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AHHOmauyusi — MNMpoaHanuampoBaHbl NPUYNHBLI OrpaHUYEHNs]
KoadpdumumeHTa ycuneHuns ycunutenen M-Tuna ¢ kaTtogHbIM
BO3OYXXAEHMEM (B 4YACTHOCTM, [AOBYXPSOHbIX aMMIIUTPOHOB).
YCTaHOBMNEHO, YTO OOHON M3 HUX SIBMSIETCS NEePEXO[, ANEKTPOH-
HOro NOTOKa NoA NPeuMyLLECTBEHHOE YNpaBriEHUE CO CTOPOHbI
BY-nona aHogHon 3amepgnstowlen cuctembl. Ons ycTpaHeHus
3TOr0 HefocTaTka npeasioXeHbl KOHCTPYKUMM  OBYXPSAHOTO
ycunutens M-Tuna ¢ ogHOW WM OBYMS TOpUEBbIMM obnactsMu
rpynnUpPOBKN, B KOTOPbIX NMPUCYTCTBYET TONbKO KaTodHas 3a-
MeansLwas cuctema. 9To CO34aeT YCrnoBus AN rpynnmpoBa-
HWUSI 3MEKTPOHHOro MoToka NoA AEeUCTBMEM BXOLHOIO CurHana
6e3 BnusiHua BY-nons aHogHoW 3aMeansitoLLet CUCTEMBI.

|. BBepgeHue

[MaBHbIM HegocTaTkoMm ycunutenen M-Tuna siBnseT-
CAl HE3HAUYUTENbHBIN KO3(PDULMEHT yCUneHus, ona am-
NAMTPOHOB 06bIMHO He npeBbiwatowmn 15 ... 20 ab. OH
NpuMBOAMUT K TOMY, YTO B MocnegHune rofbl 3Tv npubopbl
HEYKNOHHO CAalT CBOM MO3WLIMU MHOTOSyYeBbIM Kruc-
TpoHam [1]. B kauecTBe OAHOrO U3 METOAOB MOBLILLEHNS
YCUMEHNST YCUNUTENEN CO CKPELLEHHbIMW MOMSIMU CpaB-
HUTENbHO AaBHO MPEArioKeHO UCMOonb3oBaTbh ANA BO3-
OyxxaoeHus npubopa 3amegnsiowlyto cuctemy (3C), pac-
MOMOXEHHY0 Ha OTpuuaTenbHOM anekTpoge (T.H. ycu-
nuTeENN C KaTogHbIM BO3OYXOEHWEM WU OBYXpsiAHbIE
npubopsl) [2]. OCHOBHbIMM (hakTopamu Npu 3TOM, Kak
npeanonaranoch, LOIMKHbI ABMNSATLCA 3NEKTPOoAUHAMU-
yeckasi pa3Bsidka BXOAa U BbIXOAA, a Takke HaxoxaeHve
Bo30yxaatowen katogHon 3C (K3C) B HemocpencTBeH-
HOW B6NM30CTN OT ANEKTPOHHOW BTYIKU.

[poBeaeHHble B Havane 1980-x rogoB aKkCnepuMeH-
TanbHble UCCMNefoBaHNSA ABYXPSAHbIX aMnaMTPoHOB [3]
nokasanu, 4Yto Takue npubopbl AencTBUTENbHO obna-
[0aloT HecKonbKo 6onbWNM KO3IMULNEHTOM YCUINEHNS
no cpaBHEHMIO C 06bIYHBIMY (A0 22 b B nonoce yacTtoT
6 ... 8 % ona meraBaTTHOro npmubopa), OAHaKO 3TO 3Ha-
YeHune BCe Xe CMMLLKOM Aaneko OT oXuaaemoro (nopsa-
ka 30 ...40 ob). B 10 e Bpems MMEelTCA CBeAeHUst O
co3faHum 3a pybexxom nogobHbIX NpnbopoB ¢ koadu-
uneHtom ycunenusa 23 ... 30 gb B nonoce 4vactoT Oo
12 % v HU3KUM ypoBHEM LIyMma [4].

