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1. BBEAEHHE 

B AaHHO~ pa6oTe H3no*eH~ pe3ynbTaT~ HccneAOBaHH~ HCT04HHKa 
3neKTPOHOB c xonOAH~M KaTOAOM AnR ycKopHTenR CHnYHA-20 H nony-
4aeMoro ny4Ka Ha 4aCTOTe SO r~. ny40K HCCneAOBancR B npo~ecce 
TpaHCnOpTHpoBKH B MarHHTHOM none H nocne B~XOAa H3 Hero. npo
BeAeHO H3MepeHHe 3MHTTaHca. 

B HCT04HHKe 3neKTpOHOB ycKOPHTenR CHnYHA-1 111 KaTOAOM Re
nReTcR BOnb$paMOBaR Hrna. npH pafioTe TaKOrO HCT04HHKa Ha no
B~WeHH~X 4aCTOTaX BOnb$paMOBaR Hrna onnaBnReTCR B Te4eHHe 
HeCKOnbKHX CeKYHA• npH 3TOM 3MHCCHR 3neKTpOHOB npeKpa~aeTCR. 

HcT04HHK 3neKTPOHOB ycKopHTenR CHnYHA-20 cnoco6eH pa6oTaTb Ha 
4aCTOTe 50 r~. 

B paapRAHO~ Tpy6Ke HCT04HHKa c noMO~b~ HaTeKaTenR $0pMHpyeT
CR nepenaA AaBneHHR C 10-2 AO 10-3 Top OT KaTOAa K aHOAY. 
PaCCTORHHe Me*AY KaTOAOM H aHOAOM - 80 CM. npH noAa4e Ha KaTOA 
HMnynbCa HanpRm~HR onpeAeneHHOH aMnnHTYA~ H AnHTenbHOCTH 
npOHCXOAHT 3MHCCHR 3neKTpOHOB C KaTOAa H o6pa30BaHHe npHKaTOA
HO~ nna3M~, KOH~eHTpa~HR KOTOpo~ B03pacTaeT B Te4eHHe HMnynb
ca TOK~ ~ Kn.-.'!~ n nnTunt'"'T~ ~::''"!~:!:':'~~!~~~ ~-~.:~~~:..: ,:.::::-;~::-; ;~:; ;:;~.~;.; 

4HH~ -1013 CM-3,HanpRmeHHe OKa3~BaeTCR npHnOmeHH~M He K Ka
TOAY, a K rpaHH~e pacwHpR~~erocR "o6naKa 11 nnaaM~. C 3TOH rpa
HH~bt H 6yAeT np011CXOAI1Tb 3MI1CCI1R. BpeMR AOCTHmeHHR nna3MOH 
HeOfiXOAHMO~ KOH~eHTpa~HH 3aBI1CHT OT AaBneHHR OCTaT04HOrO raaa 
B o6naCTI1 KaTOAa. npH noe~WeHHH AaeneHHR 3TO BpeMR yMeHbWaeT
CR. TaKHM o6pa30M, yMeHbWaeTCR Bni1RHHe KaTOAa Ha npo~ecc 
3M~CCHI1 3neKTPOHOB. npi1KaTOAHaR nna3Ma C rpaAHeHTOM nnOTHOCTI1 
OT aHOAa K KaTOAY nocTeneHHO 3anonHReT pa3pRAHY~ Tpy6Ky. np11 
BKn~4eHHH HHAYKTOPOB YCKOpR~~e~ CeK~HH HanpRme~He cocpeAOT0411-
BaeTCR e Y3KOM cnoe, KOTop~~ AenHT nnaaMeHH~~ WHYP Ha ABe 
o6naCTI1: aHOAHY~, 11Me~~y~ noTeH~Han aHOAa, H KaTOAHY~, HaXOAR
~y~CR noA noTeH~HanoM KaToAa. Cno~ npeAcTaenReT 113 ce6R o6nacTb 
c nOHHmeHHOH KOH~eHTpaqHeH nnaaMw. TaKaR o6nacTb noRanReTcR 
B MeCTe B03HI1KHOBeHI1R MarHHTHOH 11npo6KI1 11

, C03AaBaeMO~ $OKYCH
py~I1M11 KaTywKaMH e paHOHe aHOAa. B 3TOM cnoe npoHCXOAHT $Op
MI1pOBaHHe 3neKTpOHHOrO ny4Ka. 

