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Xapb103oa P.B., Waeu B.A. 9 11395 

3neKTpOHH8SI Harpy3K8 B nHHeHHOM HHOYKUHOHHOM YCKOpHTene 

Ananuaupy10rcg npH'IHHbi, ue noaaonHJOIU!ie yaenH'IHTb a cywecray10wnx 
nnHeHHb!X KHOYKUKOHHbiX yCKOpWrenSIX ( JHJY) YCKOpS!eMb!H KMnynbCHbiH TOK 

no uecKonbKKX KIInoaMnep. PaccMarpKaaercg 3KauaaneHTHBSI cxeMa reHepa­
ropa ( HMnynbcuag cucreMa JlY!Y) c aneKrponuoll uarpyaKoil (ny'IKOM) Mero­

O.OM TeOpHK Uenefi, H fiOK838H0 0 'ITO C npKMeHeHHeM B KHO.YKUHOHHOH CHCre­
Me JlYJY ycKOpSIIOIUHX aneMeHTOB ( HHO.yKTOpOB) C 'IHCnOM BKTKOB n :2: 2 
ecrb ao3MOlKHOcrb noabiCHrb aenH'IHHY ycKOpS!eMoro roKa no I 0-20 KA, 
'ITO cywecraeuuo ornuqaer JlYIY or KOHKYPIIPYIOIUHX ycKOpiirenell npSIMOro 
o.el\CTBHSI 6onee Bb!COKOH HBO.elKIIOCTbiO B pa6ore, o.nurenbHOCTbiO HMnynbCB 
H 'ISCTOTOH cneaoaaHHSI fiOCblnOK. 

Pa6ora Bbmonueaa a Jla6oparopuH ael\rpouaoil cpn3HKH 0¥!5111. 

Coo6meaue 06belluHeHHoro HHCTHryTa smepHbiX uccneaoaanuli. D.y6Ha 1978 

Kha.tyUsov R,V., Shvets V.A. 9 11395 

Electron Loading in a Linear Induction Accelerator 

The reasons for which the pulse current accelerated could 
not be increased up to a few kiloampers in existing linear indue-

. tion accelerators (LIA) are discussed. The equivalent circuit of 
generator (LIA pulse system) with electron loading (beam) 
by the chain theory method is considered, It is shown that 
there is a possibility to increase accelerated current value up 
to 10-20 kA by using in LIA induction system of accelerating cle­
ments (inductors) with a coil number more than 2. The LIA is more 
reliable in operation, has better pulse duration and cycle frequency 
as cr:>mpared to the existing direct action accelerators. 

The investigation has been performed at the Laboratory 
of Neutron Physics, JINR. 
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I 
llpouecc HMnynhcnoro nepeMarHH'IHBaHHj( <iJeppoMarnHT­

