
B.M JKa6HQKHH 

I 

l1MnE,aAHC 3JIEKTPOHHOrO UJHYPA, 

3KPAHl1POBAHHOrO OJIOCKOM 

METAJIJil1qECKOM PEUJETKOM 

;- -r 
~~~-7 

pg - 11123 

1977 



e.n;aH C 3JlCKTJlOHO r O 

rpa ••• P9- III2J . 1977. 

B.M.)Ka6HQKHH 

l1MOE~AHC 3JIEKTPOHHOrO llJHYPA , 

3KPAHl1POBAHHOrO OJIOCKOM 

METAJIJil1qECKOM PEllJETKOM 

pg - 11123 



)Ka6auxHII: B.M. P9 - 11123 

H MneJlaac :;~nexTpoaaoro waypa, 9Kpaaapoaaaaoro nnocitoa 

MeTanna~ecxol!: peweTxol!: 

~aB TeopeTB~eCKBi!: pac~eT BnBHHBH 8HB30TpOnBblX 9Jtp8HOB H8 9neKTpo­

M8rHBTBOe none :;~neKTpoaaoro waypa. AaaaoTponabii!: 9Kpaa npeJlcTasnHeT co-

6ol!: nnocityJO MeTanna~ecxyJO peweTxy, o6paaoaaHHyiO 6ecxoae~Ro TORXBMH B 

BJlean&RO npOBOJlHmHMH neHT8MB, OpReRTHpOB8HRhlMB nepneHJlHXyngpRO K Ra­

npasneHHIO JlBH~eHHH 9neKTpOHOB B WHype. 3nexTpOM8rHHTHOe none B T8KOi!: 

CTpyxType Rai!:JleRO nyTeM CBeJleHHH rpaRH~f!Oi!: 9neKTpOMar,HRTHOi!: 38Jl8~B It 

38Jl8~e PHM8R8-fHnb6epTa. nocneJlRHH CBOJlBTCH It peweRBIO JlBYX 6ecxoae~­

RblX CBCTeM naaei!:HbiX anre6paR"!eCKBX ypaBH8HRi!:o B JlnHHHOBOnROBOM npa6na­

~eRHB npaaeJleRo aaanBTH~ecxoe peweaae 9Tol!: cacTeMbi. B 9TOM ~e npa6na­

~eRBB Rai!:JleRO Bbipa~eRHe HMneJl8HC8 WRypa M8~Jly JlBYMH 8BH30TpOnRblMH 

91tp8R8MB B HMneJl8HC8 WHypa OKOnO OJlROrO 8HB30TpOnHOrO 91tp8H8o npaBeJle­

Rbl ~HCneHHbl8 pac~eTbl JlnH RMneJlSRCS WHypa Me~JlY 8RB30TpOnRblMH 9Kp8H8-

MHo 

Pa6oTa Bhmonaeaa a 0TJlene ROBbiX MeTOJlOB ycxopeRBH OHHH. 

Coo61Qeue 06w:JUI&euoro ncTIITYT& uep~~~~~x accneJloll&lld. ,Ay6a 1977 

Zhabitski V.M. P9 - 11123 

Impedance of Eledron Straight Beam Screened with a 
Flat Metallic Lattice 

Theoretical calculation of the effect of anisotropic screens on 
electromagnetic field of electron straight beam is presented. Aniso­
tropic screen is a flat metallic lattice formed by infinitely thin and pertfed 
ly conducting strips oriented perpendicularly to the electron motion 
in the beam. The electromagnetic field in this structure has been 
determined by the reduction of boundary electrodynamic equation to 
the Rieman-Hllbert problem. The latter one is reduced to the solu­
tion of two infinitely linear algebraic equations. In the long-wave 
approach the analytical solution of this system is found. In similar 
approach the expression for the beam Impedance between two ani­
sotropic screens and the beam impeda'1Ce close to one anisotropic 
screen is found. Numerical calculations for the beam impedance bet-
ween anisotropic screens are given. 

The investigation has been performed at the Department 
of New Acceleration '\1ethods, JINR. 
