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AnHOTammsi. OQQeKT TMosBIEHUS CUCTEMAaTHYECKOM COCTaBJISIOMICH (TOPMOXKEHUSI M YCKOPEHHs)
IIPU HECUHXPOHHOM B3aUMOJICHCTBUU SIEKTPOHOB C HEOAHOPOIHBIM 3JIEKTPOMArHUTHBIM II0JIEM NPEACTABIAET
HE TOJBKO aKameMudeckuii maTepec [1—4] (kak HOBOe (pM3UUECKOE SIBIICHHE), HO U MOXKET HAUTH MPAKTUIECKOEC
HCIIOJIB30BaHUE B CIIeUANBHBIX TeHepaTtopax CBY pa3innyHbIX Auana3oHoB. Panee ObUM MpeIioKeHbl IPUOOPEI
TaKOTO THUIA: KOAKCUAIBHBIN TUOHBIN reHepaTop-auoTpoH [5] U cdepoTpoH Ha nBychepHuecKoM pe3oHaTope
[6, 7]. Hapsimy ¢ HEKOTOPBIMH MPEUMYIIECTBAMH O3TH TPUOOPHI 0O0JAMAIOT CYIIECTBEHHBIM HEJOCTATKOM:
MEPeCcTpOiKa MO YaCTOTe TAaKMX TI'€HEpaTOpPOB 3aTpyAHEHa W3-3a (UKCHPOBAHHOTO 3aJaHHON TeoMeTphei
pe3oHaropa Thma kosnebaHuii. B HacTosmel cTaThe NMpemiokeH W MPOaHATM3UPOBAaH HOBBIA THUI CHEpOTPOHA,
PE30HATOP KOTOPOTO COCTOMT M3 OTpe3Ka KOAKCHAIHHOM JINHIH, HATPYKEHHOH Ha IByC()EpPHUIECKYI0O €eMKOCTb, B
KOTOPOH MPOHMCXOINT B3aWMOJICHCTBHE pagHaIbHO CXOMSAIIMXCS 3JICKTPOHHBIX ITYYKOB C BO3PACTAIOIINM
paauanbHBIM DJEKTPUUYECKUM IOJIEM pe3oHartopa. B koakcualibHOM JWMHUU (MHOYKTUBHAS COCTaBISIOLIAs
pe3oHaropa) pacHoNOKeH TpaHCGOpMaTop MOJHBIX CONPOTHBICHUI [8], COCTOSIIMIA M3 IOJIBMIKHBIX
YEeTBEPTHBOJIHOBBIX MIaii0. Ero mepememnienne MeHS€T 4acTOTy pe30HATOpa, a B3aMMHOE CONMKEHHE WM
pacxokaeHue — cBA3b ¢ Harpys3kod. KoakcuanpHas dMHUS yepe3 LITHIPh CBsI3aHA C BHIXOJHBIM BOJIHOBOJOM.
Pacuer npeanoxeHHoro cdepoTpoHa rnokaszai Bo3MoxxkHocTs goctkenns KIT no 30 % u nepectpoiiku B mosoce
30 % mpu M3MEHEHWH ycKopsiomero Hamnpspkenus Vo = 1,1+2 xB. Takoil Tum renepatopa BocTpeOOBaH B
cHenuaIbHBIX (MajgorabapuTHBIX) CUCTEMaX CBS3H, JOTUICPOBCKON PaIHoJIOKALINH, PaTHOdJIEKTPOHHOH OOpHOBI ¢
MEPECTPONKON YacToThl [9], B OHOXMMHYECKMX HCCICAOBAaHUAX M TexXHONOrusx [10], B OHONOTHYECKHX
nccnenoBanusx [11], B MOJEKYJIIpHOM CHHTE3E.

KiaioueBble ciioBa: HECHHXPOHHOE B3aUMOJeiicTBHE, C(EpOTPOH, MEpecTpoiika 4YacTOThl, COITIACOBAHUE,
TpaHc(opMaTOp MOJTHBIX COMPOTHBICHUH, M0JI0CA IEPECTPONKH, 3P HEKTHBHOCTh, CAHTUMETPOBBIH ANAMA30H.
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Abstract. The effect of the systematic component appearance (deceleration and acceleration) during asynchronous
electron interaction with an inhomogeneous electromagnetic field suggests not only the academic interest [1-4]
(as a new physical phenomenon), but can also have practical usage in special microwave generators of various
ranges. Earlier, the following types of devices were proposed: a coaxial diode generator-diotron [5] and a
spherotron based on a two-spherical resonator [6, 7]. Along with some advantages, these devices have a significant
disadvantage: the frequency tuning of such generators is difficult due to the fixed resonator oscillation type by the
given geometry. This article proposes and analyzes a new type of spherotron, the resonator of which consists of a
coaxial line segment loaded on a two-spherical capacitor, in which the interaction between radially converging
electron beams and an increasing radial electric field of the resonator run. In the coaxial line (the inductive
resonator component) there is an impedance transformer (adjustable waveguide transformer with two dielectric
plates) [8] consisting of movable quarter-wave washers. Their movement togather changes the resonator frequency
and the mutual moving towards and away from each other is the relation with the load. The coaxial line is
connected by the pin to the output waveguide. The proposed spherotron calculation showed the possibility of
achieving an efficiency of up 30 % and being tuned in the given band of up 30 % with changing the accelerating
voltage Vo = 1.1+2 V. This generator type is demanded in special (small-sized) communication systems, Doppler
radar, electronic warfare with frequency tuning [9], in biochemical research and technology [10], in biological
research [11], and in molecular synthesis.