HhiX CCp)J.C"'HHKOB HH.D.YKTOpOB JUlY, B pe3yJihTaTC KOTOpo­

ro Ha OCH YCI<OpHTCJij( B03HHI<aeT BHXpCBOC 3JICI<TpH'ICCKOC 

yCI<OpJIIOIUCC none, npoTeJ<aeT B TC'ICHHC HHTCpBaJia BpeMCHH 

nopj[.IJ.J<a 10-6 -c-lo-se. HecMoTpj( na To, 'ITO HMne)J.anc 

HH.IJ.YKTOpa 3a 3TOT nepHO.IJ. H3MCHjiCTCj( B HCCKOJihKO pa3 't / , 

MOIUHhlC HMnyJihCHhlC renepaTop~ C <iJopMHPYIOIUC~ JlHHHefi 

H THpaTpOHOM n03BOJij(lOT <iJopMHpOBa Th HMnyJihChl YCKO­

pj[IOIUero noJij(, 6onee HJIH Meuee 6nH3I<He no <iJopMe I< 

npj(MoyronhHhiM, npH4eM nocTOjiHCTBO yci<opHIOIUero nonH 

B TC4CHHC HMnyJihCa .IJ.OCTHraCTCJI B pe3yJihTaTe I<OppeJ<UHH 

ero <iJopMhl nyTeM BBC)J.CHHJI B CXCMY renepaTopa I<OppeK­

THPYIOIUHX peaKTHBHOCTe~ /npu ycnoBHH, 4TO uarpy3Ka 

TOKOM JIH60 nOCTOJIHHa, JIH60 B006IUC HC3Ha4HTCJihHa/ HJIH 

HCnOJih30BaHHj( HCO)J.HOpO.IJ.HhlX <iJopMHPYIO!.UHX JIHHH~, HMne­

)J.aHC KOTOphlX H3MCHJICTCj( 3a BpCMj( HMnyJihCa no 3aJ<OHy, 

6JIH3KOMY I< 3aJ<OHY H3MCHCHHj( HMne)J.aHCa Harpy3KH. 

Harpy3Ka reuepaTopa CO.IJ.Cp)KHT )J.BC KOMnOHCHThl H MO­

)KCT 6hlTb npC.IJ.CTaBJICHa B BH.IJ.C napaJIJICJibHO BI<JllO'ICHHhiX 

conpOTHBJICHHH, O)J.HO H3 KOTOphlX CB.II3aHo C IIOTCp.IIMH npH 

nepeMarHH'IHBaHHH HH.IJ.YKTOpa, a )J.pyroe - C 3aTpaTaMH 

3Hepruu ua yci<opeuue nyqJ<a. ToK nyqJ<a, J<aK npaauno, 

HCH3MCHCH B TC'ICHHC HMnyJihCa H 06Jia)J.aCT 'IHCTO aJ<THBHhiM 

COnpOTHBJICHHCM, Tpauc<lJopMHpyeMhiM B nepBH'IHYIO 06MOT­

Ky HH.D.YKTOpa C K03<W!HUHCHTOM Tpauc<lJopMaUHH, paBHbiM 

C)J.HHHUC. 3TO 06'b.IICH.IICTC.II TCM, 'ITO B CYil\CCTBYIOIUHX JIH­

HCHHhlX HH.IJ.YKUHOHHhlX yci<opuTeJI.IIX npu ycJ<opeHHH HMnynLc­

uwx TOKOB cpe)J.HCH HHTCHCHBHOCTH /100- 200A/ 11 •21 HH­

.D.YKTOp C O)J.HOBHTKOBOH 06MOTKOH HaH6onee UCJICC006pa-

3CH, T .I<. o6ecne'IHBaeT MaJ<CHMaJibHhlH npHpOCT 3HeprHH Ha 
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o~HH ycKopHID~HH 3neMeHT. TaKoe Tpa~HUHOHHoe ucnon­

HeHHe CllY*HT Henpeo~OllHM~M npenHTCTBHeM lo KOTOpOM 

6y~eT CKa3aHO HH*el npH noB~llieHHH HHTeHCHBHOCTeH TO· 

KOB ~0 KHnOaMnepa. 

BHe 3aBHCHMOCTH OT CBOHCTB Harpy3KH H OT MeXaHH3-

Ma KOppeKUHH, OnTHMallhH~H K.n.~. HMnynhCHOrO reHepa­

TOpa B JUlY HMeeT MeCTO npH paBeHCTBe BHyTpeHHHX COnpo­

THBneHHH reHepaTopa H Harpy3KH B Ka*~~H 3a~aHH~H MO­

MeHT BpeMeHH B Te'leHHe HMnynLca IPe*HM MaKCHManhHOH 

nepe~aqu MO~HOCTH OT reHepaTopa K Harpy3Kel, a K.n.~. 

