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np~ MHOroKpaTHOM ~CnOnb30BaH~~ 3neKTPOHHOe KOnb~O B Te4eH~e 
An~TenbHoro speMe~~ AB~~eTcH s MarH~THOM none 11( Bo3H~Ka~~ee 
np~ 3TOM C~HXPOTPOHHOe ~3ny4eH~e ynbTpapenHT~B~CTCK~X 3neKTPOHOB 
MO~eT 3aMeTHO Bn~HTb Ha napaMeTpbl KOnb~a. B ~~Kn~4eCK~X YCKOp~
TenHX noTep~ Ha ~3ny4eH~e KOMneHC~py~TCH C nOMO~b~ 3neKTpOMar
H~TH~X none~ 121 . PaccMOTP~M asTo¢a3~poBKY np~ KOMneHca~~~ noTepb 
Ha c~HxpoTpoHHoe ~3ny4eH~e Konb~a. C~HxpoTpOHHoe ~3ny4eH~e 3neKT
poHos Konb~a np~s·oA~T K yMeHbWeH~~ nonHo~ 3Hepr~~, o6o6~eHHoro 
a3~MyTanbHoro HMnynbca ~, cneAoBaTenbHo, aMnn~TYAbl npoAOnbHbiX 
Kone6aH~~ 3neKTpOHOB, no3TOMY np~ MHoroKpaTHOM ~cnonb30BaH~~ 
KOnb~a Heo6XOA~MO np~MeHHTb ABa pe30HaTopa: B OAHOM ~3 pe30HaTo
pos C03AaeTcH a3~MYTanbHoe 3neKTP~4eCKoe none Eo , o6ecne4~Ba~
~ee coxpaHeH~e o6o6~eHHoro ~Mnynbca, s APYroM - npoAonbHOe none 
E z, o6ecne4~Ba~l.!1ee coxpaHeH~e aMnn~TYAbl npoAonbHbiX Kone6aH~~. 

npeAnono~~M, KaK B pa6oTe Ill, 4TO KOnb~O COBepwaeT KOne6aH~H 
B cna6oHeoAHOPOAHOM MarH~THOM none B z = B 0 f(z) , KOTopoe ~MeeT 
M~H~MYM B T04Ke z =0, rAe pacnonara~TCH pe3oHaTop~. MarH~THoe 

none ~3MeHHeTcH no 3aKoHy: f= 1- ~ np~ z < 0, f = 1 +_!._ np~ z > 0. 
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nono~H~~ cny4a~ COOTBeTCTByeT nosopoTy C~CTeM~ KOOPA~HaT Ha 180°. 
AnH cna6oHeOAHOPOAHoro MarH~THoro nonH nony4eH~ cneAY~~~e np~6n~
~eHHble pe3ynbTaTbl /3/: a3~MyTanbHaH CKOpOCTb 3neKTpoHa W nponop
~~OHanbHa V~ np~ n~He~HOM ~3MeHeH~~ MarH~THOrO nonH 3neKTpOH 
AB~~eTCH B npOAOnbHOM HanpasneH~~ C noCTOHHH~M YCKopeH~eM. 

Ha 3neKTpOH, KPOMe C~n~ CO CTOPOH~ MarH~THOrO nonH, KaK Man~e 
soaMyu~eH~H, Ae~cTsy~T paA~a~~OHHaH c~na ~ 3neKTP~4ecK~e nonH 
pe3oHaTopos. AonycT~M, 4TO 3neKTP~4ecK~e nonH pe3oHaTopos ~3Me
HH~TCI1 CO BpeMeHeM no OA~HaKOBOMY 3aKOHy: cos(wt + ¢) ~ C~H¢a3HO, 

