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AneKcaXHH 10.11., flepenbwreiiH 3.A. pg - 12335 
¢oKyc~pOBKn anexrpOHHoro KDnhua npa c~aTKH s yaKoH 
~1eTannHqecxoA KAMepe 

Pacc~1orpeHo snHHHHe 3KpaHHpOBBHHR co6crseHHoro nonH KOnbua 6nH3KH­
MH ITpOBODHillHMH CT8HKBMH K8~1epbl HB KOrepeHTH08 H HeKorepeHTH08 llBH~P-

HH8 3neKTpOHOB KOnbUB. noK838HO, 4TO rrpH ynbrpapenHTHBHCTCKO~ 

CKOpOCTH BparuarenbHOro DBH~BHHH 3neKTpOHOB rpe60B8HH8 yCTOfi4HBOCTH 

KOnbU8 K8K Uenoro B M8llH8HHOfi nnOCKOCTH KSMepbl npHBODHT K HBH6onee 

*8CTKHM orpaHHqeHHHM HB 4HCnO aneKTpOHOB B KOnbUe, rrpH48M llOllyCTHM08 

tJHCno aneKTpOHOB T8M M8Hblll8 1 l.f8M 6onbW8 CllBHP M8>KD.y M8llH8HHbiMH 

nnoCKOCTHMH BH8UJHero MBrHHTHOPO ITDnSI H K8M8pbi. npenno>KeH CIIOC06 

CT86HnH38UHH 8KCHanbHOrO KOrepeHTHoro ilBH>KeHHH KOnbUB CHCTeMoA 

BCTpeqHo-BKRJO\.feHHbiX naCCHBHbiX BKTKOB, \.IBCTH\.IHO KOMll8HCHpy10lliHX 

3n9KTpOCT8TH\.18CKOe npHTSDK8HHe KOnbUa K CT8HK8M K8M9pb1 H yMeHblll8101UHX 

8CHMMeTpH10 BH811IH8f'O MBf'HHTHOf'O nonsr. 00K838HO, \ITO TBKBH CHCTeMa 

no3aon~er ysenH\.IHTh npH6nH3HTenbHO snaoe \.IHCno aneKrpoHOB a C*HMaeMOM 

KORhUe. 

Pa6ora BbinOnHeHa s Oraene HOBbiX Meroaos ycKopeHH>I OIHH1. 

Coo6meHHe 06'h9JlHH9HHoro HHCTHTyTa SlllepHbiX HccnenoeaHHA, Lly6Ha 1979 

Alexahin Yu.I., Perelstein E.A. pg - 12335 
F'ocusing of an Electron Ring during the Compression 
inside a Narrow Metallic Chamber 

The influence of shieldint?, of electron ring self-fields with 
chamber conducting walls close to it, on the ring electron coherent 
and incoherent motion is considered, It is shown that for ultrare­
lativistic electron energie,. the intensity limitation, imposed by the 
requirement of ring stability as a whole in the chamber mid-plane, 
is the most stringent. The more the shift between the chamber and 
external magnetic field mid-planes, the less is acceptable number 
of electrons in the ring, A method of passive stabilizing the ring 
axial coherent motion with the svstem of opposing coils is propo­
sed. The coils compensate partially electrostatical ring attraction 
to chamber walls and diminish the asymmetry of external magnetic 
field. It is demonstrated that such a system permits to increase 
twofold a number of electrons in the ring compressed. 

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

Communication af the Joint Institute for Nuclear Research. Dubna 1979 

© 1979 0tJ•eli.H8HHblit .RCT•f'YT IIJ18pRbiJC IICCn8liOBatnlt .Dy6Ha 

1. BBEJ{EHHE 

B c~eCTBYJOIQBX a npoeKTapyeMwx ICOJIJieiCTHBHWX yciCopaTenJix 

C 3neiCTpOHHWMB ICOnhUaMB tllopMHpOBaHBe B C>Ka THe KOnen DpOBC­

XO~BT B Y3ICBX TOHICOCTeHHWX MeTaJIJiaqeciCBX /BnB MeTannB3Bpo­

BaHHWX/ ICaMepax /1,2/, JinB3ICBe IC ICOnhUY DpOBO~JIIUBe CTeHICB 

DO~aBnJIIOT ICOrepeHTHOe CBHXpOTpOHHOe B3nyqeHBe B CBJI3aHHYIO 

C HBM pa~BaUBOHHYIO HeycToii:qBBOCTb. 

BMeCTe C TeM 3neiCTpaqeciCBe 3apJI~W, BH~YUHpyeMWe ICOnb­

UOM Ha CTeHICaX KaMepbl, ~etlloiCyCBpyiOT 3neiCTpOHbl B HanpaBneHBB, 

nepneH~BKynJipHOM IC cTeHKaM. BnBJIHBe HaBe~eHHWX 3apJI~OB Ha 

ycToii:qBBOCTh nyqiCa aHanB3BpoBanocb B p~6oTe ~1. liwno noiCa-

3aHo, qTo Haa6onee cymecTBeHHa ~etlloiCycapoBICa ICorepeHTHoro 

~BB>KeHBJI, DpBBO~JIIUaJI lC >KeCTICOMY orpaHaqeHHIO Ha qacno qaCTBU 

B nyqiCe. 

BnBJIHBe BH~YUBPOBaHHWX 3apJI~OB /B TOICOB/ Ha HeKorepeHT­

HOe ~BB>KeHBe 3neiCTpOHOB /OTHOCHTenbHO noiCanhHOrO UeHTpa Mace/ 

TaiC>Ke npe~cTaBnJieT BHTepec - onpe~enJieMwii: BMB c~BBr qacTOT 

MeHJieT pe3oHaHcHwe 3HaqeHBJI noiCa3aTenJI cna~a BHeWHero Mar­

HBTHoro DOnJI. Pe3ynbTaTW BWqacneHBJI C~BBra HeiCorepeHTHWX 

qacTOT ~nJI ICaMep pa3naqHoii: reoMeTpBB npaBe~eHw B pa3~ene 2. 
YcnoBBJI ICorepeHTHoro paBHOBeCBJI ICon~>ua c yqeTOM acaMMeT-

pH~ BHeWHero MarHBTHOrO nonJI aHanB3BPYIOTCJI B pa3~ene 3. 
B pa3~ene 4 paccMaTpBBaeTCJI cnoco6 cTa6ana3aUBB aiCcaanJ.Horo 

