIpu 3Ha"leHHJIX dR I 
O 

<O,l q>oxycupyro~aJI cucTe· 
Ma YCKOJ>HTenJI cnoco6Ha cllpali'cnopTHpOBa TL peanLHhle IlY"IKH 
C TOK OM 'AO 10 KA. 

B nenJix npoBepxu 3Ta >Ke 3a'Aa"la pemanacL MeTO'AOM 
KPYilHhIX qacTHn. IIy"IOK MO'AellHPOBallCJI B BMe IlJITMeCJITH 
naMHHapHLIX cnoeB, C O'AHHaKOBhIM 'AenLTOo6pa3HLIM Ha"lanL­
HLIM pacnpe'AeneHHeM. B 3TOM cnyqae Mhl OTKa3anHCL OT 
napaxcuanLHLIX ypaBHeHHH 'ABH>KeHHJI H pemanu "IHCneHHO 
MeTO'AOM PyHre-KyTTa mecTL ypaBHeHHii nepBoro nopJI'AKa. 

¾ 
~() ..__ __ 

q4J..._ _____ ---r------~--~ 
q 6'0 120 Z.(lt/tl) 

Puc. 6. Ko.11e6aHUJI ,pa30BOZO 061>eMa ny11Ka B ceK11uu YCK0· 
pume.11.11. 

12 

,lJ;nJI HeKOTOPLIX ce"leHHH nyqxa paccMaTpHBanHCL q)a30Bhle 
3llnHilChl. BnuJIHHe MO'AYnJinHH 3lleKTpoMarHHTHoro nonJI Ha 
pa'AHanLHyro npoexnuro q>a.3oBoro o6'LeMa noxa3aHo Ha puc. 6. 
Pe3ynLTaThl o6oux MeTO'AOB He npoTHBopeqaT 'APYr'Apyry. 
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