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1. BBEAEHHE 

0AHO ~3 OCHOBH~X orpaH~4eH~~ Ha nnOTHOCTb 3neKTPOHHOrO KOnb
~a ~, COOTBeTCTBeHHO, HanpRmeHHOCTb C03AaBaeMOrO ~M 3neKTp~-
4eCKOrO nonR CBR3aHO C B03MO~HOCTb~ pa3B~T~R a3~MyTanbHO~ He
YCT0~4~BOCT~/1/ /CaM06aH4~POBK~/, Ha~6onee 3~~eKT~BH~M CPeA
CTBOM CTa6~n~3a~~~ KOTOpO~ RBnReTCR 3KpaH~POBaH~e, yMeHbWa~~ee 
~MneAaHC KOnb~a 

Z 
0 
=- 277r 0Eo/I (n), /1/ 

rAe r 0 - paA~YC, I (n) ~ E On- n -e aa~MyTanbHble rapMOH~K~ TOKa 
Konb~a ~ soa6y>KAaeMoro ~M 3neKTP~4ecKoro nonR. 

B ycTpo~cTsax, ~cnonbay~~~x ~MnynbcHble MarH~THble nonR 
M~KpoceKYHAHO~ An~TenbHOCT~, TaK~X, KaK B~COKO~~Kn~4H~~ KOM
npeccop121,ycKOP~Tenb c MHoroKpaTH~M ~cnonbaosaH~eM 3neKTPOHH~x 
Kone~/3/, np~MeHeH~e cnnowH~x MeTann~4ecK~x 3KpaHoB aaTPYAHeHo. 
no3TOMY npeACTaBnReT ~HTepec B03MOmHOCTb nDAaBneH~R B~COK04aCTOT
HOrO ~3ny4eH~R KOnb~a pa3pe3aHH~M~ 3KpaHaM~, npoapa4H~M~ AnR 
BHewHero MarH~THoro nonR. 

o ~-"'--~--- /4-A/ ----· .. ·--" .... ____ , v 
- r- ................... , .... ~ ............. I .................. M ....... ... "' ~j''-'' ..................... ..... 

KOnb~a, 3KpaH~pOBaHHbiX TaK Ha3biBaeMbiM 116en~4b~M KOneCOM 11 
-

TOHKOCTeHHbiM MeTann~4eCK~M ~~n~HAPOM, paape3aHH~M BAOnb o6pa-
3YIOlll~X 171. Pac4eT noKaaan H~3KY~ CTeneHb 3KPaH~posaH~R H -sonH 
np~ paayMHO~ w~p~He paapeaos; 6onee Taro, ~MneAaHc 3neKTPOHHoro 
KOnb~a OKa3anCR BbiWe, 4eM B CB060AHOM npOCTpaHCTBe, BCneA
CTB~e soa6ymAeH~R rnasHo~ ITEM/ sonHbl s "6en~4beM Konece" /5,6/, 

naAeH~e HanpRmeH~R Ha pa3pe3aX ~, cneAOBaTenbHO, ~MneAaHC 

t«llib~a I 1 I nponop~~oHanbHbl sonHOBOMY conpoT~sneH~IO n~H~~, o6-
paaosaHHbiX coceAH~M~ nonocaM~. 
3TO conpOT~BneH~e MOmHO yMeHbW~Tb, 
nepeKp~BaR paapeabl nonocaM~ BTo
poro cnoR 16,81 /p~c. 1 I. 

··:-· 

B AaHHO~ pa6oTe ~ccneAY~TcR 
3KpaH~PYIO~~e CBO~CTBa 116en~4bero 
Koneca", MOA~~~~~posaHHoro TaK~M 
cnoco6oM. 

PHc.l. llorrepeqHoe ceqeHHe ABOHHoro 
11 6eJIHqbero KOJieCa11 C qHCJIOM ITOJIOC 
B Kru!<,!l;OM cnoe N = 4. 
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2. 3~~EKTHBHOE COnPOTHBnEHHE 3KPAHA 

OnpeAen11M CBfl3b Me>KAY a311MyTanbHbiM :meKTPI14eCKI1M noneM 11 To
KOM Ha 3KpaHe, npeAnonaraH ManocTb aaaopa Me>KAY cnoHMI1 nonoc ~ 
no cpaBHeHI1~ CO BCeMI1 xapaKTepHWM11 pa3MepaM11 3aAa411 - Wl1pi1HO~ 

o6nacTI1 nepeKpbiTI1fl nonoc h, cpeAH11M paA11YCOM 3KpaHa b 11 An11-
HO~ BOnHW. 

nycTb i~) (m - nosepXHOCTHafl nnOTHOCTb a311MyTanbHWX TOKOB 
Ha nonocax Hapy>KHoro cnoH, 1W> W) - Ha nonocax BHyTpeHHero 
cnofl. AKCI1anbHOe MarH11THOe none BHe 3KpaHa onpeAenfleTCfl cyMMap
HbiM TOKOM i O = i ~) + 1~2) , KOTOpbl~ 6yAeM C411TaTb 3aAaHHbiM. Mar
HI1THOe none BHYTPI1 3KpaHa onpeAenfleTCfl pa3HOCTHWM TOKOM ii = 
= i <J> - i ~2) • Ha paseHCTBa Hyn~ ToKa i ~) Ha HaPY>KHbiX paapeaax 
0 = Oll)"' 2£0

0
, f = 1 ,2 •.• , N, rAe 00 = rriN, N - 411Cno nonoc 

B Ka>KAOM cnoe, 11 paBeHCTBa i~) = 0 Ha BHyTpeHHI1X pa3pe3aX 
() = Oi2> = (2f -1) Oo cneAYIOT rpaH114Hble ycnoBI1fl Anfl pa3HOCTHOro 
TOKa: 