Keywords: asynchronous interaction, spherotron, being tuned in, adjustment, impedance transformer, adjustment
band, efficiency, centimeter range.
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BBenenue

HecunaxponHoe B3anMoieiicTBHE CBOOOHBIX JIEKTPOHOB ¢ HEOAHOPOTHBIM AIIEKTPOMATHHTHBIM
TOJIEM COMPOBOXKAAETCSl (POPMHUPOBAHUEM CHCTEMATHUECKON YacTW WM3MEHEHUsI DHEPTHU JJIEKTPOHA —
TOPMOXKEHHEM (JIBW)KCHHE B HAPACTAIOIIEM T0 aMILIUTY/IE TOJIe) WM YCKOpeHUe (B yOBIBAIOIEM IT0JIC)
[1—4]. O1oT 3(deKT HCHoNb30BaH B paHee MPEIIOKEHHBIX MPHOOpax HOBOrO THIA: JHOTPOH [S] u
cdeporpon [6, 7]. DTH npUOOPHI, OAHAKO, HE MMEIIM BO3MOXKHOCTH IMEPECTPOMKH YaCTOTHI, MMOCKOJIBKY
TEOMETPHSI pe30HATOpA TeHEPATOPOB (PUKCHPOBAHA.

B nmaHHO# cTaThe MCCIENOBAaH HOBBIM TUI CPEPOTPOHA, PE30HATOP KOTOPOTO COCTOUT M3
0Tpe3Ka KOAKCHATBLHOMN TMHUH C TIepeMeIaeMbIM TpaHchopMaTopoM MOTHEIX cornpoTuBieani (TIIC)
[8] u aBycepruueckoro KOHACHCATOPa, B KOTOPOM OCYIIECTBISETCS B3aUMOJICHCTBUE PauaTbHBIX
AJICKTPOHHBIX MYYKOB, CXOJSIIMXCA K IEHTPY, C HApacTalIIuM (TOXE K ICHTPY) paJHalibHBIM
aJNeKTpUIecKkuM TojieM pe3oHatopa. [lepemenienne TIIC u3MeHseT 4acTOTy pe30HATOPA, a CBSI3b C
HArpy3KOH peryiupyeTcsi B3aMMHBIM COJIMKCHHUEM I PacCXOXKJCHUEM YeTBEPTHBOJIHOBBIX IAKH0
TIIC [8].
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CxemMa KOHCTPYKIIMU NepecTpauBaeMoro cepoTpoHa

Ha puc. 1, a npeacraBieHa cxema KOHCTPYKIHHU c(hepoTpoHa B PopMe ee MOMEPETHOTO CEUCHHUSI.
3nech: I —3JCKTPOHHO-ONTHYECKass cucTema, (Gopmupyromas 10...20 paguaibHBIX 3JEKTPOHHBIX
My4YKOB; 2, 3 — BHEIIHAS cpepa eMKOCTH pe3oHaTopa paauyca R»; 4 — BHyTpeHHas cepa paguyca Ri;
5 — BakyyMo MpodHasi qudJIeKTpuueckas auadparma (Hanpumep, u3 crekina 3CS5 Wi MHHATYHOBOM
KepaMHUKH); 6 — IUIJIEKTpUUECKHe Iai0bl Tpancopmaropa noiHbix conporusieHuii (TTIC) [8]. Ux
wumnna [ = \e-Lo/4, T Mo — LIEHTpaJIbHAS JUIMHA BOJIHBI IMAIa30HA EPECTPOUKH, € — OTHOCUTEIIbHAS
JUBJICKTPUYECKas MPOHHUIIAEMOCTh MaTepuaa mai6. OOBIYHO OHHM M3rOTABIMBAIOTCS U3 IJIABICHOTO
kBapma (¢ = 3,8; moTepu B CAHTUMETPOBOM JHATIa30HE MPAKTHISCKUA OTCYTCTBYIOT). [1pu pa3aBmxeHun
maib Ha paccTosHue L = Ao/4 k03(hGUIUEHT OTpakeHUs OJIM30K K 1, MPU COSAMHEHNH — PaBSH HYJIIO.
TakuMm oOpa3om, IIpu U3MEHEHUH L perynupyercs cBs3b ¢ Harpy3koi 8. [lepememenue sxe TTIC mpu
MOMOIIM MEXaHu3Ma 7/ BAOJb KOAKCHANbHOW JIHWHUU 9—I(0 MeHseT uyacToTry pe3oHaTopa. Konerp
BHYTPEHHETO NpOBOAHUKA /() CBs3aH B BHJE IITHIPEBOTO BO30Y)KIAIOIIETO 3JIEMEHTa BBIXOIHOTO
BOJTHOBOJIA TeHEepaTopa §.

