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B aaHHOM paboTe paccMaTpuBaeTcs BOMPOC O BO3MOXKHOCTU
UCMOAb30BaHUS OAMHOYHOM AMH3bl AASl MOAYASILMWM  3AEKTPOHHOTO
notoka Mo CKoOpocCcTW. [lokasaHo, YTO MpPUMEHEeHWe OAMHOYHOW
AVH3bl B KQUeCTBE MOAYASITOPA MO CKOPOCTU He BAMSIET Ha BEAUUMHY
Ko3(ppULMEHTa B3aMMOAENCTBUS SIAEKTPOHHOIO NMOTOKA C NMOAEM AMH3bI.
O6beMHbIN PE30HATOP MPEAAAraéMON KOHCTPYKLMM MOSKET BbIMOAHSTh
OAHOBPEMEHHO POAb MOAYASITOPA 3AEKTPOHOB MO CKOPOCTU C OAHOM
CTOPOHbI, 1 TPAHCTIOPTUPYIOLLEN CUCTEMbI B APEM(OBOM MPOCTPAHCTBE
C APYroM U MOTOK CryCTKOB 3AEKTPOHOB MOXeT ObiTb C(POKYyCUMpOBaH
Ha MOBEPXHOCTM BXOAHOIO OKHa BbIXOAHOTO pe3oHatopa. O6bemHbii
pe3oHaTop C 3AEKTPOCTaTMYeCcKon (POKYCMPOBKOWM  CrnocobCTByeT
nosbiteHnio mowHoctTr CBY nprbOpoB KAMCTPOHHOrO Tumna 3a cueT
YBEAUUEHUS] KOHBEKLIMOHHOIO TOKa.

KAtoueBble CAOBa: MOAYASILMS, AMH3Q, SAEKTPOHHbIM MOTOK.

In this paperwork we consider the possibility of using a single lens to
modulate the electron beam velocity. It is shown that the use of a single
lens as a modulator in speed does not affect the value of the coefficient
of interaction with the electron flux field lens. Cavity proposed design can
simultaneously perform the role of the electron modulator on the one hand
speed and conveying system in the drift space , and the other stream of
electrons clots can be focused on the surface of the input window of the
output resonator . Cavity resonator with electrostatic focusing improves
power klystron type microwave devices by increasing the convection cur-
rent.

Key words: modulation, lens, electron beam.

bepiAreH  >KymbICTa  KbIAAAMAbBIKTAP  OOWMbIHILA  SAEKTPOHADIK,
aFbIHABI MOAYASILIMSIAQY YIUIH AMH3aHbl KOAAAHY MYMKIHAIKTEPI TypaAbl
MOCeAe  KapacTbipbiAaAbl. JKbIAAAMABIKTAp  GOMbIHLWA  MOAYASTOP
peTiHAE KOAAQHbIAFAH AMH32 3AEKTPOHAbI afblHHbIH AMH3a epiciMeH
acepAecy KO3(PULMEHTIHE acep eTNEeNTIHAIM KepCeTiAreH. YCbIHbIAFaH
KOHCTPYKUMSHbBIH,  KOAEMAIK — pe3oHaTopbl  peTiHAe 6ip  sKarFblHaH
JKbIAAAMADBIKTAP GOMbIHLLA MOAYASITOP >KOHE eKiHLIi >KaFblHaH APendTbl
KEHICTIKTE TacCbIMAaAAQYLLbl >KYME aTKapa aAaAbl >K8HE 3AEKTPOHAApP
LLOFbIPbI aFbIHbl PE30HATOP LWbIFbICbIHAAFbI Tepe3e 6eTiHAe (DOKyCTaAFaH
GOAYbl KepeK. DAEKTPOCTATMKAAbIK, (DOKYCTaAFaH KOAEMAIK pPe30oHaTop
KOHBEKLMSABIK, TOKTbIH, YAFalObl €CeBiHEH XKOFapbl XXMIAIKTI KYPbIAFbIHbIH
KYaTbIHbIH apTyblHa XKafaal TyFbl3aAbl.