2. H3MEPEHHE XAPAKTEPHCTHK HCT04HHKA 
JtnR npeABapHTenbHOH HOHI13a~HI1 ra3a B pa3pRAHOM npoMemyTKe 

He TpefiyeTCR OTAenbHOrO reHepaTOpa, a AOCTaT04HO nonomHTenbHO-
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ro npeA~Mnynbca HanpRmeHHR MOAYflRTopa. HccneAoBaHHR noKa3anH, 
4TO BeflH4HHa KaTOAHOrO TOKa 3aBHCHT OT HanpRmeHHR MOAYflRTOpa 
H AaBneHHR e pa3pRAHOH Tpy6Ke. AaeneHHe H3MepRnocb e paHOHe 
aHOAa. 

H3MepeHHe BOflbT-aMnepH~X xapaKTepHCTHK HCT04HHKa /pHc. 1/ 
nOKa3ano, 4TO TOK HCT04HHKa pacTeT C yBeflH4eHHeM HanpAmeHHR 
MOAYflRTOpa. npH AaeneHHH 8·10-4 Top H B~e HeAOCTaT04HO MaKcH
MaflbHOrO HanpRmeHHR MOAYflRTOpa AflR nOflHOrO c6opa TOKa. noTeH
~HaflbH~e B03MOmHOCTH HCT04HHKa 3fleKTpOHOB BeflHKH• MomHO npeA
nonaraTb, 4TO npH AaflbHe~weM noe~weHHH AaeneHHR Ha KaTOAe 
TOK B03paCTaeT AO HeCKOflbKHX KHflOaMnep. 

Ha pHc.2 noKa3aHO enHRHHe eenH4HH~ MarHHTHoro nonR BHYTPH 
HCT04HHKa Ha K03~H~HeHT npOXOmAeHHR TOKa 3a aHOA K.3aeHcH
MOCTb CHHManacb npH TOKe KaTOAa IK=600 A, aMnflHTYAe HMnynbca 
MOAYflRTopa U=340 KB, AaeneHHH p =5 .lQ-4 Top. BHAHO, 4TO cy
~ecTeyeT WHPOKaR o6naCTb 3Ha4eHHH MarHHTHOrO nonR, npH KOTOp~X 
K03~H~HeHT npOXOmAeHHR 6nH30K K eAHHH~e. 

Ha K03()l()>H~HeHT npoxomAeHHR BflHReT 3aAepmKa MemAY npeAbiMnynb
coM H CaMHM HMnyflbCOM HanpRmeHHR/CM.pHc.3,3aBHCHMOCTb CHHManaCb 
npH IK:o600 A' u =340 KB' p = 5 ·1 o-4 Top/. 3Ta 3aAepmKa AOflmHa 6~Tb 
AOCTaT04HOH AflA Taro, 4T06~ nna3Ma ycnena 3anonHHTb pa3PRAHY~ 
Tpy6Ky. H3 pHc.3 6~na onpeAeneHa cKopoCTb pacnpocTpaHeHHR 
nna3M~ e AaHH~x·ycnoBHRX. 0Ha nony4aeTCR paBHOH npH6flH3HTeflbHO 

8 
10 CM/C; HecTa6HflbHOCTb TOKa KaTOAa H npOXOAR~ero TOKa no 
aMnflHTYAe He npee~waeT 1%, 4TO npHMepHO COOTBeTCTByeT HeCTa-
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3. METOAHKA H3MEPEHH~ nAPAMETPOB nY4KA 

AnR H3MepeHHH 6bma co3AaHa 3KcnepHMeHTanbHaR ycTaHOBKa, 
B KOTOpOH nocne HCT04HHKa ny40K 3fleKTpOHOB C TOKOM -500 A 
H 3HeprHeH - 350 K36 TpaHCnOpTHPOBaflCR B OAHOPOAHOM MarHHTHOM 
none Ha pacCTORHHe 2,5 M H nonaAan Ha AaT4HK, KOflfleKTOp~ KOTO
poro pacnonomeH~ KpecToo6pa3HO. AHaMeTp KamAoro KonneKTopa -
1 MM, paCCTORHHe MemAY KOflfleKTOpaMH - 4 MM. B H3MepeHHRX Hc
nOflb30Banacb 36M MERA-60. 6~na C03AaHa nporpaMMa EMITTANCE 
AflR ynpaeneHHR H3MepeHHRMH, MaTeMaTH4eCKOH o6pa60TKH pe3yflbTa
TOB, B~BOAa AaHHbiX Ha nep()loneHTY H ee 4TeHHR, B~BOAa pe3yflbTa
TOB Ha ne4aTb H MOHHTOp. MaTeMaTH4eCKaR o6pa60TKa pe3YflbTaTOB 
npOBOAHflaCb 36M HenocpeACTBeHHO B XOAe 3KCnepHeMHTa. 