B caywae mnoBbimenHoil MomHocTH reneparopa (100-800 Bt) HeoOxomuma cuctema
OXJIKJIeHVs BHyTpeHHel cdeprl (aHoma). Ha puc 1, b npencraBieHa cxeMa MUPKYJISAPHONW CUCTEMBI
oXJaxacHUS (BO3AYIIHONH WJIH JKUIAKOCTHOH). 31ech: I — BXOAHass TPyOKa CHCTEMbI OXJIaKICHHS,
2 —BBIXOJIHAsI TPyOKa CHUCTEMbI OXJIQXIIEHUS; 3 — CTCHKA BBIXOJHOTO BOJIHOBONA; 4, 5 — MaTpyOKu
MOJKIIIOUCHHSI BHEIIHETO TIMTAaHUS CHCTEMbl oOxyaxaeHus. Ha pwuc. 1, ¢ mokazaHa cTpykrypa
3JIEKTPOIOB C OHMKEHHOM eMKOCThIO cheprueckoit yacTu s BU kpas caHTMMETPOBOTO JAMara3oHa
u KBY-auanazona.

7
i | L
A
/

Puc. 1. Cxema KOHCTPYKITHH IIEPECTPANBAEMOTO ChepoTpoHA: a — obmmas cxema chepoTpona; b — cxema
LUPKYJALHIOHHON CHCTEMBI OXJIAXICHHS; ¢ — cheprueckast 001acTb TeHepaTopa Ha BEICOKHUX YacTOTaX
Fig. 1. Construction diagram of the spherotron being tuned; @ — spherotron general diagram
b — circulating cooling system diagram; c — generator spherical region at high frequencies

Pacuer ceporpona

Pabouee mpocTpaHcTBO chepoTpoHa MpEACTaBIsIeT Co00M AByChEpHUYSCKYI0 00JIacTh —
EeMKOCTh MeXIy AByMs chepamu 4 (pamuyc Ri) u 3 (paguyc R»)
[TycTh BBICOKOYACTOTHBIH MTOTEHIIMAN HA €eMKOCTH 33/1aH KaK

u(t)=V, cosot. (1)
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Torna panuansHas HanpsbkeHHOCTs BY mosns £, BeIpa3uTcs B BUIE

—_ R1R2 2
E = V’”R R cosot | /R, )

2 1

OnHoMepHOE paanaibHOE (APYTUX CHII M CKOPOCTEH HET) ABIKEHHUE JIEKTPOHA B PaIHaIbHBIX
My4YKax IPUHUMACT BUJ]

dv,
dt

—_Ca_p)?
= m0(1 B)*(E, +E,,) 3)

v
rac B =7 c C — CKOPOCTB B ITYCTOTC CBCTA, € — 3aps] 3JICKTPOHA, n1p— Macca IMOKOA 3JICKTPOHA, Eoms—

MoJIe MPOCTPAHCTBEHHOTO 3apsijia.

Kaxk mokazano B [6, 7], £/ HAUMHAET UTPATh 3aMETHYIO POJIh B CPEpOTPOHE TOIBKO MPU TOKAX
Oozee kmmoamriepa. Fy; IPOSBISICTCS TOJIBKO IPU OYSHB OOJIBIITNX TOKAX My4ka. B paccmaTtpuBaeMoM
THIIe c(HepOoTpoOHA TOK HE MOXKET mMpeBocXomuTh 1...10 A, moatoMy E.ms B (3) MOXHO TpeHEOpEUb.
Y4uThIBas 3TO 0OCTOSITEILCTBO U MPOBOISI HOPMUPOBKY IIEPEMEHHBIX U TTapaMeTpoB B (3), moryqaem
CIIeyIOIee YPaBHEHUE ABIKEHUS 3JICKTPOHA B O€3pa3MepHBIX MapamMeTpax:

