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~ 3neKTpOHOB H3 ycKopHTen~ HCnOAb3yeTC~ rpaAHeHTHblA ApeA~ 4ac-

THU B TOpOHAaAbHOM MarHHTHOM none. 
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BBE.D.EHYIE 

CHJtbHOTOYH~e ycKopHTeJtH 3JteKTpoHoa cpe~HHX 3HeprHA 

3aHHMaOT aa~HOe H ~OCTOAHoe MeCTO B pa3JIH4H~X o6naCTSIX ¢H3HKH H 

TeXHHKH (Jta3ep Ha cao6o~H~X 3JleKTpOHax H Jta3epH~H MeTO~ ycKope­

HHSI, ynpaBJIS!eM~H TepMOSl~epH~H CHHTe3, B036y~~eHHe KHJlbBaTepH~X 

noJteA H T.n. ). Konbuea~e MaWHH~ 3Toro KJtacca (Mo~H¢HuHpoaaHH~A 

6eTaTpOH H ero pa3HOBH~HOCTH [1-3] ) OTJIH4aOTCSI KOMnaKTH~MH pa3-

MepaMH, nerKO ynpaBJIS!eM~ B pa6oTe H HMeOT B~COKHA K.n.~. 

B HacTosimeA pa6oTe npe~JtaraeTcsi pa3HOB~~HOCTb CHJlbHo­

T04Horo KOJlbueaoro ycKOpHTeJISI 3JleKTpOHOB cpe~HHX 3HeprHA, B KO-

TOpOM B Ka4eCTBe Be~ymeA ~opo~KH 4aCTHU HCnOJlb3yeTCSI nOCTOSIHHOe 

B_O apeMeHH H, HMeomee nepHO~H4eCKYO npocTpaHCTBeHHYO 93.pHaUHO 

HanpaBJleHHSI Hanpsi~eHHOCTH, TOpOH~aJlbHOe MarHHTHOe none - TO­

paJtbTpOH (toraltron-torua alternating-sign) . .fl.HHaMHKa 3JteKTpoH­

Horo ny4Ka B yKa3aHHOA MarHHTHOA ~opo~Ke TeopeTH4 eCKH HCCJle~o­

eaa a pa6oTax [4-6], pe3yJ1bTaT~ KOTop~x noJtyYHJIH ceoe 3KcnepH­

MeHTaJtbHoe no~TBep~~eHHe B pa6oTax [7,8] . YcKop~omHe 3JteMeHT~ 

c HH~YKTOp~) npe~noJtaraeTCSI pa3MeCTHTb Me~~y KpaS!MH i!pHM~KaHHSI 

TOpOH~aJlbHbIX COJleHOH~OB. 

Ylcxo~SI H3 cneuH¢H4eCKHX CBOACTB TopoH~aJlbHOro MarHHT­

Horo nonsi a TopaJtbTpoHe, o6cy~~aoTcsi cpaBHHTeJtbHO npocT~e cxeM~ 

BBO~a H B~BO~a 4aCTHU H3 ycKOpHTeJISI. 
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YacTb I. ~HHAMHKA YACTHU B BE~YmEM MArHHTHOM nonE 

KaK 6~JIO yKa3aHO B~We, TeopeTHYeCKOe HCCJ10AOBaHHe AH­

HaMHKH 3ap~*eHH~X YaCTHU B nOCTO~HHOM BO epeMeHH H 3HaKonepe­

M0HHOM B npocTpaHCTBe TOpOHAaJlbHOM MarHHTHOM none npoBeAeHO B 

pa60TaX (4-6]. no3TOMY npHB0A0M OCHOBH~e pe3yJlbTaT~ 3THX paooT, 

AaomHe ~CHOe npeACTaBJleHHe 0 noBeAeHHH TpaeKTOpHH H 0 xapaKTepe 

ycTOAYHBOCTH ABH*eHH~ YaCTHU B TOpaJJbTpOHe, Heo6XOAHM~e TaK*e 

AJI~ AaJlbHeAwero H3JIO*eHH~ MaTepHaJla HaCTo~meA CTaTbH. 