() - () (1). - f • 

~ 8 = ~;. o = o/2>. 
121 

BBeAeM B o6naCTI1 nepeKpWTI1fl nonoc OTHOCI1TenbHWe noTeH~I1anW 

U=¢(1>_¢(2), v0 =A~l~-A~2) ,CBH3aHHble lnp11 ~«h,blc paa
HOCTHbiMI1 nosepXHO~THbiMH nnOTH5cTfiM11 3aPHAa (a- ) 11 TOKa (i 0, z ) 
npOCTWM11 COOTHOWeHI1fiMI1 

v
0 

= 2rr~ 1 
0
- 1 c , 

,z ,z 
131 

rAe £ - Al13neKTPI14eCKafl npOHI1~aeMOCTb 1130nfl~l111 Me>KAY cnOfiMI1 
nonoc. Ha ypasHeHI1fl HenpepwBHOCTI1 11 paseHCTBa Hyn~ TaHreH~I1anb
Hwx KOMnoHeHT 3neKTPI14ecKoro nonH Ha MeTanne cneAyeT CI1CTeMa 
ypasHeHI1H Anfl noTeH~I1anos 

£ (1U + av 0 + av z = 0 , 
c at ay az 

au + 1... avo = o !41 
ay c at 
au 1 avz 
-+--·-=0 az c at 

rAe Y=bO. nonaraH U, V- exp(ikzz- iwt), 113 /2-4/ Ha~AeM HanpH
>KeHI1e Me>KAY nonocaMI1 B o6nacTI1 11x nepeKpbiTI1fl (0 < y < h) : 

U(y) 
iZo~ + + 
---( i ()(h) COS ICY + i () (0) COSK (h - y)), 
2K sinKh 

/5/ 

2 

:( 

rAe Zo= 4rrlc' K 
2 = £k 2 - k ~ ' k = wlc. naAeHI1e noTeH~I1ana 

Ha paapeae pasHo pa3HOCTI1 HanpH>KeHI1~ Ha rpaHI1~ax np11nera~~11x 

o6nacTe~ nepeKpbiT11fl 11 np11 rapMOHI14ecKo~ aaBI1C11MOCTI1 nonHoro 
TOKa OT a311MYT a i + (()) = i () e Inti 11t~eeT B11A 

() n 

.,A-(1,2)=- iZo~ nOs +( (1 2} 
o'~'• (cosKh + cosn0

0
) cos-

2
- i () On ' ), 

L K SinKh L 

rAe Os- yrnosafl w11p11Ha paapeaa /p11c. 1/. 
A311MYTanbHoe 3neKTPI14ecKoe none Ha nonocax 

paapeaax npi1MeM ero paBHWM cpeAHeMy 3Ha4eHI110 

!O- o0 •
2
> I < OS 12. 

f 

PacKnaAbiBafl Eo B PHA ~ypbe 

E~'2 )(0) = I e ijO E ~.· 2) 
j =- 00 J 

[) i _ n + mN ' 
rn=-oo 

( l )m 0 
- j,n+mN 

rAe o 
m,n C11MBon KpoHeKepa, 

kN~ (cos Kh + cos nO 0) nO s 

!6! 

paBHO Hyn~, Ha 

171 

/3/ 

191 

R = n cos--
2rrKb sin Kh 2 /10/ 

- 6eapaaMepHoe 3~~eKTI1BHoe conpoTI1BneHI1e "6enl14bero Koneca" 11 

sin (jO 5 I 2) 
71j = /11 I 

"aapeaa10~11~" MHO>KI1Tenb. CooTHoweHI1fl /8-11/ AaiOT 11CKOMY~ CBfl3b 
Me>KAY a311MyTanbHWM 3neKTPI14eCKI1M noneM Ha Hapy>KHO~ 11 BHyTpeHHe~ 
nosepXHOCTfiX 3KpaHa 11 nnOTHOCTbiO npoTeKa~~I1X no HeMy a311MyTanb
HbiX TOKOB. 

ConpoTI1BneHI1e /10/, Ha~AeHHoe 6ea y4eTa noTepb B MeTanne 
nonoc 11 113on11py10~eM Al13neKTP11Ke, HBnfleTCfl 411CTO peaKTI1BHbiM. 
np11 An11HaX BOnH, 6onbWI1X B cpaBHeHI111 C W11PI1HO~ nepeKpWTI1fl nonoc 
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(IKih:;; 1 ), conpOTY1BneHY1e /10/ Y!MeeT eMKOCTHO~ xapaKTep (lmR >0), 
"(k2 k2) n " ecn1-1 npesan1-1pyeT speMeHHaR sap1-1a4Y1R none1-1 c > z ,1-1 Y1HAYKTY1BHbiY1-

B cny1.1ae AOMY1HY1PYIOU1e~ npocTpaHCTBeHHO~ BapY1a4Y1Y1 (k~> ck2 ). B nep
BOM cnyl.lae, 04eBY1AHO, B03MO~HW pe30HaHCHWe RBneHYIR B 3KpaHe. 

