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AHHOTanMA

[IpencraBneHo fAanbHelillee pa3BUTHE UJEU pajuab-
HOT'0 KJIMHOOPOTPOHA — KJIMHOTPOH C CHMMETPHUYHBIMU
KOHHYECKUMHU pajiiajbHO roGpHUPOBaHHBIMH 3epKaJlaMH
pe3sonaTtopa — ropaTtpod (OdpuposanHble PAayansHo
3epkana, TPOH — npu6op). B TakoM npu6ope o6pasyeTcs
CHUJIbHasA CBSI3b 06'beMHOT0 M0JIS1 U IOBEPXHOCTHBIX pe30-
HaAHCHBIX 10JIell CIBOEHHBIX KOHUYECKUX 3epKaJl, 6s1aro-
Jlapsl 4eMy IoJie CHHXPOHHOM rapMOHUKHM MPUCYTCTBYET
BO6JIM3Y BEPXHET0 U HUXKHETO 3epKaJl. ITO Jie/1aeT BO3MOXK-
HBIM HCrosb30BaHue JByxaydeBoro JIl. Konudeckas xe
reoMeTpusi 3epkaj  obecreyrBaeT KJIWHOTPOHHBIN
3ddexT. B pesysbTaTe NOBBIIAETCS He TOJIBKO JONYCTH-
Masi MOLIHOCTb npu6opa, Ho ero KII/l mo cpaBHeHHIO
€ 0OBIYHBIM PaZiMajbHBIM KIMHOOPOTPOHOM. [IpuBe/ieHbI
pesyJIbTaThl pacyeTa BapiaHTa ropatposa npu f,=0.128.
Pelmenue fByMepHOH KpaeBOW 3ajjaud JJi NMOTeHIMaIa
V(r, z)=rB¢(r, Z), OTIPe/Ie/IAIOIIEr0 0CECUMMETPUYHOE KoJle-
baHue pesoHaTopa ropaTpoHa E , MPOBOAWJIOCH
C UCII0JIb30BaHWEM CTaHZAPTHBIX NAKeTOB J/IS pellleHus
o6umx guddepeHHaNbHBIX YpaBHEHUH B YAaCTHBIX MTPO-
M3BO/HBIX C UCII0JIb30BAHMEM KOHEYHbIX 371eMeHTOB. AHa-
nu3 pacpesenennit E (1, 2), E (r, z), Bm(r, Z) TI0Ka3bIBaeT,
YTO NepHoAHYecKas KOMIIOHEHTa IOJIA CyLleCTBYeT BO
BCEM NPOCTPAHCTBe MeXJAy IpeOeHYaThbIMU 3epKajJaMH.
Takast 0c06eHHOCTb 103BOJIsSIET UCNOJIb30BaTh ABYXJIy4e-
BOi a/ieKTpoHHBIA 1MoTOK (IM). Mozenn I roparpoHa
coiepkasia 3 cy1ost Ha Kax /bl Jiyd +z no Az=0.1, ypaBHe-
HUS [JBIDKEHUS — pesATUBUCTCKUE. CpeHUN 10 BCeEM
cosim asiektpoHHbIi KI1/J cocraBu 6oiee 30%, yto B 1.5
pasa 6oJiblie, 4eM noJiydeHo B pacdetax KII/J paguasb-
HOTO KJIMHOTPOHA.

Knioueavle c108a: KAUHOOpOMpPOH, 0MKpbImblii pe3oHd-

mop, 20hpopo8aHHble KOHUYECKUE 3epKaad, paduaabHulil
3/1eKMpOHHbLI NOMOK, mepazepybl
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Abstract

The further development of the radial klynoorotron
idea — Kklynotron with symmetric conical radial
corrugated resonator mirrors are presented. Strong
coupling volume and surface resonance fields in the
double conical mirrors in such a device is formed due to
which the synchronous harmonic field is near the upper
and lower mirrors. All saying above makes possible to
use a two-beam electronic flow. The conical mirror
geometry provides a klynotron effect. As a result, not
only the permissible device power is increased, but also
its efficiency in compared to a conventional radial
klynoorotron. The article presents the calculating results
of the GORATRON at f,=0.128. The solution of the
two-dimensional boundary value problem for the
potential V(r, z) = rB(P(r, z), which determines GORATRON
resonator axisymmetric oscillation E,_,, was carried out
by standard packages for solving general partial
differential  equations using finite elements.
The distribution analysis E (r, z), E,(r, 2), Bq)(r, z) shows
that the field periodic component exists in the entire
space between the comb mirrors. Given feature allows
the use of a two-beam electronic flow. GORATRON
electron flow model contains 3 layers for each beam
+z for Az=0.1, the equations of motion were relativistic.
The electronic efficiency averaged over all layers is more
than 30%, which is 1.5 times higher than that obtained
in the radial klynotron efficiency calculations.