Ty#iH ce3aep: MOAYASILMSI, AMH3Q, SAEKTPOHADI aFblH.



VIIK 537.533.33

SAEKTPOCTATUYECKAS
OOKYCHUPOBKA

AAfl OBBbEMHbIX
PE3OHATOPOB

ISSN 1563-034X

!Taymenos T./1., >’ XusupoBa M.A., ’bucapuea K.b.

' ATMaTHHCKHUH YHUBEPCHUTET SHEPTETUKH U CBSI3H,

Pecnybnuka Ka3zaxcran, I. Anmarst

*Kazaxckast akaileMusi TPaHCTIOpPTa ¥ KOMMYHHKaIuii M. M. TeIHbIIITacBa,
Pecny6nuka Ka3zaxcran, I. Anmarst

“E-mail: hizirova73@mail.ru

BBenenune

B o0veMHOM pe3oHaTOpe poOb COCPEIOTOUYCHHOW EMKO-
CTH WrpaeT IUIOCKHM 3a30pB BHUAC IUIOCKOMAPAUICIbHBIX Ce-
TOK B IIGHTPE PE30HATOpPa, POJIb COCPENOTOYCHHOW WHIYKTHB-
HOCTH — TOpPOHIAIbHAS TOBEPXHOCTH, 0Opa3yromias OJUH BHUTOK
¢ pasBurtoil moepxHocThio. B CBY mpubopax ¢ KIMCTPOHHBIM
MEXaHU3MOM B3aUMOJICHCTBHSI B KayeCTBE BXOJHBIX W BBIXO/I-
HBIX YCTPOMCTB HCIOJB3YIOTCS 00ObEMHBIE Pe30HaTOpBl. EMKOCTH
BXOJIHOTO PE30HATOpPA HAXOJIUTCS TOJ BBICOKMM IMOJIOKHUTEIb-
HBIM TIOTCHIIMAJIOM, TaM JX€ COCPEIOTOYEeHO NPEUMYIIECTBEHHO
3JEKTPUYECKOE BbICOKOYacTOoTHOEe mnoie. Ilox aeiictBueM 3Toro
BBICOKOYAaCTOTHOT'O ITOJIsA BHGKTpOHHBIﬁ IMOTOK MOAYJHPYETCA 110
CKOPOCTH, B JaJIbHEHIIeM MpeoOpas3ysch B MOJIYISIUIO 110 IJIOT-
HOCTH B npeiioBom mpocTtpanctee CBY mpubope, a B BBIXOTHOM
pe30oHaTOpe CHUMAIOT DHEPTHI0 MOIYJIUPOBAHHOTO AJIEKTPOHHOTO
MTOTOKA TPU BXOXKJICHUH B BBIXOTHOW PE30HATOP B TOPMO3SIIEM pe-
KUME DIEKTPUIECKOTO TTOJIS.

TpexdaeKTpoaHASIOANHOYHAS JINH32

PaccMoTpuM TPEeXaJIEKTPOIHYIO OJIMHOYHYIO JIUH3Y C OOJIBIITUM
(hOKYCHBIM pPacCTOSTHUEM, JIEKTPOTBI KOTOPOM COCTOSIT U3 TPEX TLIO-
CKHX COOCHBIX rad)parM, pactooKeHHbIX Ha PAaBHOM PACCTOSHUU
S IPYT OT Apyra, MapajuieIbHbIX MEX1y CO00H (pUCYHOK 1).

QceBoe pacrpeielieHHe dJIeKTPOCTATUYECKOrO TOTEHITHala
@(z npezacraBum B Buge [1,2].