3. Oo~EE PEWEHHE 3AAA4H 05 3KPAHHPOBAHHH 

... (0) 
3neKTPOMarHY1THoe none Y1CT04HY1Ka E . fnaAa10111ee none/ 1-1 none ->w 

HaBeAeHHbiX Ha 3KpaHe 3aPRAOB Y1 TOKOB E /oTpa>KeHHO~ nOjle/ _, 
MO~HO npeACTaBYITb B BY!Ae cynepno3Y14Y1Y1 E- 1-1 H-sonH: E = EE + EH. 
MOAY1cllY14Y1POBaHHoe "6enY14be Koneco" 3KpaHY1pyeT E -sonHbl npaKTY14ec

KY1 TaK ~e, KaK 1-1 cnnowHo~ 41-1nY1HAP, no3TOMY BKnaAOM E-sonH s Ee 

Ha 3KpaHe t~o~Ho npeHe6pe4b (EeE = EJ0 ) + E ~~d "" 0 np1-1 r = b) • 
A3Y1MyTanbHoe 3neKTPY14ecKoe none ~ -sonHbl, B036Y>KAaeMo~ KOnb-

4eBbiM Y1CT04HY1KOM paAYIYCa r 0 C TOKOM I(n) - einO , B c1Jypbe-npeACTas-

neHY1Y1 no BpeMeHYI Y1 z-KOOPAY1HaTe YIMeeT BYIA 

E (O) I 
OH r > r 

- 0 

2ikr 0 I(n) 
I' (A r ) K' (Ar) o (w - w ) , 

c n 0 n n /12/ 

rAe k=w/c, A=Jk 2 -k 2 , I (x) 1-1 K (x)- MOAY1ciJY14Y1POBaHHaR OYHK-z n n 
41-1R 6eccenR 1-1 cllYHK4Y1R MaKAOHanbAa nOPRAKa n, WTPYIX o3Ha4aeT 
npOY13BOAHYIO no apryMeHTY, 4aCTOTa w n 6yAeT KOHKpeTY13Y1POBaHa HYI>Ke. 

3neKTPOMarHY1THOe none OTOa>t<eHHO~ H -sonHbl BHe 3KDaHa Bb1Dil~i.-1M 

1.1epe3 n0TeH41-1an l ep4a ll Ind 
H 

/13/ 

KOTOPW~, B CBOIO 04epeAb, npeACTaBYIM B BY1Ae pa3no~eHY1R no npOCT

paHCTBeHHWM rapMOHYIKaM: 

nind 
H 

r > b, 

r <b. 

/14/ 

A3Y1MYTanbHoe 3neKTPY14ecKoe none Ha nosepxHOCTYI 3KpaHa MO~Ho 
Ha~TYI ABYMR cnoco6aMY1: so-nepBWX, 1-13 COOTHOWeHYI~ /12,13/ KaK 

cynepno3Y14Y110 naAa10111e~ 1-1 oTpa>KeHHO~ sonH - Ee = EJ~)+ EJ~d 1-1, so
BTOPbiX, no ciJOpMynaM /9/, onpeAenYIB nosepXHOCTHYIO nnOTHOCTb a3Y1My
TanbHWX TOKOB 4epe3 CKa40K MarHYITHOrO nOnR 

z i+ = B I - B I . 
0 e z r= b-1'1/2 z r = b + 1'1/2 

/15/ 

npY!paBHYIBaR nonyl.leHHWe swpa~eHYIR APYr APYrY, npYIAeM K CYICTeMe 
ypaBHeHYI~ AnR K03cllciJY14Y1eHTOB a 1,2m : 

~- = 
J m=-oo 

2 
= A 11 n + mN ~ 1' 

m(j- 1) 
(-1) Rn+mN(a1mKn+mN- a2m 1n+ mN) 

/16/ 

/17/ 

Hed-Ka3aHHbl~ apryMeHT MOAY1ciJY14Y1POBaHHbiX 4Y1nY1HAPY14eCKY1X cllYHK4Y1~ - Ab, 

E~~ 6epeTcR np1-1 r = b • 
YpasHeHYIR I 16/ no3sonRIOT onpeAenYIT b K03$<l>Y14Y1eHTbl a 1, 2m 1.1epe3 

CYMMW ~ 1 2 ; nOACTaHOBKa COOTBeTCTBYIOlJ1Y1X BWpa>KeHYI~ B /17/ npY1BOAY1T 
K CYICTeM~ ypaBHeHYI~ AnR 3TY1X CYMM 

~1. [1 + p(c1 Ql + c2Q2 )]- ~2p(c1P2 + c2P1) =- i k.\2 bl' K' 

n n 

Q. 
J 

p 
j 

r"lr-1 ................ . ~h~~· ·~· ·~· ... _ -- -..-.-· ·-· ____ .. _ ._ ...... -1 ..... -~ ........ , 

m(j-1) Kn + mN 
~ (-1) 11 

m=-oo 2(n+mN)K, 
n+mN 

m(j-1) 
~ (-1) 11 

m=-oo 2(n+mN) I' 
n+mN 

........... -I) 

-2- ~~- .. vo' - \'ll.l..\ lc\ \... ,., - .... ,._., _ ...... -

/18/ 

L 

...... ...... "'. 

/19/ 

PeweHY~e cY~cTeMbl /18/ YllJ1eTcR TPY1BY1anbHO. AnR Hyneso~ npocTpaH
cTBeHHO~ rapMOHY1KY1 OTpa~eHHOro nonR, Y1Me10111e~ TY >Ke npOCTpaHCTBeH

HY~ sapY1a41-110, 4TO Y1 none Y1CT04HY1Ka, HeTPYAHO nony4Y1Tb 

E ind I 
OH r< b 

f = 1 + n 

(O) I~ (.\.r) 
E . 

OH I'(Ab) 
n 

f 
n 

Rn[1 +p(c 1-c~(Q 1-Q2 )l 

kbl~K~ D 

/20/ 

/21/ 
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- K03<!><lH11..1HeHT 3KPaHHpoeaHHfl nonA H- eonHbl 1-1 