BCeH HMnynhCHOH CHCTeM~ B uenOM onpe~enHeTCH COOTHO­

llieHHeM BellH'IHH conpOTHBneHHH, COCTaBnHID~HX Harpy3Ky. 

l1H~YKTOp HBnHeTCH COCTaBHOH 'laCThiD YCKOpHID~eH 
CHCTeM~, KOTOpaH, KaK H3BeCTHO 12 ~ COCTOHT H3 HMnynLc­

HOH H HH~YKUHOHHOH CHCTeM. Pa6oTa 3THX CHCTeM HaCTOnh­

KO B3aHMOCBH3aHa, 'ITO THpaTpOHH~H reHepaTop C HCKYCCT­

BeHHOH lPOPMHpyw~eH llHHHeH IHMnynhCHaH CHCTeMal pa3-
/2 3/ pa6aT~BaeTCH KOHKpeTHO ~nH Ka*~OrO JIJ1Y ' , TaK KaK 

Bee COCTaBH~e 'laCTH o6eHX CHCTeM HBllHIDTCH 3neMeHTaMH 

e~HHOrO CHllhHOTO'IHOrO KOHTypa, KOTOphle BllHHIDT Ha liJopMy 

H BenH'IHHY YCKOpHID~ero HMnynLca H YCKOpHeMoro B JIJ1Y 

TOKa. l1H~YKUHOHHaH CHCTeMa, XOTH H HanOMHHaeT HMnynhC­

H~H TpaHcliJopMaTop, KOpeHH~M o6pa30M OTllH'IaeTCH OT 

Hero, TaK KaK BTOpH'IHaH 06MOTKa l3neKTpOHH~H ny'IOKI 

no OTHOllieHHID K HMnyJihCHOH CHCTeMe - aKTHBHhiH 3neMeHT. 
3TOT 3lleKTp0HHhiH ny'IOK HaCTOllhKO lliYHTHpyeT HMnynLc­

HYID CHCTeMy npH yaenH'IeHHH ero ~0 HeCKOllhKHX KHnOaM­

nep, 'ITO B cy~eCTBYID~HX THnax YCKOpHTenhHhiX CHCTeM 

npH Tpa~HUHOHHOM O~HOBHTKOBOM HCnonHeHHH HH~YKTOPOB 

~nH cornacoaaHHH HMne~aHca 3neKTpOHHoro TOKa c HMne­

~aHcoM HMnynhCHOH CHCTeMhl Heo6xo~HM nHTaiD~HH reHe­

paTop ee C BOllHOB~M conpOTHBlleHHeM ~OnH OMa. J13rO­

TOBneHHe TaKHX reHepaTopoB, KaK H3BeCTHO, conpH*eHo 

c TeXHH'IeCKHMH TPY~HOCTHMH,H npu yaenH'IeHHH ycKopHe­

Moro B JIHY TOKa Bcer~a npHXO~HTCH H~TH no nyTH COKpa­

~eHHH 'IHCna HH~YKTOpOB, nHTaeMhiX OT O~HOrO reHepaTo­

pa13•41, T.e. K Y~OPO*aHHID CTOHMOCTH YCKOpHTenJI, TaK 

KaK, nOMHMO nepMannoeaoro *ene3a, OCHOBHYffi CTOHMOCTh 

JIHY COCTaBnJIIDT THpaTpOHhl H KOH~eHCaTOphl. TaK, Hanpu­

Mep, B JIHY-301250111 YCKOpHeMhiH TOK 3neKTpOHOB coc­

TaBnJieT 250 A H ~nJI nHTaHHH ~BYX ceKUHH H3 12+14 
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HH~YKTOpOB HCnOnh3yeTCJI O~HH HMnynhCHhiH reHepaTop C 

THpaTpOHOM Tr:Wl-2500150, a B Jll1.Y-5I5000 131TOT *e 

THpaTpOH HCnOllh3yeTCH ~nJI nHTaHHH TOllhKO Tpex Ia nep­

BhiX ~BYX HH*eKTOpHhiX CeKUHJIX - ~BYXI HH~YKTOpOB npH 

ycKopJieMoM TOKe 5 KA, T.e. 3~eKT lliYHTHpoBaHHH Hanuuo. 

