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Paccmotpens! Bo3sMoykHOCTH KOHCTpyupoBanust ['upo-JIBB ¢ BeicokuM koaddunnenTom ycue-
Hus. [Ipencrasiensl koHcTpykuuu ['upo-JIBB Ha nepBoil ¥ BTOPOM rapMOHHMKAx LUKJIOTPOHHON
YacTOThl U YMHOXUTENS 4acTOTHI C IEPBOM FapMOHHMKM HAa BTOPYIO TapMOHMKY LIMKIOTPOHHOMN
yactoThl. [IpoBenen ananu3 BimsHUS TodprpoBky noriomatomeii cexkin [mpo-JIBB Ha koadh-
¢unument ycwnenust n KI1/1 nammsl.

Knrouesvie cnosa: T'upo-JIBB, yMHOXKUTENN 4aCTOTBL, THPOPE3OHAHC.

BBenenue

Teopust BO30YKAeHUST HEPETYSPHOTO BOITHOBOJA PEISITUBUCTCKUM 3JIEKTPOHHBIM ITOTOKOM C
Y4ETOM OMHYECKHX MOTEPh B CTEHKaxX BOJHOBOAA M3JoXkeHa B [1]. Bo3moxHocTH co3manusa I'upo-
JIBB ¢ HeBBICOKUM KO3 ((GUIHMEHTOM YCUIICHUS TPOaHATU3UPOBAHEI B [2].

Jns gocTkeHus: BBICOKOro koddduuuenta ycunenusi ['mpo-JIBB tpebyercs ncnonbp3oBaTh
JaMIIel OOMNBINON JUTHHBL. B BeIXOmHOWM oTOmparomie cekuuu [ upo-JIBB mpoucxoaut Bo3OyxaeHuE
BOJTHBI HE TOJIBKO O€TyIeil BMECTE C AJIEKTPOHHBIM ITOTOKOM (IIOITYyTHOM BOJHBI), HO U BO30YKIaeTcs
BCTpEYHAs BOJIHA. XOTS aMIUTUTYAA 3TOM BOJIHBI MaJjla, HO OHAa MOYKET AJOCTMTHYTh BXO/a JIAMIIBI, TAE
OHA YK€ COM3MEpPHMa M Ja’ke€ MOXKET MPEBBIIIATh aMIUIUTY, Ty BXOJHOI'O CUTHAJIA, a 9TO IPUBOJUT K €€
caMoBO30yXIIeHHI0. [IpyruMu cioBaMH MBI MOJIYYHMM HE YCHIINTENb, a TeHeparop. st mpenorspa-
LIEHHS TOMAJaHUsI BCTPEYHON BOJIHBI Ha BXOJ| JIAMIIBI CIIEAYET B CpEIHEH YacTH MOMEIIATh CEKIUI0
MIOTJIOIIEHUS BOJH, KaK 3TO, HAaIlpUMep, oKa3aHo B [3].

CamocoraacoBannble ypasHenns I'npo-JIbB

Bocnonb3yemcs obmieit Teopreit Bo30yKACHUS TPOJ0TbHO-HEPETYIIPHOTO BOIHOBOAA C yUe-
TOM KOHEYHOM IPOBOAUMOCTHU CTEHOK, pa3BUTOM B [1], s H, -BoNH (a3uMyTanbHbIi UHIEKC n=0).

3amerum, yro nipu n=0 [1] Bonuel H, n E; OKa3bIBAIOTCS SHEPIETHYECKU HE CBA3aHHBIMU. OIHAKO
B ['upo-JIBB crpynnupoBaHHbI cipaan30BaHHBIN IOTOK AJIEKTPOHOB BO30YKIaeT HE TOIBKO pado-
uyue H, -BOIHBI, HO U E; (pacmpocTpaHsonuecs U 3aKpuTHdeckue). [1oaToMy B ypaBHEHHSAX BO3-
Oy>KZeHHsl JTOIDKHBI ObITh HpencTaBieHbl Kak [, Tak U E, -BoIHBI (pacIpocTpaHsromuecs U 3a-

KPUTHUYECKHE).
B cootBerctBuum ¢ [1] umeem:

Ef’ = RGZEW e Ez = ReZEzm et (1)