- AeTepMHHaHT CHCTeM~ /18/, 
CyMM~ e /19/ cxoAATCA norapH¢MH~ecKH. np~-1 BblnonHeHHH ycnoeH~ 

n « N = rrb/h /22/ 

H l.\1 S N/b = rr/h 1-13 /19/ npH611H>KeHHO HMeeM 

Kn 2,.\b ln(N0
8 

/e), j = 1 
Qj = +--

~ N ln2, j = 2 
/23/ 

In 2.-\b I ln (N08 I e), j = 1 
pj 

I' N ln2, j = 2. n 

ApryMeHT norapH¢Ma npH j = 1 nponOPI..IHOHaneH OTHOWeHH~ WHPHH~ 
pa3pe3oe K WHPHHe nonoc: NOB = 2rrHpa3 /~o;r B npeAene H pa3 p _, 0 
/cnnowHo~ l.IHllHHAPI eenH~HHbl Pl,Q} o%pa~a~TCA e 6ecKoHe~HOCTb 
1-1 K03¢¢H1..1HeHT 3KpaHHPOBaHHfl /21 paBeH, KaK 1-1 AOlllKHO 6b1Tb, 
eAHHHI..Ie. npH pa3YMHWX >Ke 3Ha~eHHflX NOB 1-1 B~nOllHeHHI-1 CHJlbHOro 
HepaeeHcTea 

l.\1 = lv k 2 -k 2 1 « rr/h /24/ 
z 

1-1 /22/ norapH¢MH~ecKHMH cnaraeM~MH e /23/ MO>KHO npeHe6pe~b. np~-1 
3THX me ycnoBHflx /1-1 ~acToTax e AHana3oHe w ~ nc/bf ynpo~aeTcA 
1-1 Bblpa>KeHHe Allfl 3¢¢eKTHBHOrO conpOTHBJleHHfl 3KpaHa, TaK ~TO 

B pe3yllbTaTe K03¢¢1-11..1HeHT 3KpaHHPOBaHHfl npeACTaBJlfleTCfl B BHAe 

K 2 b2 I. (.\b) K, (.\b) 

K
2 b2 I~ (.\b) K~ (.\b) + a 

/25/ 

rAe a - OCHOBHO~ napaMeTp, xapaKTepH3Y~~H~ 3KpaHHPY~He CBO~CT
Ba ABO~Horo "6enH~bero Koneca 11

: 

a = L\N = £\N2 /26/ 
rrh rr2b 

3aBHCHMOCTb /26/ JlerKO 06DflCHHTb, ~e~CTBHTeJlbHO, eMKOCTb 
/Ha eAHHHLIY AllHH~ no z/ Ka>KAO~ o6nacTH nepeKp~THfl nonoc nponop
l.IHOHallbHa h/£\: rrb/ £\N jB 11 l.lenb 11 a3HMyTaJlbHOrO TOKa 11 BKJl~~eH011 

nOClleAOBaTellbHO 2N TaKHX eMKOCTe~, TaK ~TO o6~ee eMKOCTHOe co
npOTHBJleHHe 3KpaHa nponOPI..IHOHallbHO £\N 2/b. 

~anee ee3Ae 6yAeM npeAnonaraTb, ~To ycnoBHfl /22,24/ co6Jl~AeHw, 
1-1 nonbaoeaTbCfl ewpa>KeHHeM /25/ Allfl K03¢¢HLIHeHTa 3KpaHHpoeaHHfl. 

6 

4. 3KPAH~POBAH~E KBA3HCTAU~OHAPH~X MArH~TH~X nOnEA 

~MnYllbCHOe a3HMyTaJlbHO-CHMMeTpH~HOe /n= 0/ MarHHTHOe none 
B ycTaHOBKax/2,3/ C03AaeTCfl HMnyllbCOM TOKa B HCKYCCTBeHHO~ 3aMeA
JlfliOII\e~ JlHHHH 191, o6pa3oBaHHO~ 3KBHAHCTaHTHO /c waroM L/ pacno
no>KeHH~MH BHTKaMH 1-1 KOHAeHCaTopaMH. npl-1 rapMOHH~eCKOA 3aBHCH
MOCTH TOKa OT epeMeHH MarHHTHOe none HMeeT BHA 

z- v c:p t 
exp (ic/J -) 

L m = -oo 

2rrmz 
Bm(r) exp(i--), 

L 

rAecjJ- ¢a30B~~ CABHr TOKOB B COCeAHHX BHTKaX, V~- ¢a30Bafl CKo
pOCTb BOJlH~ TOKa. 

XapaKTePHble 3Ha~eHHfl ¢a30BO~ CKOPOCH1 ~c:p= vc:p /c ~ 10-4 .;. 1 o-3 

1-1 ¢a3oeoro CABHra cjJ = 0,1 .;. 0, 2. 
CeA3b Me>KAY naAa~~HM 1-1 HHAYLIHPOBaHH~M MarHHTH~MH nonAMH 

ClleAyeT 1-13 COOTHOWeHH~ /20/ 1-1 

kz 
8 rH =- k E OH /27/ 

1-1 onpeAeJlf!eTCfl, COOTBeTCTBeHHO, TeM >Ke CaMbiM K03¢¢1-11..1HeHTOM 3Kpa
HHPOBaHHfl f

0
, BBHAY MaJlOCTI-1 ¢a30BO~ CKOPOCTI-1 B~nOJlHfleTCfl He

paeeHCTBO k = c/J~q/L ~« lkzm I. rAe kz~ =\c/J + 2rrm)/L - nocTOflHHafl 
pacnpOCTpaHeHHfl m-H npOCTpaHCTBeHHOI-1 rapMOHHKI-1 nOllfl, n03BOJlfl~

IIIPP nnPHPfinPUJ.. R /?1; I ~~RlAriAMr"lrTl-..ln nT u.::arTnT'-.1 LA ~::::.n•Ar:::t~TL. Ltn"'l.rh-

/28/ f 
0 

(x, a) = 

x2 I 
1 
(x) K 

1 
(x) + a 

rAe x = lk zmlb. 
Pacc~HTaHHaA no ¢opMyne /23/ aaBHCHMOCTb noKa3aHa Ha p1-1c.2. 