D(z) =D, | 1-—F—— (1)

Havano xoopauHar CcOBMECTHMM C IINIOCKOCTBIO CPEIHETO
JJIEKTPOJIA, @ OCh Z SABIIETCS OCBIO CHMMETPHUU CUCTEMBI. IIycTh
Ha KpallHUe IEKTPOAbl OJMHOYHOMN JIMH3BI ITOAAECTCS IIEPEMEHHOE
HaIpsDKEHHE ¢ YacTOTol ®, amrumntynoi U,
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IlonHas kuHETHYECKAS OHEPTUs 3JICKTPOHA, BO-

U=U,snwt . (2)  wIeAUIEro B JIMH3Y C HAYAIBHON CKOPOCTBIO
O6o3HauuM dyepe3 f, MOMEHT IPOXOXKIECHHs 2e®,
HEKOTOPOTO 3JICKTPOHA Yepe3 LEHTP CPEIHEro 9, = , 4)
m

9MeKTpo/ia TUH3BL. Toraa, mpeHeOperas MajbIM H3-
MEHEHHEM CKOPOCTH JJIEKTpOHA BHYTPH JIMH3bI,  Ha BBIXOJIC U3 JIMH3bI HMEET BEIININHY
MO>KHO HaIluCarhb:

W=e®,+AW, ®)
z
t=ty+—. 3)
0 TJIe TpHpalneHne KuHeTndeckoi sueprun AW wmo-
’KeT OBITh MPEICTABIECHO B CICAYIONIEM BUJIE:
. 2s | .
AW = Uy, Ism t, + 92 dz+—s'|.CD'(z)s1n ot, 92 gz . 6)
2s |7 9, D, - 9,

Mtpuxn o6o3HauatroT audepeHIupoBaHre  NpPUpAICHUEC KMHETHYECKOH DHEPIHH MOYKET OBITH
no KoopauHate z. [locie WHTErpUpoOBaHUS — TPENCTABICHO B BUJE:

AW =eU, M—gﬁzzll(z) sinwt, + y° —sin§+;);(212(z) cost,. (7)

0 0

31ech BBEACHBI CIICIYIONTHE 0003HAUCHIS:

1)
1 s
. @z
; I,(2) = [ f(z)sin "~ dz, (8)
STEKTPoHE I-'O .UO . ,_90
— s
— 1(z)= [ f(z)cos 22 dz 9)
— i 2 - 9 ’
; -5 0
' > -1
zZ
f(z)=|1+|—= . (10)
d
| |
I
: | 0= 2ws
I | Bemmunna g XapaKkTepU3yeT HEBO3-
Lfrp MyIIEHHBI  yron mpoleTa 3JIEKTPOHOB depes3
InH3Yy, a uepes3 M o0o3HaueH KOI(DPUIMEHT
T Y p
cE B3aUMOJICUCTBHSI DJICKTPOHHOTO TIOTOKA C TIOJEM
Pucynok 1 — ITogxirouenne CBY- noss k anekrponam OJIMHOYHOW JIMH3bI
0[[PIHO‘{H0171 JIMH3BI AJI1 OCYIIECTBICHUA MOAYIIAUN
DJIEKTPOHHOT'O ITOTOKA IO CKOPOCTHU Sil’l %
M = (11)

%
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[IpoBeneHHbIe pacdeThl TOKa3bIBAKOT, YTO
unrerpan I,(z) obpaumaercs B Hyas (puc.2),
T.C. NPUMCHCHUC OI[I/IHO‘IHOFI JIMH3bI B KaA4€CTBC
MOJIYJISITOpa MO0 CKOPOCTH HE BIMSACT HA BEITHUUHY
koo pumpeHTa B3aUMOACHCTBHUS  DJIEKTPOHHOTO
MOTOKA C TIOJIEM JIUH3BI.
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Pucynok 2 — Pacuer nosus

BO-BTOpLIX, BBUAY MaJIOCTH MOJIOBUHBI HCBO3-
MYIICHHOTO yIJjia IMpoJI€Ta, IIPH BBIITOJHCHUHN YCII0-
BUA

S::'.f(z)cos%ozdz, (12)