Cpasy e nocrne OnucCaHHbIX 3KCNepPUMEHTamNbHbIX
nuccnenoBaHuii Obin BLIMNONIHEH TEOPETUYECKUIA aHanu3
NPUYMH Takoro HecooTseTcTBUs. OH nokasan, 4To, no-
MUMO pPasHULbl B YrroBOW AperndOBON CKOPOCTU JNEK-
TpoHoB B6nM3n K3C n aHogHon 3C (A3C) Bcneacrteme
UMNMHOPUYHOCTY Npubopa 1 BNusHUst 06 bEMHOro 3apsi-
na [3], ewe ogHUM aKTOpoM MOXET ObiTb nepexoa
Oonbluen YacTu 3NEKTPOHHOrO NOTOKa Mog MpeuMyLle-
CTBEHHOe ynpasneHne co cTtopoHel BY-nona A3C [5].
Mockonbky 06e cucTemMbl pacrnonoXeHbl OfHa Hag, Apy-
rov, npu 6onbliom koadduuneHTe ycuneHus npubopa
aMmnnuTyga aHoAHOW BOSHbI B 06nacTu BTYNKM MOXET
ObITb COMOCTaBUMOW WM MpeBbiwaTb amnnutygy BY-
nomns BXOQHOro curHana. Tem cambiv, gaxe 6e3 yyeta
anekTpoguHamuyeckon cBsian obemx 3C, peanuayetcs
MexaHu3M caMoBO30yXXAeHUs1 Napas3vTHbIX BUAOB Kore-
GaHui B npubope 0bpaTHOW BOSHbI.

Ha ocHoBe paHHbIX uccriegosaHuii B 1986 r. Obinn
npeanoxeHbl KOHCTPYKUMN YCUNUTENS C KaTOAHbIM BO3-
Oy>xaeHneM, B KOTOPbIX NpeaycMOTpPeHbl odHa unu ase
TopLeBble o6nacTu rpynnupoBKK, roe NpUCYTCTBYET B
ocHoBHOM BY-none K3C, a Bosaenctesue nons A3C oc-
nabneHo. 31O faeT BO3MOXHOCTb 3M1EKTPOHHOMY MOTOKY
GecnpenaTCTBEHHO CrpynnmMpoBaTbCs CUHXPOHHO C BOS-
HOW BXxogHoro curHana. CdopMMpOBaHHbIE CryCTKM,
cMeLlaschk BOOMb ocu npubopa, nocTynarT B NPOCTpaH-
CTBO B3auMoOAencTBus, rae HaBoaaT curHan B A3C, Kak
B 0ObIYHOM ABYXPSAHOM ycunurene.

Il. OcHOoBHaA YacTb

HecmoTpst Ha pa3Hoobpasne KOHCTPYKUMIA ycunute-
nen M-tnna, Hambonbluee pacnpocTpaHeHe Ha MpaKkTu-
Ke Momy4uny amnauMTpoHbl. ITO CBA3AHO C TEM, YTO He-
3HauMTenbHas asvMyTanbHas AnvHa obnactu apenda B
HMX He co3gaeT yCrnoBUW Ans CKOMb-HUOYAb CyLlecTBeH-
HOW pasrpynnupoBKK cnuLpbl U obecneyrBaeT TeM cambiM
Bblcokuin KM npubopa. AMAAUTPOHLI C KaTOAHbIM BO3-
OyxaeHvem (cMm., Hanpumep, [6]) coxpaHsiloT [aHHoe
NpPeEMMYLLIECTBO, XOTS U HE B NOJIHOM Mepe. ATO 06 BACHS-
eTca TeM, 4YTO OTCyTCTBME curHana Ha Bxoge A3C kak bbl
yAnuHaeT obnacTb aperida B a3uMyTanbHOM Harnpasne-
HWW, MOCKOMNbKY aMnnuTyaa BOJSHbI B MEpPBON S4elike
aHOOHOW CMUCTEMbI Tenepb paBHa Hymio. [aHHbIn Hegoc-
TATOK MOXHO HeWTpanu3oBaTb MNyTEM MOAa4YM 4acTu
BXOAHOro curHana Ha exog A3C, kak 3To onucaHo B [4].