HopMaJJH30BaHH~A raMHJlbTOHHaH 3aAaYH MO*HO npeACTaBHTb 

B CJleAyomeM BHAe: 

.l. J. 00 

jf,~,,X.r,X,'1)= </1; li + (~ f~K(X() . Cu.,:J.t:7'~ ' 
c 1) . 

Y1:: ~1r ,~.t:::: rrr JX.1::~ H X1..-::. /lfO-_ rAe HOB~e 

KaHOHHYeCKHe HMny JlbCbl H KOOPAHHa T~ c CM. pHC. 1) ' N 
YHCJIO TOpOHAaJlbH~X COJleHOHAOB, .e, -AJIHHa OAHOro COJleHOHAa. 

HeB03MymeHHa~ YaCTb raMHJlbTOHHaHa -

lj/ .f- ¥~~ 
~ 

Jl (itr,!k_)-:: 
(2) 

onHc~eaeT ABH*eHHe no cnHpaJJbHOA TpaeKTOpHH, HaMOTaHHOA Ha Top . 

803MymeHHa~ YaCTb raMHJlbTOHHaHa 

"II ~ 
d1,., (x.,x.J:: !'· 2.: i. ex~ ) . ~ ~ .x,,_ (3) . 

k: ;>..o 

_ r)lej'-~{* y·,- V=- _e f(ofo/E -MaJl~A noJIO*HTeJlbH~A 

napaMeTp, 

j1t. V<,i)::{4(~ )l.+ ~ (~)4~ 4< (~)~ 
C3a) 

npHBOAHT K nyJJbcauHH 3Toro TOP~ c nonynepHOAOM MarHHTHOA CHCTe­

M~ [6 ] . 

2 

~ 

* 

~ ., 
L 

Ha OCHOBe TeopeM~ KOJIMOropoea-ApHOJlbAa-Mo3ep a [9] MO*HO 

3aKJI04HTb, YTO HeJIHHeAH~e KOJleOaHH~ e cerAa YCTOA4HB~ npH cy­

mecTBOBaHHH ycTOAYHB~X peweHHA COOTBeTCTByomHx JIHHeAH~X y paeHe­

HHA (~BJl~omHXC~ ypaBHeHH~MH THna XHJJJla), TaK Ka K 3JleMeHTapH~e 

AeJIHTeJIH MaTpHu~ r ecca- npocT~. a KBaApaTHYHa~ Ya CTb r aMHJlb TO­

HHaHa (1) ~BJl~eTC~ noJIO* HTeJlbHO o n pe)leJleHHOA ~YHKUHeA. 

Knac cHYeCKHM MeTOAOM ycpeAHeHH~ Kp~noaa-Sorono6oaa pe we-

HH~ KaHOHH4eCKHX ypaBH0HHA ABH*eHH~. nopO*AaeM~X raMHJlb TOHHa-

HOM (1), MO*HO npeACTaBHTb B BH)le aCHMnOTHYeCKHX P~AOB no CTe­

neH~M Manoro napaMeTpa Yepe3 TpHrOHOMeTpHYeCKHe ~YKUHH, a pe­

weHH~ COOTBeTCTByomHx ycpeAHeHH~X ypaBHeHHA B~pa*aOTC~ 4epe3 

3JIJIHn THYeCKHe ~YHKUHH ~KOOH [6] . 

YacTb II. 880~, YCKOPEHHE H BHBO~ nYYKA B TOPAflbTPOHE 

~JI~ BBO)la YaCTHU B TOpaJJbTpOH npeAJJaraeTC~ HCnOJlb30-

BaTb BHyTpeHHHA KaTOA, WHpOKO npHMeH~eM~A B KOJlbUeB~X HHAYKUH­

OHH~X ycKOpHTeJl~X [10]. KorAa 3ap~*eHHa~ YaCTHUa BJleTaeT B TO-

pOHAaJlbHOe MarHHTHOe none KacaTeJlbHO K ero CHJIOB~M JIHH~M c 

HaYaJlbH~MH KOOPAHHaTaMH ('to~)CcM. pHC. 1). TO ee cpeAHHA paAHYC 

paAHaJlbHOro ABH*eHH~ 6y )leT HMeTb KOOpAHHa T~ (i-o 'Yo-+ 6 'lo) . r Ae 
·) 

tJ. Yo 
Ro 
-Jo1. 

