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1 • BBE,LIEH~1E 

B KonneKT~BHOM ycKOP~Tene TRmenwx ~OHOB KYTH-201 1/ npeAnona
raeTCR yCKOPRTb 3neKTpOHHO-~OHHWe KOnb~a C 4~CnOM 3neKTPOHOB 
Ne =1Ql3 B ~HAYK~~OHHOM 3neKTp~4eCKOM none. 3neKTPOMarHMTH~e 
nonR, B036ymAaeMble B yCKOPRIOl!le.::i C~CTeMe KOnb~OM C 6onbWMM sapR
AOM ~ a3~MYTanbHWM TOKOM /lo= 2 KA/, MOryT 3aMeTHO CHM3MTb TeMn 
ero YCKOpeH~R, a np~ B3a~MOAe.::iCTB~~ KOnb~a C noKanbHbiMM HeOAHO
POAHOCTRM~ - BW3BaTb pa3AeneHMe ero KOMnOHeHT. BBMAY HepenR
T~B~CTCKO.::i CKOpOCT~ AB~meH~R KOnb~a /KOHe4HOe 3Ha4eHMe ~7. = 
= 0,2, 4TO cooTBeTcTeyeT 3Hepr~~ ~oHoe -20 M3B/HyKnoH/ 3$$eKTbl 
sana3AWBaH~R, TaK~e, KaK nepexoAHOe Msny4eH~e, eos6ymAeHMe peso
HaTopHbiX MOA Kone6aH~.:1 e ~HAYKTopax, - HecyllleCTBeHHbl. OcHOBHO.::i 
me ~HTepec npeACTaBnReT B3a~MOAe.::iCTBMe KOnb~a C KBa3~CTa~MOHap
HWM~ nonRM~, ~ccneAOBaH~IO KOTOporo ~ nOCBRl!leHa HaCTORl!laR pa6oTa. 

HHAYK~~OHHaR ycKOPRIOIJ4aR ceK~~fl /2/ cxeMaT~4eCKM M3o6pameHa 
Ha P~C. 1. 3neKTPOHHO-~OHHOe KOnb~O, npeABap~TenbHO yCKopeHHOe 
B cnaAaiOl!leM MarH~THOM none, AB~)i(eTCR BHYTP~ A~3neKTP~4C <0.:1 
YCKOP~TenbHO.::i Tpy6K~, npospa4HO.::i AnR C03AaBaeMoro npM nepeMar-

none, YAepmMBa10111ee. 3neKTPOH~ no paAMYCY, C03AaeTCR BCTpoeHHbiMM 
B ~HAYKTOp~ MHOrOB~TKOBWM~ KaTyWKaM~. 

B pa6oTe o6cymAaiOTCR cneAYIOlll~e eonpOCbl: Harpy3Ka MHAYKTOPOB 
3neKTPOHHO-~OHH~M KOnb~OM; noTep~ 3Hepr~M KOnb~a Ha B036Y~AeHMe 

TOKOB B KaTyWKaX BeAYlllero MarHMTHOrO nonR M TOpMO~eHMe KOnb~a 
~HAY~~POBaHH~M~ 3aPRAaM~ np~ ero nepeXOAe ~3 BbiBOAHOro naTpy(j
Ka B YCKOPRIOLIIY~ ceK~~IO, aHanorM4HOe 3$$eKTY 3neKTDOCTaTM4eCKoro 
3an~paH~R 3neKTPOHH~X ny4KOB. 

2. HAfPY3KA HH,LIYKTOPOB YCKOPR~mEn CEKUHH 
3nEKTPOHHO-HOHH~M KOnbUOM 

HHAYKTOP YCKOPRIOII4eH ceK~MM e npocTe.:1weM eapMaHTe /3/ MO~Ho 
npeACTaB~Tb KaK ABOHHYIO paA~anbHYIO n~H~IO, KOPOTK03aMKHYTOe 
nne4o KOTopoa:1 I /p~c.1/ sanonHeHo saMeAnR~e.:1 cpeAOH. PasoMK
HyToe nne40 II B KBa3~CTa~~OHapHOM pemMMe RBnReTCR no CYTM 
sapRmeHH~M nnocK~M KOHAeHcaTopoM, e KpaeeoM none.KoToporo 
~ npOMCXOA~T YCKOpeH~e. ,LinR ynpo111eH~R 3aAa4~ paCCMOTP~M cny-
4aH, KOrAa KaTyWK~ BeAYlllero MarHMTHOrO nonR HaXOARTCR BHYTP~ 
OXBaT~BaiOIJ4ero cepAe4HMK nepBM4HOrO B~TKa, KaK 3TO CAenaHO 
e ycTaHOBKe ETA/4/. 
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PHC .I. HatiaJihHbiH yqaCTOK HH,D;YK~HOHHOH YCKOp.!IIO~eH CHCTeMbi 
KYTH-20. I - coneHoH~ npe~BapHTenhHoro ycKopeHHH; 2 -
KaTYWKH nepexo~Horo yqacTKa; 3 - nepMannoeBhle cep~etiHHKH 
HH,D;yKTOpoB; 4 - BHTKH nepBH'IHOH 06MOTKH cep~etiHHKa; 
5 - KaTYWKH Be~~ero MarHHTHOro nonH, BCTpOeHHbie B HH
~YKTOphl; 6 - MeTanRHtieCKHH BhlBO~HOH naTpy6oK; 7 - ~H3neKT-

KORh~O. 

L __ 
PHc.2. Pacnpe~eneHHe HaBe~eH
Horo TaKa npH nponeTe KOnh~a 
MHMO YCKOpHW~ero sasopa. 