AnH npoAonbHoro AB~)XeH~H 3neKTpoHa s pe3oHaTopax: 

y 
e 
-- (uE z + wE0 ) , mc 2 

(yu) = .!. E 
m z 

rAe myc 2- nonHaH 3Hepr~H, U - npOAOnbHaH CKOPOCTb 3neKTPOHa, 
~3 C~CTeM~ ypaBHeH~~ /1/ cneAyeT, 4TO 

u e [ 2 2 - U-{3 )uE -{3 wEll], 
myu z v 
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/2/ 

I 



..................... --------------------------------
KaK BHAHO, H3MeHeHHe npogOnbHOH CKOPOCTH, B~3BaHHOe geHCTBHeM 

peaoHaropoe, nponoP4HOHanbHO y-1. PaccMorpeHHe npogonbHoro geH
~eHH~ noKa3~BaeT, 4TO geHCTBHe pagHa4HOHHOH CHn~, HanpaeneHHOH 
npoTHB ynbTpapen~THBHCTCKOrO ABHmeHH~ /21, B y 2 pa3 MeHbWe geHCT
BH~ pe30HaTopoB. no3TOMY BKnagoM pagHa4HOHHOH CHn~ B npogonbHOe 
ABH~eHHe 3neKrpoHa MOmHo npeHe6pe4b. YpaeHeHHe npogonbHoro ABH
~eHH~ 3neKTPOHa SHe peaoHaTOPOB HMeeT BHA: U"' g npH Z < 0, U =-g 1 
npH z>O, rAe g,g 1 - nocro~HH~e. 

npHMeM MOMeHT epeMeHH, B KOTOP~H KOnb40, ABHra~Cb cnpaea Ha
neeo, BbiXOAHT H3 peaoHaropoe, aa Ha4ano n + 1 -ro nepHoAa npoAOnb
Horo Kone6aHH~ KOnb4a. nonHy~ 3HeprH~, npOAOnbHY~ CKOPOCTb 3neKT
poHa H ~aay Hanp~meHH~ e 3TOT MoMeHT epeMeHH o6oaHa4HM cooreer
creeHHo: Yn , -u n , cPn. OrMeTHM, 4To, ce~3b1Ba~ ~aay cPn c Hanpae
neHHeM ABH~eHH~ Konb4a 4epea peaoHarop~ /cnpaea Haneeo/, M~ ebi-
6HpaeM HanpaeneHHe BO BCeH CHCTeMe, HaHAeM H3MeHeHHe 3HeprHH, 
CKOPOCTH H ~a3bl 3a nepHOA Kone6aHH~ KOnb4a, npH nepBOM npoXO~Ae
HHH peaoHaTOPOB cneea Hanpaeo 3HeprH~ H3MeHHTC~ Ha eenH4HHY 

~Y+ = - 6-(W
0

+ V
0

)cos¢1'npH eropoM /e nporHeonono~HoM Hanpaene-
mc2 

HHH/ - Ha ~Y = _e_(W
0

- v
0

)cos¢ , rge w
0

, v0 - aMnnHTYA~ Hanp~~e-
- mc2 2 

HH~ a3HMyranbHoro H npoAOnbHoro noneH peaoHaropoe, ¢ 1 , ¢ 2 -
COOTBeTCTBY~UlHe ~a3~. npH BbiBOAe y4TeHO, 4TO fEowdt = W0 cosc/J, 
(Ezu~ =~COSc/J/HHTerpHpOBaHMe npOBOAMTC~ no epeMeHM npOXO~AeHM~ 

peaoHaropoe/. HaMeHeHMe 3HaKa npH V0 e e~pameHM~x gn~ ~Y± ce~
aaHo C H3MeHeHHeM HanpaeneHH~ nDOAOnbHOH CKOPOCTM npH BTOPOM 
npoXO)I(AeHHM peaoHaropoe. BenM4MHbl eW 0 , eV 0 6ygeM c4HTaTb nono-

mHTenbH~MH. 