Bonee cyllecTBEHHON $sBNsieTCs crnegywowasi npo-
6nema. B M3BECTHbIX KOHCTPYKUMSIX ABYXPSAHbIX amnnu-
TpoHOB BCsi noBepxHocTb K3C HaxoauTtca B BY-none Ha-
BegeHHon B A3C 3neKTPOHHBIM MOTOKOM BOfHbI, KOTO-
poe, XoTa M ybbiBaeT Npu yganeHun OT aHoda, HO He
yMeHbLUaeTcs A0 Hynsa Aaxe BOrum3m katoga. Momumo
CO3[jaHNS HEeXenaTenbHOW 3NeKTPOANHAMUYECKON CBSA3U
MeXay BbIXOO4OM M BXOAOM YCUNUTENS, Npu NomnbITke Aoc-
TUYb GOMbLUMX 3HAYEHWI KO3hdMUMEHTa yCUneHUst AaH-
HOoe sIBMEeHWe MOXET MPUBECTU K MOTepe ynpaBreHus
3MNEKTPOHHBLIM MOTOKOM CO CTOPOHbI BXOAHOrO CurHana.
HencreutensHo, BeCcb 06beMHbIN 3apsag B npubope Ha-
XOOMUTCA NMoA OAHOBPEMEHHbIM BO3AENCTBMEM [OBYX CO-
ctaensowmx BY-nons: BonHel BxogHoro curHana B K3C u
BOJHbI, HaBoaumon camum notokom B A3C. Kak nssecrt-
HO, 3NEKTPOHHOE 06nako ABMSAETCA HENMHENHOW cucTe-
MOM, koTopasi obnagaeT CBOMCTBOM NepecTpanBaTh CBOH
KOHAMrypaumio B COOTBETCTBMM CO CTpPyKTypon BY-nons
OOMUHUPYIOLWENA B [OaHHOM MeCTe 3rneKTpOMarHUTHOM
BOJHbI. OTO MPVBOAUT, B YAaCTHOCTM, K NOAABIEHNIO Cna-
6oro curHana cunbHbLIM NpU ABYXYaCTOTHOM B3aMMOAew-
cTBMM B amnnutpoHe [7]. Ecrnn B o6nactu anekTpoHHON
BTYNkv1 amnnuTtyga BY-nonst HaBegeHHon B A3C BOSHbI
Ha4yMHaeT MpeBbilLaTh aMnnuTyay nons BornHel B K3C ot
BHELLHErO MCTOYHMKA, MEXaHN3M 3M1EKTPOHHOW COPTUPOB-
KM MOnem BXOZHOro curHana rnocTeneHHO noaaBnsieTcs
MexaHn3mMoM hasoBor HOKYCHPOBKU NONeM HaBeOEeHHON
BOSHbI. T€M caMbIM CO3[aloTCHA YCNOBUSA ANA NpekpaLle-
HWUS CUHXPOHU3aLMKN SMEKTPOHHOrO MOTOKa BXOAHbLIM CUr-



HanoMm 1 BO30YXXOEHUsI Mapas3uTHbIX BUOOB KorebaHuin
(Hanpumep, KapMaTPOHHOrO).

OueHnTb kKoapPUUMEHT yeunernns Kmax, MPY KOTOPOM
BO3HMKAET 3TO SIBMIEHNE, MOXHO C Yy4eTOM OOLLen3BecT-
HbIX 3aBUCUMOCTEN paguarnbHOro pacnpegeneHust am-
nnutyasl BY-nonsa B unnuHapuyeckon cucteme. MNpegno-
narasi asuMyTanbHOe pacrnpefeneHve aMmnnuMTyabl HaBe-
AenHon B A3C BOIHbI NIMHENHBIM, U yCpeaHsst ero Boonb
nepvmeTpa npubopa, nonyyaem:

r v+1 r 2y
Kmax = 20194 = 1+ 2 , dB. (1)

fa fe

3pech r; U r; — paguychbl katoga U aHoga COOTBETCTBEH-
HO; ¥ — uncno cnud. Hanpumep, Anst ykasaHHOro Bo BBe-
AeHunmn npubopa [3] r; =9 MM, r; = 16,2 MM, v = 5, cnepo-
BaTenbHO, Knax paBeH 20,4 ab.