COXPAHACTCS CHHYCOMUIANIBHBIA 3aKOH HW3MECHEHUS
[IPUPALLEHUS] KHHETUYECKON YHEPTUU
AW =eMU , simwt,. (13)

Toraa, ¢ yueToM MaJIOCTH aMIUIUTY bl IEPEMEH-
HOT'O HAINPSDKEHUS 110 CPABHEHHUIO C MOTEHIMAIOM
Ha KpalHUX 3JIEKTPOJaX OJUHOYHOH JIMH3BI, CKO-

POCTh DJIEKTPOHA ¢ Ha BBIXOJE W3 JIMH3bI MOYKET
OBITH MIPEICTABIICHA CICAYIONUM 00pa3oM:

(14)

MU
$=~ 4, | 1+ —=sinwt,
20,

Takum 06pa3oM, IpUMEHEHHE OJUMHOYHON JIMH-
3Bl B KaU€CTBE MOJYJSATOpa 3JEKTPOHHOI'O MOTOKA
MO0 CKOPOCTH TPAKTHYECKH HE MEHSET BEIHMYUHY
kod(ummenTa B3aUMOACHCTBHUS  DJIEKTPOHHOTO
MOTOKA C TMOJIEM JIMH3bI, OJJHAKO HAJH4YUe CpeHe-
ro 3JEKTPOJa JaeT BO3MOXXHOCTh OPraHU30BaTh
00beMHYI0 (hOKYCHUPOBKY JIEKTPOHHOTO TTOTOKA B
BEPTHUKAJIbHOM HAIPaBJICHUM.

ISSN 1563-034X

HemocraTkoM oOmMMCaHHOTO BBIIIE BXOJHOTIO
pe3oHaTopa SBISETCSA: BO-NIEPBBIX, HAJTHYHE Ce-
TOK, SIBJISIIOLIMECS MEXaHWYeCKOW Tperpajod Ha
IIyTH TOTOKA 3JEKTPOHOB; BO-BTOPBIX, IPOBUCAHHUS
SKBHUITOTCHIMAIBHBIX ITOBEPXHOCTEH BOJM3H CETOK
OKa3bIBAIOT paccemBalolee AeiicTBHE Ha BIEKTPO-
HBL. OTH (DaKTOPBI CHUKAIOT BEIWYMHY KOHBEKIIH-
OHHOTO TOKAa, TEM CaMbIM IOHMXAIOT MOIIHOCTD
CBUY npubopa. [TosToMy B TpaAMIIMOHHBIX CXEMax
takux CBY npubopoB BO3HHMKAaET HEOOXOIUMOCTh
UCTIONB30BAHMS PA3JIMUHBIX TPAHCIIOPTHPYIOIINX
CHCTEM B Apei(oBOM MPOCTPAHCTBE: CHCTEMBI OJI-
HOPOJHOTO MJIM HEOAHOPOIHOTO MarHUTHOTO TIOJIS,
CHCTEMBI OJHOPOIHOTO HJIM HEOIHOPOIHOTO JJICK-
TPUYECKOTO TTOJISL.

[lonoxuTenbHBI  TEXHUYECKUH  pe3ysbTatr
JOCTUTACTCS TEM, YTO BMECTO €MKOCTH, COCTOSIIEH
U3 JIByX MNapajlelbHBIX CETOK, IJIe COCpPeoToue-
HO BBICOKOYACTOTHOE OJJIEKTPUYECKOE TI0JIe, HC-
MOJIB3YETCSl OMHOYHAS JIMH3A, COCTOSIIIAs U3 TPEX
nradparm.