ICOrepeHTHOrO ~BB>KeHBJI ICOnbUa CHCTeMOB DaCCBBHWX BBTICOB. 
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2. fJACTOTM HEK_OFEPEHTHMX 

EETATPOHHMX KOJIEEAHHil 

YpaoHeHHe aKcuanLHoro .noHJKeHHJI 3neKTPOHOB, o npeHe6peJKe-

HHH H3MeHeHHeM pa,nHyca KOnLua r O 3a C'leT C06CTBeHHOro 

3neKTpOMarHHTHOrO nonJI, MOJKeT 6hiTL 3anHCaHO B BH,ne 

•• 2 e s s 
Z+ w nz = ----(E - f3B ), 

o my z r 111 

r.ne 2~ cA 
y =o (1- {3 ) - penJITHBHCTCKHH $aKTOp 3neKTpOHOB, w

0 
= _'J:'_ -

r o 

rupo'l:acToTa, 
r aBz 

n =- ---- · ------ I - noKa3aTenL cna.na BHewHero 
Bz ar r=r0 

-+ s ;> s 
MarHHTHoro nonJI Ha pa.nuyce KOnLua r 

0 
; E , B - co6cTBeHHoe 

3neKTpoMarHHTHOe none KOnLua, JIBnJIIOIUeecJI CYMMOH nonJI KOnbUa 

B CB060,nHOM npOCTpaHCToe/4/ H nonJI 3apJI,nOB H TOKOB, HH,nyuu­

pooaHHhiX KOnLUOM Ha CTeHKaX KaMepLI. 

EcnH KaMepa CHMMeTpH'IHa OTHOCHTenLHO Me,nHaHHOH nnoc­

KOCTH (z = 0), TO HH.nYUHPOBaHHhle 3apJI,nhl y,no6HO npe,nCTaBHTL 

B BH,ne CYMMhl CHMMeTpH'IHOrO H aHTHCHMMeTpH'IHOrO pacnpe,nene­

HHH. flpH ManOM CMeiUeHHH Z O KOnLUa OT Me,nHaHHOH nnOCKOCTH 

I I z 0 I « h, h - anepTypa KaMephll nepooe He 3aBHCHT oT 

BenH'IHHhl CMeiUeHHJI, BTOpOe - npJIMO eMy nponOpUHOHanLHO. 

CooToeTCTBeHHo 3TOMy none Haoe.neHHhiX 3apJI,noo HMeeT ou.n 

(lzl «h): 

e 
myw 2 

0 

ind v ( 
E ( z) = ----- <I> • z + <I> • z ) 

z f3 2y s a 0 ' 121 

r.ne v = -~-- q - napaMeTp liy,nKepa, 
mc2 

eN e u 

q == ----- - nHHeHHaJI nnoT-
2rrr0 

HOCTL 3apJI,na, N e - 'IHCno 3neKTpOHOB B KOnLue, 

MeTpH'IeCKHe l)aKTOp~. 
<t> - reo-

s,a 

OTpaJKeHHoe MarHHTHoe none npe,ncTaonJieTcJI o aHanorH'IHOM 
ou.ne 

e . ind v m m 
------- B = ----(<1> · f · z +<I> • f . z ) 131 

2 r a s + a - 0' myw o 1-'Y 

r,ne f ± - K03$1)HUHeHTLI 3KpaHHpOBaHHJI C06CTBeHHOrO MarHHTHOrO 

nonJI KOnLua CTeHKaMH KaMe phi (0 _5. f ± 'S_ 1). 
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,Il;nJI Y3KOH KaMephl 

~~JL » 1 
h 

/4/ 

KpHBH3Ha KOnLUa H H306paJKeHHH HeCyiUeCTBeHHa, H <I> m = <{> s a s,a , 
B coo6o,nHOM npocTpaHcToe co6cTBeHHOe 3neKTpoMarHHTHoe 

none KOnLua 3nnunTH'IecKoro nonepe'I:Horo ce'l:eHHJI c nonyocJIMH 

a r , a z o npeHe6peJKeHHH norapui)MH'IeCKHMH nonpaoKaMH HMeeT 

BH,n /4/: 

e cb cb A ) 1 1 · a ______ (E - f3B ) = Llll • ( z- z , z- z 
0 

S z, 
2 z r z o myw
0 

151 

r.ne 
2 

. 4v r 0 L1n - ------ . --------
r, z - A 2 3 a . (a +a ) · 

1-' y r,z r z 

"Koa.npaT 6e3pa3MepHoii 'l:aCTOThl ileKorepeHTHhiX Kone6aHHH 

3neKTpOHOB OTHOCHTenLHO UeHTpa Mace z0 , Cor naCHO 11-3,51, pa-

oeH 

v 2 = n - !\n - _!: __ <{> • ( 1- a 2r ). 
z z {32 s 1-' + 

y u . -> ind ->ind 
Rcxo,nJI H3 ypaoHeHHH diVE = 0, rot B = 0, KOTOphiM 

y,nooneTBOpJIIOT OTpaJKeHHhle nonJI B o6naCTH KOnLUa, * MOJKHO 

onpe,nenHTL BKna,n 3THX noneii B 'l:aCTOTY HeKOrepeHTHhiX pa,nuanL­

HhiX Kone6aHHH. Ecnu BhlnonHeHo ycnooue I 41, TO 

2 v 2 v = 1- n- L1n + --·--<1> (1- Q r ). 
r r f32y s 1-' + 

TaKHM o6pa30M, BnHJIHHe 3KpaHHpOBaHHJI noneii KOnLUa Ha 

HeKorepeHTHOe ,nBHJKeHHe MOJKHO l)opManLHO y'leCTL, BBO,nJI 3$1)eK-
• 

THBHhiH noKa3aTenL cna.na 

= n- -~-<1> (1- {3 2 f ). 
{32 y s + neff 161 

Heo6xo,nHMOe Tpe6ooaHHe HeKorepeHTHOH ycTOH'IHBOCTH HMeeT 

Tor.na ou.n 0 <neff < 1. 
flepeii,neM K BLI'IHCneHHIO OTpaJKeHHLIX noneii. 

