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AnHotauusi. OgHO U3 OCHOBHBIX HampaBieHuid B CBY aekTpoHHKe — MoJiydeHrue CBepXOO0IbIIOi MOIIHOCTH.
B BakyyMHBIX cHcTeMax IpeoOpas3yeTcs SHEpTHsl JEKTPOHHOTO TIOTOKA, I/Ie OCHOBHOE MTOBBIIICHHE BBIXOTHBIX
MommHOocTe CBUY yCcTpOHCTB BO3MOXKHO TOJBKO MpPH HCIIONB30BAaHUHM BCe 0o0Jiee MOITHBIX AIIEKTPOHHBIX
MTOTOKOB. YBEIHUYEHHUE XK€ MOIIHOCTH 3JCKTPOHHBIX TOTOKOB BO3MOXKHO 32 CYET MOBBHIMICHHUS MEPEHOCHMBIX
MMH TOKOB WJIM B Pe3yJbTaTe MOBBIIIEHUS JSHEPTUU DJICKTPOHOB. YUUTHIBAs 3aKOH, CBSI3BIBAIONIMI TOKU U
HATPSKCHUSA B 3JCKTPOHHBIX CHUCTEMax, pabOTArOIIUX MPHU OrPaHHYCHHHM TOKAa MPOCTPAHCTBCHHBIM 3apsiioM,
MOJIyY€HHE CBEPXOOINBIION MOUIHOCTH JJIEKTPOHHBIX IOTOKOB CBSI3aHO C HCIOJb30BAaHUEM JIIEKTPOHOB
C PEISATUBUCTCKUMHU CKOPOCTSMH, T. €. MPHUOIDKAIOIIMXCS K CKOPOCTH CBeTa. Tarkke B HACTOSAIIEEC BpeMs
PEIIATUBUCTCKUEC 3JICKTPOBAKYYMHBIC YCTPOWCTBA (JIaMIIbl Oerymieil BOJHBI M JIaMIbl OOpPATHO¥M BOJIHBI)
UCTOJB3YIOT MATHUTHYIO (JOKYCHPOBKY IS JINHEHHOTO PENIATHBHCTCKOTO IMOTOKA, YTO 3HAYUTEIILHO YCIOKHSIET
1 MeIIaeT BHEJPEHHUIO MPOCTHIX CBEPXIPOBOIAIINX IIEKTPOIMHAMUYECKUX CHCTEM, TaK KaK BHICOKOYACTOTHAS
CBEPXIPOBOAMMOCTG METAIOB HMCUYE3aeT B IOCTOSHHBIX MAaTrHUTHBIX MOJISAX. MEXIy TeM HCIOJIb30BaHUC
YIPOIICHHBIX CBEPXIPOBOMAIINX CTPYKTYP B CBEPXMOIIHBIX MPUOOPAX IMO3BOJISCT 3HAYUTENHEHO ITOBBICUTH
SHEPIeTUKY STUX MPUOOPOB 33 CYET CHIILHOTO YMEHBIIICHUSI OMIIECKHX TIOTEPh, YTO OTPAHUINBACT IHEPTETHKY
mpudopa, pazpymias pabouyro MOBEPXHOCTH CKTPOIUHAMAICCKON CHCTEMBI MIPH YBEIMYSHHHA MOIIHOCTH HITH
JUITMTETFHOCTH WMITyJIbCca TeHepaTopa. B craThe mpuBeieHA MOJCPHU3MPOBaHHAs KOHCTPYKIHS TeHepaTtopa
CBY HOBOro THMa — PEISATHBUCTCKOTO TEIUTPOHA. 37€Ch paccMaTpuBaeTcs Oojee MpOocTas KOHCTPYKIHUS
KOaKCHAJIBHOTO PE30HATOpa, MOJydeHHas Osarojapst KOHCTPYKTHBHOMY HCIOJTHEHHIO C HCIOJIb30BaHHUEM
3aKPUTUYECKOTO CY)KCHUS pajanyca BHYTPEHHEro NPOBOJHUMKA Ha Moje Hny 5I€KTpOMarHUTHOTO TOJIS,
a He KOaKCHAJIbHBIH PE30HATOP C PEKEKTOPHBIMHU (DHIBTPAMH.

KiroueBble cj10Ba: TeUTPOH, KPUTHUECKAS JITMHA BOJIHBI, KOAKCHAJIBHBIN BOJTHOBO/.
KongaukTt naTrepecoB. ABTOPHI 3asIBISIIOT 00 OTCYTCTBUM KOH(IMKTA HHTEPECOB.

Jas nutuposanns. Kypaes A.A., Marseenko B.B. Ynyumennas u ynpouieHHass KOHCTPYKIHS pe30HATOpa
penstuBucTckoro renurpona. Joknaast BI'VHP. 2020; 18(5): 5-8.
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Abstract. One of the main trends in microwave electronics is the ultra-large power production. The electron
stream energy is converted inside vacuum systems, where the key moment is increasing output power of
microwave devices, which is possible only when using more and more powerful electron streams. Increasing
electron stream power is possible due to either enhancing the carried currents or as a result of increasing the
electron energy. Given the law that connects currents and voltages in electronic systems operating when the
current is limited by a spatial charge, the production of ultra-high-power electron flows is associated with the
usage of relativistic velocity electrons, i. e. approaching the light speed. Likewise, at present, relativistic electro-
vacuum devices (traveling-wave lamps and backward-wave lamps) use magnetic focusing for linear relativistic
streams, which prevents the implementation of simple superconducting electrodynamic systems, because high-
frequency metal superconductivity disappears in constant magnetic fields. Meanwhile, simplified ultra-high-
power superconducting device structures can significantly increase the device energy due to the strong ohmic
loss reduction, which just limits the device energy, destroying the working electrodynamic system surface by
increasing power or pulse duration of the generator. The article outlines the modernized design of a new-type
microwave generator — the relativistic helitron. The paper considers a simpler coaxial resonator design, obtained
by using the supercritical narrowing of the inner conductor radius by the Hy1y mode of the electromagnetic field,
rather than a coaxial resonator with notch filters.
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BBenenune