~3 rpa¢HKOB BHAHO, ~TO C yMeHbWeHHeM AllHH~ BOJlH~ /pOCTOM x/ 
CTeneHb 3KpaHHpOBaHHfl yeeJlH~HBaeTCfl, 3TO n03BOJlfleT B~6paTb napa
MeTpbl 116eJ1H~bero KOlleCa 11 TaK, ~T06bl OCHOBHafl npOCTpaHCTBeHHafl 
rapMOHHKa MarHHTHOrO nOJlfl npOHHKalla ~epe3 3KpaH 6e3 3aMeTHOrO 
OCJla6neHHA, a B~CWHe rapMOHHKI-1 6~111-1 3KpaHHPOBaH~. 

nepBOHa~aJlbHO "6eJ1H~be KOJleC0 11 npeAnOJlarallOCb HCnOJlb30BaTb 
Allfl aKCHaJlbHO~ ¢OKYCHPOBKH 3JleKTPOHH~X KOJlel.l/?/ - nPOAOllbH~e 
pa3pe3~ npenf!TCTBY~T npoTeKaHH~ HaBOAHM~X KOJlbl.IOM a3HMyTallbH~X 
TOKOB, KOTOpble KOMneHCHPYIOT ¢oKyCHpy~~ee Ae~CTBHe HHAYLIHPOBaH
H~X 3apAAOB. 0Tpa>KeHHOe MarHHTHOe none HeTPYAHO Ha~TI-1 1-13 COOT
HOWeHH~ /12, 20, 27/. npl-1 ABH>KeHHI-1 KOJlbl.la C nOCTOflHHO~ CKOPOCTb~ 
Vz ~aCTOTa w 0 , BXOAflll\afl B /)J_/, pasHa w 0 =Vzkz•DYAeM C~HTaTb 
CKOpOCTb Vz MallO~ (Vz<<c/yl),TOrAa CABHr KBaApaTa OTHOCHTeJlbHO~ 
~aCTOT~ aKCHaJlbH~X KOlle6aHH~ 3JleKTPOHOB, CBfl3aHH~X C 3KPaHHpo
BaHHeM MarHHTHOrO nOJlfl KOllbl.la, npeACTaBJlfleTCfl B BHAe 
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0 2 3 

PHc,2. 3aBHCHMOCTb K03~H~HeH
Ta 3KpaHHpOBaHHH a3HMYTanbHO
CHMMeTpH~HOrO MarHHTHOrO IIOnH 
OT ,!VIHHbl BOnHhl IIpH 3Ha~eHHliX 
a: I- 0,1; 2- 0,2; 3- 0,5; 
4- 1,0; 5- 2,0; 6- 5,0. 

lnd 
e aBrH v ro 

ov2 = --.-.-- =- -<1>(-, a), 
z myw 2 az y b 

H 

0 2 J d 

PHc. 3. 0THOCHTenbHhn1 reoMeTpH
~ecKHH ¢aKTOp r/J(a) = <IJ(y,a)/<IJ(y,O) 
rrpH 3Ha~eHHHX y = r/b : I - 0, 6; 
2- 0,7; 3- 0,8; 4- 0,9. 
CooTBeTCTBYIOIJ.IHe 3Ha~eHHH <ll (y, 0): 
I - 0,6; 2- 1,9; 3- 6,7; 
4 - 38,6. 

r11e v = mc 3 I<0l/e,B 8 , 1<0>- TOK s Konbl\e, y"' (l-,8~)-112- penR-
H1BI-1CTCKI-1~ $aKTOp 3neKTPOHOB, wH= V ef r O - 4aCTOTa o6paiJ\eHI-1R 
3neKTPOHOB 80 BHeWHeM Mar HI-lT HOM none, ,8() = V() /c 1-1 

3 oo 2 2 Kl (x) 
<ll (y' a) = 4y r dx. X I 1 (xy) -- f 0 (x, a). 

o I 
1 
(x) 

/29/ 

AJ1R 3$$eKTI-1BHO~ CTeH04HO~ $OKYCI-1POBKI-1 KOnbl\a era MarHI-lTHOe 
none 1\0n)!(HO npOHI-lKaTb CKB03b 3KpaH, TO eCTb OTHOWeH!-le r/J = 
= <ll(y, a)/<ll(y, 0) AOn)!(HO 6b1Tb t~ano. Ha p1-1c.3 noKa3aHa 3aBI-1CI-1MOCTb 
3TOrO OTHOWeHI-lfl OT napaMeTpa a np~-1 He~OTOPbiX 3Ha4eHI-1RX y = r

0
/b, 

np~-1 a = 0,45/ (1 - y) Ae$OKYCI-1PYIOIJ1ee 1\el-lCTBI-le 1-lHAYL\1-lPOBaHHbiX TOKOB 
ocna6neHo npl-lMepHo BABOe. 

5. 3KPAH~POBAH~E B~COK04ACTOTHOrO ~3nY4EH~~ KOnbUA 

4acToTa 3neKTpoMarHI-1THOro nonR w
0

, eo36y)!(AaeMoro crpynnl-lpo
BaHH~M B II 6aH4e~ 31leKTPOHH~M KOJlbl\OM, KpaTHa 4aCfOTe o6paiJ\eHI-1R 

8 

I 
• I 

3JleKTpOHOB: w
0 

= nwH = IIC,B(J/ro, np~-1 Bbi4HCJleHI-1H HMneAaHCa nOJlO)!(HM 
,8() = 1, 4TO n03B011ReT HCKJli04HTb 3aBHCHMOCTb OT pa3MepOB none
pe4HOrO Ce4eHI-1R KOJlbl\a*, 