6y~eM C4HTaTb ~anee, 4TO senH411Ha ycKop~~ero 3a3opa ~ Mana 
no cpasHeHH~ c paccTo~HHeM ~o KOnb~a d = b- r0 . B 3TOM cny4ae 
4aCTOTa OTCe4K~ H -sonH w II= rr.c/ ~. vT· I f - ~H3neKTPH4ecKa~ 
nocTo~HHa~ H3on~Topa, pacnono>KeHHoro Me>i<AY coce~·HHMH HH~YKTo
paMH/ cy~ecTseHHo npesocxo~HT xapaKTepHy~ 4aCTOTY non~ Konb~a 
Ha 3a3ope w 0 = vz /d, TaK 4TO B o6nacTH II so36y~aeTc~ TOnbKO 
HH3Wa~ MO~a E -Kone6aHHi1, COOTBeTCTBy~a~ rnaBHO~ /TEM-no~o6HO~/ 

2 

sonHe s pa~HanbHO~ nHHHH. TaKHM o6pa3oM, npo~ecc B036ymAeHH~ 
pa~HanbHO~ nHH~H ~Bn~eTC~ KBa3HCTa~~OHapH~M H MomeT TpaKTOBaTb
C~ Ha ~3~Ke TeOpHH nHHH~ nepe~a4H, cornaCHO KOTOPO~ YCKOP~~~~~ 
3a3op 3KBHBaneHTeH sxo~HOMY HMne~aHcy nHHH~ ZBx. /pHc.2/. HH~y
~HpyeMoe KOnb~OM na~eHHe Hanp~meHH~ Ha 3a3ope paBHO 

Uind = ~x· 1 ind' 
/1/ 

r~e I ind - npoTeKak~H~ no KaHany o6paTHbl~ TOK. B Ka4eCTBe nono
mHTenbHoro HanpaeneHH~ TOKa s~6epeM HanpasneHHe ocH Z. nonH~~ 
3ap~~. HH~Y~HpyeM~~ Konb~OM Ha oKpyma~~eM MeTanne, paseH no 
senH4HHe 11 npoTHBononomeH no 3HaKY 3ap~~Y KOnb~a. B cHny ~<<d 
pacnpe~eneHHe Hase~eHHoro Ha cTeHKH KaHana TOKa Mano oTn~4aeTc~ 
oT pacnpe~eneHH~ B cnnowHo~ Tpy6e, KOTopoe ~MeeT B~~ 

ro 
v Q +oo lo(x D) 

(z t) =- 2-- fcos[~(z- v t)J--- dx. /2/ 
ind ' 17 b 0 b z 10 (x) 

3~ecb 10 - Mo~H~H~HposaHHa~ ~yHK~~~ oeccen~, Q- 3ap~~ KOnb~a. 
PaccMOTPHM cny4a~, Kor~a ~n~Ha pa~~anbHO~ nHHH~ 

f = R- b < d/ f3 z y(, T. e. OTpameHHa~ OT KOH~a m1H~~ BOnHa ycne
BaeT BepHyTbC~ K ee BXO~Y 3a speM~ B3aHMO~e~CTBH~ KOnb~a C ~H
~YKTOPOM. npH 3TOM ~n~ onpe~eneHH~ nO~Ca~KH HanpR~eH~R Heo6xo
~HMO 3HaTb ycnos~~ oTpa~eHH~ npH r= R. O~eHKa csepxy MomeT 
ObiTb nony4eHa B npe~nono>KeH~H, 4TO nHH~~ np11 r = K pa;;~uMKHY 1 a· 
TaKoe npe~nono>KeHHe cooTBeTcTsyeT ~e~cTBHTenbHOCT~, nocKOnbKY 
sonHosoe conpoTHBneHHe nHHHH /npH r = R. ZB = 1 OM/ HaMHoro 
MeHbWe BXO~Horo conpOTHBneHH~ nHTa~ero I'IH~YKTOP ~~~epa H 3a
nonHeHHOrO ~eppoMarHeTHKOM KopoTK03aMKHyToro nne4a I. YpasHe
H~e pacnpOCTpaHeHH~ BOnH~ Hanp~>KeHH~ B pa~~pnbHO~ nHH~H ~MeeT 

B~~ 

.l.L(r .ill!.)- -L .i~.= 0. /31 
r i)r ar c2 at2 

3~ecb C - CKOPOCTb CBeTa. 

npHMeH~~ npeo6pa3oBaHHe nannaca no speMeH~ K ypasHeHH~ /3/ 
H Tpe6y~ paBeHCTBa Hyn~ TOKa B T04Ke r = R, HeTpy~HO Ha~TH CB~3b 
Me~y TOKOM H Hanp~x<eHHeM Ha BXO~e nHHHH 

t 
U. = fR(t-t')l. it)dt', 

/4/ 
10d -oo ID 

R(t) =-
{1. Po+ i"" J0 (kb) Y I (kR) - YO (kb) J I (kR) 

---- ( ePt -------- ---- dp • 
rr Vfbc p0 -i"" J 1 (kb) Y1 (kR)- Y1 ( kb) J 1(kR) 

/5/ 
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3AeCb k = j p ...[E-I c; Jm ~ Ym - 4>YHK1..1~~ EieccenR ~ Hei1MaHa nOPRAKa m; 
PO Bbl6~paeTCR TaK, 4T06bl see nOJlJOCa nOAbiHTerpaJlbHOH ¢lYHK1..1~~ 

neman~ neeee nyT~ ~HTerp~poBaH~R e /51. noM~Mo non10ca p = 0 
nOAbiHTerpaJlbHaR ¢lYHK1..1~R ~MeeT COBOKynHOCTb C~MMeTp~4HO pacno
JlOlKeHHbiX Ha MH~MOH oc~ non10coe kb = U.n (n = 1, 2, ... ), rAe 
,\ =rrn/(a-1) (a=R/b) - KOPH~ ypaBHeH~R 

JI (kb) YI (kR) - YI (kb) JI (kR) = 0. 161 

3T~ noJlJOCa COOTBeTCTBYIOT C06CTBeHHbiM MOAaM K011e6aH~H pa30MKHy
TOH Ha KOHI..IaX paA~aJlbHOH Jl~H~~. np~MeHRR Teop~IO Bb14eTOB, ~3 15/ 
nony4~M: 