. I . I
F'I[e Etp = Z(A:zOp (Z) ’ E[i + A:Oi(z) ’ é[:”) > Ezm = C:zOp (Z) .ZO ’ (pp ’ (2)

p=1 p=1
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?, :JO(VOp P); é; =P, “Vop 'J(;(Vop p)=—P, “Vop 'J1(Vop'p);
e,;n =-¢, “Ho, 'J(;(Hop P)=9, “Ho, 'Jl(lvlop P,

Jy(x), Ji(x) — byHKuMM Beccenst COOTBETCTBEHHO HYNEBOrO M MEPBOro Mopsakos, J,(v,,)=0,
Jl(l’lOp) = 0 .

3necek p,, ¢,, Z, — CAMHUYHBIC BEKTOPHI B IIPE0OpPa3oBaHHON cucTeMe koopauHar [1], p=r/b(z),
b(z) — BHYTpeHHHH paguyc HEPEryIsIPHOTO BOIHOBO/A.

dusnyeckne KOMIOHEHTHI BEKTOpa FE CBSI3aHBI ¢ «pacyeTHBHIMU» KoMIOHeHTamu E7 cre-
IYIOLMM 00pa3oM:

EzzEs’/b, E¢=Ef/b, E =E’- E;,dbp E{nzL(Em).
de m-®

AMIIIUTYBI CBA3aHHBIX BOJH B COOTBETCTBUM C [1] ompexdensercs cieayromend cucTeMoit
OOBIKHOBEHHBIX TU(QepeHIHATBHBIX yPAaBHCHHH.

VpaBHeHus Bo30yxkaeHUs A1 E ), -BOJH.

€)

dA}iIO -

de = m0p +V0pCm0p;

. v o, Ve Vo, dg Av, T,

Vo, Cinop = — 2200 4 _ﬁ._. —ﬂ._. J, (v e M _

0p ~mOp m g geopp z m0i 2mp m eopp - g Ne jz; ( Opp )

VOpJ(VOp) V1+(g) W
- |:J (VOt) mOt:I’

g M-, i

av, o; o dg

SO g 4 e +m’ogte L+

dZ mOp dz) eopp ZI: mOi 3opz g dZ eoppzl: mOi Zopz

. (4)
Al i
LJmA 1 ZK dg j J(voppj)}e—~
eopp g'n N, I Y dz BZ/_
YpaBHeHI/Iﬂ B036y>KL[eHI/Iﬂ JUIA HOi -BOJIH.

de RnOp’
dpm()’ qm 2 l’lg) Y?o dg ? S m 1 dg ’ 7 1d2g 3
71:_141710;7 |:m _g_é/_g_zp Z +ZAm0p g; YOpi +§ dZZ YO[)I /hOpp +

i#p
e—jmT/-

M by, — e — A a— 5
g dZ o mOzYOpt Opp hopp TE‘g EJZ;JBLP/ (“‘Opp/) BZ_ ( )

J

(1+(g) )3 Hop -J (Hop
Y by,

Z AmOz uOtJ (“01 )

B (4) u (5) xoapduruenTs 4, e, y, I IMEIOT CIEAYIONINIA BUI;
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1 1
hOpp ZEJS(HOp)v eOpp ZE‘JIZ(VOp);
YiOp = (u(z)p)Jg(HOp)/(6h0pp)= u(z)p /3’

7 HOiJo(HOi)‘JO(HOp)[H(Z)p (u(z)i +3H(2)p)] )

o HOp(u(z)i _u(z)p)
Mo; -1
ngi Z%‘Jo(uol‘)"jo(“op) 5
0i —Hop
2-pg; 1
Y?)pi ZH‘JO(HOI‘)‘JO(HO,;) 5
0i ~ Hop
Vop‘Jl(Vop)‘Jl(VOi) .
I, = , ;
2o0pi V(z)i _V(z)p 1# p
1 e
120pp:_2_"]12(v0p):_ﬂ;
Op 0p

2,2
Ly, = E(\Z/W—JF\Z/W)Z)Jl(Vop )II(VOi)’ I # p;