AHanH3 *e napaMeTpOB HMnynhCHhiX KOH~eHCaTOpOB H TH­

paTpOHOB noKa3~BaeT, 'ITO npH MaKCHManhHhiX pa60'IHX 

HanpH*eHHJIX 50 KB H npHMeHeHHH ~BOHHOH liJopMupyw~eu 
nHHHH I ,D;<I>JII co6cTBeHHhle HH~YKTHBHOCTH 3neMeHTOB HM­

nynhCHOH H HH~YKUHOHHOH CHCTeM orpaHH'IHBaiDT BepXHHH 

npe~en YCKOpJieMOrO TOKa 3Ha'leHHeM e~HHHU KHnOaMnep. 

IIpuMeHeHHe *e B Ka'leCTBe liJopMupyw~ux 3neMeHTOB nu­

HHH c pacnpe~eneHHhiMH napaMeTpaMH orpaHH'IeHo ~nu­

TenhHOCTJIMH liJopMHpyeM~X HMH HMnynhCOB IHeCKOllhKO 

~eCJITKOB CeKyH~~. 
O~HH H3 B03MO*HhiX nyTeH yaenH'IeHHH ycKopHeMoro 

B JIJ1Y TOKa H O~HOBpeMeHHO yMeHhllieHHe ero lliYHTHpyw­

~ero ~eHCTBHH Ha HMnynLCHYID cucTeMy npe~nonaraeT npu­

MeHeHHe B HH~YKUHOHHOH CHCTeMe yCKOpJIID~HX 3lleMeHTOB 

IHH~YKTOpoal C o6MOTKOH, CO~ep*a~eH, B OTllH'IHe OT 

Tpa~HUHOHHOrO HCnonHeHHJI, HeCKOllhKO BHTKOB. 

P accMoTpHM 3KBHBaneHTHYffi cxeMy reHepa Topa I puc .II 
c BOnHoB~M conpoTHBneHHeM liJopMupyw~eu nHHHH R JI 

u 

Puc. 1. 3KeueaAeHmHaJI cxe­
Ma zeHepamopa u Hazpy3KU. 

R/1 • /(r /6_ 

r=v· 
R UI-IJl n2 R311. 

Harpy3KY reHepaTopa npe~cTaBHM B BH~e napannenhHO 

BKniD'IeHHhiX conpoTHBneHHH R mui H n
2R ·w , r ~e que no 

BHTKOB 06MOTKH HH~YKTOpa B o6~eM cnyqae o603Ha'leHO 
,, ,, R 

qepe3 n , ·,,J
1 

- HMne~aHC 3neKTpOHHOrO TOKa, K 1 -

THpaTpOH. 
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B pe)I(HMe xonocToro xo.IJ.a /oTcyTcTayeT 3JieKTPOHHbiH 
TOK, KJllOq K2 pa30MKHYT/ Hanp.s:)l(eHHe Ha Harpy3Ke 

u 
x.x. 

u 
R 

( _JJ._ + 1 ) 
RMHA. 

B Harpy)l(eHHOM cocTO.S:HHH /Kmoq K 2 JaMKHYT/ 

Uuarp. 
u 

= --------------~---- . 
Rn Rn 
---- + ---- + 1 
n2 R R 

3JI. MH,Q. 

/1/ 

/2/ 

0THmneHHe U Har'p /U x .x. == K. xapaKTepH3YIO~ee nepe.IJ.aqy 
Hanp.S:)I(eHH.II B Harpy3Ky, Ha30BeM K034J¢HI.J.HeHTOM nepe,Il,aqu: 

K=-!.~ a ----
~+1+{3 . 

r,Il,e /3/ 

ao= 
RMHA __ --- f3 = ~!!!!i.L_ 

RJI R,1 

Ycnoaue 
2 

cornacoaaHH.S: npu paaeHCTBe RJ1 H RHHH 

(RMHH II n R,
1

JJ ) JanHcblaaeTc.s: B BH,Il,e: 

2 
!l ({3 -l )=a, /4/ 

H TOr.!l.a cornacoaaHHbiH K03<P¢uuueHT nepe.IJ.aqu 

K = _ _g_l!_~_i-~~--
corn. 2 n 2 + 2 a 

/5/ 

rpaliJHKH 3aBHCHMOCTH K cor:!. (a ) npH pa3JIHqHhiX (-3 
TIJe.IJ.CTaaneHLI Ha puc. 2. 