2 
JI (An) -I An ct 

~ [--- - 1] cos --~; 
n=I J2(aA ) by-· 

I n c 

171 

rAe C=c(R2 -b2 )/4~ - eMKOCTb paA~anbHOH Jl~H~~. 
8 C11Y4ae MeAJleHHO~ 3aB~C~MOCT~ SXOAHOrO TOKa OT 

(r « d/ f3z v'7)' ~HTerpal1bl OT 6biCTpOOCI..I~J111~PYJlliii~X 4JleHOS MaJlbl 
cocpeAOT04eHHOH ~ HanpRlKeH~e Ha Jl~H~~ TaKoe me, KaK np~ 3aPRAKe 

eMKOCT~ C 3aAaHHbiM TOKOM litld (t): 

!8! 

naKL~M~IbHU~ 3Ha4~H~~ ~HAYLI~POBaHHOro np~ 3TOM HanpRlKeH~R paSHO 
Umax= -QIC. TaK~M o6pa3oM, np~ MaJlbiX CKOPOCTRX KOJlbl..la nOACaAKa 
HanpRlKeH~R pasHa npOCTO OTHOWeH~IO 3apRAa KOJlbl..la K 3apRAY Ha 11~

H~~, C03AaHHOMY CTOPOHH~M ~CT04H~KOM. 8 TaKOM /KSa3~CTaT~4eCKOMI 
pelK~Me S03MOlKHa nonHaR nepeAa4a 3anaceHHOH S JlHHHH 3Hepr~H KOJlb
LIY /npH paseHcTse 3aPRAosl. 

AnR onpeAeneHHR cpeAHero 3Ha4eHHR HanpRlKeHHR, HHAYLI~posaHHo
ro KOJlbi..IOM, HaHAeM pa6oTy, cosepweHHYIO KOJlbi..IOM HaA noJleM np~ 

nponeTe MHMO ycKOPR~ero 3a3opa. 0Ha, o4eSHAHO, pasHa no sen~-
4~He ~ npOTHSOnOJlOlKHa no 3HaKy 3HeprHH ~W, npHo6peTeHHOH KOJlb
l.IOM: 

+"" 
-~W = f[Uo + D;nd (t}]Iind(t)dt = -Wo + Wloss' /9/ 

-oo 

Hcnol1b3YR /4,71, 

2 
JI (~) -I 

~ (-~~-1] X 

n=l J 2(a .A) 
I n 

1 +oo 2 2~ w, =-~-({I. d(t)dt]' + --oss 2C -oo In cb2 
/101 

+"" A.uct +"" A ct 
x[( [ I. d (t) cos-dt) 2 + ( (I. d (t) sin~-dt)2]. 
~ ID v'£b _00 In v'£b 
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CpeAHee 3Ha4eH~e HHAYLIHposaHHoro HanpRlKeHHR onpeAenReTCR 4epe3 
HHTerpal1 noTepb CJleAY~HM o6pa30M: Q'ind =-WiossiQ. noACTaB-
JlRR S /101 SblpalKeHHe o6paTHOro TOKa 121, nony4aeM: 

I 11 I 

B C03AasaeMoi1 HHAYKI..IHOHHOH ycKopR~ei1 ceKI..IHH KYTH-20/I/ Kap
THHa S3aHMOAeHCTSHR KOJlbl..la C HHAYKTOpaMH OKa3biSaeTCR 6onee CJlO)I(
HOH, TaK KaK S 3TOM CJ1y4ae SHTKH nepSH4HbiX 06MOTOK HHAYKTOPOS 
npeACTaSJlRIOT C060H He paAHaJlbHble, a nOJlOCKOSble Jl~HHH H He 3a
KpbiSaiOT cepAe4HHKa nOJlHOCTbiO. 0AHaKO 6yAeM C4~TaTb, 4TO KOJlbi..IO 
HarpylKaeT TOJlbKO nonocKOSble JlHHHH. TorAa, nposOAR Sb14HC11eHHR 
aHanorH4HO npeAbiAY~HM, nony4aeM cneAYJO~ee sblpalKeHHe A11R cpeAHe
ro 3Ha4eHHR ~HAYLIHPOSaHHOrO HanpRmeHHR: 

2 
rr n r0 1[---l 

- 1 1 ":' 0 v'f{R-b)f3z 
Uind=-QI-+--}.:. --------·1· 

2C C n=II2[~2,___.] 
1121 

0 -
yc(R-b) f3z 

t ... /D - ,..,_,,,....,....,..., ................ _.- ~~"~~"~"~'~ """"" llr - ""~"~ 
- uo. '-\'"'"" .............. _..~---·· ........... , 

napaJ1Jlel1bHbiX BHTKOB nepSH4HOH o6MOTKH HHAYKTOpOB, a - WHpHHa 
OAHOro SHTKal. 

nony4~M 4~CJ1eHHYIO Ol..leHKY Uind AJlR napaMeTpos' 6m;3KHX K na
paMeTpaM YCKOPR~ei1 CHCTe~~bl KYTH-20. npH CKOPOCTHX KOJlbl..la snl10Tb 
AO KOHe4HOrO 3Ha4eHHR {Jz = 0, 2 S036YlKAeHHe C06CTSeHHbiX KOJ1e6a
H~H nOJlOCKOSOH JlHHHH Hecy~eCTSeHHO H CpeAHee 3Ha4eH~e HHAY
I..IHPOSaHHOrO HanpRlKeHHR paBHO 

Q 
uind =-·-. 

2C 
1131 

HcnOJ1b3YR 3Ha4eHHR napaMeTpOS HHAYKTOPOS YCKOpRn~eH CHCTeMbl 
KYTH-20: R = 26 CM, b = 9 CM, ~ = 0,8 CM, ( = 4, k = 4 H 8 = 
= 3 '5 CM' nony4aeM H3 I 131: (jind "" 7 '53 KB. npH SeJ1H4HHe pa6o4e
ro HanpRlKeH~R Ha ~HAYKTOpe Uo = 46 KB OTHOCHTeJlbHaR nOACaAKa 
HanpRlKeHHR He npeSOCXOAHT 16%. 

