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06 HMnenaHce unnnHnpnqecKoro cno~ apawa~WHXCR aneKTpOHOB 

B OTKpb!TOii nepHOtlHqecKOii CTpyKType 

HaiineH HMnenaHC E -cnog B OTKpbiTOii nepHOtlHqeCKOM CTpyKType THil8 

"6enHqb~ KneTKa*. nonyqeHO npH6nH>KeHHOe Bbipa>KeHHe an~ HMilellBHCa nep
Bb!X rapMOHHK. l1ccnenoaaH8 38BHCHMOCTb HMileilBHCB OT reoMeTpH•IeCKHX 

napaMeTpOB CTpyKTypb!, 

Pa6oTa BhmonHeHa a 0Tnene HOBbiX MeTonoa ycKopeHH~ 011 Hl1. 

npenpHHT 06bellHHeHHOrO HHCTHTyTa SlllepHbiX HCCnenoaaHHii. lly6Ha 1978 

Beloshitsky P.F., Perelstein E.A 

On tre Coupling Impedance of E -Layer 
"Squirrel Cage" 

P9 - 11195 
in the 

The coupling impedance of E-layer in the "squirrel cage" 
has been calculated using the Riemann-Gilbert method. An analytical 
formula has been derived for first harmonics. The dependence of 
the coupling impendence on geometrical parameters of the "squirrel 

cage" has been calculated numerically. 

The investigation has been performed at the Department of 
!New Acceleration Methods, JINR • 

Preprint of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06beJ1HHeHHbi/l HHCTHTYT HJiepHbiX HCCneJIOBBHHil J1y6H8 

)l.nJI peanuJau,uu KonneKTHDHoro Mero.na ycKopeuuJI uo

HOB JneKTpOHHbiMH KOnLIJ,aMB /1/ Ba)t(HO o6ecne'IHTb a3BMy

TanLHYIO KOrepeHTHYIO yCTOH'IHBOCTL KOneu, B opou,eccax HX 

<i>opMHpOBaHBJI B yCKOpeHBJI / 2/.C 3TOi u,enLIO cneu,aanLHLIM 

o6pa30M Bbi6HpaeTCJI reoMeTpH.II ny'IKa B KaMepbl, KOTOpaJI 

xapaKrepaJyerc.ll raK HaJblsaeMbiM BMne.naHcow. YMeHLWe

HHe ero BenH'IHHbl npBBO.IJ.HT K nOBbiW~HHIO CTa6HnL

HOCTH KOneu,. 4T06bl nony'IHTb .IJ.OCTaTO'IHO ManbiH BMne.IJ.aHC, 

s6nH3H Koneu. paJMell\aiOTC.II Merannu'leCKBe 3KpaHLI /2/ . 

0.IJ.HaKO .IJ.a)t(e TOHKBe MerannH'IeCKHe 3KpaHLI C03.IJ.a10T 

.nonoJIHHTeJILHble TPY.IJ.HOCTH npu 4JopMHposaHHH HMnynLCHLIX 

JiHt:WHHX Mdi HH f HbiX noJH.!H H orpaHH'iHBalOT pa6o•Iyi0 'Ia

CTOTY KOJineKTHBHbiX YCKOpHTeJieii /2. 3/, 

)l.JIJI nOBbiWeHHJI pa60'ieii 'iaCTOTbl )t(eJia TenLHO nepeiiTH 

K pa3pe3aHHLIM MeTannH'ieCKHM 3KpaHaM TaK, 'IT06bl HH.IJ.Y• 

U,HpOBaHHble B HHX TOKH CyllJ,eCTBeHHO He HCKa)t(anH BHeWHHX 

noJieH. )l.JIJI BbiCOKO'IaCTOTHbiX noneii B03MYll\eHHJI Tpe6y

eTCJI, 'IT06bl paJpeJaHHLIH 3KpaH pa6oran KaK cnnowHoa. 