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H a MOJJ.enH KonneKTHBHoro ycKOPHTen.SI OM.HM JJ.n.H 

9KpaHHpOBaHH.SI aneKTpOMarHHTHOrO nonH KOnhUa B aJJ.re3a­

TOpe npeJJ.nonaraeTc.SI HCnonh3oaaTh "pa3pe3aHHhie"Hmr aHH-

3oTpOITHbie 9KpaHbl /1/, pacnonmKeHHbie CHMMeTpH'IHO OTHOCH­

TenbHO MeiUfaHHOH rrnOCKOCTH B BaKyyMHOH KaMepe aJ].re3aTopa. 

8TH 9KpaHbl HMe!OTpaJJ.HanhHbie pa3pe3bl 0 HanH'IHe KOTOpb!X 

yMeHblllaeT aenH'IHHY noJJ.CaJJ.KH nepeMeHHbiX MarHHTHbiX 

noneti CHCTeMhl KOMnpeCCHH KOnhua. B HaCTO.SIIUeti pa6o-

Te ITpOH3BeJJ.eH TeopeTH'IeCKHH pacqeT BnH.SIHH.SI 9KpaHOB 

C pa3pe3aMH Ha aneKTpOMarHHTHOe none aneKTpOHHOrO 

lllHypa. 3aMeHa Konbua np.SIMbiM lllHypoM CJJ.enaHa c uenhro 

ynpoiUeHHH 3a)J.a'IH 0 HO n03BOn.HeT OUeHHTb BnH.SIHHe aHH-

30TponHbiX 9KpaHOB Ha BenH'IHHY KBa3HCTaTH'IeCKOH qaCTH 

HMneJ].aHCa KOnhUa. 

OnpeJJ.enHM aneKTpoMarHHTHoe none TOKOB B03MymeHHH 

B aneKTpOHHOM lllHype, noMeiUeHHOM Me)I(JJ.Y JJ.BYMH aHH-

30TpOnHbiMH 9KpaHaMH (pH Co 1) o lliHyp o6pa30BaH ::meK­

TpOHaMH1 JJ.BH)I(YlJlHMHCH C pen.SITHBHCTCKOH CKOpOCTh!O C {3 
BJJ.onh ocH OY. Ka)I(JJ.biti aHH30TponHbiti 9KpaH npeJJ.CTa-

Bn.HeT co6oti nnocKyro nepHOJJ.H'IeCKyro MeTannHqecKyro pe­

llleTKy, o6pa30BaHHY!O 6eCKOHe'IHO TOHKHMH H HJJ.eanhHO 

npOBOJJ..HlllHMH MeTannH'IeCKHMH neHTaMH 1 napannenhHbiMH 

QCH OX. lliHpHHa neHT pasHa d, a nepHOJJ. pellleTKH -

_£. AHH3oTponHbie 9KpaHhi pacnono)l(eHhi B rrnocKoCTHX 

z- ± L. 
8neKTpoMarHHTHOe none TOKOB B03MyiUeHH.SI B aneKTpOH­

HOM lllHype, pacnono)l(eHHOM Me)I(JJ.Y aHH30TpOnHbiMH nnoc­

KOCT.SIMH, rrpeJJ.CTaBHM B BHJJ.e CYMMbl JJ.BYX noneti: C06-

CTBeHHOrO aneKTpOMarHHTHOrO nonH TOKOB B03MyllleHH.SI 

B lllHype, HaXOJJ..SIIUeMC.SI B CB060JJ.HOM npocTpaHCTBe, H 
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-a 't 

z 
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P H c. 1. W Hyp aneKTpoHoB paneyca a B nonepe'IHOM ce­

'leHHH, pacnonmKeHHbiH M8)!(.UY 8HH30TpOnHhiMH nJIOCKOCTSI­

MH. e - nepHO.UH'IHOCTb pacnoJI0)!(8HH51 JieHT, d - IIIHpHH8 

MeTanneqecKHX neHT, 2 L - paccTOSIHHe Me)!(.uy aHH30Tpon­

HbiMH. nnoCKOCTSIMH. 