Voi = Vop

I 1 (2
I, = J2(v —+—(—J .
)74 1\Yop 2
6 vy, \3
3/1eCh PUHSATHI CIEAYIONIHE 0003HAYCHUS:
z=z"-2n/\,, z' — pa3zMepHas KOOpAMHATA;
g(z)=b(z")-2n/N,, 2n/Ay=0,/c, ®, — ONOpHAs YacTOTa B pacyeTax, ¢ — CKOPOCTh CBETa,

m=o/w,, B,=v,/c, V, — CKOPOCTb j-H «KPYIHOH YaCTULB» B OJICKTPOHHOM IMOTOKE,

A=1,-0,73723- 107, 1, — TOK 3JIEKTPOHHOI0 IIOTOKA B aMIIepax;

e e e
Ae _ ErmOp : nO C _ Eszp .nO Am _ Eq)mOp .nO Ee Ee
mOp — 2 ’ mop — s mOp — 2 s rm0p zm0p
C ®, - C C

— PpasMCpHBIC KOMIIJICKCHBIC

KOMITOHCHTBI BEKTOPA HAIIPSAKCHHOCTU JJICKTPUUYCCKOT'O ITOJIA BOJIHBL EO » Ha 9aCTOTE nm,

m

omop pa3sMCpHasd KOMIIJICKCHAsA KOMIIOHCHTA BCKTOpA HANPAKCHHOCTH 3JICKTPHUYCCKOI'O I10JISL BOJI-

Hbl H|,  Ha 4acToOTe nw.
N, =e/m, — oTHOuIeHHe 3apsiaa (e) deKTpoHa K ero Macce (m, ),
W =(1+ ) f[Tru]- p[mxom / m]-2,77-10°% |

m-m-g,
2.0

W = (1 )W, =W

_ U
W=

I'pannunble ycnoBus K cucteme (4) IMEIOT CIeAYIOLUINIA BUI.
Ha neBoii rpanuiie BoaHOBOA /Ui pabovell BOJHBI TPAHUYHBIEC YCIOBHS 33aJal0TCs CIEIYIO-
MM 00pa3oM:

. . 1-R
I/m()p XE’OZP - jA)ijp = _2] Kin ( O)Xe’op
m Ry -m-¢,, -m

z=

(6)

JJIA pacCIipOCTPaHAIOIINXCA HC pa6oq1/1x BOJIH —
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m0 p = z=0" (7)

plae i, =0
m

JUIA 3aKpUTUYCCKUX BOJIH —

g, Pl e g

m0p 2 mnp
m

L ®)

Ha npaBoﬁ TpaHUIC BOJTHOBOJAA I'PAHUYHBIC YCIIOBUA UIA PACIIPOCTPAHATOMINXCS BOJIH UMCIOT BU —

Xe,Op

m0p 2
m

+ jAthOp = 0|z:0 s (9)

JJIA 3aKpUTUYCCUX THUIIOB BOJIH —

. Xe,Op ‘e
_KnOI) mz + AmOp = 0|z:0 N (10)
3necs:
2
A%
Koop=m"=—% (11)

COOTBETCTBEHHO TPAHUYHBIC YCIIOBUS JJIs1 CUCTEMBI (5) OpMYITHPYIOTCS KaK CIENyeT HUKE.
Ha neBoit rpanuiie BoaHOBOAA Ui paboyeii BOTHBI TPaHUYHBIC YCIOBUS 3aIa0TCS CIICIYHO-
MM 00pa3oM:

4 (I_Ro)'m |
"R,-m-h

PmOp - ij,O[)Ar’:Op = _j2Xm,Op K (12)

0pp ' Xm,mOp
JUIA pacCIipOCTPaHAOIINXCA HC pa6oqnx BOJIH —

=0 (13)

JUIA 3aKpUTUYCCKUX BOJIH —

. ‘w
PmOp _|Xm,0p|Am0p =0

. om
RnOp - ]Xm,OpAmOp =0

(14)

z=L"

Ha npaBoﬁ TpaHUIC BOJIHOBOJAA I'PAHUYHBIC YCIIOBUA UIA PACIIPOCTPAHATOMIUXCS BOJIH UMCIOT BU —

RnOp +ij,OpA)’nnOp ZOZ:L’ (15)
JJIA 3aKpUTUYCCUX THUIIOB BOJIH —
PmOp +|’sz,0p|ArI:0p ZOZ:L. (16)
3necs:
MZ
2 2 0)
Xm,op =m __5' (17)
g