An~ e~4McneHM~ norepb Ha Many4eHMe eocnonbayeMc~ e~pa~eHMeM 
gn~ pagMa4MOHHOH cMnbl /21. B cna6oHeogHopogHOM MarHMTHOM none 
pagMa4MOHHa~ CMna nponOP4MOHanbHa y 2w2B2, A3MMyTanbHa~ CKO-z 

112 - 2 u pocTb w =c(b -y-2) ..,jf,rge b =1-tl ,tl =..E-. .TaK KaK npegnona-n n n n n c 
raerc~,4TO npogonbHa~ 3HeorH~ MHoro MeHbwe nonHoH,TO npM Bbi4Mcne
HMM norepb Ha Many4eHMe eenM4MHOH y - 2 6ygeM npeHe6peraTb no 

n 
cpaeHeHM~ c bn. MQUlHOCTb norepb Ha H3ny4eHMe: 

2 e4B~ 
v=----. 

3 m3c5 

HaHeHeHMe nonHoH 3HeprHM, Bb13BaHHoe Hany4eHMeM, nponop4MOHanbHO 
T 3 

HHTerpany J = ( f (z)dt., rAe T- nepMOA npOAOnbHOrO Kone6aHM~ KOnb-
0 

4a. C noMOUlb~ ypaeHeHM~ ABMmeHH~ 3neKrpoHa sHe peaoHaropoe c y4e-

C 2(bn - Y-n2) c 2(b -2. n -y n -, 
HaHAeM aaBHCHMOCTb TOM Bblpa~eHHH g 

OT epeMeHH Z H B~4MCnHM MHTerpan /1/: 

2 

4(h + h 1) 2 
J = --tl .F(tl ), 

b 4 n n 
c n 

3 2 x3 

F (x) = l - x + - x - -5 7 

HaMeHeHMe 
HaXOAMTCR 
earenbHbiX 

npogonbHOH CKOpOCTM, B~3B3HHOe AeHCTBMeM pe30HaTopoB, 
B pc3yJlbTaTe peweHM~ ypasHeHMR /2/ MeTOAOM nocneAo
npM6JlMMeHMH. B nepsoM npM6nM~eHMM nony4MM: 

/3/ 

nocne nepsoro npoxo~AeHMR peaoHaropos npoAOJlbHaR cKopocTb 3neKr
poHa pasHa senM4MHe un +~U+,a nocne sroporo npoxomgeHMR - senH4M
He - (u n + ~u+) + ~U-, ir13MeHeHMe CKOpOCTM 3a nepMOA Kone6aHM~ KOJ1b-
4a pasHa ~u _ -~u+ . TaK KaK 3JleKrpoH ABM>'<eTCR sHe pe3oHaropa 

c nocTO~HHbiM yCKOpCHMeM,TO speM~ ABMmeHMR cnesa OT pe30HaTOPOB 
2un 2(nn+ ~u+) pasHa --, cnpaea - . ~13MeHeHHe ~a3bl 3a nepMOA pasHa 
g gl 

u u + ~u 2w (~ +.-E.--+). Bb14HCJ1HB raKMM o6pa3oM M3MeHeHMe 3HeprMH, cKopo-
g g 1 

cTM M ~a3bl 3a nepMOA Kone6aHM~ Konb4a, HaMAeM cneAYKJllll-1e 1-'e~<nr 

peHTHble COOTHOWeHHR: 

/4/ 

2 

{3 (~ -{3 ) =v b a -v {3 a , 
Yn n ,._,n+l n 2 n - 1 n + 

/5/ 

4tv{3 h (1 - q) 2 ~-~- l _;...JL.n....:::Or(b -y-2)-1 + (v b -v1 {3 )co"'~-' 1 , 
t n n b ~2 2 n n n 

c Yn n,._,n 

/6/ 

rge 
ew0 eVo , 112 --- a± = cos¢ 1n ± cos¢2n, 

mc2 - mc2' 