E-soJlH~ AaiOT TaKO~ )!(e BKJlaA B 1-lMneAaHC /1/, KaK H B CJly4ae 
KOilbl\a, 3KpaHHPOBaHHOrO CnJlOWHO~ npOBOARI!1e~ Tpy6o~, BKnaA 
H -sonH HeTPYAHO Ha~TI-1 1-13 cooTHOWeHI-1~ /12, 20, 25/. CoeepwaR 
o6paTHoe npeo6pa3osaHHe ~ypbe, nony41-1M 

oo- iO l 
ir

0 
J 

-oo+ iO 

I _z_ I (Ar
0 

)( K (Ar 
0 

) 
A2 n n /30/ 

H 2 2 2 2 22 I anOMHHM, 4TO A = k - k = k - II /r , Z O = 477 C z z 0 
CB060AHOrO npocTpaHCTBa /B Cl-lCTeMe eAHHI-11.\ C~ paBH~~ 120rr /OM//, 
KOHTyp HHTerpHpOBaHI-lfl 8~61-lpaeTCR HCXOI\fl 1-13 Tpe6osaHHR HC4e3HOBe
HI-1fl nonR Ha 6ecKoHe4HOCTI-1 ReA > 0 1-1 ycnosl-lR l-13ny4eHI-1R lmA < 0. 

BTopoe cnaraeMoe no11 1-lHTerpanoM s /30/ He HMeeT non10cos np~-1 
l~(Ab)=0, COOTBeTCTBYIOU\1-lX H-eonHaM B cnnOWHO~ Tpy6e - npl-1 Ta

KI-lX A o6paiJ\aeTCR B HOnb K03$$1-141-1eHT 3KpaHI-1POBaHI-1R ~' 4TO MO)!(HQ 
YBI-11\eTb KaK H3 np!-16Jll-1)!(eHHOrO B~pa)!(eHI-lfl /25/, TaK 1-1 1-13 T04HOrO - - -I t.. I I , r t;::~Ut1dt11...t1UMY I:IU~UYIII/-It::MVIIU I...UUL. I l:lt::HHbl~ I:IUJ IH U I l:lt::'-ldiU I IIUJ IIUL.d 

~; l\l-lCnepCI-lOHH~e xapaKTepl-lCTI-lKI-1 CB060AH~X BOJlH onpeAeJlRIOTCR, 
COOTBeTCTBeHHO, ypasHeHI-leM 

/31/ 

2 
3To ypaeHeH!-le HMeeT peweHI-lR c ReA <0, onHcbiBaiOU\1-le H -eonH~, H pe-
weHI-le c lmA =0, cooTseTCTBYIOU\ee nosepxHOCTHO~ TEM-noA06Ho~ 
BOJlHe B 3KpaHe. 

BKnaA TEM-eonH~ e 1-lMneAaHc /30/ MO)!(eT 6~Tb Ha~AeH aHanHTH-
4eCKI-1 B 1\BYX npeAeJlbHbiX CJly4aRX, OTBe4aiOU\HX 60JlbWHM H MallbiM 
3Ha4eHHRM apryMeHTa l\HllHHAPH4ecKHx $yHKL\H~ Ab: 

1 I 2a « n ;;-::! « - 1- (..!?.) 
2 

2a h 

- TEM rrar n r---; b 
Z n -=. ------'1.- exp [- 2n y f - 1 (- - 1 )) , /32/ 

ny7b r o 

*3THM M~ OT6pac~BaeM TaK Ha3~BaeMyiO KBa3HCTaTH4eCKYIO 4aCTb 
HMneAaHca, paBHYIO z~t = inZ 0L'/2,80y 2,rAe L'- HHAYKTHBHOCTb 
Ha eAHHHL\Y 1\IlHH~ KOnbl\a. 
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2/ t - 1 « 1 + 2a/n 

1T 
r 0 2n = -(-) 

2 b 
2a 

y (2a + £n) (2a + n) 

/33/ 

nepBaR ~OpMyna XOPOWO pa6oTaeT npH 3Ha4eHHRX l , 3aMeTHO OT
nH4H~X oT 1, H He6onbWHX a. BTopaR npHMeHHMa npH 6onbwHx a, 
a e cny4ae t = 1 - AnR ecex 3Ha4eHHill :noro napaMeTpa. npH r0 = b 
H Man~x a o6e c)>opMyn~ AaiOT cornacy~HecR pe3ynbTaTbl. 

EcnH 2a >> nt, 4TO COOTBeTCTByeT CHnbHOMY noAaBneHHIO a3HMy
TanbH~X TOKOB B 3KpaHe, TO H3 /33/ cneAyeT COOTHOWeHHe 

- T r 2n z EM::JL.(.!JL) 
n 2 b 

/34/ 

coenaAaiO~ee c e~pa~eHHeM AnR eKnaAa TEM-eonHbl e HMneAaHc aHH30T
ponHo-npoeoAR~ero ~HnHHAPa 1101 /HMe~ero HyneeyiO npoBOAHMOCTb 
e a3HMyTanbHOM H HAeanbHYIO- e aKcHanbHOM HanpaeneHHRx/. B o6-
paTHOM noeAemHoM cny4ae (2a « n) npH r 0= b H3 /33/ H /34/ 
cneAyeT pe3ynbTaT 

zTEM::~=~ 
n ' nF ny'l'lt 

/35/ 

KOTOp~il! MO~HO nOHRTb H3 npOCT~X C006pa~eHH~. 
npH ManbiX a H 6nH3KHX OallHYCaX KOnbUa H 3KDaHa (r n : b) nollHbl~ 

a3HMyTanbH~ill TOK npH611H3HTenbHO paeeH lind = -I<n>, rAe I(n) -
rapMOHHKa TOKa KOnb~a. 3TOT TOK B036Y~AaeT B 060HX HanpaelleHHRX 
BAOnb OCH Z no 2N nOilOCKOBbiX IlHHHH C xapaKTepHCTH4eCKHM HM
neAaHCOM p = Zo6./J(O. nonHoe conpOTHBileHHe' Ha KOTopoe Harpylf(eH 
HHAY~HpOBaHHbiH TOK, COOTBeTCTBeHHO paBHO zTEM:: 2N·p/2= Z 0 (6.N/VTh). 