B crarse [1] paccmarpuBanach KOHCTPYKIHS KOAKCHAIBLHOTO PE30HATOPA PEISTHBHCTCKOTO
renuTpoHa Ha Moje Hoii ¢ pesxexropusiMu puitbTpamu. OHAKO 3Ta KOHCTPYKIHS CJIOKHA M MOXET
OBITh 3aMeHeHa 6oJiee MPOCTOH, eCIM MCIOIb30BaTh CBOMCTBA Hni BOJIH B KOAKCHAILHOM BOJIHOBO/IE.
B uwacTHOCTH, A7 BOMHBI Hoi kputmdeckas mamuHa BonmHEI A2 ~ m/2(bi+by) [2]. Takum o6pasom,
BO3MOYKHA MPOCTasi KOHCTPYKIMs pe3oHaropa Ha Hii1 Mole ¢ HCIonb30BaHMEM 3aKPUTHYECKOTO
CyXKEHHS paJyca BHYTPEHHETO MPOBOAHUKA ¢ D1 10 Dio. [Ipr 5TOM JOIKHBI BBIMOIHSTHCS YCIOBHUSL:
2n(b1+b2)/A>4, 2n(b1ot+b2)/A<4, Tiae A — pabouas JUTHHA BOJIHBI TEIUTPOHA.

PenatuBucTckuii TeMUTPOH — 23TO TPUOOpP C MEHTPOOESIKHOW BIIEKTPOCTATHUECKON
(OKYCHPOBKOH  OCECHMMETPHYHOTO  BHHTOBOTO  PEJSATHBUCTCKOTO  3JIEKTPOHHOTO  MOTOKA,
B3aUMOJIEHCTBYOIET0 € Hpii MOMOM 3JIEKTPOMArHUTHOTO MOJSI KOAKCHAIBHOTO PE30HATOpA.
Ha ocHOBe YHCIICHHOTO MOJCIMPOBAHHMS ¥ ONTHMHU3AIMK [MOKA3aHO, 4YTO €ro 3(P(PEeKTHBHOCTH
PEBOCXOIUT 3PPEKTUBHOCTD PEIATHBUCTCKUX JIAMIT OETYIIell BOJIHBI M JIAMIT OOpaTHOM BOJIHBI.

MopepHU3HpPOBaHHASI KOHCTPYKIHUSI PEJISITHBHCTCKOIO reJINTPOHA

Ha puc. 1 u 2 uzo0paxeHbl CXeMbl MOJECPHU3MPOBAHHONH KOHCTPYKLIHH PEJSATHBHCTCKOTO
reuTpoHa. 3/ech: 1 — MarHWTHAas KaTyIIKa, 2 — KOJBLEBOW TEPMOKATOJ (MOXET MPUMEHSTCS U
KaToJl CO B3PBIBHOW SMHCCHE); 3 — IPUKATOAHBIA DIEKTPON (BEHENbT); 4 — aHOJ, SIBIISFOIIUICS



JoKianpl BI'YHP DokLaby BGUIR
2020, 7T.18,Me 5 2020, VoL. 18, No. 5

TaK)K€ MarHUTHBIM SKPaHOM U MarHUTOIIPOBOIOM 3aKPyUYUBAIOIICH SICKTPOHHBIN ITOTOK MarHUTHON
CHCTEMBI; 5 — BHEIIHWA [WIMHAP KOaKchana; 6 — BHYTPEHHHH MPOBOJHHUK  KOaKcHala
C 3aKPUTHUYECKUM CY)KCHHEM paauyca BHYTPEHHErO MPOBOJHWKA Ha Mozae Hni AIeKTpoMarHUTHOTO
oJIst; 7 — MOHOBHHTOBOMW 3JICKTPOHHBIA TMOTOK, 8 — KOJUIEKTOP; Fo — Paiuyc BPAICHHUS AJICKTPOHA,
b, — paguyc  BHemiHero - HWIMHApPA; D1 —paaMyc  BHYTPEHHEro MPOBOJAHMKA  KOAKCHaia
C 3aKPUTHYCCKUM CyXXEeHHeM H Dip—4acTh paamyca BHYTpPEHHEro MPOBOJHHKA KOakchaga 0Oe3

CYKCHHSI.
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Puc. 1. Cxema KOHCTPYKIHUH KOAKCHUAJIBHOI'O I'CJIMTPOHA
Fig. 1. The design scheme of the coaxial gelitron
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Puc. 2. Pe3oHaTop pesITUBUCTCKOTO TEIUTPOHA Ha MOZE Ha11 ¢ TOPIIEBBIMU 3aKPUTHICCKUMHU CEYCHUSIMU
BHYTPCHHET'O ITPOBOAHUKA

Fig. 2. Relativistic gelitron resonator for the Hz11 mode with end supercritical sections of the inner conductor

3akiIouyeHue

IIpencraBienHass KOHCTPYKIHS pPE30HATOpAa PENATHBUCTCKOTO TeNUTpoHa Ha Moae Hny
3NEKTPOMArHUTHOTO TOJISI 3HAYUTENHHO MPOIIIE U TEXHOJIOTHYHEH, YeM npeaiokeHHas B [ 1].
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