HaBe.UeHHOI'O noJISI, o6yCJIOBJieHHOI'O H8JIH'IH8M 8HH30Tpon­

Hi::>IX 8Kp8HOBo TinoTHOCTb B03MyllleHH51 38p51.1l8 npe.UCT8BHM 

B BH.Ue ~ypbe-HHTerpana no BpeMeHH H npO.UOJibHOH KOop­

.UHHaTe: 

-> 1 2 i(kY-Wt) kw 
p (r , t)- ( -) f fe p dk dw 

277 

kw 1kw 
P ""--a (x,z), 

(1) 

Sc{3 

r.ue a (x, z) - ~YHKUHSI, xapaKTepusyiDIUaSI pacnpe.ueneHee 

sapMa no Ce'leHHID IIIHypa S, lkw - ~yphe-KoMnoHeHTa 

TOK8 B03MyiUeHH51. TipH H8JIH'IHH B IIIHype TOJlbKO npO.UOJib­

HOI'O .UBH)!(eHHSI B CHJIY ypaBHeHHSI HenpepbiBHOCTH ~yphe­
KOMnoHeHTa nJIOTHOCTH TOKa B03MyiUeHH51 eCTb: 

.kw C{3 kw {3 w 
J '"' p ' ---y ck (2) 

Co6craeHHoe aneKTpoMarHHTHoe none aosMyrueHHH nnor­
HOCTH 38p51.U8 (1) H TOK8 (2) onpe.ueJISieTCSI ~ypbe-KOM-

4 

p 

... 

noHeHT8MH noTeHUH8Jl8 ¢ kw H npO.UOJibHOH COCT8BJI51IOIU8H 

BeKTop-noTeHUHana A~ 

kw 2-Ikw oo -q!z-z 0 f 
¢ ·---fa(x0 ,z0)dS0 f cosh(x-x

0
)e_ q-1dh,., 

S·C·{3 s 0 

2-I kw 
S c {3 fa(xo,zo)Ko(!..y(x-x)2+(z-z~)dS .(3) .. s y 0 o' 0' 

kw kw 2 2 w 2 ' 17--2 
A z{3·¢ ; q-yk +h -(-) = y-+h 

y c 2 
y 

¢yphe-KOMnoneHTbi ¢ kw H A ;w .UJISI IIIHypa, y KOTO­

poro nonepeqnoe ce'leHHe eCTb Kpyr pa.uHyca a H ~YHK­

UHSI a =1 BHyTpH 8TOI'O Kpyra ('ITO COOTBeTCTByeT paB­

HOMepHOMY pacnpe.ueneHHID nJIOTHOCTH 38p51.U8 no Ce'leHHID), 

noJiyqaiDTCSI H3 (3) nocne npoBe.UeHHSI HHTerpHpOB8HH51 H 

HMeiOT BH.U: 

kw 2.Jkw 2y 
¢ ~ --·(--) 

c {3 ka 

y ka kr 
--- K (-)1 (-), r<a 
ka 1 y o y 

K c-E-)1 ch), 
0 y 1 y 

r >a, 

(4) 

r.ue I H K - MO.UH~HUHPOBaHHhie ~YHKUHa Eecceng 

COOTBeTCTBeHHO nepBOI'O H TpeTb8I'O po.ua, r 2 '"' x2 + z2 
I1 cnonhsy 5I ( 4) H onpe.ueneHHe HMne.uaHca 121 , nonyqeM 

CJie.UyiDIUHe Bblp8)!(8HH51 .UJISI HMne.uanca IIIHypa B CB06o.u­

HOM npOCTpaHCTBe: 
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z ,.._c_ z _,_i __ 2 (y- 2 ka ka 
c.n. 4

77
n n {3y2. ka) ( 1 - 2 K1(y-)Il Cy-)). (5) 

ka 
B cnyqae -- « 1 H3 ( 5) nony'IHM : 

y 

~ i 1 ka 
Z =-(--C-ln-), 

c.n. f3y2 4 2y (6) 

rae C - llOCTORHHaR 8linepa. 