AocTaT04HYIO 3Heproo6ecne4eHHOCTb npo1..1ecca ycKopeHHR noKa3bl
saeT ~ cpasHeHHe nepeAaHHoi1 KOJlbi..IY H ~anaceHHOH 3Hepr~H. 3Hep
rHR, 3anaCeHHaR S nOJlOCKOSbiX JlHH~RX 360 ~HAYKTOpos, npH yKa3aH
HbiX napaMeTpax COCTasnReT ee11H4~Hy w3an~ 38 Am. K~HeTH4eCKaR 
3Hepr~R KOJlbl..la Ha SbiXOAe yCKOpHTeJlR npH 4~CJ1e HOHOS ypaHa 
e KOJlbl.leNi= 3·1oio AOmKHa 6biTbW0TA=23 Am, TOrAa WoTp;IW3an= 
= 60%. 
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0TMeT~M, 4TO An~ 6onee T04HO~ 04eHK~ Uind s peanbHO~ ceK4~~ 
He06XOA~MO Y4~TbiSaTb S036YmAeH~e scex 3neMeHTOS KOHCTPYK4~~ ~H
AYKTOPOS IKaTyweK ~ ~x noASOAosl. An~ 3Toro menaTenbHO 3Kcnep~
MeHTanbHO ~3Mep~Tb sen~4~Hy SXOAHOrO ~MneAaHCa ~HAYKTOPOS CO 
CTOPOHbl KOnb4a. 

3. nOTEPH HA B036YRAEHHE MHOrOBHTKOBUX KATYrnEK 
BEAYmErO MArHHTHOrO nOnR 

BcTpoeHHble s ~HAYKTOPbl lp~c.11 KaTyWK~ seAy~ero MarH~THoro 
non~ HaMaTbiSa~TC~ ~3 10 S~TKOS W~POKO~ MeAHO~ neHTbl/5/. Hx MOmHO 
paccMaTp~saTb KaK LCR -KoHTYPbl, soa6Y>KAeH~e KOTopblx AS~my~~Mc~ 
KOnb40M np~SeAeT K noTepe HeKOTOPO~ AOn~ 3Hepr~~ KOnb4a. 04eH~M 

3T~ noTep~. 

MHorocno~Hy~ KaTyWKY, S036YmAaeMy~ KOnb40M ~3HyTp~, MOmHO 
npeACTaS~Tb KaK S~TOK, Harpy)i(eHHbl~ Ha nonOCKOSY~ n~H~~, o6paao
saHHy~ sHyTpeHHe~ nosepxHocTb~ nocneAy~ero cno~ neHTbl ~ sHew
He~ nosepxHOCTbiO cno~. An~Ha TaKo~ n~H~~ pasHa f = 2rr rk (N - 1), 
rAe N - 4~Cno S~TKOS, fk - cpeAH~~ paA~YC KaTyWK~. nycTb ( -
A~3neKTP~4ecKa~ npoH~4aeMOCTb ~aon~4~~ Me>KAY cno~M~. TorAa spe
M~ pacnpOCTpaHeH~~ C~1rHana OT SXOAa n~H~~ AO ee KOH4a ~ o6paTHO 
paSHO T=2Yy'~lc. np~ Fk = 7,6 CM/5/,N = 10 ~ ( = 4 3TO speM~ 
COCTasn~eT T., 60 HC. 3neKTPOHHOe KOnb40 np~ CKOPOCT~, paSHO~ 
Ha4aJlbHOMy 3Ha4eH~IQ {3 zo"' 0, 066, npO~AeT 3a 3TO speM~ paCCTO~H~e 
~z =r 120 CM .. T .e. yVt_n_PT .n.rlnPk"n u~ nF\n~cT•A ~~~·A~':'~e!~~;~~~~ :: ;::..:::::::;~ 

KaTyWKO~. no3TOMY nOJlOCKOSy~ Jl~H~IO MOmHO C4~TaTb HeorpaH~4eHHO~; 
ee SXOAHOe conpOT~sneH~e paSHO xapaKTep~CT~4eCKOMY ~MneAaHCY 

1141 

rAe 8 - TOJl~~Ha ~30Jl~L~~~ MemAY CJlO~M~ JleHTbl, ~Me~~e~ W~p~Hy h. 
np~ 8 = 0,07 CM, h = 1,7 CM ~ £ = 4 SXOAHOe conpOT~SJleH~e Jl~H~~ 
s npaKT~4ecKo~ c~cTeMe eA~H~4 pasHo p .. 7, 8 OM. 

TaK~M o6paaoM, np~ paccMaTp~saeMbiX cKopocT~x AS~meH~~ KOllb4a 
KaTywKa 3KS~saneHTHa LR -KoHTYPY, rAe L - ~HAYKT~SHOCTb sHyT
peHHero CJlO~ JleHTbl IPaA~YC d2 = 7 CMI. 04eH~M speM~ nepeXOAHbiX 
np04eCCOS S KOHType: 

L y;d h l6d2 
r=- = ~ (ln-~~- 7 /4). 

c2 p c 8 h 
1151 

noACTaSJl~~ S 1151 3Ha4eH~~ napaMeTpos, nony4aeM r = 28 HC. 3TO 
speM~ Ha nop~AOK npeSOCXOA~T speM~ S3a~MOAe~CTS~~ C KOJlb40M, 
TaK 4TO np~ onpeAeneH~~ SeJl~4~Hbl TOKa Ha SHyTpeHHeM S~TKe ero 
MOmHO C4~TaTb KOPOTK03aMKHYTbiM. Ec11~ paCCTO~H~e Me>KAY KaTYWKaM~ 
Mano no cpasHeH~~ c ~x w~p~Ho~, To pacnpeAeneH~e aa~MyTallbHbiX 