npH 6onbWHX 3Ha4eHHRX a, He06XOAHMbiX AnR 3~¢leKTHBHO~ CTeH04-
HOil! ~oKyCHPOBKH, H r 0 = b BKilaA TEM-eonH~ e HMneAaHc /34/ BbiWe, 
4eM HMneAaHC He3KpaHHpOBaHHOrO KOilb~a. TaKHM o6pa30M, MOAH~H

~HpOBaHHOe 116enH4be KOneco 11
, TaK IKe, KaK H OAHHapHOe, He MO)f(eT 

OAHOBpeMeHHO nOAaBHTb 84 - H3ny4eHHR KOnb~a H o6ecne4HTb 3~
¢leKTHBHYIO ~OKYCHPOBKY CHnaMH H306pa~eHH~. 0AHaKO ABO~HOill 3KpaH 
MomeT, 3KpaHHPYR ace nonR KOilb~a, 6~Tb npo3pa4H~M AllR cna6o
HeOAHOPOAHoro BHeWHero MarHHTHOrO nonR. 

To4HaR 3aBHCHMOCTb BKnaAa TEM-eonH~ B HMneAaHc OT napaMeTpa 
a noKa3aHa Ha PHC. 4. AnR nony4eHHR npHeMneMbiX 3Ha4eHHil! z JEM = 

0, 1 -7 0, 2 Tpe6yeTCR a :S 1 • 
06paTHMCR Tenepb K AHCnepcHOHH~M ceo~cTeaM H-eonH e MOAH

¢lH~HpoeaHHOM 116enH4beM Konece 11
, onoeAenReMbiM peweHHRMH ypaeHeHHR 

/30/ c ReA2<0. PaAH YA06CTBa nepenHweM 3To ypaeHeHHe c Hcnonb-
30BaHHeM o6~4H~X ~HnHHAPH4eCKHX ¢lYHK~H~: 

21a __ _ 
/36/ 

10 

0.8 

0.6 

~ ...... 0.4 
~-N 

PHc.4. BKnaA TEM-BonHhl B HMneAaHc 

Ha rapMOHHKe n I npH HeKoTOpbiX 

3HatieHH.IIX r0 /b H £ • 

rAe kr =iA= yk2- k~, J 0 (x) H 
H~~- ~YHKQHH 6ecce11R H raHKenR 
nepeoro poAa n -ro noPRAKa, 
WTPHX, KaK H npe~Ae, 03Ha4aeT 
npOH3BOAHYIO no apryMeHTy. 

HaH6onbWHill HHTepec noeAcTae
nRIOT OKpeCTHOCTH BOnHOBOAH~X 
pe30HaHCOB, HMeiO~HX MeCTO npH 
coenaAeHHH 4aCTOT~ MOAYnR~HH 
TOKa KOnb~a w n C 4aCTOTOill OTCe4-
KH KaKoill-nH60 H3 H-eonH 
w - ck rAe s - paAHanbH~ill Ha-ns - ns • 
Mep MOAbl. AnR onoeAeneHHR k08 

a ypaeHeHHH /36/ cneAyeT nono~HTb kz= 0 H paccMaTpHeaTb ero KaK 
ypaeHeHHe AnR k. npH nepeXOAe K cnnOWHOMY 3KPaHy (a-+ 0) ypaeHe
HHe /36/ pacnaAaeTCR Ha ABa: J~(x) = 0 H H~(x)=O, rAe X=krb. 
BTopoe ypaeHeHHe peweHHill c Im x ;: 0, cooTBeTCTBY~Hx orpaHH4eHHbiM 
Ha 6eCKOHe4HOCTH-BOnHaM, He HMeeT/11/, TaK 4TO npH Man~X a 

peweHHR ypaeHeHHR /36/ AOn~Hbl 6b1Tb 6nH3KH K k "'ILn/b, rAe ILns -
HynH npoH3BOAHOill ~YHK~HH 5eccenR (J~ (IL 08 ) = 0). YAeP>KHBaR nepe~e 

t-'UU.JI\J/1\ ..... IIf'lll 
-- -----··----·· ............................. .................... "T'. 
,,_ ,,.._...., .... ,., .... ,t'J ..... , ,,_.,I'""J'M'''-" ,,...,,.,J ·~··-

k ILns I 1 + a (1 _ i _a_ )I . /37/ 
ns 

b diL 2 - n2 ) £ ~'ns 
ns 

HanH4He pa3pe30B npHBOAHT, KaK BHAHO H3 /37/, K HeKOTOPOMY yee
nH4eHHIO 4aCTOT OTCe4KH * /H, COOTBeTCTBeHHO, yMeHbWeHHIO pe3o
HaHCHbiX 3Ha4eHHill paAHYCa KOnb~a/ H AOnOnHHTenbHOMY 3aTyXaHHIO 
eonH, xapaKTepH3yeMoMy A06poTHOCTbiO 

/38/ 

ecneACTBHe 11 npoca4HBaHHR 11 3HeprHH 4epe3 pa3pe3bl Hapymy. 06a 3TH 
o6CTORTenbCTBa cnoco6CTBYIOT CTa6HnbHOCTH 3neKTpOHHOrO KOnb~a -
Ha nepB~X a3HMyTanbH~X rapMOHHKaX paCWHpReTCR npHCTeH04HaR 30Ha 
ycToii! 4 HBOCTH, a Ha B~COKHX, pe30HaHCH~X rapMOHHKaX HMneAaHC 
MeHbWe, 4eM B cnnOWHOill Tpy6e, H3-3a CHH)f(eHHO~ A06poTHOCTH 

BOilHOBOAHbiX MOA. 