Cucremy ypaBHeHUH B030yxnmeHus (4), (5) ciuemyer IONMONHUTH YPAaBHCHUEM JIBHIKCHHS
«KPYIHBIX YaCTUI» ¢ HOMepamu j =1, N :
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5 ) Lo
B,z_ o J1-B} {E+c:[B,,B'1-B, - (B,.E)},

dz (’)o'c'sz (18)
dz B, dz B

Hauanbueie ycnosust mis (18) nmerot Bua:

~ - _ - . - 2mi

B, =B 7(0)= (. +Buo (FO)R Jeos o, J5, + (B.o/(FO)R sing, o, 6,(0)==F. (19)

CoBokymHOCTS (1)...(19) oOpasyer o0uryro MaremaTruecKyro Mozaens [ upo-JIbEB.

Pe3yJII)TaTI)I MOJICTHPOBAHUA

B kauectBe mportotuna Obiia BbiOpana ['mpo-JIBB u3 [3]. OnekrponHast mymika obnanana
CIIEAYIOUIMMHY MapaMerpaMu. TOK 3JEKTPOHHOrO mydka — 5 A, HampspkeHue nydka — 100 KB, nuau
¢daktop — ¢g=V/V,;=1, HauaNbHBINA YIIIOBOH CKOPOCTHOH pazOpoc snekrpoHoB — AV/V.=5 %, panuyc
BEAYIIETO IEHTpa 7y—=1,77 pamuan. PaGouass wacrota — 94 I'TLl. JlnmuHa mpubopa cocraBisuia —

2nL
| =—— =268 paguan, 231 paanaH U3 KOTOPHIX 3aHUMAJ TOTJIOTHTEND C yAEIbHBIM CONPOTHBIICHHU-

0
eM Pror =70000 p,. I1a I'mpo-JIEB paboTana Ha mepBoil TapMOHHUKE IUKIOTPOHHON 4acTOTHI ¢ pado-
yerr Mmoot Hy;. Koaddunment ycunenus stoit ammbl cocrasisut 50 1B, KIIJI nocturan 28 % mpu
nosioce ycusnenus S %.

Hamm ontuMu3anmoHHbIE pacyeThl ¢ MCIONIb30BaHuEM MporpaMmMHoro koMiiekca KE/IP [4]
MO3BOJIMJIM TTONYYHUTh KOHCTpYKIHIO ['upo-JIBEB, paboratoriyro Ha rnepBoil rapMOHUKE UKIOTPOHHON
gactoTsl U BonHe Tuna TE;, ¢ BoaroBeM KIIJ ~34% npu xosdduunente ycmienus 54 /1b B momnoce
gactoT 5,7 %. HTerpanpHble XapaKTEpUCTUKU MTPUBEEHBI Ha puc. 1.

1 =— 7,,_,\%\\ ;
os 2 3 /: /<\\

0.8

0.4

0,2

o

[o] 20 40 60 80 100 120 140 160 180 20d 220 240 260
x

Puc. 1. UnTerpansHble xapakrepuctuku 1-ro Bapuanrta I'upo-JIBB: 1 — HopMHpOBaHHBIN paguyc BOIHOBOAA,
2 — MOTTIOTHTEIb, 3 — QYHKIUSI TPYNITUPOBKH 10 IEPBOI rapMOHHKE, 4 — QYHKLUS TPYINIIUPOBKH 110 BTOPOH
rapMoHuke, 5 —anextponHsiil KITJI, 6 — BonmHoBo# KIIJI, 7 — amnutyna BonHsl Hy,

Crenyer OoTMETUTD, YTO 3aMEHa IMOBEPXHOCTH MOTJIOMIAIONIECH CEKIIUH C PErYIAPHOM Ha Tod-
PUPOBAaHHYIO MO3BOJAET MOBBICUTH KO3 duuueHT ycunenus ¢ 54 J1b no 62 /Ib npu Toit xe anuHe
npubopa.