M3 BbilWleckasaHHOro crnegyeT, YTO OOHVMM K3 NyTen
NOBbILLEHNST KO3 PMUMEHTA YCUNEHNS yCUNUTENsa ¢ Ka-
TOOHbIM BO30OYXOEHUEM SBNSETCA co3gaHne B HeM 006-
nacTu rpynnyMpoBKn, B KOTOPOW NPUCYTCTBYET Tonbko BY-
nonie BXOOHOrO CuUrHarna, a nore aHogHOW BOMHbI ocrnab-
neHo. Heobxogumo Takke npeaycMoTpeTb MeXaHusm
NOCTYNSIEHNS CrPYNNMPOBaHHbIX 3NIEKTPOHHBIX CrYCTKOB B
obnacTb B3aMMoOAEencTBuS, rae OHU Mornm 6bl HaBOAWTL B
A3C cocTaBnsiloLLy0  3MEeKTPOMarHUTHOro Monsi, CWH-
XPOHHYIO C MONeM BOSHbI BXOAHOro curHana B K3C.

TeopeTnyeckn BO3MOXHO TpU BuAa MPOCTPAHCTBEH-
HOro pasgeneHuns obnacTten rpynnupoBKA U B3aumopen-
CTBUSI: paguarnbHoe, asumyTanbHoe 1 akcmanbsHoe. [Mpu-
3HaKku NepBoro umetoTcs B nateHTe [8], roe mexay K3C un
A3C BBefeHa [OMOMHUTENbHAS 3NEKTPOAUHAMUYECKas
cuctema, obecneuvBaiollas 3KpaHUPOBaHWE MpUKaToa-
How obnacTu oT BY-nons BonHbl B A3C. 3Ta KOHCTPYKUMSA
mMarnonpuemMremMa Aisi MOLLHbIX NPpMOOPOB BBUAY NIIOXOro
TennooTBoAa oT npomexxyTouHon 3C.

B nateHTe [9] npeanoxeH pasHoc obracTten rpynnu-
POBKM U B3aMMOAENCTBMSA B HanpaBneHun apenda anek-
TPOHHOrO noToka. MockomnbKy AN aMniMTpoHa 3TO asu-
MyTaneHoe HarnpaeBneHue, BBefeHue obnactu, ceoboa-
Hon ot BY-nons A3C, npvBedeT K CyleCTBEHHOW pas-
rpynnupoBKe cnuu, NpeBpaTve NpMbop B pasHOBUMOHOCTb
ycunuTensi ¢ npoctpaHctBoM Apenida (SFD). 3to Takke
HegonycTumo BBuay cHwkenus KIMA. CnepoBaTternbHo,
ONst aMMnUTPOHa €AUHCTBEHHO NPMEMEMbIM BapyaHTOM
SBNAETCA akCuarnbHbI pa3HOC NPOCTPaHCTB rPyMnNMPOBKU
1 B3aMOJENCTBUS.

[laHHOe pelleHne 3aknovaeTcs B pa3MeLLeHn Bo3rne
ogHoro nnu oboux TopLoB obractu B3auMoAeNCTBuS, B
KoTopon npucyTcTByloT Tonbko A3C W rnagkui kartog,
ofHoOM vnun AByx obnacTtewn rpynnupoBKX, B KOTOPbIX, Ha-
o6opoT, nmeetca Tonbko K3C, a aHog BbINOMHEH CMNMOLL-
HbIM. TemM caMbIM OOCTUraeTcs NMpPOCTPaHCTBEHHOE pas-
JereHve ABYX BbilLeykasaHHbIX 06nacTen, YTo NpuBoanT
K JOMOMHUTENbHOMY ocnabneHuto BOMM3M MOBEPXHOCTU
K3C anektpomarHuTHoro nonsi Hasogmmow B A3C BOSHbI.
OTO CHWXaeT ero BO3AENCTBME HA MPOLECC SNEKTPOHHON
COPTUPOBKM BO3re KaToda, MO3BOMsAsS CrpynnupoBaThes
CrycTkam, ABWXYLUMMCH CUHXPOHHO C BOSHOW BXOOHOrO
curHana B K3C. O6GpasoBaBlumMecs Cryctkv gpendytor
3aTeM B OCEBOM HamnpasreHuu, nocTtynas B obnacTtb
B3avmogaencTeus, rae HaBoaat B ASC COOTBETCTBYHOLLYIO
cocTasnsowyto BY-nons.