KpoMe roro, a KonneKTHBHLIX ycKopureJIJIX pa3pe3aHHLiii 

no o6pa3y1011J,HM U.HJIHH.IJ.PH'IeCKHii 3KpaH - "6enB'ILe Koneco" 

ucnonL 3 yerc.11 .IJ.JIJI 4JoKycupoBKH KOnLu,a npu ycKopeHHH I 4/. 
B JTOM cny'iae npe.ncTaBn.lleT HHTepec son poe o6 aJHMyTanL

HOB ycroii'IHBOCTH KonLu.a a TaKoa reoMeTpBB. TaKHM o6-

pa3oM, B03HHKaeT Ja.IJ.a'la o Bbi'IHCneHBB HMne.naHca KonLu,a 

B OTKpbiTbiX nepHO.Il.H'IeCKHX CTpyKTypax. 

HJsecTHO, 'ITO Hau6onLwyro onacHOCTL npe.ncTasn.IIIOT 

aJHMyTaJILHble HeycTOH'IHBOCTH, CBJIJaHHLie c H -sonHaMH. 

Il03TOMY B .IJ.aHHOH pa6oTe pewaeTCJI MO.IJ.eJILHaJI Ja.IJ.a'ia, 

no3BOJIJIIOllJ,aJI npocne.IJ.HTL Ka'leCTBeHHble OC06eHHOCTH no· 

Be.IJ.eHBJI HMne.naHCa B JaBBCHMOCTH OT reoMeTpH'IeCKHX 

napaMeTpos crpyKTypbl. 
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1. BbPIBCnHM BMne,lJ,aHc UBnBH.l1.PB'iecKoro cnoJI pa,l],Byca 
r 

0 
BpamaJOI:QBXCJI C 'iaCTOTOH w 

0 
penJITBBHCTCKBX 3neKTpo

HOB IE -cnoiil B nepBO,lJ,B"'ecKoii cTpyKType I puc. 11, npe,l1,
cTaBnJIIOIUeii co6oii 6enB'ibe Koneco pa,l1,Byca a c nepHO,lJ,OM 

CTPYKTYPbi e , liiHPBHOH menH d I e B d Bblpa)l{eHbl B 
pa,l],HaHaxl. 

( 
~~ ,--...... ,# , ' , \ 

~"~'--a 
\ I 
\ / ,...., __ ,., 
........ 

Puc. 1. "EeAU'l&e KoAeco". 

MaTpBUY BMne,lJ,aHCa Z BBe,lJ,eM, HCnOnb3YJI COOTHO-
mn 

liieHHe Me)l{,l],y I}Jypbe-rapMOHBKaMB a3BMyTanbHbiX KOMno-

HeHT 3neKTpBqecKoro nonJI E <:hm B B03MymeHBJI nBHeiiHoii 

nnOTHOCTB TOKa i:lld:>m 

2rrr E _)_ I =- L z ol ../.. =- 2: z Jo j _)_ rdr . 
o <pm r= r 

0 
n mn 'f'n r- mn 'I'll /1/ 

HeKOTOpble CBOHCTBa Ma TPB:Ubl zmn npBBe,l],eHbl B npHllO)I{e
HBB 1. 

Bo3MYU.eHBJI nnoTHOCTB 3apJIJ],a op B TOKa oj ¢m onpe
,l],enBM KaK 

op o(r-ro) i(m¢-wt) 
---Loq e 

m 2rrr 0 

/2/ 

. ___ wroqm. 
oj ¢m= 2rrr m 

0 

4 

3neKTpB'iecKoe none Haii,lJ,eM, pernaJI Kpaeay10 3a,l1,a'iy 
C nepBO,l],B'ieCKBMB no cp rpaHB"'HbiMB ycnOBHJIMB, KaK 3TO 

c.u.enaHo B pa6oTe /5/ 

E..~.. I =rrr k 2 !- oqmJ' (kr )H(l) '(kr) + 
'f'ID'r= r 

0 
o m m o m o 

oqp J p (kr 
0
)H(f)'(ka) 

+ L' --x m--P -----J'(krJl. 131 
r r --+ p 0 J, (ka) m 

N m 

(1) 
r,l],e Jm(x) B H m (x)- l}lyHKUBB lieccenJI B XaHKenJI; rnTpBXOM 

o6o3Ha'ieHbl npoB3BO.l1.Hble no apryMeHTY, k=w/c, N = 277/P, 
3Ha"'OK "o "y BH,lJ,eKca k 03Ha'iaeT B3JITBe 6nB)I{aiirnero K 

0 

k 
N 

uenoro "'Bcna, L. 03Ha"'aeT cyMMHpoaaHBe no seeM 

n m -P 
r TaKHM, 'iTO -v- - uenoe qucno. 