V ~ e. /lo f(o 
~ - _.:_=__:__ (4) 

pc. 
Manoe noJJO*HT0JlbHOe npHpameHHe 0 "to CB~3aHo c TeM . YTO 

noKa YaCTHUa H,"\OHpaeT HeOOXOAHMyo nonepeYHyo CKOpOCTb. OHa 

6y)leT nepeMewaTbC~ B paAHaJlbHOM HanpaBJl0HHH H AaJlbWe spamaTbC~ 

BOKpyr "4Y*Ofl"' CHJIOBOfl JIHHHH. c ApyroA CTOpOH~. no Mepe HaKon­

nJJeHH~ TOKa nyYKa, ero reoMeTpH40CKHA U9HTp 6yAeT ApeA~osaTb 
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B CTopoHy BHewHero pa.ll.Hyca Topa Ha BeJIH4HHY [5). 

-,.t .2. 
11R.=-~ (i+~J.).~ 

4 I?! 
CS) 

r.n;e Jr:: Wp/Jl., i Wp~ _ lt7i1ioe/l 
- »toy ) 

lt)f - nJJa3MeHHaH 4aCTOTa ny4Ka, 

l'{,o - pa.ll.HYC ny4Ka '. 

1tk, - nJIOTHOCTb ny4Ka. 

if2c - UHKJIH4eCKaH 4aCTOTa BpameHHH 4aCTHU no Topy . 

Cne.n;osaTeJJbHO, cTaHOBHTCH 04eBHAH~M, 4TO npH pacnonoJKeHHH 

KaTo.n;a s6JIH3H B'HyTpeHHero pa.n;Hyca Topa CKaK noKa3aHo Ha pHc. 1) 

HC4e3aeT onacHOCTb nona.n;aHHH ny4Ka K KaTOAY npH ero MHOrOKpaT­

HOM o6pameHHH no Topy . 

~JIH ycKopeHHH 4aCTHU B TOpaJJbTpOHe npe.n;naraercH HCnOJlb30-

30BaTb HH.ll.YKUHOHH~A MeTOA ycKopeHHH, OCHOBaHH~A Ha 3aKOHe HH­

AYKUHH ¢apa.n.eH: 

r.n;e 

v 1. 
e. 
~~ 
Qt 

V - ycKopHJOmee Hanp~lKeHHe , ·+ 
(6) 

- MarHHTH~A noTOK 4epe3 

nosepxHOCTb, o6xsaT~saeMyJO TpaeKTOpHeA ny4Ka. YcKopHomHe 3JJe­

MeHT~-HHAYKTop~. npe,n;JJaraeTCH pa3MeCTHTb MelKAY KpaHMH npHM~Ka­

HHH COJleHOHAOB. npH nO.ll.XOAe K KpaHM COJleHOHAOB TpaeKTOpHH 4ac­

THU s~npHMJIHeTCH B npOAOJlbHOM HanpaBJJeHHH (BCJ!eACTBHH 3aKOHa 

coxpaHeHHH a3HMyTaJ11>HoA cocTaBJJHJOmeA o6o6meHHoro HMnyn1>ca [6]), 

a 3TO 03Ha4aeT, 4TO 4aCTHU~ BXOAHT B ycKOpHJOmee 3JleKTpH4eCKOe 

none no4TH napaJJJJeJlbHO ero CHJIOB~M JIHHHHM, H 60JlbWaH HX 4aCTb 

3axsaT~saeTcH s pelKHM ycKopeHHH. YcKopHomee Hanp~lKeHHe HMeeT 

BHA noJJOlKHTeJlbHOrO TpeyroJJbHOro HMnyJ11>Ca c AJIHTeJlbHOCTblO ~q~-
3a OAHH npOXOA 4epe3 ycKOpHIOmHA npoMelKyTOK 4aCTHUa Ha6H­

paeT 3Hep rHJO 

1 
l 

il Eo ::;: e.. L\ V (7) 