Ha puc. 1 1 2 cxematuyeckn n3obpaxkeHbl KOHCTPYK-
UMM amnnuTpoHa C OOHOWM U ABYMS TOpLEeBbIMM 0bnacTs-
MW TPYMMNMPOBKN COOTBETCTBEHHO. [INs HarmsigHOCTU
BHELUHUIA BUA, KaTOAHbLIX Y3r0B nokasaH otaenbHo. Mpu-

6op c ogHon obnacTtbto rpynnupoBku cogepxut K3C,
COCTOSILLYIO U3 CEMMEHTOB 1 CO BTOPUYHO-3MUCCUOHHBLIM
nokpbITMEM 2. YacTb CErMEHTOB COCTaBMSET BHELUHWN
NPOBOAHWMK 3 KOaKCManbHOW NHUKM 4, 4yepe3 KOTOpYyH
rnogaeTcsi BXOOHOW curHan. VmeeTtca Takke y4acTok
CNIIOWHOro KaToaa 5 co BTOPUYHO-3MUCCMOHHBIM MOKPbI-
TMemMm 6. [NonoxeHue 3akopaudMBaloLLlen neperopoaku 7
onpefensieTcs ycroBusiMA ONTUMAarbHOro COrfacoBaHus
K3C ¢ noasogsillen koakcumanbHOM NuHWen. Topuesble
3KpaHbl 8 NpefoTBpaLLatoT YTEYKY SMEKTPOHOB 3a Npese-
nbl obnactew rpynnuposku 9 1 B3ammogenctemsa 10. Yya-
CTOK rnagkoro aHoga 11 pacnonoXeH HanpoTUB CerMeH-
ToB K3C. A3C 12 HaxoguTcsi HanpoTMB y4acTka CnioLl-
Horo kaTtoga. [NpoToyka 13 B rmagkoM aHoAde CHWXaeT ero
WYHTUpYIOLLlee [OENCTBME HA 3NEKTPOMarHUTHoe norne
A3C.

Yeunutenb ¢ AByMst 06nacTsMu rpynnyMpoBKA UMeeT
aBe K3C, cocrtoswme u3 cermeHtoB 1 CO BTOPUYHO-
3MUCCUOHHBIM MOKpbITMEeM 2. Kak n npexae, 4Yactb cer-
MeEHTOB 06emx cuctem obpasytoT BHELLUHWUIA NPOBOAHUK 3
NOABOASLLEN KoakcmarnbHom nuHumn 4. Mexay asyms K3C
pacrnonoXeH y4yacTOK CMMOLIHOro katoda 5, vmerowmn
BTOPUYHO-IMUCCUOHHOE NoKpbiTUe 6. [eperopogka 7
CnyXuT ans cornacoBaHust obenx 3C ¢ koakcuanbHon
nuHVen. TopueBble 3KpaHbl 8 OrpaHu4YMBalOT C OAHOM
CTopoHbl obnactu rpynnuposkn 9. Btopas ctopoHa no-
cnegHuX rpaHnunT ¢ obnactbio B3ammogenctana 10. [1ea
yyacTka rnagkoro aHoga 11 pacrnonoXeHbl NpOTUB cer-
mMeHToB cooTBeTcTBytoLWMX K3C. A3C 12 HaxoauTcsa Ha-
NpoTUB y4acTka cnnowHoro katoga. Mpotoykn 13, kak u
paHee, CHWXKalT LIYHTMpYlOLlee [ENCTBME Y4aCTKOB
rnagkoro aHoga Ha anektpomarHutHoe nomne A3C.