4tv/3nho h h = 2vho' q =..!L 
cb 2n = cb n + ----' h 0 = + 1 ' 11

0 cbn c ho 

Y4eT nDOAOJlbHOi1 cocrasn~IOlllei1 paAHa4MOHHOi1 CMJlbl npHeen 6~ K no~s
neHMIO B npaeoi1 4aCTM ypasHeHHR /5/ 4JleHa nop~AKa V, KOTOP~H 
8 y2 pa3 MeHbWe 4J1eHoB, coAepmal!IMX v1 H v2 • PasHoeecHoe ABM
~eHMe coorsercrsyer cneAY~llleMy peweHHIO cHcreM~ peKyppeHTHbiX coor-
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HoweH!-1~: Yn = y, f3n = f3 1-1 ¢n= 2rrn+¢5, np!-14eM y, f3, ¢ 8 - nocTOflH
H~e. npi-1 paBHOBeCHOM ABi-'l~eHI-11-1 3Hepri-1fl 1-1 CKOPOCTb 3neKTpOHOB 
B KOH~e Ka~Aoro nepi-10Aa Kone6aHI-1fl KOnb~a nOAAeP~I-1Ba~TCfl Hei-13MeH
H~MI-1, CooTHoweHi-'lfl /4/, /5/ onpeAenfl~T 3aBI-1CI-1MocTb aMnni-'ITYA Ha
npfl~eHI-1~ OT napaMeTpOB paBHOBeCHOrO ABI-1~eHI-1fl: 

171 

b = 1 - {32 , b + = co~ ± cos¢ , t/J = ¢ + o , o = 2rrq, F = F ({32 ), 
- 8 s 

a COOTHOWeHI-1e /6/ - 4aCTOTY 3neKTpi-14eCKOro nonfl pe30HaTOPOB, 

TaK ·KaK Beni-141-1Hbl b± nono~I-1TenbH~ 1 (v1 > 0, v2> 0), a q < 2 , To paBHo-

BecHafl $a3a orpaHI-14eHa cneAY~~e~ o6nacTb~ 3Ha4eHI-1~: 

317 
- - qrr < ¢ < 2rr - qrr • /8/ 
2 s 

Cny4a~ q = ! /ci-1MMeTpi-14Hoe MarHI-1THoe none/ cneAyeT I-1CKn~41-1Tb 
1-13 paCCMOTpeHI-1fl, T, K, npi-1 3TOM 0 = rr b + = 0, T, e, pe3oHaTop 
C a3!-1MyTanbH~M noneM AaeT CYMMapH~~ HyneBO~ 3$QeKT 1-1 He KOMneH
Ci-1pyeT noTepi-1 o6o6~eHHoro I-1Mnynbca. C T04KI-1 3peHI-1fl MHoroKpaTHoro 
'"rnr"\nL-~,....n-..tJt.on ,_,,.....,.,, ''""' /1/ """,..,....,.. ,..,.,,,,,...,,~ ,,,..... ,...,.....,.....,..,.. ..... ...,,...,....,..,....,.. ,,,,..,..,.....,....,....,...,... 

ni-1Heapi-13Yfl Ci-'ICTeMy peKyppeHTH~X COOTHOWeHI-1~, Ha~AeM, 4TO Ci-'ICTe
Ma ypaBHeH!-1~ Anfl Man~x OTKnOHeHI-1~ OT paBHOBeCH~X 3Ha4eH!-1~: 

Y~ =yn -y, f3~ =f3n- f3, ¢~=¢n-2rrn-¢8 ,1-1MeeT Bi-'IA: 

f3~- f3~+ 1= b2f3~ + ba ¢~ • /9/ 

¢;+1-¢~ = d-cly~ + c2 {3~- ca¢~], 

4u.lh 
rAe r=?· a K03$<!>1-1~1-1eHT~a 1, a

2
, a3 , b 2 , b3 , c 1 , c 2 , c 3 

3aBI-1CflT OT pa BHOBeCHbiX 3Ha.;eHI-1~, npeAnOnO~i-'IM, 4TO y ~ , {3 'n, ¢ ~ 
nponop~i-'IOHanbH~ Beni-141-1He A . np1-1paBHflB Hyn~ onpeAen!-1Tenb, nony-
4eHH~~ C nOMO~b~ Ci-'ICTeMbl ypaBHeHI-1~ /9/, Ha~AeM Anfl onpeAeneH!-1flA 
KY6!-14ecKoe ypaBHeHI-1e: 