BenB"'BHbl X k onpeJ],ellJIIOTCJI B3 CBCTeMbl llBHeHHbiX 
ypaBHeHBH, COBna,lJ,aiOJ.UeH C CHCTeMOH B /6/ 

mo I m i mo k m o 
x k = 8 - __ ?__ W k ( u) + (k + td V ( u)( x -0 ) + 

k m o o 
0 

In I n 
+ L X n ~ ( n W k ( u) , 

nto n 

2P (-u) 
fl-1 

p -- -- - ( l ( Ill 

fL-1(-u)+P(-u) o xo-n o) 

141 

fL 0 

mo lmol mo lnl n 
= c o +td--- V (u) + L x --c V (u)], 

o o m
0 

n~o n n n 

(k = ± 1 , ± 2 , ... ) ' 
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r.n.e 

pa, 

r.n.e 

o m - CHMBOJI KpoueKepa, P (- u) - clJyuKIJ,HH Jle)l(au.n.-
k v 

rrd _ .!!!. - m , u = cos-e-· f-1 - N o 
1 1 

-2'5_1-1 <2, 

E = 1 -
n 

lnl iN(n+f-1 )-
n 

rr(ka) 2 J' )(ka)H(l), )(ka) 
N(n+f-1 N (n+11 

lSI 

n 1 I Pu-1(-u) r ]l I I V (u) = --lP (u)- _ _r. ____ P (u)-P (u) 6 
n ( ( n n-1 ' n + f-1 P -u)+P -u) 

Jl-1 ll 

n n-1 n -1 1 1 W ( u) = V ( u) - 11 V ( u) V ( u) , 7 
m m-1 m-1 

n m + 1 
Vm(u)= ----[P (u)P +l(u)-P + 1 (u)P (u)], min, 

2 (m _ n) m n m n 

n+l 
Y2 L X ( u) P ( u) , n > 0 , 

p=o n+1-p p-n-1 

-n n-2 
V -n ( u) = - V n _ 

2 
( u) , n > 1 , V n (u)= 

n 
IBI 

-1 
V (u) = 0 , 
-1 

x (u)=1; X (u)=-u; x (u)=P (u)-2uP (u)+P (u) (n>2). 
u 1 n n n-1 n-2 -

HMne)l.aHC Z mn B COOTBeTCTBHH C clJopMyJiaMH 111 H 131 
Bhipa)l(aeTCJI qepe 3 K03cPcPHIJ,HeHThl X k 

cZ - mn_ z -----
mn 4rr 

6 

(1) 
J ' (kr )H (ka) 

m o n 
rr2kr J, (krJH~O'(kr Jlo~- ---~-x ~+nol,llHI =0,±1, ... , 0 11 

J' (ka) H (kr ) N N 

0 m-n I 0, ± 1, ... 
, N 

m n o 

191 

' I ' 

.I 
I 

2. OrpaHH'iHMCJI paccMoTpeuueM .n.uarouaJihHhiX 3Jie

MeuToB MaTpHIJ,hl HMne.n.auca • .IJ.ng a3HMyTaJihHhiX ueycToii

l.fHBOCTeB: yqeT ue.n.uarouaJihHhiX qneuou npHBO)l.HT K nonpau

KaM nopJI)l.Ka MaJIOCTH v/y
0
l v - norouuhlii 3JieKTpou, y

0
-

peJIJITHBHCTCKHB clJaKTopl. MaKCHMaJihHhiB HHKpeMeHT, CBJI-

3aHHhiB c ueo.n.uopo.n.uoCThiO cpe.n.hl/7/, B(v/y/'' pa3 MeHhiiie 

HHKpeMeHTa ua )l.JIHHaX BOJIH, KpaTHhiX l.faCTOTe o6paiiJ,eHHH 

(J) 0 

,lJ,ng nepBhiX rapMOHHK (~ << ro- (i_) 
112

) H (~ <<1) MO)I(HO 
N a d N 

llOJIY'iHTh npH6JIH)I(eHHOe peiiieHHe CHCTeMhl 141 

J · (m)H< l)'cm~-) 
_!:J ____ ~ __ r _g __ x l 

, . a ! n' o , 
J (m ---)H · (m) 