B KaMepe, o6pa3ooaHHoii: .nsyMJI npooo.nJIIUHMH 6ecKoHe'IHLIMH 

napannenLHLIMH nnacTHHaMH, pacnonoJKeHHLIMH ua paccToJIHHH h 

*MLI C'IHTaeM OTpaJKeHHOe 3neKTpOMarHHTHOe none KBa3H­
CTaUHOHapHLIM, 'ITO HMeeT MeCTO npH lr 

0
1, lz01 «C. 

\ 
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,IJ;pyr OT ,IJ;pyra, npB yCJIOBBB /4/ aKCBaJibHa.JI COCTaBJI.JIIOll(a.JI OTpa­

lKeHHOrO 3JieKTpuqecKoro non.JI Ha pa.nuyce r 
0 

pasHa 151 

ind 77 q 11(Z+ z 0) 11(z -z
0

) 2h 
E ~ ----[tg-------- + ctg--------- -------] 

z h 2h 2h 11(z-zJ • 
/7/ 

JIBHeapB3Y.!I 3TO BbipalKeHBe no Z , Z O , ,li;JI.JI K034JcPBUBeHTOB 

If> noJiy'IBM !~I s,a 

"' 1 77f 2 
'i' s ~ -- (---Q-) 

3 h If> a = 2·<1> s • /8/ 

TOKB, BH,IJ;YUBpyeM~e KOJibUOM B CTeHKax MaJIOH TOJill(BH~ t.<<h, 
MoryT 6~Tb Haii.neH~ H3 o.nHoMepHoro HHTerpo.nu4JcPepeHuuaJibHoro 

ypaBHeHH.JI All. B pa6oTe n I TaKHM MeTo.noM nony'leH Ko34KI!uuueHT 

3KpaHHpOBaHH.JI MarHHTHOrO nOJI.JI HHTH C TOKOM, ,li;BHlKyll(eiic.JI 

C nOCTO.JIHHOH CKOpOCTbiO V napaJIJieJibHO nJIOCKOMY 3KpaHy: 

f 
1 

K2 

1 f K 2 
/9/ 

v c2 " 6 " 3 6 -r,ne K = ----, U ·~ -- ------- - CKOpOCTb y eraHH.JI TOKOB~X H 0 pa 
u u 2m1L\ 

lKeHHH, a - npOBO,li;HMOCTb MaTepHaJia CTeHOK. ECJIH CKOpOCTb ClKa-

TH.!I r0 H3MeH.JieTC.JI ,li;OCTaTO'IHO Me,nJieHHO H B~nOJIHeHO YCJIOBHe 

/4/, TO 3THM pe3yJibTaTOM, He Y'IHT~BaiOll(HM B3aHMO,ll;eHCTBH.JI TO­

KOB, HaBe,neHH~X B pa3H~X CTeHKaX, MOlKHO BOCnOJib30BaTbC.JI ,li;JI.JI 

npH6JIHlKeHHOH OUeHKH K034JcPHUHeHTOB 3KpaHHpOBaHH.JI MarHHTHOrO 

non.JI ClKHMaiOll(eroc.JI KOJibUa * /nonara.JI v = lr'
0 
I /. Y'leT HH,nyK­

TBBHoii CB.JI3H TOKOB Ha pa3H~X CTeHKaX /eM. llpHJIOlKeHHe/ npu­

BO,li;HT, B CJiyqae napaJIJieJibH~X nJIOCKHX 3KpaHOB, K CJie,nyiOll(HM 

BblpalKeHH.JIM; 

f = _12 ~3 r -~--=-~11_~~--=-~L~~~----
+ 11 2 

0 1 + K 2(1 + e-x) 2 
/10/ 

f = -~~3- r -~-~~11_-=-~-=~2_~~~-
- 772 o 1+K2(1 -e-x)2 ' 

/11/ 

(K = li
0
[/u). 

* llpe,nrroJiaraeTC.JI, 'ITO CMell(eHHe KOJibUa OT Me,nHaHHOH ITJIOC· 

KOCTH nocTO.!IHHO <I z I = const « _!!_ ). 
0 17 

6 

llpB MaJI~X B 60JibWBX 3Ha'leHB.JIX rrapaMeTpa K cnpaBe,IJ;JIBB~ 

oueHKB: 

1/ K 2 « 1: f :::: _!-'iK 2 ' f ::: __ _!L K 2 . 
+ 17 2 - 277 2 • 

2/ K 
2 » 1: f ::: 1 - -~(j._:~_:_g_!_~_g)_ f - 1 6 + 2 '-- -----. 

17K2 172,c 

3aBBCBMOCTb K034JcPBUBeHTOB f±, f 1 OT napaMeTpa K, B~'IBCJieH­

Ba.!l no cl>opMyJiaM /9-11/, noKa3aHa Ha puc. 1. H3 rpacl>BKOB 

CJie,IJ;yeT, 'ITO f 
1 

.JIBJI.!IeTC.JI XOpOWBM npB6JIBlKeHBeM ,IJ;Jl.JI f +, HO 

He .nn.JI r_ . 

s 
f. 

.5 

D. ! '· 9. za 

Puc. 1 

llpH 60JibWOH CKOpOCTH ClKaTH.JI (K >> 1) BKJia,ll;~ OTpalKeHHblX 

3JieKTpH'IeCKOrO H MarHHTHOrO ITOJieii B CHJIY JlopeHUa B3aHMHO 

KOMrreHCHPYIOT ,npyr ,npyra (f ± ::: 1). OueHHBa.JI CKOpOCTb ClKaTH.JI KaK 

. 2(r. -rf) lr 
0 

I - ___ l_!l_ 

T 
r.ne T = -

77- - ,IJ;JIHTeJibHOCTb nonyBOJIHbl BHewHe-
w . 

ro ITOJI.JI, r in H r f - Ha'laJibH~H B KOHe'IH~H pa,nuyCbl KOJibUa, 

,nJI.JI napaMeTpa K npu6JIHlKeHHO BMeeM 

_ 211at. w 2at. b 
K - --------. -- (r. - r ) ~ -----·-- w 

c2 17 m f c 2 
wr 

1
, 
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r.IJ.e T 1 - BpeM.II npOHHKHOBeHH.II BHeWHero MarHHTHOrO nOJI.II B Ka­

Mepy pa.IJ.Hyca b. Ycnosue K >> 1. TaKHM o6pa3oM, npoTHBopeqHT 

Tpe6osanHJO npoJpaquoCTH KaMepbi .IJ.JI.II suewuero MarHHTHoro no-

JI.II /6/ (wr 1 << 1), n03TOMy B peaJibHbiX ycTaHOBKaX /1/ f± << 1. 