6 

·.~ 

TOKOS, ~HAY4~pyeMbiX KOnb40M Ha SHyTpeHH~X nosepXHOCT~X KaTyWeK, 
6n~aKo K pacnpeAeneH~~ s cnnowHoi1 nposoA~~e~ ·Tpy6e Toro >Ke pa
A~yca d2 : 

1161 

rAe j9 - nosepXHOCTHa~ nnOTHOCTb ~HAY4~POSaHHbiX TOKOS. 
OnpeAell~~ noTep~, npeHe6pemeM HeoAHOPOAHOCTbiiJ Jo no w~p~He 

KaTywK~. TorAa nonHbl~ ~HAY4~posaHHbl~ Ha He~ TOK IP (t) = h jo(t), 
a Hanp~meH~e Ha sxoAe s n~H~IO U(t) = p lp (t). An~ 3Hepr~~, oT
AaHHO~ KOnb40M S Jl~H~~, ~MeeM: 

+oo 
W = ( U(t) IP (t)dt. 

-oo 
I 171 

Hcnonbay~ I 161, Ha~AeM noTep~ 3Hepr~~ Ha eA~H~4Y All~Hbl npoi1AeH
Horo Konb40M nyT~: 

r'C 1Lp"tOJtDMdl1 r\.UMIIUMt:::Hid Mdl HJ.1TH0f""O rlOJlR ~H,QY1..4HPOBaHHbiX TOKOB, 

Ae~CTSy~a~ Ha KOnb40, COOTSeTCTSeHHO pasHa 

1181 

1191 

1201 

rpa¢l~K ¢lYHK4~~ F(rold2) npeACTasneH Ha p~c.3. npoSeAeM 4~CJleH
Hy~ 04eHKy. nycTb Io = 2 KA; f3z = 0,066; rold2=0,55. OnpeAell~~ 
no rpa¢lHKY F 10,551 ~ 0,4, Ha~AeM B~'· 0,7 3. 3Ks~saneHTHa~ 
Hanp~meHHOCTb 3JleKTPH4eCKoro noll~ E~'- 210 BlcM. np~ Hanp~meH
HOCT~ YCKOP~~ero 3neKTPH4eCKOro non~ Ezo=l0 KBicM noTep~ Ha 
soa6ymAeHHe KaTyweK s Ha4ane ycKopeH~~ cocTasn~~T -2% ~ no Mepe 
yseJlH4eH~~ CKOPOCT~ KOnb4a naAa~T, KaK v;l 3aMeTHM, 4TO y4eT 
HeOAHOPOAHOCTH pacnpeAelleH~~ HaseAeHHbiX TOKOS no W~p~He KaTYWKH 
npHSOAHT K OTHOC~TenbHOH nonpasKe -(h l5d)2 , Hecy~eCTSeHHOH npH 
sb16paHHbiX 3Ha4eH~~x napaMeTpos lr 0 = 4 cMI. 
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~(~) 
2.0 
1.9 
1.8 
1.7 
1.6 
1.5 
1.4 
1.3 
1.2 
1.1 
1.0 
0.9 
0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 

np~ Man~x CKOPOCTRX AB~~eH~R 
KOnb~a BHyTpeHH~~ noeepXHOCTb 
KaTyWK~ MO~HO C4~TaTb 3KB~noTeH

~~anbHOH, HanpR~eH~e Ha BXOAe 
n~H~~ OA~HaKOBO no W~p~He KaTyW
K~ ~ onpeAenReTCR nonH~M TOKOM: 

+h/2 
IP (t) = ( ie (z, t)dz . 

-h/2 
/21/ 

TorAa ~3 /16/ nony4aeM MaKC~Manb
HY~ Ben~4~HY HanpR~eH~R, HaBOA~

MOro KOnb~OM Ha BXOAe n~H~~; 

2pler0 "" xh 
\UmaJ = --d - r sin(-) X 

17 2 0 2 d2 

/22/ 

AnR np~BeAeHHbiX e~we 3Ha4eH~H 
napaMeTpoe ~3 /22/ nony4aeM 
\Umaxl = 1 , 2 KB. XapaKTepHoe epe

MR AeHCTB~R 3TOrO ~MnynbCa Ha
npR~eH~R 8 Ha4ane YCKOpeH~R 
-lU He. CooTBeTcTey~aR HanpR
~eHHOCTb 3neKTP~4eCKOrO nonR Me~
AY e~TKaM~ KaTywK~ E"' 17 KB/cM. 

4. 3JlEKTPOCTATI14ECKOE TOPMOl!<EHHE KOJlbl..lA 

noM~MO noTepb, o6ycnoeneHH~X B036Y~AeH~eM KBa3~CTa~l-fOHapHbiX 
TOKOB B 3neMeHTaX KOHCTPYK~~~ YCKOPR~eH C~CTeM~, npeACTaBnR~T 
~HTepec 3¢¢eKT~, CBR3aHHble C 3KpaH~POBaH~eM KBa3~CTaT~4eCK~X 
noneH KOnb~a. np~ ycKopeH~~ e cnaAa~~eM MarH~THOM none Konb~o 
3KpaH~poeaHo MeTann~4ecK~M naTpyGKoM paA~yca d1 /p~c. 1/, a 8 ~H
AYK~~OHHOH CeK~~~ - KaTyWKaM~ BeAy~ero MarH~THOrO nonR C paA~y
COM BHYTPeHHeH noeepxHocT~ d 2 > d 1. CKa4Koo6pa3Hoe ~3MeHeH~e 
PaA~yca 3KpaH~posaH~R 3neKTP~4ecKoro ~ MarH~THoro noneH Konb~a 
~ COOTBeTCTBeHHO COCpeAOT04eHHOH 8 H~X 3Hepr~~ np~BOA~T K ~ 3Me
HeH~~ K~HeT~4eCKOH 3Hepr~~ ero aKc~anbHOrO AB~~eH~R, 11 BCTPRCKe11 , 