AHaJIH3 3THX JaBHCHMOCTeii noKa3LIBaeT, qTo y)l(e npH 
'.J:HCJie BHTKOB 06MOTKH ll = 2 ycKop.s:eMbiH B JUlY ,Il,eC.S:TH­
Kpa THbiH TOK (a= 10) yMeHLWaeT CBOe WYHTHPYIOII.J.ee ,Il,eHCT­
BHe B TpH pa3a, a npH fiOJihWHX {3 3TO ,Il,eHCTBHe yMeHL­
waeTC11 .IJ.o 10. 

6 

I 
J 

I 

41 P,J o/'1 •.P q• t!lfl ,~,~ 1 & fO ~~ 

Puc. 2. 3aeucuMocmu cozAacoeaHHozo Ko:J(xjU!JUeHma nepe­
oa~u KC<)['.J . u K03tfltflUijUeHma no/le3H020 oeucmeu.R om coom­
HOWeHU.R eeAu~uH, cocmae/l.R10~ux Hazpy3KY zeHepamopa npu 
pa3AU~HbiX 3Ha~eHU.RX ~uc/la eumKoe o6MomKu "n" UHOyKmo­
pa. 
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Ko3!W>HuHeHT 

2 
TJ = _(1±..ti_]_Q._ = 

(a +{3 + 1 )2 

none3Horo ~eHcTBHH 

(1 + {3 2
) n 2 

( {3- 1 ) 
-~-~--~---=~ 

[ n 2( {3 -1) + {3 + 1 ]
2 

/6/ 

KaK noKa3waaeT pacqeT, yaenHqHaaeTcs c poe ToM a H 

~OCTHraeT 60JihlllHX 3HaqeHHH npH ll > 1 /nyHKTHpHhlC JIHHHH 

Ha puc. 2/. 
KpoMe TOrO, H3 H3BCCTHOrO COOTHOlllCHHH ~JIJI nepena~a 

MarHHTHOH HH~YKI.I,HH i\B B HH~YKTOpe 

Ur 
1\B .~ --­

nS 
/7/ 

r~e U - aMnJIHTy~a Hanp.IDKeHHJI HMnynLca, S - ceqeHHe 

HH~YKTOpa, r - BpeMJI, COOTBCTCTBYJOll.l,ee pOCTY HH~YKI.I,HH 

B cep~eqHHKC H paBHOC m1/2r~ +r , CJie~yeT, qTo TP Repm 
llpH TOM :>Ke 3HaqeHHH 1\ B B HH~yKfOpe C yaenHqeHHhlM 

3HaqeHHCM qHcna BHTKOB 06MOTKH B"ll" pa3 CCTh B03MO:>K" 

HOCTh YMCHhlllHTb nonepeqHoe ceqeHHe HH~yKTOpa B "n"pa3. 

YMCHhllleil:He MO:>KHO npOH3BCCTH B OCCBOM HanpaBJICHHH 

cep~eqHHKa I puc. 3/ H, TaKHM o6pa3oM, cocTaaneHHwe 

B CCKI.I,HlO "TOHKHe" HH~YKTOpbl C 60JihlllHM qHCJIOM BHTKOB 

o6MOTKH npaKTHqeCKH He H3MCHJIT o6ll.l,eH ~JIHHbl Jll1Y. 