C nOM~b~ AaT4HKa H3MepRflCR npOXOAR~HH TOK H HCCfleAOBaflOCb 
pacnpeAeneHHe nnoTHOCTH TOKa ny4Ka no ce4eHH~. CHrHan~ c 29 
KOflfleKTOPOB nOCTynaflH Ha BXOA~ 6noKa rOAOCKOnOB. B roAOCKOnax 
CHrHan~ cpaBHHBanHCb C 3aAaeaeM~M C nOMO~b~ 36M ypOBHeM AHCKpH
MHHa~J.1H. 
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C~HxpoH~3a~~H c 3neKTPOHH~M ny4KOM ocy~ecTsnHnacb no
cpeACTBOM cTpo6~py~~ero ~Mnynbca. 6noK roAOCKonos ~Men 29 
ABOH4H~X perMCTPOB- S~XOAOB /no 4~Cny KOnneKTOpOB AaT4MKa/. 
Ao nposeAeHHR cpasHeH~R per~cTp~ 04~~an~cb. nocne cpasHeHHR 
COCTORH~e KamAOrO B~XOAa COOTBeTCTBOsano 1, ecnH aMnn~TYAa 
c~rHana 6~a 6onbWe 3aAaHHOro ypOBHR AHCKPMM~Ha~~~. ~ 0 -
a npoTHBHOM cny4ae. CpasHeH~e npoaoA~nocb 5 pa3 AnR KamAoro 
ypOBHR AHCKP~MHHa~M~, a O~T~, onpeAenR~~He COCTORH~R B~XOAOB, 
ap~$MeTH4ecK~ cKnaA~sanHcb. Pe3ynbTaT~ H3MepeH~R oTo6pamanHCb 
B B~Ae MaTpM~~, CTpOKaM KOTOpO~ COOTBeTCTBOsan~ ypOBH~ A~CKpH
M~Ha~~H, a CTOn6~aM - KOOPA~HaT~ KonneKTOpOB. 3Ta MaTpH~a 
RsnRnacb KapTHHO~ npQ$~nR ny4Ka. B AaHHOM cny4ae ee 3neMeHT~ 
npHH~Man~ 3Ha4eHHR OT 0 AO 5, ~ 3TO n03BOnRnO CYA~Tb 0 CTa-
6HnbHOCT~ pacnpeAeneH~R nnOTHOCT~ TOKa ny4Ka B npOCTpaHCTBe 
OT ~Mnynbca K ~MnynbCy. npH onpeAeneHHOM, OA~HaKOBOM, np~pa
~eHH~ YPOBHR AHCKP~M~Ha4~H OT CTpOKM K CTPOKe Afl~Ha CTon6~os, 

o6pa30BaHH~X MaTpH4H~M~ 3neMeHTaM~ 6onbWe HynR, RBnRnaCb Me
po~ aMnn~TYA~ c~rHanos, nocTyna~~~x c KonneKTopos. np~HRTO 
y4~T~saTb An~HY cTon6~os, o6pa3oaaHH~x MaTp~4H~M~ 3neMeHTaM~, 

paBH~M~ TOnbKO 4 ~nH 5. 

4. ~3MEPEH~E nAPAMETPOB nY4KA 

WccneAOBaH~R noKa3an~, 4TO ~eHTP TRmecT~ ny4Ka coxpaHReT 
caoe nonomeH~e c T04HOCTb~ +1.5 MM. W3MeHeHHR oa3Meoos nY4Ka 
np~ TpaHCnOpT~pOBKe B OAHOPOAHOM MarHHTHOM none 3aMe4eHO He 
6~no. 3as~cHMOCTb AHaMeTpa ny4Ka, ~3MepeHHoro Ha nonos~He 
B~COT~ npQ$HnR, OT sen~4~H~ $OKYCHpy~ero MarH~THOrO nonR np~
BeAeHa Ha p~c.4. np~ onT~ManbHOM MarHHTHOM none B =0,1 T ny40K 
~MeeT pa3Mep d =8+3 MM. 