B ypaBHeHI-11-1 /10/ OCTaBneHbl Beni-141-1H~ nOPflAKa v
0

y. npi-1BeAeM B~
pa~eHi-'lfl Anfl K03~1-1~1-1eHTOB ypaBHeHI-1fl /10/, KOTOpble noTpe6y~TCfl 

4 

2 4v0 yf3 F 
sino, c 2 

/11/ 

4v0 y{3 2 F 
(1 - q) sint/J cos¢ , 

db 3 s 

rAe d = cos2t/l- cos2¢
8

>0. llepBbl~ KopeHb ypaBHeHI-1fl /10/ A=1 He np!-1-
BOAi-'IT K HeycT0~41-1BOCTI-1, ABa APYri-1X KOPHfl onpeAenfl~TCfl KBaApaT
H~M ypaBHeHI-1eM. TaK KaK OA1-1H 1-13 Be~eCTBeHH~X KOpHe~ KBaApaTHOro 
ypaBHeHi-'lfl 6onbWe eAi-'IHI-1~~. YCT0~41-1B~e peweHI-1fl B03MO~H~ TOnbKO 
B cny4ae KOMnneKCHbiX KopHe~, y KOTOPbiX lA I < 1. KaK cneAyeT 1-13 
peweHi-'lfl ypaBHeHI-1fl /10/, KOPHI-1 ypaBHeHi-'lfl KOMnneKCHble, T,K, o< rr 
1-1 c2b3 >0, KBaApaT MOAYnfl KOpHe~: 

8voyf3F 
lA 1

2 
= 1 - [ l 

2rr(l - q){32 'n,/. A.. ] 
si."~' cos¥' • 

d s 
/12/ 

b3 

p sinB 
sin(2¢

8 
+O) <- /13/ 

n + 2 !'<inn 

p 
2 

2rr(1- q) f3 . 

sino 
sino

0 
= ------.HepaBeHCTBo /13/ cooT-

1 + sino 
rr(1-q)f32 

o6naCTI-1 3Ha4eHI-1~ paBHOBeCHO~ $a3~: 

3rr 0o 0o 
2 - qrr + 2 < ¢ s < 2rr - qrr - 2 • /14/ 

CpaBHeH!-1e HepaBeHCTB /8/ 1-1 /14/ noKa3~BaeT, 4To y4eT ycTo~41-1Bo
CTI-1 npi-1BOAI-1T K cymeHI-1~ o6naCTI-1 AOnyCTI-1M~X 3Ha4eHI-1~ paBHOBeCHO~ 

$a3~. 06naCTb YCT0~41-1BOCTI-1 cy~eCTByeT npi-1 BCeX 3Ha4eHI-1flX q <1/2, 

nony4eHH~e pe3ynbTaT~ npaKTI-14eCKI-1 He I-13MeHflTCfl, ecn~-1 Konb~o 

6yAeT COAep~aTb He6onbWOe KOnl-14eCTBO i-'IOHOB. 