B CB.II3H C 3THM 3cW>eKTHBHbiH nOKa3aTeJib cna.11.a KOJib~a B Ka­

Mepe MOJKeT cymeCTBeHHO OTJIHqaTbC.II OT 3HaqeHH.II B CB060.IJ.HOM 

npoCTpaHCTBe. Tax, .IJ.JI.II Ne ·~ 10 13, r O = 20 CM, y = 8 H h = 5 CM, 

H3 4JopMyn /6/, /8/ CJie.IJ.yeT n eff = n - 0,15. 
)J;JI.II reoMeTpHqecKHX 4JaKTOpOB <f>s,a KOJib~a B KaMepe C BOruy­

TbiMH CTenxaMH I puc. 2/ MoryT 6b1Tb ucnoJibJosanbl cJie.IJ.yiOmHe 

npH6JIHJKeHHble 4JopMyJibl: 

1 77 ro tga 2 a 2 
<I> = --(----. ----) [1- 10(--) ], 

s 3 h a 1T 

/12/ 
<I> = -~(~~l.l. _t_g_l!_) 2 [1- (iL)2], 

a 3 h a 1T 

r .IJ.e h " h (r 0) - anepTypa xaMepbi H 2a- yron MeJK.IJ.Y xaca TeJib­

HbiMH K CTeHKaM KaMepbi nJIOCKOCT.IIMH Ha pa.IJ.HYCe r 0 /CM. puc. 2/. 
fl>opMyJibi /12/ .IJ.aiOT xopowee cornacHe c peJyJILTaTaMH qHcneu­

uoro pacqeTa 4lYHK~Hii <I>s,a MeTO.IJ.OM, auanorHqHbJM 16 1 

2. 

Puc. 2 

8 

llpHBe.IJ.eM TaxJKe 6onee Toqnble BblpaJKeHH.II .IJ.JI.II qacTOT uexo­

repeHTHbiX KOJie6aHHH 3JieKTPOHOB KOJib~a B ~HJIHH.IJ.pHqeCKOH Ka­

Mepe fpeJoHaTope/ pa.IJ.Hyca b H BbiCOTbl h, BKJIIOqaiOmHe nora­

pH4JMHqecxHe nonpaBKH, CB.II3aHHble C KpHBH3HOH KOJib~a H H306pa-

JKeHHH 

r.11.e 

2r 3 1 =~~--~-(L c 2), 
·- 4{3 

2 
/13/ 

v 2 = n ( 1 + t) - ~n - .!:'_ (L - 1) - ~n + .!:'_ 
z Z y 0 3Kp y 

v 2 =(1-n)(1+c;)-~n _!:'_L +~n +_1:'-
r r y 0 3 Kp y 

~=~-~~~(L 1- -~), 
4{32 

. 16 r 
0 

4rrr 0 b- r 0 
L = ln -------- , L = ln ( ----- cth <f>), 4> = rr ------ , 

o a +a 1 h h r z 

~n = __ ':::__ 2 1 rrro 2 
3Kp. (1- f3 f+) · --(----) (1 

{3 2y 3 h 

cth 24> 
6-------), 

sh2<f> 
/14/ 

2 

.; = -~.:'-(L - -1-) + __ '::: __ (1 - f3 2f ) -~~J) __ ) ___ - .!:._ -~=~-!~(L - 1) 
y o 2 f3 2Y + h sh 24> y f3 2 1 

OTHOCHTeJibHOe yBeJIHqeuue Hanp.IIJKeHHOCTH BHeWHero MarHHTHOrO 

nOJI.II, Heo6XO.IJ.HMOe .IJ.JI.II KOMneuca~HH paCTaJIKHBaHH.II no 60JibWOMY 

pa.IJ.HYCY Ja cqeT co6cTBeHHbiX noneii KOJib~a. llocne.IJ.HHe .IJ.Ba qneua 

B 4JopMyJia~ 113, 141 CB.II3aHbl C OTpaJKeHHbiMH nOJI.IIMH. llpH f+ ~ 1, 

rrl' Q_ u /"' u 6 y :: -·
11
- OCHOBHOH BKJia.IJ. qJOKYCHpyiOmHH no 0 eHM CTeneH.IIM CBO-

60.IJ.bl/ .IJ.aiOT, KaK 3TO OTMeqeHO B ,S , JIOrapH4JMHqeCKHe qJieHbl * . 

3. YCTOHlJHBOCT'b KOFEPEHTHOFO AKCHAJI'bHOFO 

,l{BH)l(EHHJI KOJI'bl{A 

)J;BHJKeHHe KOJib~a xax ~enoro ,nepneH.IJ.HKYJI.IIpuoe Me.IJ.nauuoii 

nJIOCKOCTH I z 0 He JaBHCHT OT aJHMYTa e I, HJyqaJIOCb B pa6o­

Te /7/, JibiJIO uaii.IJ.eHO, qTO KOrepeHTHOe .IJ.BHJKeHHe .IIBJI.IIeTC.II cynep-

* )J;JI.II caMHX norapH4JMuqecKHX nonpasox B pa6oTe :'S! nonyqeubl 

uenpaBHJibHble BblpaJKeHH.II. 
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nOJBQBeii BhiCOKOqacTOTHhiX KOne6aHBB lc qacTOTOB -(uO I, JaTy­