BcneACTB~e KOTOPOH YCKOpReM~e ~OH~ MoryT 6~Tb noTePRH~. 
BbiWe OTMe4anocb, 4TO KaTyWK~ BeAy~ero MarH~THoro nonR npaK

T~4ecK~ nonHOCTb~ 3KpaH~py~T KaK 3neKTP~4eCKOe, TaK ~ MarH~T

HOe none KOnb~a, n03TOMY paCCMOTP~M nepeXOA KOnb~a ~3 OAHOH 
cnnowHOH npoBOAR~eH Tpy6~ paA~yca d 1 B APYrY~, paA~yca d2 . 
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np~ HepenRT~B~CTCKOH CKOPOCT~ AB~~eH~R KOnb~a KaK ~enoro 
nepeXOAHbiM ~3ny4eH~eM MO>~HO npeHe6pe4b ~ C4~TaTb, 4TO 8 Ka~biH 
MOMeHT epeMeH~ none KOnb~a ~MeeT cTa~~oHapHoe pacnpeAeneH~e, 
COOTBeTCTBY~~ee ero MrHOBeHHOMy nonm;<eH~~. TorAa ¢YHK~~R Jlar
paH~a ~MeeT B~A 

~=~o -·1..fp¢dV+....LfjeAedV, 
2 v 2c v /23/ 

rAe ~o- ¢YHK~~R JlarpaH~a Konb~a eo BHewHeM none; ie ~ p -
nnoTHOCTb a3~MyTanbHOrO TOKa ~ 3aPRAa B KOnb~e, Ae - KOMnOHeHTa 
eeKTOpHoro noTeH~~ana co6cTeeHHoro MarH~THoro nonR KOnb~a, ¢
ero cKanRpH~H noTeH~~an. MHo~~Tenb 1/2 nepeA ~HTerpanaM~ e /23/ 
CBR3aH C TeM, 4TO B3a~MOAeHCTB~e Ka~OH nap~ 3aPRAOB np~ ~HTer
p~posaH~~ Y4~TbiBaeTCR ABa~bl /6/, 11HTepecyRCb AB~>KeH~eM TOHKOrO 
KOnb~a KaK ~enoro I a/r0 << 1, rAe a - paA~YC nonepe4Horo ce4e
H~R/, narpaH~~aH /23/ Mo~Ho 3an~caTb e B~Ae 

Q2 LI~ 
~ = ~0 -·-·+ -·· 2C 2c2 

/24/ 

rAe Q ~ Ie - nonHbiH 3aPRA ~ a3~MyTanbHbiH TOK e KOnb~e. L ~ C -
~HAYKT~BHOCTb ~ eMKOCTb 3KpaH~poeaHHOro Tpy6oH npOBOAH~Ka COOT
BeTCTBY~~eH ¢opM~, RBnR~~~eCR RBHOH ¢YHK~~eH ero KOOPA~HaT. 

v ............................. n ..................... .............................................................. ~ ............................. .... 
., ,... ............... ·~·- JO ..... ................ M"''ll I 't"'-M'-'"'' .... ·-· ..... ,... .................... ,, ........ _""' ... 

POAHOM BHeWHeM MarH~THOM none np~BOA~TCR K B~AY 

d aueff 
"(it Pz =--a;- • /25/ 

rAe Pz = aJ!.ofavz - aKC~anbHbiH ~MnynbC KOnb~a, a Ueff = ~0- ~ 
a¢¢eKT~BHaR noTeH~~anbHaR 3Hepr~R AnR aKc~anbHoro AB~~eH~R Konb
~a, KOTOpaR B nepec4eTe Ha OA~H 3neKTPOH pasHa: 

e2Ne (l-f) 2 
2 L(z) 

ueff (z) = --[ . - f3e ~1. 
2 C(z) (2rrro)2 

/26/ 

rAe Ne- 4~cno 3neKTPOHOB B KOnb~e, f - ¢aKTOp 3aPRAOBOH HeHT
pan~3a~~~. f3e - CKOpOCTb epa~aTenbHOro AB~~eH~R 3neKTpOHOB, 
OTHeCeHHaR K CKOPOCT~ CBeTa, e - 3aPRA 3neKTPOHa. 

Pa3n~4~e B 3HaKe Me>~Y 3aPRAOB~M ~ TOKOB~M cnaraeM~M~ 8 3$
~eKT~BHOH noTeH~~anbHOH 3Hepr~~ /26/ OTpa~aeT TOT ¢aKT, 4TO 
HaBeAeHH~e a3~MyTanbH~e TOK~ KOMneHc~py~T AeHCTB~e ~HAY~~poeaH

H~X 3aPRAOB Ha aKc~anbHOe AB~~eH~e KOnb~a. 3Hepr~R 3neKTPOMar
H~THoro nonR KOnb~a RBnReTCR, OAHaKo, CYMMOH 3T~X cnaraeM~X 
~ ~3MeHReTCR 3Ha4~TenbHO c~nbHee, 4eM 3¢¢eKT~BHaR 3Hepr~R /26/. 
HeTPYAHO yueA~TbCR, 4TO ~3MeHeH~e 3Hepr~~ nonR KOnb~a B OCHOB
HOM noKp~saeTcR 3a c4eT 3Hepr~~ epa~aTenbHoro AB~~eH~R 3neKT-
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CcM 

6 
5 
4 

----13 
dcM 

5 7 9 11 13 15 17 19 

PHc.4. 3aBHCHMOCTH eMKOCTH KOnb
~a C H HHp,yKTHBHOCTH L oT pa
p;Hyca 3KpaHHPYJO~eil: Tpy6bi d, pac
C'IHTaHHbie npH r O = 4 CM H a 
= 0,2 CM. 