O6Ge KOHCTpykuMM npubopa paboTalT crieayrLlim
o6pasom. BxoaHol curHan (Ha obomx pucyHkax OH noga-
eTca cneea) uHMUMMpyeT Ha cermeHTax K3C pasmHoxe-
HME BTOPWYHBIX SMEKTPOHOB, YTO obecrneuvBaeT pasBu-
TME B 3TOM MeCTe 3MIEKTPOHHOM BTYNKW. 3a cueTt anek-
TPOHHOW COPTUPOBKM B MOSE 3M1EKTPOMAarHUTHOM BOMHbI
BXOOHOrO curHana, pacnpocrtpaHsioulencs B K3C, amut-
TUPOBaHHbIE KAaTOLOM 3MEKTPOHbI IPYNMNMPYTCst B CryCT-
k. B obnactu rpynnupoBkM none 3nekTpoMarHUTHON
BOMHbI, pacnpocTpaHsioerics B A3C, ocnabneHo. Mo-
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Fig. 1. Amplitron with one bunching space
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Puc. 2. AMnnumpoH ¢ d8ymsi obrniacmsimu epynnuposKku

Fig. 2. Amplitron with two bunching spaces

3TOMY CryCTKU 3[1eCb OBWXYTCS CUHXPOHHO C BOIHOMW B
K3C. BnusiHue pactankusatowmx cun o6bemMHoro 3apsiga
BTY/IKW, @ TaKke HanMuume pagmanbHON COCTaBMnstoLLEn
CTaTUYeCKOro MarHUTHOTO MONsA, HEN3BEXHON B MarHuT-
HbIX cuctemax npubopos M-Tuna, npMBOAWT K TOMY, YTO
CryCTK/ CMELLATCs B OCEBOM HanpasreHun u3 obnactu
(obnacTen) rpynnMpoBKU B NPOCTPAHCTBO B3avMOAENCT-
BMS. 34eCb OHW OCYLLECTBNSIOT BTOPUYHO-SMUCCUOHHBIN
3anyck katoga u HaBogaT B A3C 3neKTpOMarHWTHYH
BOJIHY, CMHXPOHHYIO C BOMHOW BXogHOro curHana B K3C.
Mpn HeobxoaMMOCTM NpoLecc 0ceBoro apevida CrycTkoB
MOXHO MHTEHcUUUMpPOBaTL CO34aHMEM HeOONbLLION
aKcuarbHOW COCTaBNSAIOLLEN CTAaTUHECKOrO ANEKTPUYECKO-
ro nors, Hanpumep NyTeM KOHycoobpa3HOro BbINOMHEHNS
YacTy NOBEPXHOCTEW KaToaa 1 aHoa.

MoBblWweHM0 Ko3dhdPULUMEHTA YCUMNEHNSS B paccMOT-
PEHHbIX KOHCTPYKUMSAX ycunutena M-tuna cnocoberyeT
KaK yBenu4eHve 3neKkTpoanHaMUYECKOW PasBsi3ku Mexay
BXOAOM W BbIX040M, Tak U To, 4To B ASC NOCTOSAHHO CO-
XpaHAEeTCsl COCTaBnALWAs SMNEeKTPOMarHUTHOro Mons,
CVMHXPOHHas MO YacToTe C MOMem BXOOHOro curHana B
K3C. OHa HaBoguTCs CrycTkamm, OBWKYLLMMUCA BONM3N
rpaH1Ubl 06nacTemn rpynnpoBK1 1 B3aMMOAENCTBIS.

[poBepka adhheKTUBHOCTN NPESSIOKEHHbLIX TEXHUYE-
CKMX PELLUEHUI BO3MOXHA 3KCNEepUMEeHTarnbHbIM NyTeMm, a
TaKkKe C MOMOLLbI YUCIIEHHOrO MoAenupoBaHus. B no-
crnefHeM criydae Heobxoouma nonHas TpexmepHasi Mo-
denb ycunutena M-tuna. MNoka npoBedeHoO nNuwb pas-
JernbHoe MopenupoBaHve obnacTten rpynnupoBkA W©
B3aVMMOJENCTBMSA C MOMOLLbIO IBYMEPHbBIX MOAENEN.

[MoBTOpHbIE pacyeTbl C UCMOMb30BAHNMEM COBPEMEH-
HbIX anropuTMOB Makpo4acTuL, B OCHOBHOM MOATBEPAWIU
pesynbTaThl nccnegosaHun [5, 10, 11] o cywecTsoBaHUK
Jaxe npu Marnon MOLLHOCTWU BXOOHOMO CUrHana KoHeYHo-
ro AuanasoHa aHOOHbLIX HaMpPshKEHUW, ONs1 KOTOpbIX Ha-
GntofaeTcs CUHXPOHU3M CryCTKOB B 06nacTu rpynnmpoB-
kn (puc. 3) c BY-BonHow BxogHoro curHana B K3C. OgHa-
KO MEexXaHV3M 3MEeKTPOHHOW COPTUPOBKM 34€Chb 4acTo Ha-
pylaeTcs B pesynbTate BO3HUKHOBEHWS pasnuyHbIX na-
pasnTHbIX PYNMUPOBOK 3MIEKTPOHHOrO MOTOKA, BKIIHOYast
ero cobcTBeHHble konebaHusi, BTOPUYHO-IMUCCUOHHbIE
CTYCTKV U UCTUHHbIE CONUTOHBI.