m r o m 

Z .:: rr~nJ' (m)H( 1) '(m)! 1-
mm m m 

110/ 

xo- 1 - -- 1 ------ --- 1111 
1- - 1 -- .!!!_ln_!_~ 

1-t: N 2 
0 

3)l.eCh H B )l.aJihHeHIIIeM Mhl Cl.fHTaeM BpaiiJ,eHHe 3JieKTpOHOB 

ynhTpapeJIJITHBHCTCKHM, TaK 'iTO {"3 = 1. 
B npe.n,ene, KOr)l.a IIIHPHHa IIJ,eJIH d MHOrO MeHhiiie IIIH

pHHhl JieHThl f- d TaK, 'iTO BhillOJIHJieTCJI yCJIOBHe 

2m \ln ~ I » 1 , 
N 2P 

1121 

HMne.n.auc paucu 

J '(m)d1 l'(m~) 
m m r 0 l 

J' (m~)H(l)'(m) 
m r

0 
m 

z ::. rr 2 mJ'(m)H 0 )'(m)l1-
mm m m 1131 

H COBna.n.aeT C HMlle)l.aHCOM E- CJIOJI B CllJIOIIIHOH MeTaJIJIH

l.feCKOH Tpy6e. 
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TaKHM o6pa3oM, .n.n.s. no.n.asneHH.II a3HMyTanbHbiX He

ycTOH"'HBOCTeii C llOMOIUbiO pa3pe3aHHbiX 3KpaHOB cne,IJ.yeT 

Bbi,IJ.ep:lKHBa Tb ycnosHe I 121. 

B o6paTHOM npe.n.enbHOM cnyqae, Kor.n.a ..!!!.. jln sin
2 ~1<<1, 

N 2P 

HMlle,IJ.aHC paBeH npHMepHO HMlle,IJ.aHCY E. - CllO.II B CB060,IJ.HOM 

npocTpaHCTBe 

Z :.:. rr 2m H (1)• (m) J · (m). 
mm m m 

1141 

llpH BblllOnHeHHH ycnOBH.II 1<<m<<y3,HCll0llb3Y.II aCHMllTO

THKY UHllHH,IJ.pH"'eCKHX «iJyHKUHH, nony"'HM 

31/31,2(~) 
3 (1 ·~13) -1/3 ------ + Iy m • 

2213 
z 

mm 
1151 

3aBHCHMOCTb HMlle,IJ.aHca OT napaMeTpOB N , d/f npe,D.

cTaBneHa Ha puc. 2. 

2.8 
1tl J,'iff 
~-~~~~--~---

1.6 

1.2 i R 2 ~~ tt{ 

0.8 

0./t 

o a2 oJ o.6 o.s 1.0 J~ 
Puc. 2. 3aeucuMOC111b uMneoaHca nepeou zapMoHuKu 0111 
wupuHbl UleAu. 1 - N =30; 2 - N =20; 3 - N =10. 
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KaK BH.IJ.HO H3 pucyHKa, HMne.n.aHC .n.n.11 nepso:ii rapMOHHKH 

ysenH"'HBaeTC.II c pocToM "'Rena pa3pe30B N H Man TOllbKO 

B y3KOH o6nacTH ~ <<1. OTMeTHM TaK:lKe cna6y10 3aBHCH

MOCTb HMlle,IJ.aHCa Ha nepBbiX rapMOHHKaX OT OTHOWeHH.II aft 0 , 

C noMOIUbiO "'HcneHHoro peweHH.II cHcTeMbl I 41 6bmo 

Hccne.n.osaHo nose.n.eHHe HMne.n.aHca Ha BbiCOKHX (m> N) rap

MOHHKax. Y"'HTbiBa.ll 6blcTpoe y6biBaHHe senH"'HHbl- < = 0(-1-); n n2 

,IJ.n.ll Bbl"'HCneHH.II BenH"'HH Xk Mbl orpaHH"'HllHCb CeMblO ypas

HeHHJIMH. 3TO o6ecne"'HBaeT TO"'HOCTb 1- 30/o. 3aBHCHMOCTb 

HMne.n.aHca oT HOMepa rapMOHHKH m npe.n.cTasneHa Ha 

pUC. 3,4, 3aBHCHMOCTb OT OTHOWeHH.II a /r 0 - Ha puc. 5. 