XaiOIUBX, ecnB BhlnOnHeHO ycnOBBe HeKorepeHTHOB \lJOKYCBpOBKB 

v ~ > 0, B Me,LineHHOrO ,LIBB)I(eHBJI Cpe,LIHero no 3TBM KOne6aHBJIM 

nono)l(eHBH xonJ.Qa ** lxapaKTepHoe apeMH ~ _I:!_ I. 
u 

B cnyqae CBMMeTpBqHoro OTHOCBTenbHO Me,LIBaHHOB nnOCKOCTB 

KaMepbi BHeWHero MarHBTHOrO nonJI B z(-z) = B z( z) nonO)I(eHBeM 

paBHOBeCBJI KOnbQa JIBnHeTCJI Z O = 0. fiOnbJYJICb \lJopMynaMB 

11-31 npB Z = z 0 , MO)I(HO nOKaJaTb, qTo paBHOBeCBe YCTOBqBBO, 
ecna BhlnonHeHo ycnoaae 

n---~-'----[cfl (l-{32 f )+cfl (l-R 2f_)] > 0 . (3 2y s + a 1-' • 

BnB, npeHe6peraJI BH.LIYQBpOBaHHhiMB TOKaMB (f ± <<: 1) 

11 - -~--cfl > 0 1151 2 c * f3 y 

r.z:~e cfl cfl + cfl .' B cnyqae nnocxax napannenbHbiX JKpaHoa c s a h 
•:· - 3· cfl , noJTOMy lnpa y >>-----I paaHoaecae xonJ.Qa ycToii-

c s ITa 
qaao npa noKaJaTene cna.z:~a n, BTpoe npesocxo.z:~HweM JHaqeHBe, 

o6ecneqaaa10wee HexorepeHTHYIO \lloxycapoaxy I.LinH Toro )l(e qacna 

JneKTpoHoa N e I HnH npa BTpoe MeHbWeM qacne JneKTPOHOB 

lecna Ja,LiaHo JHaqeHBe n 1. qeM .z:~onycxaeTcH Tpe6oaaHBeM 
neff -, 0. 

B peanbHhlx ycnoBBHX Me)I(.LIY Me.LIBaHHhiMB nnocxocTHMB KaMe­

phi B BHeWHero MarHBTHOro nonH BCer.z:~a BMeeTCJI HeKOTOphlii 
C,LIBBr o IBJ·Ja HeTOqHOCTB YCTaHOBKB KaTyWeK OTHOCHTenbHO 

KaMepbl, TOKOB cJlyKO, HaBO,LIHMbiX BMnynbCHbiM MarHHTHbiM noneM 

B HeCBMMeTpBqHhiX JneMeHTaX MeTannaqeCKHX KOHCTPYKQHH, B 

T .,LI.j. Tor.z:~a pa,LIHanbHaJI COCTaBnHIOwaH BHeWHero MarHBTHOrO no­
nH BMeeT BH,LI 

B = -nB -~-- o r z ----

B nonO)I(eHBe paBHOBeCBJI KOnbQa onpe,LienHeTCJI H3 ypaBHeHHJI 

) e ind ind n(z - o = ------- (E - (3B )J _ 
0 myw~ z r z-z 0 

** Taxoe paJ.z:~eneHae caoiiCTBeHHO Ton~>Ko paccMaTpaaaeMoii 
Hyneaoii aJBMyTanbHOB rapMOHBKe KOrepeHTHbiX KOne6aHBB. 
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0Tpa)l(eHHoe JneKTpaqecxoe none, BMe10wee, cornacHo 111, 
B cnyqae napannenbHbiX nnOCKBX 31CpaHOB BB.LI 

ind ITq IT z0 E ( z ) = ---- tg -----
z 0 h h 

C ysenaqeHBeM OTJCnOHeHBJI JCOnbQa Zo HenBHeBHO BOJpacTaeT. 

Bcne,LICTBBe :noro npa o ,f 0 orpaHaqeHBe Ha qacno JnexTpoHoa 

OJCa3biBaeTCJI 6onee CBnbHbiM, qeM cne.z:~yeT B3 1151. 3aBBCBMOCTb 

npe.z:~enbHOro qacna JnexTpoHoa N ~ax oT CMeweHBH o .z:~aeTCH 
ypaBHeHBeM (f ± « 1) 

arccosy'~-- v'~(T~~~ ITO 
h 1161 

max( )/ max max 
r.z:~e TJ = N e o N e (0), N e (0) - npe.z:~enbHOe JHaqeHBe 

cornaCHO 1151. YpaBHeHBe 1161 MO)I(HO nOHBMaTb B JCaJC JaBBCH­

MOCTb OT o MBHBManbHOro 3HaqeHBJI nOKaJaTenH cna.z:~a II min (o) 

Tpe6yeMoro ,LinR xorepeHTHoii ycToiiqasocTB npa \llaxcapoaaHHOM 

Ne • ecna nonO)I(BTb TJ = II min (0)/n min (o) . rpa\lJBK cllYHKQHB 
TJ(2o/h) noxaJaH Ha puc. 3. 

~ 

.5 

D. j, 2rf/h 

Puc. 3 

fipB qacne JneJCTpOHOB, npeBOCXO.LIJiweM npe.z:~enbHOe JHaqeHBe, 

nono)l(eHBe YCTOHqHBOro paBHOBeCBJI JCOnbQa OTCYTCTByeT, B KOnbQO 

yXO,LIBT Ha CTeHJCY JCaMepbl. MarHBTHOe none TOKOB, B036y)I(.LiaeMbiX 

npB6nH)I(aiOIUBMCJI K CTeHJCe KOnbQOM, JaMe,LinHeT 3TO ,LIBB)I(eHBe, 
HO He CTa6HnB3BpyeT' ero n I. 
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HeTpy,nHo y6e,nHTbCJI, 'ITO pa.nuanbHOe KorepeHTHOe ,nBH:lKeHHe 