Puc. 3. Ceycmku e obrniacmu epynnupoeKku

Fig. 3. The bunches in bunching space

IIl. 3aknoyeHne

MpeanoxeHHoe ycoBepLUEHCTBOBaHWE KOHCTPYKLUK
AByxpagHoro ycunutens M-Tuna OpMeHTMpOBaHO, B
nepByl0 oyepedb, HA aMMUTPOHBI, MOCKOMbKY Yy 3TUX
npnbopoB NPOCTPaHCTBO Apeida He MoxeT ObITb pac-
LUIMPEHO B a3MMyTanbHOM HanpasneHun. Tem He MeHee,
naes NpoCTPaHCTBEHHOro pasfeneHuns obnacrten rpyn-
MUPOBKM 1 B3aUMOAEWCTBUSI B HanpaBrieHusix, nepneH-
OVIKYNSAPHBIX HanpasneHutio Apenda 3NeKTPOHHOro no-
TOKa, MOXeT ObITb MONEe3HOW 1 Ans gpyrmx npmbopos.
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Abstract — The causes of cathode-driven CFA's (in particu-
lar, double-row amplitron) gain restriction are analyzed. It is
ascertained that one of these is predominant electron stream
control by RF field of the anode delay line while cathode input
signal is disregarded. To reduce this drawback, double-row
CFA's constructions are proposed with one or two axially shifted
bunching spaces, which contain cathode delay line only. Thus
condition for electron stream bunching under the input signal
without disturbance from anode structure RF field is ensured.

|. Introduction

A low gain of CFA's is their principal disadvantage, which
restricts the area of those applications comparing with multi-
beam klystrons. The cathode-driven (or double-row) CFA's [6]
were created to overcome this imperfection. The main factors,
as it was expected, are electrodynamic isolation of tube input
and output as well as placing of driving signal electromagnetic
field in immediate proximity to the electron hub.

The experimental results for double-row CFA's (mainly,
amplitrons) are rather far from desired ones. The largest gain
was achieved about 23 dB with a 12 percent bandwidth [4]. The
causes of this inadequacy had been ascertaining by means of
computer simulation. Main ones, to all appearance, are differ-
ence of electron stream drift angular velocity nearby cathode
and anode delay lines due to tube cylindrical geometry and
space charge influence as well as lack of electron cloud control
by input signal. Despite a delay line RF field attenuation with
distance, under large gain factor the anode structure field may
exceeds the cathode line one in whole interaction space. Thus
the condition of backward-wave tube self-excitation may be
created even without the lines electrodynamic coupling.

As a result of these investigations, the new constructions of
cathode-driven CFA's were proposed in 1986, with one or two
bunching spaces, which are separated from the interaction
space in axial direction. The bunching space contains only
cathode delay line and smooth anode. On the contrary, the
interaction space holds only anode slow-wave structure and
smooth cathode. Inasmuch as RF field of anode line not pene-
trates into bunching area, the electron stream may bunch here
only under the influence of input signal. A bunches slowly drift
along the tube axis reaching the interaction space, where they
induce RF signal in anode delay structure, like to conventional
cathode-driven CFA.

Il. Main part

A main advantage of amplitron in comparison with other
CFA's is its high efficiency, which is achieved due to small azi-
muthal length of drift space. The cathode-driven amplitron not
quite retains this virtue because of driving signal absence at
input end of anode delay line. That defect may be reduced by
redirection of part of input signal to the anode structure, as it is
described in [4].