~JIH o6ecne4eHHH 60JlbWOro npHpOCTa 3HeprHH 3a OAHH o6opoT 

MOlKHO nocTaBHTb .Iv' HHAYKTOpCB H noJJy4HTb npHpOCT 3HeprHH 

6 E "N·e. ·6 V (8) 

r,ll.e AV~ 10 KB/cM - TeMn ycKopeHHH B HH.ll.YKTOpe. 

3anpemeHH~e 3Ha4eHHH 3HeprHH cTpyKTypHoro pe3oHaHca CcsH-

3aHH~e c nepHO,ll.H4HOCTblO MarHHTHOA .n;opOlKKH) [4] 

c ( ')-1.~[f ( 3·10-
4 

Ho(k.} R. (rA))YJ. ij 14 L."' .,l(?~ - ~ + N( I. ) - • 'V{:::d,.? .3 ... 
cl.. ~ M. + ,3 I 

1 
C 9) 

npe,n;cTaBJIHIOT 3Ha4HTeJlbHYIO onacHOCTb B Ha4aJlbHOA CTa,ll.HH HHlKeK-

UHH H y c KopeHHH 4aCTHU B TopaJJbTpOHe . no3TOMY Ha)lO BbI6paTb Ha-

4 a JlbHYIO 3 He prHJO BBO.n;a 4aCTHU B y~KOpHTeJlb H pacnpe,n;eJJeHHe HM­

ny JlbCOB y cKopHJOmero Ha npHlKeHHH TaK' 4T06bI cyMeTb o6o'1TH 3TH 

onacH~e T04KH 3 HeprHH B y c KOpHJOme M 3JleMeHTe, T.e. 

EfEo +k· 11E; K:: 1.,J,3,- .-- c 10) 

npH 3TOM, npH 049Hb MaJl~X 3HeprHHX HHlK9KUHH CnopH,ll.Ka Hec­

HeCKOJlbKHX K38) 4aCTHU, MOlKHO ocymecTBHTb o6xo,ll. HeCKOJlbKHX T0-

49K 3HeprHH B OAHOM 3Jl9M9HTe ycKopeHHH. 

HaJIH4He TOpOHAaJlbHOro MarHHTHOro nOJIH B TOpaJJbTpOHe 

.n;ae?' npocTyJO B03MOlKHOCTb ocymecTBHTb B~BOA 4aCTHU H3 ycKOpH-

T9JIR, HCnOJlb3YH TOT ~aKT, 4TO B KOHUe UHKJ!a ycKopeHH~ 

A~R~a CTaHOBHTCH 6oJJbWOA 

-:J... A.-~ 
L.-4 ""' 'Jo 

'l 

B9JIH4HHa 

c 11) 



r.n.e li 
6e3pa3MepHbli:I 

~ · !lo· fl, 
- npo,A0.1bHaSI Koop.n.1rnaTa' Vo::. v e { t:-t-:t"c.) 

napaMeTp. Do3TOMy, eCJil1 B KOHUe U11KJia ycKopeHl1S! 

KaKoi:l-TO 
nepeKJID4eHl1eM noJIS!pHOCTl1 n11TaHl1S! MarH11THblX coJieH011.ll.OB 

LJ ~ fo·'>l oA-
y4aCTOK MarH11THOH ,AOpO:i:K11 AJil1HOi:I 

c,AeJiaTb 

HOpOAHblM, TO 4acT11ua Ha 3TOi:I AJI11He Ha6epeT He06XOA11Mbli:I yroJI 11 

Bbli:IAeT 113 BaKyyMHOi:I KaMepbl (CM. p11c.2). Dp11 3TOM MeCTOHaXO:i:.ll.e ­

Hl10 roJIOBHOH 4aCTl1 ny4Ka B MOMeHT nepeKJID4eHl1S! n o JIS!pHOCTl1 KaTy -

"" .... MM99T 3Ha\.leHl1S!. 

zl 
.& 

..... 