HaBeaeaaoe sneKTpoMarHHTHoe none, o6ycnoBneaaoe 

H8JlH'!HeM 8HH30TpOllHblX 9Kp8HOB 1 B CYMMe C COOCTBeHHbiM 

ITOJleM (3) lliHypa B CBOOOAHOM rrpoCTpaHCTBe AOJl~HO 

o6ecrre'IHB8Tb BbiiTOJlHeHHe rpaHH'IHbiX yCJlOBHH B ITJlOCKOC­

TRX Z= ± L. DocKOJlhKY rrpearrono~eao, 'ITO neHThi RBJlRlOT­

cg HAeaJlbHO ITpOBOARlliHMH H 6eCKOHe'IHO TOHKHMH 1 TO Ha 

HHX TaHreHUH8JlbH8R COCT8BJ1Rl0lli8R BeKTOpa Harrpg~eH­

HOCTH cyMM8pHoro 9JleKTpH'leCKOrO ITOJlR AOJl~Ha o6pa­

lli8TbCR B aynh, a Ha wenRX aon~Hhi DhiTh HerrpepbiBHbi 

BCe KOMITOHeHTbl cyMMapHoro 9JleKTpOMarHHTHoro ITOJlRo 

l.JTOObl o6ecrre'IHTb BbiiTOJlHeHHe 9THX rpaHH'IHbiX yCJ10BHH 1 

A008BHM K ( S) peweHHR OAHOPOAHbiX BOJlHOBbiX ypaBHeHHH 

AJlR ·<P kwH A~ , <IJypbe-KOMITOHeHTbl KOTOpbiX MO~HO 
rrpeacTaBHTb B cneayroweM BHAe : 

<Pkw '"'- 2 ·lkuJ 
S·C·f3 

1 
oo ih(x-x 0 ) 

fa (x0 ,z 0
)dS

0
.- f e dhx 

s 2 -oo 

6 

kw 
A 

y 

. 277m 
00 J--y-y 1 

x I e q~ ll>m(z), 
m=-oo 

2 ·I kw 

S·C·f3 
f a (xo ,z o)dSo 
s 

oo . 277 m 
x I e l-yy kf3 <l>m(z) 

m.-oc 277m) 
(k + -e-- q m 

1 Joo ih(x-x 0 ) 
- e 
2-oo 

dh X 

(7) 

' I 

\ 
) 

A -q m(z-L) 

m"e (Z> L) 

11> (z) = 
m 

-q (L-z) -qn£L+z) 
A (e m + e ) , m (Jzi<L) 

A qm(z+L) 
m e (z<-L) 

qm= y(k+ 2;1I!_)2 +h2 -(~ )2, 

rae Am H Am - HeH3BeCTHbre Kos<P<PHuHeHThi. Bbrpa~eHHR 
(7) AJlR <Pkw H A kw yAOBJleTBOPRlOT KanH6poBO'IHOMY ycno-

Y 
BHlO ifopeHU8. B (7) 3arrlicaHbl TOJlbKO CHMMeTpH'IHbie 

OTHOCHTeJlbHO OTpa~eHHH Z->- Z perneHHR OAHOpOAHbiX 

BOJlHOBblX ypaBHeHHH 1 'ITO COOTBeTCTByeT CHMMeTpH'IHOMY 

no z pacrrpeaeneHHlO rrnoTHOCTH 3apRaa B wHype. DpH 

ITpOH3BOJlbHOM pacrrpeAeJleHHH ITJlOTHOCTH 38pRA8 K (7) 
HeOOXOAHMO AOOBBHTb 8HTHCHMMeTpH'IHbie peweHHRo J13 

yCJlOBHR HerrpepblBHOCTH TaHreHUH8JlbHbiX COCT8BJ1RlOIUHX 

BeKTOpa HaiTp~eHHOCTH 9JleKTpH'IeCKOrO ITOJ1R1 HCITOJ1h3YR 

(3) H (7), i_!OJlY'IHM CJleAylOIUYlO CBR3b Me~AY K09$<lJHUHeH­

T8MH Am H Am : 

1 -q(L+z
0

) -q(L-z 0 ) -2qL 
-(e + e )-A (1+e ) =-A

0 
, 

2 0 

(8) 
-2q of. -

A (1+e )·A , m m 
(m;bO). 