3TO - npaBOMOqHoe pelllCHHe, TaK KaK C yaenHqeHHCM KO • 

nuqecTBa BHTKOB B "n" pa3 HH~yKTHBHOCTh HaMarHHqHaa­

HHJI ysenuquaaeTCJI B "11 2 " pa3, H ll03TOMY yMeHLllleHHe 

ceqeHHH HH~YKTOpOB B "n" pa3 He npHBe~eT K yaenuqeHHJO 

TOKa HaMarHHqHaaHHJI. BwnonHeHHe :>Ke a ycKopXJOll.l,eM 

3JICMCHTC, HallpHMep, ~BYXBHTKOBOH o6MOTKH, KOHCTpyK· 

THBHO HCCJIO:>KHO. B TO :>Ke BpeMH llOJIBJIJieTCJI B03MO:>K· 

HOCTh YCKOpHTh 3HaqHTCJlhHO 60JihlllHC TOKH 6e3 H3MeHCHHH 

KOHCTPYKUHH nuTaJOll.I,HX reHepaTopoa. 

TaK KaK npoH3Be~eHHe Ur B /7/ 3a~aeTcx KOHCTpyK­

l.I,HeH HMnynhCHOrO reHepaTopa, llHTaiOll.l,ero HH~YKTOp, a 

3HeprHH, nepe~aaaeMaH YCKOpJieMOMY 3JICKTPOHHOMY nyqKy 

1'3.1 , onpe.n.enxeTCH COOTHOlllCHHCM /2/: 

I
3

JI 1\ BS 
w =-----

'3JI 2 n 
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TO qHCJIO BHTKOB 06MOTKH HH~YKTOpa BhlfiHpaeTCH H3 yc· 

JIOBHJI, qTo W '3.1! ~OJDKHO fihlTb nOCTOJIHHhlM, H "n" Heo6xo­

~MO yaenHqHaaTL npH yaenHqeHHH ~.n no tlJopMyne: 

n =v~3JIUr w--
3JI 

Puc. 3. HHOyKmopbl ycKopumeAbHOU 
CeKijUU. a - 00H06U1/IK06blU, 
6 - oeyxeumKoebze, "moHKue ". 

a 

6 

ilpH C03~aHHH MOll.I,HhlX HMnynbCHhl•X TpaHctiJopMaTOpOB 

Ha HanpR:>KCHHe B HCCKOJibKO COTCH KB H TOK B HCCKOJlhKO 

KA, B03HHKaeT aHanorHqHax npo6neMa lllYHTHpoaaHHJI Ha­

rpy3KOH HMnynLCHoro reHepaTopa. TaKoH TpaHctiJopMaTop 

MO:>KeT 6b1Tb H3rOTOBJICH TaK :>KC, KaK H YCKOpHTeJILHaJI 

CCKI.I,HJI, COCTOJill.l,aJI H3 MHOrOBHTKOBhlX HH~YKTOpOB. llpH 

3TOM Ka:>K~aJI nepBHqHaJI 06MOTKa 3anHTWBaCTCJI OT HH~H­

BH~yaJibHOrO HMllYJihCHOrO reHepaTopa, BTOpHqHaJI O~HO· 

BHTKOBaJI 06MOTKa no aHanorHH C 3JICKTpOHHhlM nyqKOM 

JIBJIJICTCJI 06ll.l,eH ~JIJI BCCX HH~YKTOpOB. 

llpHMCHCHHe HH~YKTOpOB C 06MOTKOH H3 HCCKOJlhKHX 

BHTKOB ll03BOJIHT C03~aTb JIHHCHHhle HH~YKI.I,HOHHhle YCKO· 

pHTCJIH Ha TOKH 10·20 KA, BhlrO~HO OTJIHqaJOll.I,HeCJI OT 
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KOHKypupyroi.QHX ycKopuTeneii npHMoro ,IJ,eiicTBHH 6onee 

BbiCOKOH Ha,IJ,e:>KHOCTbiO B pa6oTe, ,IJ,JIHTeJihHOCTbiO HMDYJibCa 

H 'iaCTOTOH CJie,IJ,OBaHHB DOCbiJIOK. 
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PyKonucb nocmynu.!la 8 U30ameAbCicur1 omoeA 
17 Mapma 1978 zooa. 