'~ 
' ' \ie 

'F1f"8 ' ( 2.1 \ "" 

Oi.----- 'to 
'lo+ A'!. 

P 110. [ 

1:)9.tc.yyMH~;: 

r.:qMe"Ce. 

--- 1'1. .... TC!:i, 

3JleE<:Tj:O H~ :oll1 

llYYOK 

GxeMaT11~ec~o e ~so6~a*eH11e facno JioffieHHH ~aTOAa 
H 3JI~:< TFO tt noro nyYKa H oone~etnmM ceYeHYiYi Topa . 

oOMOTKM COJ!elllllAOB 

~
' 

04 ~~ 
--7 - - - -e 

P1-1c. 2 

CXo:.lf\TH'!ecKoe M30clpa*eH11e B ~BoAa ny'!Ka M3 

TopaJibTpOHa _ ( BliA no paAl'!aJibHOMY HanpaBJ1e"11D). 

3Al<Jll0'1EHHE 

8b16opoM reoMeTpmi coJieH011AOB corJiaCHO ycJiosv.o ycToi1 -

411BOCTH ,!!.B11lKeHl1S! 3JieKTpOHHOT'O ny<1Ka B TopaJibTpOHe Mbl, <j:>anTl1Yec­

K11, 6y;i_eM 11MeTb o.n.11H cso6oAHb!i:I napaMeTp Vo , B KoTopoM 

3Hepnrn YaCTl1U 11 3Ha4eH11e MarH11THoro noJIS! BXOAS!T B oTHoweH11e Ho . 
E 

CJie.n.osaTeJibHO, np11MeHeH11eM csepxnposo.n.siwv.x coJieH011AOB MOll<HO cy-

weCTBeHHO nOBbECl1Tb 3Ha \.leHV.e B03MOll<HO MaKCV.MaJibHO y .n.epll<V.BaeMOH 

3Hepr1111 YaCTl1U MarHHTHb!M noJieM, .ll.OBe.ll.S! ee AO COTHl1 M3B . 

Ha.n.o OTMeTV.Tb 903MO:i:HOCTb ynpasneHl1S! nonepe4HOA CKOpOCTbD 

YaCTHUbI s TopaJibTpoHe Ha onpe.21.eJieHHOM ::nane ycKopeH11S1, MeHS!S! 

DOTO K V.HAYKU1111 1.1arHl1THOro noJIS! B se.21.yw11x COJI0H011AaX . 0.aHaKO 

3TOT s o npo c (HapS!AY c BJil1S!Hl1eM BCeB03MOll<HblX B03MyweHl1A 11 pe30-

HaHCOB Ha .ll.11HaMHXY 3JieKTpOHHoro ny4Ka B TOpaJibTpOHe) Hyll<aeTCS! 

a ,11.aJibHei'lweM 11ccJie)l.0BaH1111. 

Eb!pall<aD 6Jiaro.21.apHOCTb neTpOCSIHY M. JI. 3a ueHHble o6cyll<-

AeHl1S!. 
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Yu .L.MARTI ROSSIAN 

HI GH CURRENT CYCLIC INDUCT ION ACCELERATOR 

OF ELECTRONS OF AVERAGE ENERGIES 

The high current cyclic induction a ccelerator o f el ectrons 

of average energies using the time constant alter nating-s i gn 

toro~dal magnetic field (so called toraltron) as a gu i ding mag­

netic field i s proposed. Accelerating inductors that are per i o ­

dically placed by t he torus between toroidal solenoid edges are 

assumed . The behaviour of electron beam orbit in the toraltron 

allows one to use a diode that is located inside the tor us as 

an injector. 

The ejection scheme using the drift of electron beam is 

suggested. 
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