ycTOB'IHBO, ecnH n < 1. Tpe6oaaHHe KorepeHTHOii ycToii'IHBOCTH 

_ _!:'_ __ <1> <n< 1 
f32y c 

HaKna,nbiBaeT Ha noKa3aTenh cna.na BHewHero MarHHTHoro non.R 

6onee :lKeCTKHe orpaHH'IeHH.R, 'leM ycnOBH.R HeKorepeHTHOB clJoKyCH­

pOBKH. Ycnoaue 1171 npH 'IRene 3neKTpOHOB 

mc2 f32yro 
N > 2rr ----- · --------
e- e <1> c 

Boo6me He MO:lKeT 6b1Tb BblnonHeHo. ,ll.n.R 3Ha'leHHii r 0 = 20 CM, 

h = 5 CM, y = 8, HanpHMep, KOrepeHTHaJI yCTOB'IHBOCTb no o6eHM 

CTeneH.RM CB060,nbl O,nHOBpeMeHHO HeB03MO:lKHa, ecnH N >2,2 .10 lS e-

4. CTAEHJIH3Al!H.H KOFEPBHTHOFO 

AKCHAJlhHOFO~BHXBHH.H 

Tpe6oBaHHe npo3pa'IHOCTH cTeHOK KaMepbl, o6ycnoBHBwee Ma­

nocTh K03clJclJHUHeHTOB 3KpaHHpOBaHH.R MarHHTHOrO non.R C:lKHMaiD­

merOCJI KOnbUa f±, OTHOCHTC.R TOnbKO K CHMMeTpH'IHOB COCTaB­

n.RIDIUeB BHewHero MarHHTHoro non.R, ,nn.R KOTopoii B r I z= 0=0 . 
3KpaHHpOBaHHe :lKe aHTHCHMMeTpH'IHOB COCTaBn.RIDIUeB, onpe,nen.RID­

meii C,nBHr Me:lK,ny Me,nHaHHbiMH nnoCKOCTJIMH non.R H KaMepbl 

rB r a = ------ I 
nB z z~ 0 

yMeHbWaeT 3TOT c,nBHr H, cne,noBaTenbHO, .RBn.ReTC.R CTa6HnH3H-

pyiDIUHM clJaKTOpOM. lJ03TOMY KOHCTpyKUHID KaMepbl MO:lKHO ,nonon­

HHTb CHCTeMOB naCCHBHbiX BHTKOB, BKniD'IeHHbiX nonapHO HaBCTpe­

qy ,npyr ,npyry IKaK 3TO noKa3aHo aa puc. 4/. ToKH, TeKymae 

B BHTKaX, He HCKa:lKaiDT C:lKHMaiDmee KOnbUO CHMMeTpH'IHOe Mar­

HHTHOe none, no3TOMY 'IHCnO BHTKOB H HX conpOTHBneHHe MOryT 

6b1Tb Bb16paHbl TaK, 'IT06bl npaKTH'IeCKH nonHOCTbiD 3a3KpaHHpo­

BaTb aHTHCHMMeTpHqHble MarHHTHble non.R /BHeWHee H co6CTBeH­

HOe, CBJI3aHHOe C OTKnOHeHHeM KOnbUa OT Me,nHaHHOB nnoCKOCTH 

KaMepbl/. 
YcnoBHe KorepeHTHOii ycTOB'IHBOCTH npu HanH'IHH cTa6unH3H-

pyiDIUHX BHTKOB B cnyqae CHMMeTpH'IHOrO BHeWHero nonJI HMeeT 

BH,n 
v -

n- ----<1> > 0 2 c • 
f3 y 

/18/ 
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I ., 
-~ 
I 
I 
! 

r 

I 
~ 

Puc. 4 

- 2- m 
r .Lie <I> c = <I> c - f3 f _ <I> a , f _ - K03clJclJHUHeHT 3KpaHHpOBaHH.R 

aHTHCHMMeTpH'IHOB COCTaBn.RIDIUeii C06CTBeHHOrO MarHHTHOrO nonJI 

KOnbUa BHTKaMH. M3 KOHCTPYKTHBHbiX C006pa:lKeHHB BHTKH y,no6Hee 

pacnonaraTb CHapy:lKH KaMepbl, n03TOMY <I>~< <I> a. EcnH BHTKH 
m -npH.LIBHHYTbl BnnOTHYID K CTeHKaM KaMepbl (<I> a.,. <I> a) H f_ ~ 1 , 

TO 1181 npaKTH'IeCKH He OTnH'IaeTCJI OT Y,CnOBH.R 0 eff > 0, Heo6xo­

.LIBMOrO ,nnJI HeKorepeHTHOB aKCHanbHOB clJoKyCHpOBKH. 

)l.nJI HnniDCTpaUHH npHBe.n;eM pac'leT KOHKpeTHOB CTa6HnH3HpyiD­

meii CHCTeMbl. CTeHKH KaMepbl o6pa30BaHbl noBepXHOCT.RMH cclJep 

pa.n;Hyca Rct!J = 146 CM C UeHTpaMH B TO'IKaX f = 0, Z = ± Zct!J• 
r.n;e Zc¢ = 148,5 CM lreoMeTpH.R, 6nH3Ka.R K reoMeTpHH KaMepbl 

YTM OMJIM 
111 I. CTa6HnH3HPYIDIUa.R CHCTeMa cocTOHT H3 22 nap 

BHTKOB, KOOp,nHHaTbl KOTOpbiX Ha nnOCKOCTH r- Z 3a,naiDTC.R clJopMy­

naMH 

r=rk=(7+1.5·k)cM, Z= ±zk, Zk=Zc<fl+0,5-y'Rz¢-ri. 

IJpe,nnonaraeTCJI, 'ITO BHTKH H coe,nHH.RIDIUHe HX npoao,na l.n;nHHOB 

2 M .n;nJI Ka:lK.LIOB napbll c.n;enaHbl H3 Me.LIHOB npOBOnOKH .LIBaMeTpOM 

6 MM. 

BpeM.R nepeXO.LIHbiX npouecCOB T B TaKOB CHCTeMe HaCTOnbKO 

BenHKO IT .::.:" 3, 7 MC/' 'ITO Ha 'laC TOTe Be,nymero non.R f = 500 rij Ill 
MO:lKHO npeHe6pe'lb aKTHBHbiM ConpOTHBneHHeM BHTKOB no CpaBHe­

HHID C HH,nyKTHBHbiM (2rrfr >> 1), TO eCTb C'IHTaTb BHTKH H,neanbHO­

npOBO,nJIIUHMH. 
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3xpaHHpoBaHHe BHeWHHX aHTHCHMMeTpH'IHbiX none A / coJJJ;aBae­

MbiX aHTHCHMMeTpH'IHbiMH TOKaMH B BHTKaX, COOTBeTCTBYIOUUIX 

xaTywxaM I, I I H I I I CTyneHeH c>KaTHS /1~ HnniDCTpHpyeTcs 

puc. 5. B Ka'leCTBe Mepbi 3KpaHHpOBaHHS Bbi6paHO OTHOWeHHe pa­

JJ;HanLHOH cocTaBnsiDmei!: nonR B r I z=< 0 K JHa'leHHIO B cBo6oJJ;HOM 

npocTpaHCTBe: p = ( B ;Kp I BrCB) I z = 0 0 

p 

r'(C"} 

Puc. 5 

Ha puc. 6 noxaJaHa JaBHCHMOCTL oT paJJ;Hyca * Ko3¢lcllHUHeH-

TOB <J> c 
8 

/nyHKTHp/, paCC'IHTaHHaS no 4>opMynaM /12/, H ci) c 

/cnnow~ble nHHHH/ JJ;ns JHa'leHHH cxopocTH c>KaTHs 1 - lr 0 I 
10 4 cM/c, 2 - lr

0 
1 = 2 ·I0 4 cM/c, 3 - lr

0 
1 = I0 6 cM/c. 