np~ B~XOAe H3 MarH~THOro nonR A~aMeTp ny4Ka ysen~4~saeTCR, 
~eHTP TRmecT~ ny4Ka coxpaHReT csoe nonomeH~e. Ha p~c.5 ~3o6-
pameHa 3KCnep~MeHTanbHO CHRTaR 3aB~CHMOCTb AHaMeTpa 3neKTPOH
HOrO ny4Ka C TOKOM 500 A ~ 3Hepr~e~ 340 K38 OT npO~AeHHOrO ~M 
a npocTpaHcTse 6e3 MarHHTHoro nonR paccTORH~R H aHanor~4HaR 
TeopeT~4eCKaR 3as~c~MOCTb. R H Z Ha p~cyHKe - 6e3pa3MepH~ese

n~4~H~, CBH3aHH~e CO 3Ha4eHHRM~ paA~YCa ny4Ka r M paCCTORH~R 
Z cneAY~~~M~ COOTHOWeH~RM~: 

__ r_. = R, 
r min 

_z_ = ..!_ ( tJ 
3r3Jo ) % z, 

r min 2 I 

rAe r min =4 MM, I 0 = 17 KA, tJ, y - nopeH~escK~e $aKTOP~, 
I - TOK ny4Ka. T04Ka C KOOPA~HaTO~ Z =0 COOTBeTCTsyeT KOH4Y 
$oKyc~py~~ero coneHO~Aa. Xopowee coanaAeH~e 3KcnepHMeHTanbHO~ 
H TeopeTH4eCKO~ Kp~B~X CB~AeTeflbCTByeT 0 TOM, 4TO pacnn~BaHHe 
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ny4Ka B OCHOBHOM onpeAenReTCR Ae~CTBHeM npOCTpaHCTBeHHOrO 3a
PRAa. KpoMe Toro, ~3 rpa$~Ka MOmHo CAenaTb s~BOA o nonHo~ He-
3aMarHH4eHHOCT~ Hn~ He3Ha4~TenbHO~ 3aMarH~4eHHOCT~ S~pTyanb

HOrO KaTOAa ~CT04HHKa 3neKTpOHOB. 
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3M~TTaHC ny4Ka ~3MepRnCR MeTOAOM A~a$parM~poaaH~R/S/..8 KOH
~e $OKyc~py~~ero coneHO~Aa ycTaHasnHsanacb noAB~mHaR A~a$parMa 
CO ~enb~ WHPJ.1HO~ 2 MM, pacnonomeHHO~ rop~30HTanbHO, BAOnb OC~ 
X. 3TO~ ~enb~ B nnOCKOCT~ ~3MepeH~R B~AenRn~Cb 4aCT~4~ C KOH
KpeTHO~ KOOPA~HaTO~ Y, HO C pa3J1~4H~M~ 3Ha4eH~RMJ.1 y', X, X'' .. 
AaT4t.1K pacnonarancR Ha paccTOHH~I-1 100 MM OT At.1a$parM~. 3Ha4e-

Ht.1e y'= ~HaXOAt.1nOcb t-13 KapT~H~ npo$HnR ny4Ka. MarH~THOe none 

B npOCTpaHCTBe MemAY A~a$parMO~ ~ AaT4~KOM OTCyTCTBOBano. $a-
30B~~ o6oeM ny4Ka Ha nnocKOCTI-1 y,y' ~3o6pameH Ha p1-1c.6. 
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~To-$a3os~~ o6oeM orpaH~4eH 
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eT 0 TOM, 4TO B nnOCKOCT~ J.13-
MepeHJ.1R 3neKTpOHH~~ ny40K HB
nReTCR CXOAR~~MCR. 
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TEMA'IWIECKME KATErOPMM fiYBJIHKAI.lMA 
OBDE,llHHEHHOrO MHC'Ilfl'YTA H,$PHYX 