f?elmm/m 

1.6 n 
II 
h 
II 
II 

•' 
1.4 

•' •' •• 
II 
II 

1.2i 
I 

fO I 

I 

08 

" 
0.6 

I I 1 :v1 
04 

0.2 
3 

·"'~ 
~0 4.0 5o -nt 

20 0 10 

Puc. 3. 3aeucuMOC111b oeuC1118U111eAbHOU 'IOC111U UMneoaHca 

d d d 
0111 HOMepa zapMOHUKU. 1 - C =0,1; 2- f =0,5; 3- y-=0,9;N=20. 
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-1m "l,,fnt 

2.5 

2.0 

1.5 

1.0 3 

0.5 
1 

I ' lTa- f> 0 \~ 20 3D \ ItO 50 m 

-Q5 

Puc. 4. 3aeUCUMOC111b MHUMOU 'IQC111U UMneOaHCa 0111 HOMepa 

?n['"'fr>l!lll<ll I - <!_- 0 1 · 2 - _1. -0 S · .1 - _<!_ D q · 1\J =20. r · ' f · ' r ' 

l'""'/rn 

t.6 

0.8 

0 
a Jr. 

-OJ 

Puc. 5. 3aeucUMOC111b UMneoaHca 0111 0111HOUieHUJi a/r . 
- - 0 

1· - Re Z , 2 - Im Z , m = 37 , N = 20 . 
mm mm 

10 

Ha puc. 5 BH.IJ.eH pe3oHaHCHbiH xapaKTep H3MeHeHH11 HMrre

,IJ,aHca rrpH H3MeHeHHH pa.u.Hyca E-cnox. Y3Kax WHPHHa pe-

30HaHca, O,IJ,HaKO, OCTaBJIXeT OTKpbiTbiM BOIIpOC 0 Cy~QeCTBO" 

BaHHH 3TOro pe30HaHca rrpH yqeTe KOHeqHQH WHPHHbl CJI011 

3JieKTpOHOB. 

AaTopbi rrpH3HaTeJILHbl H.IO.Ka3apHHOBY 3a rrone3Hble 

06Cy)I(,IJ,eHH11 H IIOMOIQL B pa6oTe. 

JipUAOJICeHUe 1 

Herrocpe.u.cTBeHHO H3 orrpe.u.eneHHX MaTpHUbl HMIIe,IJ,aHca 

/1/ C yqeTOM Be~QeCTBeHHOCTH 3JieKTpHqecKOrO IIOJI11 IIOJiy· 

qaeTC11 COOTHOWeHHe, aHaJIOrHqHOe H3BeCTHOMY ,II,JI11 TeH30pa 

,II,H3JieKTpHqecKOH IlpOHHUaeMOCTH /S/ 

z ~.n (w) = z-m,-n (-w). /ll.l/ 

C H3JiyqeHHeM E- CJI011 B OTKpbiTOH CTPYKType Ha IIPOH3-

BOJILHOH qaCTOTe W CB113aHO Tpe6oBaHHe IIOJIO)I(HTeJILHOH 

OIIpe,D,eJieHHOCTH $opMbi 

!. Amn(w)oJnoJ~, A mn(w) = Zmn(w)+ z;m(w). 
m.n 

/ll.2/ 

MaTpHua A mn 3PMHTOBa, CJie,IJ,OBaTeJILHO, ,IJ,JijJ: IIOJIO-

)I(HTeJILHOH orrpe,D,eJieHHOCTH 3pMHTOBOH $opMbi /ll.2/ He-

06XO,II,HMO H ,II,OCTaToqHo, qT06bl BCe rJiaBHble MHHOpbi 

MaTpHUbl Amn 6biJIH rroJIO)I(HTeJILHbl /9/. ,D;nx rrepaLix m::;; N 
rapMOHHK 3TO IIpHBO,II,HT K TaKOMY )l(e, KaK H B a3HMyTaJILHO

CHMMeTpHqHoM cnyqae, ycJIOBHIO Re Z mm > 0. EcJIH H3Jiyqe

HHe B CHCTeMe OTCYTCTByeT, TO, COrJiaCHO /ll.2/, MaTpHUa 

HMIIe,IJ,aHca aHTH3pMHTOBa. 
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