Cpe,ll;HSS CKOPOCTL C>KaTHJl KOnLua B aJJ;re3aTope /1/ I r 0 I ~ 
= 3 • 10 4 CM/C, TaK 'ITO CTa6HnH3HpyJOmas CHCTeMa yBenH'IHBaeT 

npeJJ;enLHoe 'IHcno 3nexTpOHOB npH6nH3HTenLHO BJJ;Boe. EcnH >Ke 

npHHSTL BO BHHMaHHe H CHMMeTpH3aUHIO BHeWHero nons BHTKaMH, 

TO BbiHrpbiW OKa3biBaeTCS eme 6onee 3Ha'IHTenLHbiM. 

* B pac'leTe He 6blnH Y'ITeHbi TOKH, HHJJ;YUHpyeMble B CTeHKaX 

KaMepbi npH HH>KeKUHH 3neKTpOHOB. 3TH TOKH, npaKTH'IeCKH non­

HOCTLIO KOMneHCHPYIOUUie JJ;eBCTBHe JapSJJ;OBbiX H306pa>KeHHB He­

nocpeJJ;CTBeHHO nocne HH>KeKUHH, JaTyxaiOT Ja BpeMJl :::lJ/ u. ,lJ;ns 
xaMepbi c paccTosHHeM h = 12 CM /npH r 

0 
= r in I Me>KJJ;y cTeHKaMH 

H3 Hep>KaBeiDme:ii: CTanH TonmHHOB (1. = 0,5 MM 3TO BpeMS =50 MKC. 
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1' 

cp 

60 

50 r 

40

1 
30 

20 

tO 

5. 

/ 
/ 

/ 

/ 

/ 
/ 
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// 

/ 

/------------
't' // ---

c / --
/ -

// 

2 

3 

/ 
/ 

/.. -----------------
---- CP., -----~/ -

10. 15 20 

Puc. 6 

25 3D. J5 r.rc"') 

B CBS3H c yMeHLWeHHeM B r 1 z = 
0 

Ja C'leT TOKOB B naccHB­

HbiX BHTKaX B03HHKaeT Bonpoc 0 BnHSHHH 3THX BHTKOB Ha BbiBOJJ; 

C>KaToro KOnLUa B o6naCTL YCKOpSIOmero rpaJJ;HeHTHOrO MarHHT­

HOrO nons !91. PeJynLTaTbi pac'leToB JJ;ns napaMeTpoB BbiBOJJ;Ho:ii: 

CHCTeMbi, B3STbiX H3 pa60Tbi !9/, npHBeJJ;eHbi Ha puc. 7. Cnnow­

HLIMH nHHHSMH noKa3aHa JaBHCHMOCTL Br (z) Ha paJJ;Hyce f = 4 CM 

npH HanH'IHH naCCHBHbiX BHTKOB, nyHKTHpOM - B CB060JJ;HOM npo­

CTpaHCTBe JJ;ns JHa'leHu:ii: Toxa: B coneHOHJJ;e - I 8 = 6,8 KA, 

B npaBoi!: (z > 0) xaTywxe I I I CTyneHH - I R = 1,9 KA, B neBo:ii: -

I L = 6,6 KA /puc. 7a/ H I L = 7,4 KA /puc. 76/. Kax cneJJ;yeT 

H3 rpa4>HKOB, BbiBOJJ; KOnLUa npH HanH'IHH naCCHBHbiX BHTKOB npo­

HCXOJJ;HT npH MeHLWeM JHa'leHHH Toxa B neBo:ii: xaTywxe III cTy­

neHH. 06'LSCHSeTCR 3TO TeM, 'ITO TOKH, HHJJ;YUHpyeMble B BHTKaX, 

ycHnHBaiOT paJJ;HanLHoe MarHHTHoe none I I I cTyneHH npH z > z k 

/He H3MeHSH cymecTBeHHO none ConeHOHJJ;a, TaK KaK K034>4>HUHeHT 

CBS3H c HHM Man/. YMeHLWeHHe >Ke B r npH I zl < z k Ha Manblx 

paJJ;Hycax HeJJ;ocTaTO'IHO I puc. 5/ JJ;nR Toro, 'IT06Ll aocnpennT­

CTBOBaTL OTBOJJ;Y KOnLUa OT MeJJ;HaHHOB nnOCKOCTH. 

5. 3AKJIIOqEHHE 

3Ha'IHTenLHOe npH6nH>KeHHe K KOnLUY MeTannH'IeCKHX CTeHOK 

KaMepbi C uenLIO noJJ;aBneHHR paJJ;HaUHOHHOB HeyCTOB'IHBOCTH Ha-
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Puc. 7 

~-- L ----c---
?0 F{CIIf) 

pywaeT paauoaecHe KOnbua KaK uenoro, B aKcHanbHOM uanpaa­

neHHH, qTo orpauHqHaaeT qHcno 3neKTpOHOB B KOnbue. ~onycTH­

Moe qHcno 3neKTPOHOB TeM MeHbWe, qeM 6onbwe paccornacoaaHHe 

Me,D,HaHHbiX nnocKocTeii BHewuero MarHHTHoro nonJI H I<aMepw. 