nng HaXO~AeHHR K09$<lJHUHeHTOB Am HCITOJlb3yeM Me­

TOA1 H3JlO~eHHblH B pa60T8X /S •4 •51 DpH ITOMOIUH rpa­

HH'IHbiX ycJlOBHH H (8) HeTpyAHO ITOCTpOHTb ABe CHCTeMbl 

<IJyHKUHOHaJlbHbiX ypaBHeHHli, KOTOpbiM YAOBJleTBOpRlOT Am: 

7 



2rrm 
i(k+--)y 

00 
I ml £ iky 

~ .L!!I.i (1- f )A e = -&, .e ( Ha MeTan-
m~ m m m naqecKax neHTax) 

00 

~ 
m=-oo 

00 

~ 
m-oo 

A e 
m 

217m 
i(k+ -y-)Y 

m A 
(-1) _!!!.._- 0 

---2rrm 
k+ -r-

= 0 

f "' 1 - I ml (1 -2 q mL 
m -;- +e ) 

X y 1-

( k + 2rrm 2 
--) e 

( Ha menHx) 

(a cepeaaHe menH) 

l k+217m ~e--1 

k + 2rrm 
e~--

X 

c- q -q(L+z 0 ) -q(L-z
0

) 

l9 - - - ( e + e ). 
2k 

(9) 

PellieHHe <jJyHKUHOHanhHbiX ypaaHeaaii: (9) MeToaoM sa-
/3/ 

aa'IH PHMaHa-fHnboepTa CBOaHTCg K pellieHHIO aayx oec-
KOHe'IHhlX CHCTeM nHHeRHhlX anreopaH'IeCKHX ypaBHeHHH 

aToporo poaa. B cnyqae {~ <<1 MO)I{HO sanacaTb npH-

onH)I{eHHOe 

Ao = & 

8 

pellieHHe CHCTeMhl anreopBH'IeCKRX 

ln 1+U 
TJ. -z--
----------
1 + u 1+ u 

TJ•f -In--+ (1- .,.In--) 
0 2 2 

ypaBHeHHR: 

(10) 

kE 
A = 0, (m JO); Tf"'- « 1 

m 277 
U ==COS ( -~) r . 

IToacraangg (10) a (7) H onpeaengg no noTeHuaanaM 
E ;w , nony'IHM cneayiOmee Bbrpa)l{eHae ang HMneaaHca 
lliHypa, pacnono)l{eHHoro Me)l{ay aayMg aHasorponHbiMH 3Kpa-
H8MH: 

= 

2kL --
--yt+,\2 y 

Z =Z c.n. 
_i_'j 2kD.e d,\ 

Bl 0 - 2kLv't+A2 _·(11) 
1 + k D (1 + e y ) y' 1 + ,\ 2 

e 1+u = ( ) rae o .. - '2;7-ln - 2 -; z c.n. onpeaeneao B 5 • B cnyqae 
cao6oaHoro hpocrpaHCTBa D =0 (nocKOJibKy U= cos 17/ = 1 ) , 

a npH 6ecKoHe'IHO ysKHX mengx D-+ oo (nocKOnhKY u -+ -1) 
H ( 11) nepexoaHT B Bbipa)l{eHHe ang HMneaaHCa lliHypa 
Me)l{ay aayMg HaeanbHO npoaoagiUHMH nnOCKOCTgMH. 

l1cnonh3YH BbillleH3nO)I{eHHbiH MeToa H8XO)I{aeHHH aneKT­
pOMBrHHTHOI'O nonH lliHypa, noMeiUeHHOrO Me)l{ay aayMH 
8HH30TpOnHbiMH nnOCKOCTgMH, HeTpyaHO nony'IHTh Bbipa)l{e­
HHe anH HMneaaHca rnHypa OKono oaHoii: aHH30TponHoii: nnoc-
KOCTH: 

,:::::: ::::: 

Z =Z c.n. 
i 00 -r 

f3y2 0 

2kL y'~ --y- 1+ 

kDe d,\, 

1 + kD y' 1 + .\2 
( 12) 

rae D coanaaaeT c onpeaeneHHeM 3Toii: aenH'IHHbi a ( 11 } 
1 

L - paccTOHHHe oT ueHTpa lliHypa ao aHH3oTponHoii: nnoc­
KOCTH. B cnyqae D-+oo (cnnolliHoii: 3KpaH) H3 (12} nony'IHM: 

z,..z 
c.n. 