POHOB, KOTOpaH Hp;eT /a paBH~X 4aCTHX/ Ha ysenH4eHHe 3HeprHH 
MarHHTHoro nonH H nononHeHHe 3HeprHH npop;onbHoro ABHmeHHH KOnb
~a, 3aTpa4eHHOH Ha ysenH4eHHe 3HeprHH ero 3neKTPH4ecKoro nonR. 

HHAYKTHBHOCTb H eMKOCTb TOHKOrO KOnb~a, 3KpaHHposaHHOro 
TpyfiOH pap;Hyca d, p;a~TCH B~pa*eHHHMH: 

/27/ 

/28/ 

3p;ecb lm (x) H Km(x) - MOAHQJH~HposaHHaH Q>yHK~HH 6eccenR H Q>yHK~HR 
MaKp;oHanbp;a nopHp;Ka m. 3aBHCHMOCTH C(d) "' L(d), pacc4HTaHHbte 
no Q>opMynaM /27,28/ p;nR Konb~a c r 0 = 4 eM H a = 0,2 eM, noKa-
3aHbt Ha PHC. 4 . 

KHHeTH4ecKaH 3HeprHR KOnb~a, npHXOAH~aHcR Ha op;HH 3neKTPOH, 
pasHa 

me >i (1 + ~c 2 {3,_2 

w = -~-.----,. KHH 2 /29/ 

3p;ecb Y~ - penHTHBHCTCKHH Q>aKTop spa~aTenbHoro ABHmeHHR 3neKT-
POHOB 8 KOnb~e. (- Q>aKTOP 3arpy3KH. O~eHHM AU rr/W C4HTan 

e KHH • "• 
4TO KOnb~o BbtneTaeT H3 MeTannH4ecKoro naTpy6Ka pap;Hyca d 1 
= 5 CM, a pap;Hyc BTOPOH Tpy6~ d2 = 7 CM. Torp;a p;nH npoeKTHpye
M~x napaMeTpos KYH1-20/I,5/ N .. = 1013; r

0 
= 4 eM; a= 0,2 eM; 

~ = 47,5; .!~ = 31,25; f = 0,1 H ~z = 0,066 H3 Q>opMyn /26-29/ 
nony4aeM OOerr/WKHH • 10-

2
• npH 3TOM HanpHl'<eHHOCTb 3QJQJeKHIBHOrO 

TOPM03R~ero 3neKTPH4ecKoro nonH o~eHHM KaK Eret =AU /e(d -r ) 
0Tc~p;a nony4aeM E~'H• 5, 4 KB/ eM, 4TO Me~bwe n;~~enbH"rtr p;onffc TH~;H 
HanpHmeHHOCTH 3neKTPH4ecKoro nonR a -2,6 pa3a. 
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ManocTb noTepb 3HeprHH Ha nepexop;Hoe H3ny4eHHe npop;eMoHcT

pHpyeM Ha npHMepe, Korp;a d 2 » d 1 = d. B pa6oTe /7 I nony4eHa cne
AY~~aH o~eHKa p;nH nonH~x noTepb 3HeprHH T04e4Horo 3aPHAa Q, 
s~neTa~ero H3 KpyrnoH Tpy6~ pap;Hyca d: 

/30/ 

nop;CTaBnHH 8 /30/ ~z = 0,066; d = 5 CM H Q, COOTBeTCTBYIOillee 
N .. = 10 13, nony4aeM AVJ/WKHlt" 7.10-3, a TO speMR KaK yMeHbWeHHe 
3HeprHH npop;onbHOrO ABH~eHHR KOnb~a 3a C4eT CTaTH4eCKHX 3Q>QleK
TOB npH Tex me napaMeTpax no4TH Ha nopH,o;oK s~we: AWcT/~HH • 
.. 5, 2. 1 o-2 • 

5. 3AKJ1104EHHE 

CQ>opMynHpyeM KpaTKO ocHoBH~e pe3ynbTaT~ pa6oT~. 
3HepreTH4eCKHe nOTepH 3neKTpOHHQ-HOHHOrO KOnb~a,ABHmy~eroCR 

C HepenRTHBHCTCKOH CKOPOCTb~ 8 HHAYK~HOHHOH YCKOPRIOilleH CHCTeMe 
KYTH-20, onpep;enR~TCR 8 ocHosHoM KBa3HCTa~HoHapH~MH 3QJQ>eKTaMH. 

Harpy3Ka HHAYKTOPOB MOl'<eT TpaKTOBaTbCR KaK pa3pRp;Ka nHHHH, 
o6pa30BaHHbiX nepBH4HbiMH BHTKaMH COCep;HHX HHAYKTOpOB, o6paTH~M 

TOKOM, HaBOAHM~M ABHmy~HMCR KOnb~OM. 8 HHAYK~HOHHOH YCKOPRIOilleH 
CHCTeMe KYTH-20 cpep;Hee 3Ha4eHHe nop;cap;KH YCKOPRIOillero HanpRme
HHR /p;o ~z= 0,2/ COCTaBnReT BenH4HHY -1o~. 

npH B3aHMOp;eHCTBHH C AOCTaT04HO 6~CTPO ABHmy~HMCR 3neKTpOHHo
HOHH~M KOnb~OM MHOrocnOHHble KaTYWKH Bep;y~ero MarHHTHOrO nonR 
sep;yT ce6R, KaK CHCTeMa HHAYKTHBHO CBR3aHH~X LR -KOHTypos, 
noTepH Ha B036ymp;eHHe KOTOp~X yMeHbWa~TCR o6paTHO nponop~HOHanb
HO cKopocTH KOnb~a. AnR KaTyweK c s~6paHHbtMH a KYHI-20 napaMeT
paMH CHna TOpMomeHHR COCTaBnReT 8 Ha4ane YCKOpeHHR BenH4HHy -2% 
OT YCKOPR~~eH CHn~. HMnynbC HemBHTKOBOrO HanpR>:<eHHR, HaBOAHMOrO 
KOnb~OM 8 KaTyWKaX, HMeeT xapaKTepHy~ p;nHTenbHOCTb -10 HC HaM
nnHTYAY -1,2 KB, 4TO HaKnap;~saeT onpep;eneHH~e Tpe6osaHHR Ha Ma
TepHan H30nR~HH BHTKOB. 