B03MO)I(lf0CTb CTa6HnH3aUHH I<Onbua 3a cqeT yaenHqeHHJI IIOKa-

3aTenJI cna,D,a orpauJJqeua, Tai< I<ai< npH n 2 1 cTaHOBHTCJI ueyc­

ToiiqHBbiM KOrepeHTHOe pa,D,HanbHOe ,IJ,BH)J(eHHe. 
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0,D,HHM H3 B03MO)J(HbiX CIIOC060B CTa6HnH3aUHH JIBnJieTCJI HC­

IIOnb30BaHHe BCTpeqHo- BI<moqeHHbiX ITaCCHBHbiX BHTKOB, 'laCTHqHo 

I<OMIIeHCHPYIOIUHX 3nei<TpOCTaTHqecJ<oe llpHTJI)J(eHHe I<OnbUa I< CTeH­

I<aM J<aMepbl H YMeHbWaiOIUHX aCHMMeTpHIO BHeWHero MarHHTHOrO 

rronJI. PacqeT rroi<a3biBaeT, qTo Tai<aJI CHCTeMa rro3BQJJJieT yaenH­

qHTb llpH6nH3HTenbHO B,D,BOe qHcno 3nei<TpOHOB B C)J(HMaeMOM 

I<onbue. 

BnHJIHHe 3I<paHHpoaaHHJI rroneii I<Onbua ua Hei<orepeHTHoe .D.BH­

)J(eHHe 3nei<TPOHOB llpOJIBnJieTCJI B C,IJ,BHre 6eTaTpOHHbiX qacTOT, 

CyiUeCTBeHHO MeHJIIOIUeM pe30HaHCHble 3Ha'leHHJI IIOI<a3aTenJI crra­

,D,a BHewuero MarHHTHoro rronJI. 

IIPHJIO)I(EHHE 

3KpaHUp06QHUe MQ2HUMH020 nOA.R 

06UJICYUieZOC.R AUHeUH020 MOKQ 

IJyCTb 6eCKOHeqHaJI HHTb C TOKOM 

j(O)~ I·o(z- z )-O(x-vt) 
y 0 

,IJ,BH)J(eTCJI C IIOCTOJIHHOH CI<OpOCTbiO V << C rrapannenbHO ( Z O ~ const) 

llnOCI<HM MeTannHqeci<HM rrnaCTHHaM z~ ±h/2 TOniUHHbl i'l<<h H 

llpOBO,IJ,HMOCTH a. B MeTanne HH.D.YUHPYIOTCJI TOI<H C 06'beMHOH 

rrnOTHOCTbiO j ind ~a E , r,D,e E Y ~- _cl_ ()A,%_ cyneprro3HUHJI 
Y Y at 

HH,D,YI<UHOHHbiX 3nei<TpHqecJ<HX rroneii HHTH H HaBe,D,eHHbiX TOKOB 

E ~ E (0) E ind 
y y + y • /II.l/ 

CooTuoweHHe 

,D,nH cyMMapuoro 

pa3HTb E ind 
y 

ecTb qepe3 E Y 

/Il.l/ MO)J(eT paCCMaTpHBaTbCJI KaK ypaBHeHHe 

3nei<TpHqeci<oro rronJI B MeTanne 161, ecnH Bbl­

qepe3 llnOTHOCTb HH,IJ,YUHPOBaHHbiX TOI<OB /TO 

I. B pa6oTe n I rroi<a3aHo, qTo rrpH TonwHHe !l , 

Manoii 110 cpaBHeHHIO C paCCTOJIHHeM OT HCTO'{HHI<a ,IJ,O 3I<paHa 

(ll «E.. - 1 z 1), H3MeHeHHe HH.D.YUHpoaauuwx TOI<OB no n:iniUHHe 

3KpauJ! uec~wecTaeuuo. YqHTbiBaJI, qTo _j} __ = -v-~-. HeTPY.D.HO - at ax 
llpHHTH I< cne,D,yiOIUHM ypaBHeHHJIM 

E +(,f)= E(~)(.f)- ~- f G+ (.f- .f')E +(.f')<J.f', 
- - TT -oo - -

/II.2/ 
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r.ne 

t: = x - vt E ( t:) = j._ (E (_!!_ /-) ± E (- !_1_ t:)] 
s • ± s 2 y 2'" y 2 's ' 

1 + _{_ __ ~!!!!Av__ ' G± (~) = PT - ~2 +h 2 K = c2 

/B CBR3a c npe,nnono~eaaeM v<<c Mo~ao nonbJOBaTbCR cTauao-

aapaoii $yaxuaeii rpaaa/. . t: 
1 oo -Iks 

B $ypbe-npe,ncTaBneHHa E(k) = ---- r e E(~)d~ pewe-

aae ypaBHeHaB /0.2/ aMeeT Ba,n 211 
-oo 

E + (k) = _______ E CJ>> (k) 

- 1 - i K • ~~;~~;~-~-=~k~h--------

r.ne 

- lklh 
(O) Iv . . - - --- ch lkl z 

E + (k) = ----. 1. sign k e 2 . l O 1 
- c 2 shlkl z 0 • 

MarHaTHOe none aa,nyuapoBaHHbiX TOKOB Bblpa~aeTCR 

peweHHR ypaBHeHaB /0.2/ cne,nyiO}UaM o6pa30M: 

ind 4rra~ 
B =- -------

x c 

lklh 

( e 2 ·(shlklz·E++chlklz·E_)dk 

h 
(\ zl < -2 , .; = 0) 

ana, acnonb3YR /0.3/, /0.4/ 

-kh 
ind _ 41 2 oo -kh shkz · chkz0(1 + e ) 

B - ---- K r e . [ ------------------------ + 
X C 0 1+K2(1+e-kh)2 

-~h 
chkz. shkz0 • (1-e ). 

+ ---------------------- J dk. 
1 + K2(1- e-kh)2 

/0.5/ 

Opa I zl, I z 01 << h cymecTBeaaoii: o6nacTbiO aaTerpapoBaHaR 

B /0.5/ RBnReTCR k < ...!. • OcTaBnRR nepBwe •meaw paJno~eHHR 
- h 

ranep6onaqecxax $yaxuaii B cTeneaaoa pR,n, nerxo nonyqaTb $op-

Mynw /10,11/ ,nnR K0341cllauaeHTOB 3KpaaapOBaHaR MarHaTHOrO 

nonR HaTa. 
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