- i kL f3l Ko( -y-- ). 

ITpH Jti.-«1 H a<L 
y 

H3 (13) H (6) HMeeM 

(13) 
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Z __ i_(l 2L 1 
- {3 2 n--+-) Y a 4 , (14) 

qTO COOTBeTCTByeT H3BeCTHOH ~O~Myne HMneaaHCa 9neKT­

poHHOI'O UIHypa OKOnO nnOCKOCTH 61 . 

Ha pH c. 2 npHaeaeHhi rpa<jlHKH qHcneaaoro 3HaqeHHSI 

' 
3 

2 

0 I -- . . . _:. 
ICI. 

T 
pH Co2. fpa<jlHKH qHcneHHOI'okr,HaqeHHSI BenHqHHhi HHTerpana 

H3 ( 11) B 38BHCHMOCTH OT -y- · 

1 - D --> oo ( cnnornHhie cTeHKH), 2 - D = 7,6, 
3 - D = 3,8, 4 - D = 1 ,9. 

HHTerpana, BXOaSirnero B Bbipa)KeHHe anSI Z H3 ( 11 ) • Da­

paMeTpOM1 OTnHqaiOliiHM p83Hhie KpHBbie Ha pHCYHKe, SIBnSI­

eTCSI D. Ha pH c. 3 npHBeaeHhi rpa~HKH qHcneHHoro 3Ha­

qeHHSI HMneaaaca anSI pa3nHqHbiX 3HaqeHHH D H 38~HKCH­

poBaHHOH aenHqHHhl OTHOliieHHSI paCCTOSIHHSI Me)Kay 9Kp8H8-

MH K paaHycy rnaypa a nonepeqaoM ceqeHHH. M3 rpa~HKOB 

pH c. 3 BHaHO, 'ITO 9Kp8HHpOBK8 nong liiHypa yaenH'IHBaeT­

CSI C pOCTOM D, T.e. npH yaenHqeHHH £ H BenHqHHhi OT-

10 

~t'= -z t 

6 

5 

' 

o.or 0,02 0/)3 O.D' KG 

2"'T 
aenHqHHhi {3 y Z /i pH C. 3. fpa~HKH qHCneHHOI'O 3HaqeHHSI 

ka L 
B 3aBHCHMOCTH OT -- llpH - = 5 · 

Y a 
1 - D =0 (cao6oaaoe npocTpaHCTBo), 

cTeHKH), 3 - D = 15,2, 4 - D =7,6, 5 
7 - D = 1 ,9. 

2 - D __. oo ( cnnornHbre 

- D =3,8, 6 - D =2,5, 

aorneHHSI rnHpHHhl neHThl K rnHpHHe rnenH. DpH 3HaqeHHH 

ka 
- = 0,0125 H L I a = 5 ( cM. pH c. 3) aaeaeHHe cnnornHhiX 
y 

9KpaHOB yMeHbrnaeT aenHqHHY HMneaaaca B 2,2 pa3a, a 

BBeaeHHe 8HH30TpOllHblX 9KpaHOB anSI llpHBeaeHHbiX Ha 

pH c. 3 3HaqeHHH D yMeHbrnaeT 9TY aenH'IHHy B 1,3-1,5 pa-

3a. 

OueHHTb aenHqHHY KBa3HCTaTHqecK~H qacTH HMlle-

aaHCa KOnbU8 0 llOM8lii8HHOI'O Me)Kay aHH30TpOllHbiMH 9Kpa­

H8MH1 MO)KHO H3 ( 11) llpH 3aMeHe BenHqHHbl k H8 ll /R, 
rae ll - HOMep rapMOHHKH a3HMyTanbHOI'O TOKa B03Myrne­

HHSI B Konhue paa»yca R. TaKaSI oueaKa cnpaaean»aa B 

Cnyqae 6onbliiHX anHH BOnH TOKOB B03MYlii8HHSI B KOnbUe, 

pacnono)KeHHOM a6nH3H cTeHOK ( T.e. npH n L << 1 ) , H 
R 

e 
npH R «1. 
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