WnTerpansHble XapakTepucTUKH 310l ['upo-JIBB npuBeneHs! Ha puc. 2.
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n S
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z

Puc. 2. NnTerpansuelie xapakrepuctiku [ npo-JIBB ¢ moromaronyM nokpeITieM ropprpoBKH
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YacrorHas xapakrepucTuka 31oi ['upo-JIbB npusenena Ha puc.3
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Puc. 3. 3aBucumoctu anexrponHoro KIIJ (1) u BonmnoBoro KITJ] (2) ot wactoTs

Pacuersr ['mpo-JIBB, pabotaromield Ha BTOpOH rapMOHHMKE LMKIOTPOHHOW 4YacTOTHI M BOJIHE
tuna Hy,, mokasaam, 9To MOXHO Joctudb BoaHoBoro KIIJ] ~13 % B monoce 5 % npu ko3 duimente
yeunenus 34/1b. B atom ciiydae Ha 1apMOpOBCKOH opOuTe 00pa3yroTcs JBa CTYCTKa 3JIEKTPOHOB, KaK

O9TO IMOKAa3aHO Ha puc. 4.

brina mpoananu3upoBaHa BO3MOXHOCTh co3nanus ['upo-JIBB ymuoxuTens wactorsl. Bxon-
HOI curnan Ha Moje Hy mogaBaics ¢ 4acTOTOM, COBIAAAIONICH ¢ MEPBOM TrapMOHUKON LIUKJIOTPOHHOU
YaCTOTHI, @ B BBIXOJIHOM CEKIIMH BO30YKIalach BoJHA Hy HA BTOPOM TapMOHUKE ITUKIOTPOHHON Yac-

TOTEI.

Puc. 4. ®a30Bble TPAEKTOPHH IEKTPOHOB

WNuTerpaneublie xapakTepucTuku I npo-JIBB — yMHOXUTENS 4acTOTHI IPUBENEHBI Ha puc. 4.
BonHoeod Kl
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Puc. 5. UnTerpansHble xapakrepuctuku 2-ro Bapuanra ['mpo-JIbB

KpuBble Ha 3TOM pUCYHKE COOTBETCTBYIOT KpUBBIM Ha puc. 1. Berxoanas cekmus B 31oil ['n-
po-JIBB umeer MeHbIINI TUaMeTp MO CPaBHEHHUIO C BXOIHOW CEKIMEH W oOecreuyuBaeT IUKIOTPOH-
HBIM CHHXPOHU3M BOJIHBI H(; ¢ 37eKTpOHHBIM NoToKOM. BomHoBoi#l KIIJ] nanHOro ymHOXXHTENS 4ac-
TOTHI focturaer 9,5 %, a koadduruent ycunenus 48 J1b.

YacToTHas XapaKTEpPUCTHKH STOT0 BapraHTa MpuOopa NpuBeIeHa Ha puc. 5.
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0,00

0,95 0,975 1 1,025 1,05
Puc. 6. AUX 2-ro Bapuanra ['upo-JIEB

Kak crnenyer u3 mony4eHHBIX pe3ynbTaToB MozaenupoBanus ['upo-JIBB, Takue npubopsr Mo-
ryT oOecriedynBaTh Ha MEPBOM TapMOHUKE THPOYacTOThl Kod(duuuent ycwienus mo 60 b, KIII
~37 % B nonoce yactoT 7 %, Ha BTOpOi rapmonuke kodpunment ycunenus 34 JIb, KIIJ ~13 % B
MOJI0CE YaCTOT 5 % W YCHIIUTENb C IBYKPaTHBIM YMHOXXEHUEM YacTOThI oOecrednBaeT Kod(pUIueHT
yeunenus 48 J1b npu KI1/1 9,5 %.

AMPLIFIERS AND MULTIPLIERS ON BASIS GYRO-TWT

S.V. KOLOSOV, A A. KURAYEV, A.'V. SENKO

Abstract

The possibilities of construction Gyro-TWT with the high gain are examined. Constructions
Gyro-TWT on the first and second harmonics of cyclotron frequency and frequency multiplier from
the fundamental harmonic to the second harmonic of cyclotron frequency are described. The analysis
of the influence of the corrugation of the absorbing section Gyro-TWT on the gain and efficiency of
lamp is carried out.
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