* YeenH4eHHe 4aCTOTbl enonHe noHRTHO, nocKonbKY npH kz = 0 
pa 3pe3~ 3KBHBaneHTH~ AOnonHHTenbH~M eMKOCTRM, BKnl04eHH~M nocne
AOBaTellbHO B qenb a3HMyTanbHOrO TOKa. 

II 



6. 3AKJ111J4EHHE 

HTaK, ~-tCnOJlb3Y.A ABOHHOe 116eJ11-t4be KOJleC011
, MOlKHO 3a3KpaH~-tpo

BaTb B~COK04aCTOTHOe l-t3JlY4eH~-te KOJlb~a, 3aMeTHO He 1-tCKa>Ka.A 
BHeWHero ~-tMnyJlbCHOro MarHI-tTHOrO nOJl.A. DOJlee Taro, TaKOH 3KpaH 
.ABJl.AeTC.A ~1-!JlbTPOM, 3aAeP>KI-IBa~~~-~M napa3~-tTH~e B~CWI-te npOCTpaH
CTBeHH~e rapMOHI-tK!-1 BHeWHero nOJl.A, 4TO cy~eCTBeHHO Y11Y4WaeT 
~OKYCI-IPOBKY 3JleKTPOHHOrO KOJlb~a BCJleACTBI-te CrJlalK~-tBaH~-t.A rpaA~-teH

Ta non.A, 1-t IT03BOJl.AeT yeeJ1~-t4HTb war Me>KAY 1-!MnyJlbCH~MI-t Bl-tTKaM!-1. 
BMecTe c TeM, MOA~-t~H~HpoeaHHoe 116en~-t4be Koneco", np~-t ycnoe~-t~-t 

noAaBneH~-t.A B4-~-t311Y4eH~-t.A, 3KpaH~-tpyeT co6cTeeHHOe MarH~-tTHoe none 
AB~-t>Ky~erOC.A KOJlb~a n04TH nOJlHOCTb~ 1-t AaeT CJ1a6y~ CTeH04HY~ 

~OKYCI-IPOBKy. np~-t Heo6XOAI-IMOCTI-t ~OKyC~-tpy~~ee AeHCTBI-te 1-t306pa>Ke
HI-IH MO>KeT 6~Tb YCHJleHO, Hanp~-tMep, 3a C4eT A06aBJleHH.A BHyTpeH
Hero AH3JleKTPH4eCKOrO CJlO.A / 121 . 

AeTop 6naroAaPeH 3.A.nepenbWTei1Hy 3a none3H~e 3aMeo..taHH.A. 
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PyKonHCb nocTynHna B H3AaTellbCKHi1 OTAeJl 
2 AeKa6p.A 1983 roAa. 

AneKcaxHH Hl.H. P9-83-813 
3KpaHHPYIOIJIHe CBO~CTBa ABO~Horo 116enH4bero KOneca 01 

PaccMoTpeH cnoco6 3KpaHHPOBaHHR co6cTBeHH~x none~ aneKTPOHHoro KOnb~a 
H nepeMeHHOrO npocTpaHCTBeHHO-HeOAHOPOAHOrO BHeWHero MarHHTHOrO nonR 
ABO~H~M '6enH4bHM KonecoM" - 3KpaHoM, o5paaoeaHH~M ABYMR KOaKCHanbH~MH 
~HnHHAPaMH, paape3aHH~MH BAOnb o6pa3YIOIJIHX TaK, 4TO nonoc~ OAHOrO ~HnHHAPa 
ocy~eCTBnR~T eMKOCTHY~ WYHTHPOBKY paape30B APYrOrO. noKa3aHO, 4TO TaKaR 
WYHTHPOBKa n03BOnReT 3~eKTHBHO 3a3KpaHHpOBaTb B~COK04aCTOTH~e nonA, 
B036Y~AaeM~e KOnb~OM, 3aMeTHO He HCKa~aR BHeWHero nonR. Ha~AeHO, 4TO 6onee 
CHnbHOMY 3KpaHHPOBaHH~ nOABepra~TCR MarHHTH~e nonA C 6onbWe~ npOCTpaHCTBeH
HO~ HeOAHOPOAHOCTb~. 6narOAaPA 3TOMY ABO~HO~ 3KpaH crna~HBaeT pacnpeAeneHHe 
MarHHTHOrO nonA, C03AaBaeMOrO CHCTeMO~ nepHOAH4eCKH pacnono~eHH~X BHTKOB. 
nocKonbKY npOcTpaHCTBeHHO-HeOAHOPOAHOe Co6CTBeHHOe MarHHTHOe none aneKTpoH
HOrO KOnb~a TaK~e 3KpaHHpyeTCR 0 3¢$eKT CTeH04HO~ ~OKYCHPOBKH B ABO~HOM 
"6enH4beM Konece" aaMeTHO ocna6neH. 

Pa6oTa B~nOnHeHa B 0TAene HOB~X MeTOAOB YCKOpeHHA 011RI1. 

Alexahin Yu.I. P9-83-813 
Shielding Properties of the Double "Squirrel Cage" 

Shielding of the electron ring self-fields and of the alternating 
spatially inhomogeneous external magnetic field by a double "squirrel cage" 
is considered. The screen is formed by two coaxial cylinders, slit along 
the axis so that the strips of one cylinder capacitively bridge the slits 
of the other.It is shown that such a bridging permits to shield effectively 
generated by the ring rf field without significant distortion of 
the external field. It is found that the greater the magnetic field spatial 
inhomogeneity, the stronger it is shielded. Due to this fact the double 
screen flattens the distribution of magnetic field, formed by the set of 
periodically placed coils. As the spatially inhomogeneous magnetic self
field of the electron ring is also shielded, the effect of image focusing 
in double "squirrel cage" is significantly weakened. 

The investigation has been performed at the Department of New 
Acceleration ~ethods, JINR. 

Conrnunication of the Joint Institute for Nuclear Research. Dubna 1983 
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