CKa4Koo6pa3HOe H3MeHeHHe pap;Hyca 3KPaHHposaHHR 3neKTPH4ecKo
ro H MarHHTHOrO noneH KOnb~a npH ero p;BHmeHHH H3 B~BOAHOrO na
Tpy6Ka 8 HHAYK~HOHHY~ YCKOPR~~y~ CeK~H~ npHBOAHT K HeKOTOPOMY 
3aMep;neHH~ KOnb~a. 6narop;apR KOMneHCHPYIOilleMy p;eHCTBH~ HHAY~Hpo
BaHHbiX KOnb~OM a3HMyTanbH~X TOKOB yMeHbWeHHe ero npop;OnbHOH KH
HeTH4eCKOH 3HeprHH COCTaBnReT BenH4HHY Bcero -1%. npH 3TOM pa3-
p;eneHHR KOMnOHeHT He npOHCXOAHT, TaK KaK 3Q>Q>eKTHBHaR TOPM03R~aR 
cHna, p;eHCTBY~~aR Ha KOnb~o, a -2,6 pa3a MeHbwe npep;enbHO p;o
nycTHMoro 3Ha4eHHR. 

TaKHM o6pa3oM, HecMoTpR Ha 6onbWOH 3aPRA (Q = 1013e) "' a3H
MyTanbH~H TOK I 2 KA/ 3neKTPOHHo-HOHHoro Konb~a a KYTH-20,snHR
HHe ero co6cTBeHH~x noneH Ha npo~ecc ycKopeHHH He RBnReTCR 3Ha-

II 



~I-1TeJlbHbiM H MO>KeT 6b1Tb CKOMneHCHpOBaHO COOTBeTCTBYIOIIIHM yeeJlH4eHH
eM Hanp~>KeHHOCTH YCKOP~10111ero 3JleKTPH4eCKOrO non~. 
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AneKcaxHH ~.H., Ka3a4a B.H. P9-83-752 
BnHAHHe Co6CTBeHHWX noneH Ha YCKOpeHHe 3neKTpOHHO-HOHHOrO KOnb~a 
e HHAYK~HOHHOH cHcTeMe KYTH-20 

B pa6oTe paCCMaTpHBa~TCA cneAY~He eonpocw: Harpy3Ka HHAYKTOpOB B HH
AYK~HOHHOH ycKopA~eH cHcTeMe KYTH-20 3neKTpoHHO-HOHHWM KOnb~OM; noTepH 
3HeprHH KOnb~a Ha B036y*AeHHe TOKOB B KaTYWKaX BeA~ero MarHHTHOrO nOnA 
H TOpMO*eHHe KOnb~a HHAY~HpOBaHHWMH 3aPAAaMH npH ero nepeXOAe H3 BWBOAHOro 
naTpy6Ka B HHAYK~HOHHY~ YCKOPA~Y~ CHCTeMy, aHanorH4HOe 3~eKTY 3neKTpo
CTaTH4eCKOrO 3anHpaHHA 3neKTpOHHWX ny4KOB. noKa3aHO, 4TO Harpy3Ka HHAYKTOPOB 
MO*eT TpaKTOBaTbCA KaK pa3PAA nHHHH, o6pa30BaHHWX nepBH4HWMH BHTKaMH COCeA
HHX HHAYKTOPOB, o6paTHWM TOKOM, HaBOAHMWM ABH*Y~HMCA KOnb~OM. CpeAHee 3Ha-
4eHHe noAcaAKH ycKOPA~ero HanpA*eHHA AnA napaMeTpoe KYTH-20 cocTaBnAeT 
BenH4HHy -16%. CHna TOPMO*eHHA, CBA3aHHaA C nOTepAMH 3HeprHH KOnb~a Ha 
B036y*AeHHe KaTyweK BeAy~ero MarHHTHoro nonA, cocTaBnAeT e Ha4ane ycKopeHHA 
eenH4HHY -2% OT YCKOPA~eH CHnW H yMeHbWaeTCA o6paTHO nponop~HOHanbHO ero 
CKOPOCTH. 3~eKTHBHaA TOpM03A~aA CHna, B03HHKa~aA npH ABH*eHHH KOnb~a H3 
BWBOAHOrO naTpy6Ka B YCKOpA~y~ CHCTeMy, HMeeT 3Ha4eHHe B -2,6 pa3a MeHbWe 
npeAenbHO AOnYCTHMOrO H He npHBOAHT K pa3AeneHH~ KOMnOHeHT. 

Alexahin Yu.l ., Kazacha V.l. P9-83-752 
The Effect of Self-Field on the Acceleration of Electron-ion Ring 
in the KUTI-20 Induction System 

The loading of inductors in the KUTI-20 induction accelerating system 
by the elect ron-ion ring; the energy losses of the ring due to the excite
ment of the currents in the guiding magnetic field coils and retardation of 
the ring by image charges during its transition from the roll-out duct into 
the induction accelerating system, that is analogous to electrostatic stop
ping of electron beams are discussed. It is shown that the loading of induc
tors can be interpreted as discharge of the 1 ines formed by primary win-
dings of the adjacent inductors by return current induced by a moving 
ring. The mean value of the accelerating voltage decrease for KUTI-20 para
meters is equal to -16%. In the beginning of the acceleration the retarding 
force, caused by the ring energy losses on the excitement of the guiding 
magnetic fi.eld coils is approximately 2% from the accelerating force and 
decreases inversely proportional to the ring velocity. The efficient re
tarding force arising when ring moves from the roll-out duct into the acce
lerating system is 2.6 times smaller than its top permissible value and does 
not lead to separation of the ring components. 

The investigation has been performed at the De partment of New Accele
ration Methods, JINR. 
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