ABTop~ 6naroAaPflT 3.A.nepenbwTe~Ha 3a none3Hble 3aMe4aHI-1fl. 
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TEMATHqECKHE KATErOPHH llYBnHKAUHa 

OB~E~HHEHHOrO HHCTHTYTA ~EPHYX 

HCCRE~OBAHHR 

TeMaTMKa 

1. 3KcnepHMeHTanbHaR ~H3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaR ~H3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTPOHHaR ~H3HKa 

4. TeopeTH4ecKaR ~H3HKa HH3KHX 3HeprHH 

5. HaTeMaTHKa 

6. RAepHaR cneKTpocKonHR H paAHOXHMHA 

]. ~H3HKa TA*enwx HOHOB 

8. KpHoreHHKa 

9. y ~ n en~ 

10. AaTOMaTH3a~HA o6pa6oTKH 3KcnepHMeHTanbHWX 

AaHHWX 

11. Bw4HCnHTenbHaA MaTeMaTHKa H TeXHHKa 

12. XHMHA 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14 . HccneAOBaHHR TBePAWX Ten H *HAKOcTeH 
RAePHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaR ~H3HKa RAepHwx peaK~HH 
npH HH3KHX 3HeprHRX 

16. ~03HMeTpHR H ~H3HKa 3a~HTW 

1]. TeopHA KOHAeHCHpOBaHHOrO COCTORHHR 

18. Hcnonb3oaaHHe pe3ynbTaToa H MeTOAOB 
~YHAaMeHTanbHWX ~H3H4eCKHX HCCneAOBaHHH 
B CMe*HWX o6naCTAX HayK~ H TeXHHKH 

HoaHoaH4 M.n., Ky3He4oa A.6., Py6HH H.6. 9-83-554 
0 KOMneHCa4HH noTepb npH CHHXPOTPOHHOM H3ny4eHHH 3neKTpOHHOro KOnb4a, 
nepHOAH4eCKH ABH*~erOCA B MarHHTHOM none 

3neKTPOHHOe KOnb40 COBepwaeT Kone6aHHA B HeOAHOPOAHOM MarHHTHOM none. 
CHHXPOTPOHHOe H3ny4eHHe 3neKTPOHOB npHBOAHT K yMeHbWeHHO 3HeprHH H o6~eH
HOro a3HMYTanbHOrO HMnynbca 3neKTPOHOB. KOMneHCa4HA noTepb npOH3BOAHTCA 
C nOM~bO 3neKTpOMarHHTHWX noneH pe30HaTopoa, C03Aa~HX OAHH nPOAOnbHOe, 
APYrOH a3HMyTanbHoe 3neKTPH4BCKHe nonA. nony4eHW peKyppeHTHWe COOTHOWeHHA 
AnA H3MeHeHHA 3HeprHH, nPQAOnbHOH CKOPOCTH 3neKTPOHOB H ~a3W HanpA*eHHA 
pe3oHaTopoa 3a nepHoA Kone6aHHA Konb4a. HaHAeHw napaMeTpw paeHoaecHoro 
ABH*eHHA 3neKTPOHOB H HCCnBAOBaHa ero YCTOH4HBOCTb. OnpBAeneHa o6naCTb 
3Ha4eHHH paBHOBeCHOH ~a3W, npH KOTOPWX B03MO*HO YCTOH4HBOe pa&HOBeCHOe 
ABH*eHHe. 

Pa6oTa BWnanHeHa B 0TABne HOBWX MeTQAOB YCKopeHHA OHRH. 

lovnovich M.L., Kuznetsov A.B., Rubin N.B. 9-83-554 
On Losses Compensation at the Synchrotron Radiation of an Electron Ring 
Hoving Periodically In the Magnetic Field 

Electron ring oscillates In an Inhomogeneous magnetic field. Electron 
synchrotron radiation leads to the decrease of electron energy and general 1-
zed azimuthal momentum. The loss compensation Is performed by means of 
electron fields of two resonators one of which creats lon~ltudinal, and the 
other - azimuthal electric flelds.Recurrent relations for changing the ener
gy,electron longitudinal velocity and voltahe phase of the resonators during 
ring oscillation are obtained. Parameters of electron equll lbrlum motion 
are found, and Its stability is Investigated. The region of equilibrium 
phase values Is determined at which stable equilibrium motion Is possible. 

The Investigation ha~ been performed at the Department of New 
Acceleration Methods, JINR. 
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