B =(1—B2)%%COST ’

aT 4)
eV nr ()
rie A= S T=wot r=kR, 1 =kR  1r,=kR, k=—.
mc },.2 _},i s s s s s c’
dr
prl 5)
PacueTs! IPOBOAMIKCH ISt AaHCAMOJIST YACTHUI] ¢ HHIACKCOM I: P, i, T}, I = LN .
rpaHH‘{HLIe 1 HAaYaJIbHBIC YCJIOBUA 3aaBaJIUCh B BUJC
= ro,=r, T ,=2%iN r, =r
B.(rn)=By, 7y =h, Ty , Ty =0 (6)

s Takoro ancam6ss gacThil diaekTpornbiit K11/ paccunTheiBaics kak

1< i\"1) " 1o
n(ﬁ)=—zm’ (7)

N3 l_yO

20 2\

FI[CY(I’I)Z(I—B,- (I’i)) , Vo:(l_Bo) .

BazoBeiii BapuaHT cepoTpoHa Ha YCIOBHO NEHTPAILHOH YacTOTe Mo OBUI TOTYYEH
IPH CIEAYIONMX IapaMeTpax: rlo =10; rzo =151, B,=0,07(1,257 xB); A4, =0,054.

B coorBercTBUM C oONHMCaHMEM KOHCTPYKIMHM IO cXeMe puc. l,a CBf3b € Harpyskou
(u, cemoBaTeNbHO, HArpy)KeHHasi JOOpOTHOCTh pe3oHatopa) perymupyercs TIIC. Tem cambiM
perymupyercss U HEOOXOMUMBIH I JOCTHKCHHS 33JJaHHOTO 3HAueHHS Oe3pa3MEpHOM aMILTUTYIbI Ao
CYMMapHBI TOK JJIEKTPOHHBIX ITy4KOB. (CJem0BaTeNbHO, YCTAHABIMBACTCS W YPOBEHb MOIIHOCTU
redHepatopa. Tak, mpu Ip= 0,1 A MOIIHOCTb, OTAaBaeMasl NEKTpoHaMmu, paBHa P.= 39 BT, npu lhy=2A
P.=780Br.

Ha pwuc. 2 npuBeneHsl (a3oBble TpPaeKTOpUU DIEKTPoHOB 7 7). BuaHO, 9TO MPOMCXOIUT

00pa3oBaHMEe KOMIIAKTHOW TPYMIIBl 3JEKTPOHOB, OTHAIONIMX AHEPIHIO, MOJOOHO TOMY, KakK 3TO
MPOMCXONUT B 00BIYHBIX pubopax CBY.
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Puc. 2. ®a3zoBbie TPACKTOPHH JICKTPOHOB JIJIsl 6a30BOT0 BapHaHTa
Fig. 2. Electron phase trajectories for the basic version
A2
Ha puc. 3 npuBecHa aMILUTUTYIHAS XapaKTEPUCTHKA FeHEpaTopa B BUC PYHKIIUH 11_

=f(4),

Bun atoit GyHKImy (Be3/e MONI0KUTEIbHAS MPOU3BOIHAN) YKA3bIBAECT HA MIATKUN PEKUM BO30OYKICHUS
re’epatopa [2-3].

o 0,005 001 0.015 0.02 0.025 0.03 0.035
Puc. 3. AMmTy 1Hast XapakTeprcTHKa 0a30BOro BapHaHTa
Fig. 3. Amplitude characteristic of the basic version

Ha puc. 4 mpuBegeHsl IepecTpOEUHbIE XapaKTEpUCTUKH T'eHepaTopa: ¥V [%] un, (%]
0 0

Kak BunHO, nuana3oH nepecTpoiiku reHepaTopa cocTtasiseT He MeHee 30 %.

n,

0.5

0.8 0.9 1 11 1.2 1.3 14 A

Puc. 4. [lepectpoeunsle XapaKTepUCTUKH reHeparopa: 1 — Tle(;:j ; 2= VlkB]=f (;j
JOo

0

Fig. 4. Tuned characteristics of the generator: 1 — n(; ] ;2 — VilxB]=f (;j
0

0
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3akiarouenue

Pacuer mpennoxxeHHoro cepoTpoHa TMokazan Bo3MOKHOCTH moctxkerus KIIJ[ no 30% u
nepectpoiiku B nojoce 30% mnpu u3MEeHEHHH ycKopsitomiero HanpsbkeHus Vo= 1,1+2 kB. Takoit tun
reHeparopa BOCTpeOOBaH B CIEIUATBHBIX (ManorabapuUTHBIX) CHUCTEMax CBSI3H, TOTUICPOBCKOM
panuoNOKalUK, PaAUOIIEKTPOHHOH OOpBHOBI C TepecTpoiKodW yacToThl [9], B OMOXMMHYECKHX
uccienoBanuax W TexHonorusx [10], B Ouonormyeckux wucciaenoBaHusx [11], B MoJNeKyIsIpHOM
CUHTE3E.
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