Other imperfection of known double-row CFA's is more sub-
stantial. Owing to placing of the cathode and anode delay lines
facing one another, the anode RF field not decreases to zero
even nearby the cathode surface. As a result, unwanted elec-
trodynamic coupling of tube input and output is created. More-
over, if gain factor is too large, all space charge in tube comes
over to predominant influence of anode line RF field. Due to a
nonlinear electron-wave interaction, the suppression of weak
signal by strong one has a place [7]. Therefore synchronization
of electron stream by driving signal may be replaced with spuri-
ous operation modes, like to a carmatron-type one.

The rough estimation of highest gain factor Knax Which is
limited by latter phenomenon may be performed under formula

(1), where r; and r, are the cathode and anode radiuses respec-
tively; y is a number of spokes.

It is clear from abovementioned that one of cathode-driven
CFA gain increase method is spatial separation of electron
stream bunching process (electron sorting) and energy extrac-
tion one (phase focusing). It is necessary also creating condi-
tion for transition of modulated electron cloud from the former
zone to the latter one.

There are only three kinds of space separation: in radial,
azimuthal and axial directions. The former is described in patent
[8]. That is ill suitable for power devices because of bad heat
removing from intermediate RF line. Proposed in patent [9]
separation of bunching and interaction spaces along the elec-
tron beam drift direction is useless for an amplitron, because
drift space expansion (like to a SFD) results in tube efficiency
reduction. Therefore only useful solution is axial displacement
of the spaces. It may be realized by means of addition to one or
two axial ends of interaction space the bunching spaces, where
only cathode delay line is present, while anode is smooth. The
RF field of placed in interaction space anode structure very
weakly penetrates into bunching spaces, therefore that cannot
interferes the electron sorting process here. On the contrary,
bunched here electron clots can move to interaction space and
control the tube output signal.

Figs. 1 and 2 show the amplitron sections with one and two
bunching areas respectively. The cathode assemblies are
shown separately. In both cases the cathode delay line(s) con-
sists of segments 1 with secondary-emission layer 2. A part of
the segments forms the outer cylinder 3 of input coaxial line 4.
There is smooth cathode section 5 too, with secondary-emis-
sion layer 6. The short-circuiting diaphragm 7 provides best
input line matching. The end shields 8 prevent electrons escape
from bunching 9 and interaction 10 spaces. The smooth anode
section(s) 11 is (are) placed opposite cathode RF structure(s)
segments. On the contrary, the anode delay line 12 is disposed
opposite the smooth cathode section. The groove(s) 13 in solid
anode(s) decreases shunting effect of that for the anode struc-
ture RF field.

The operation of both CFA's is similar. An input signal initi-
ates the secondary-emission electron multiplication at cathode
line(s) segments. The arisen electron hub(s) bunch then into
clots due to electron sorting by input signal wave(s). Because of
anode line RF field attenuation in bunching space(s), the clots
rotate here synchronously with the cathode line(s) RF field.
Space charge repulsion along with a static magnetic field small
radial component influence results in slow axial drift of bunches
toward the interaction space. They initiate secondary-emission
electron multiplication here and induce synchronous with input
signal electromagnetic wave component in anode RF structure.
Bunches axial drift velocity may be increased, if it is necessary,
with creation of small axial component of static electric field,
e.g. by cathode and anode cone.

The gain increase for those systems is obtained as result of
electrodynamic decoupling between cathode and anode delay
lines as well as retaining of synchronous with input signal elec-
tromagnetic wave component in anode RF structure for any
gain factor. The latter is provided by electron clots which are
situated closely to bunching and interaction spaces interface.

The full 3D simulation of proposed CFA's in order to justify
the technical suggestions validity was not performed yet. The
modeling of separate bunching and interaction spaces using 2D
particles algorithm confirms existing of anode voltage region in
which synchronism of electron bunches (Fig. 3) with driving
wave in bunching area is observed even for small input power.
But mechanism of electron sorting is often disturbed here by
various stream instabilities, like to plasma natural oscillations,
secondary-emission bunching or true solitons.

I1l. Conclusion

The offered improvement of a double-row M-type amplifier
construction is amplitron-oriented in the first place, because a
drift space of that cannot be expanded in azimuthal direction.
Nevertheless, the idea of bunching and interaction spaces spa-
tial separation in directions, which are perpendicular to electron
cloud streamline, may be also useful for other tubes.