ATNEKTOHBI

—

(3]

Pucynox 3 — OGbeMHBIIT pe30HATOP C HIEKTPOCTATHUECKON
(okycnupoBKoi

Ha pucynke 3 mpeacraBieHa KOHCTPYK-
ous  TpemaraeMoro ycrporicrsa [3].  Jlamnoe
YCTPOMCTBO TMPEJACTABIIACT COOOH TOPOUIAIBHBIM
pesonarop (1), B KOoTOpoM B 00JacTH cocpero-
TOYEHUSI  BBICOKOYACTOTHOTO  DJIEKTPUUYECKOTO
MOJISl YCTaHOBJIEHA OAMHOYHAS JIMH3a, COCTOSIIAs
n3 Tpex nauadparM C KpPYTIBIMH OTBEPCTHSIMH
paBHOTO JuaMeTpa, y KOTOPOM KpalHUE 3JIEKTPO-
Ibl (2) HaXOASTCS TOJ OJIWHAKOBBHIM BBICOKUM
YCKOPSIIOIIUM TTOTEHIIMAIOM, Ha 3TH ke 3JIEKTPO-
Il TIOAAIOTCSI BBICOKOYACTOTHOE DIIEKTPHUYECKOE
nonie. Cpenusisi muadparma (3) ycTaHaBIMBaeTCs €
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MTOMOIIBIO TOHKHX MPOBOISIIUX HUTEH (4), mporry-
IIEHHBIX Yepe3 mpope3u (5), mapamuienbHbIe JIMHN-
SIM TOKa, PaCIOI0KEHHBIX MTPOTHUBOIIOJIOKHO Ha M0~
BEPXHOCTSX TOPOUJIA, Ha Hee MOJJaeTCs MMOTSHIINAM,
OTIMYAIONIUICS OT YCKOPSAIOUINX TOTSHIHAJIOB,
MOJITAaHHBIX Ha KpaliHUe quadparmbl.

VYcTpoicTBO paboTaer CIeAyIomuM 00pa3oM.
OJIEKTPOHHBIA TOTOK, YCKOPEHHBIM YCKOPSIOIIUM
MTOTEHIIUAJIOM, TIPOX0/1 00J1aCTh BBICOKOYACTOTHOTO
3JIEKTPUYECKOTO TOJsA, MOAYJIHPYETCS MO CKOPO-
CTH, TIpeoOpasysich B MOAYJISIHIO 10 TUIOTHOCTH B
nperipoBom mpocTpaHcTBe. CryCcTKH 3JICKTPOHOB,
MOCTyMasi B BBIXOJHOW pe30oHaTop B (haze TOpMoO-
3SIIIIETO PEeKUMa BBICOKOYACTOTHOTO MOJIS, OTAAIOT
cBoto oHepruto. COBOKYMHOCTh Tpex auadparm
— 3TO OJMHOYHAS JHMH3a, (POKYCHOE PACCTOSHHE

KOTOPOW  peryiupyercs
nradparmel.

IOTCHIIMAJIOM cpez[Heﬁ

3akioueHne

OObBEeMHBI PE30HATOP MpeajaraeMoil KOH-
CTPYKLMU MOXET BBIMOJIHATH OJJHOBPEMEHHO POJIb
MOJIYJISITOpa 3JIEKTPOHOB IIO CKOPOCTH C OXHOH
CTOPOHBI, U TPAHCIOPTUPYIOILEH CUCTEMBI B ApPEH-
(hoBOM MPOCTpaHCTBE C APYIOil M MOTOK CTyCTKOB
JJIEKTPOHOB MOJKET OBITh C(HOKYCHpPOBaH Ha IIO-
BEPXHOCTH BXOJHOTO OKHA BBIXOJTHOTO PE30HATOPA.
OOBEMHBIN PE30HATOP € AIEKTPOCTATHUECKON (o-
KyCHPOBKOH CIIOCOOCTBYET IOBBIIIEHUIO MOILIHO-
ctu CBY npuboOpoB KIHCTPOHHOTO THMA 3a CYET
YBEJIMUYEHMSI KOHBEKIIMOHHOTO TOKA.
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