MCCJIEJlOBAHMR 

MBA eKe TeM8TIIJ(a 

1. 3KcnepMMeHTap~HaA ~3HKa 8WCOKMX 3HeprH~ 

2. TeopeTH'feCKaA ¢IM3HKa IIWCOKMX 3HeprM~ 

3. 3KcnepMMeHTan~HaA He~TpoHHaA ~3HKa 

4. TeopeTH~cKaA ¢1143HKa HM3KHX 3HeprH~ 

5. HaTeMaTMKa 

6. 11AepH8Jt cneKTPOCKOnMA H paAl'fOJ(MMMA ,. 
7. tM3HKa TA•enwx HOHOB 

8. KPHoreHHKa 

9. YcKOPHTenM 

10. AaTOMaTH3a~HA o6pa6oTKM 3KcnepMMeHTan~HWx 
A8HHWX 

11. Bw~HcnMTen~HaA MaTeMaTMKa M TexHMKa 

12. XHMMA 

13. TexHMKa ~3H~ecKoro 3KcnepHMeHTa 

14. HccneAOBaHMA TBepAWX Ten H *HAKOCTeH 
AAePHWMM MeTOAaMH 

15. 3KcnepHMeHTan~H8A ~3HK8 AAePHWX pea~HH 
npM HH3KHX 3HeprHAX 

16. Ao3MMeTpMA H ~3HKa 3a~TW 

17. TeopHA KOHAeHCHpoBaHHOrO COCTOAHHA 

18. Hcnon~soaaHHe pesyn~TaToa H MeTOAOB 
.YHA8MeHTanbHWX ~3H~eCKHX MCcneAOBaHH~ 
8 CMe*HWX o6nacTAX H8YKM M TeXHHKH 

19. 6H041H3HKa 

non6HnOB r.B. HAP· HccneAOBaHHH HCTOQHHKa 
3neKTpOHOB ycKOPHTenH CHnYHn-20 

P9-82-70 

HccneAOBaHHH HCTOQHHKa 3neKTPOHOB C XOnOA~ KaTOAOM npose
Ae~ AnH nonyqeHHH HH~OpMa~ o MexaHHsMe ero pa6oT~, onpeAene
HHH nepcneKTHB COBepmeHCTBOBaHHH H npHMeHHMOCTH B AaHHOM YCKo
pHTene. 3neKTpOH~ nyqoK HCcneAOBanCH C nOMO~~ MHOrOKOnneKTOp 
aoro AaTQHKa. YnpasneHHe HSMepeHHHMH H o6pa6oTKa pesynhTaTOB 
npoBOAHnHCh npH HcnonhsosaHHH 3BM MERA-60. KapTHHa pacnpeAe
neHHH nnOTHOCTH TOKa OT06p~anacb B BHAe MaTp~. B HCTOQHHKe 
6~ nonyqeH HMnYnhC~ nyqOK C TOKOM -1 KA H QaCTOTOA 50 f~. 
HecTa6HnhHOCTh TOKa He npes~ana 1%. Bon~paMosYA KaTOA npopa-
6oTan -500 qacos npH TOKe 500 +1000 A 6es YKYAMeHHH ero cTa-
6HnhHOCTH. fipH onTHManhHOM MarHHTHOM none B •0,1 T AHaMeTp nyq-
Ka d COCTaBnHeT 8+3 MM. 3MHTTaHC E paBeH )QQ+3Q MPaA• CM. 
fiyqoK HBnHeTcH npHeMne~ AnH ycKopHTenH CHITYHn-20. fipeAnonara
eTcH nonyqeHHe nyqKOB C TOKOM AO HeCKOnhKHX KHnOaMnep npH yse
nHQeHHH AaBneHHH B pa3PHAHOA Tpy6Ke H yCKOPH~~ero Hanp~eHHH. 

Pa6oTa s~onHeHa s 0TAene HOB~ MeTOAOB ycKopeHHH OHHH. 

Cooe;.eHMe 06111eAMHeHHOr o MHCTMl )'T a 11A8PHWX MCCIIeAQUHM" · ,llyCSHa 1982 

Dolbilov G.V. et al. On SILUND-20 Accelerator 
Electron Source Investigation 

P9-82-70 

The cold cathode electron source has been investigated to 
get information on its work mechanism, to find the device de
velopment outlooks and to describe its applicability to the 
SILUND-20 accelerator. Its beam has been investigated with 
many-collector probe. The MERA-60 computer controlled the 
measurements and processed the results. Current density distri
bution figure was perpesented in a matrix form. The electron 
pulsed beam of about I kA with 50 Hz frequency has been obtai
ned from the source. lts current instability is not greater 
than 1%. Tungsten cathode has been working about 500 hours with 
current of 500 to 1000 A with no current stability violation. 
At optimal magnetic field amplitude 8 =0.1 T, diameter of the 
beam d c8+3 mm. Emittance E •100+30 mrad.cm. The beam with cur
rent of some kiloamperes may be obtained when pressure in 
discharge tube and accelerating tension are greater. 
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