Keywords: klynoorotron, open resonator, corrugated
conical mirrors, radial electron flow, terahertz
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]

BBeagenue

OpOTpOHBI -TeHepaTOpbl Ha OTKPBITOM pe3oHaTope ¢ AUQPAKIUOHHON pelleTKoN Ha OJHOM U3 3epKal —
CbITpaJIi ONpeJie/IeHHYI0 POJib Ha MlepBOHAYaIbHOM OCBOEHUU MUJIIMMETPOBOTO U CyOMUJIIMMETPOBOrO JUana-
30HOB JIJIMH BOJIH 6s1aroziaps ux paspa6otke B UP3 AH CCCP (Mocksa) u UP3 AH YCCP (XapbkoB) [1]. OaHako opo-
TPOHBI UMeJIM HEBBICOKYI0 adppexTrBHOCTD (KII/I) 1 moaTomMy K 1980 r. HOSBUIIKCH MX YJIy4YllIeHHbIE MOAUUKA-
1MK: C [BOMHOM pewmeTkoi (MP3 AH CCCP) u ABOMHOM rpe6eHKoM, HOpMaJbHOM K IIJIOCKOCTH HMXHETO 3epKaJa
(opboTpon — UP3 AH YCCP). BBeieH1e [ONOJIHUTENBHOTO CTYNIEHYATOro TPaHCPOpMaTopa Ha HUKHEM 3epKasie
nepeJ cJBOEHHOU rpebeHKol 3HauuTenbHO yay4uuao KIIJI op6otpona [2]. OfHaKo ocTaBajlach elle ojHa Ipo-
6JileMa — >KecTKoe OrpaHUYeHue Ha TOJIIMHY 3JEKTPOHHOrO NOTOKA: OHA A0JKHA ObITh 3HAUUTEJNbHO MeHbLIe
YeTBEepPTH AJIMHBI BOJHBL JIJis1 Ipeo/joJieHHs 3TOT0 OrpaHUYeHUs ObLIM NMpe/I0XKeHbl U PACCUUTAHbl OPOTPOHbI
C MICTI0JIb30BaHUEM KJIMHOTPOHHOTO 3¢ deKTa: KoOaKCHATbHBIA KJIMHOTPOH [3] ¥ pajuaibHbId KIMHOOPOTPOH [4].

KnuHoTpoHHBIH adpdekT 6611 06HapyxeH B UPI AH YCCP I'.4. JleBunbiM B 1956 rozy. 3ToT 3dPeKT cocToUT
B TOM, YTO NPY HaKJOHHOM MaJieHUH [0/ MaJIbIM yIJIOM Ha [EPUOANYECKYI0 3aMeistonlyto cucteMy (I13C) Bce
CJIOU 3JIEKTPOHHOTO oToKa (1) KOHEYHOM TOJILUHBI TOC/IeA0BATEIbHO BCTYNAKT BO B3aUMO/IECTBHE C UHTEH-
CHUBHBIM T10J1eM Ha moBepxHocTH [13C. Biaroapst 3ToMy MOBbIIIAETCH KaK MOLIHOCTb reHepaTopa (0THOCHUTEIbHO
wnpokuit ), Tak ¥ ero 3GPpeKTUBHOCTL (MHTEHCHMBHOE B3auMojeicTBue Bcex cioeB ). KIMHOTPOHHBINA
3¢ deKT Hales WHUPOKoe MPUMeHeHHe B KJIMHOTPOHAX MULIMMETPOBOrO U CyOMUJIIMMETPOBOIO 1UANa30HOB
JJIMH BOJIH. 0630p paboT (3KCIepUMeHTalbHbIX U TEOPETUYECKHX), CojeprKalliui cChiiki Ha 101 ny6JiMKaiuio,
npuBejieH B [5].

B HacTosel cTaTbe Npe/CTaBJIeHO JajlbHellllee pasBUTHE UJEU PAJUaJIbHOr0 KJIMHOOPOTPOHA — KJIKHO-
TPOH C CHUMMETPUYHBIMU KOHWYECKUMH pajihajibHO TOGPUPOBAaHHBIMU 3epKajlaMH pe30HaTopa — ropaTpoH
(TOdppuposanubie PAguanbHo 3epkana, TPOH — npu6op). B TakoM npr6ope 06pasyeTcs CUIbHas CBA3b 06beM-
HOTO M0JIS1 U IOBEPXHOCTHBIX PE30HAHCHBIX M0JIel CIBOEHHBIX KOHUUECKUX 3epKaJl, 6Jlarofapst yeMy IoJie CUH-
XPOHHOW FrapMOHMKH [IPUCYTCTBYET BO BCEM MeK3epKaJbHOM IPOCTPAHCTBe. ITO JieJ1aeT BO3MOXKHBIM UCII0JIb30-
BaHue AByx/ay4eBoro JlI. KoHuuyeckas ke reomeTpus 3epKaj ob6ecriedrBaeT KIMHOTPOHHBIN 3QdeKT. B pe3ysib-
TaTe NOBBIIIAETCS He TOJbKO JONyCTUMas MOIHOCTb pu60pa, Ho ero KII/l no cpaBHeHUIO € 06bIYHBIM pafHalib-
HBIM KJIMHOOPOTPOHOM.

IMpuHIMIHaIbHAsA CXeMa ropaTpoHa

Cxema TMONEPEYHOro CEUCHUA ropoOTPOHA B INIOCKOCTH 7, Z IPUBEACHA HA pUC. 1.
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Puc. 1. [lonepeuHoe ceveHue 2zopampoHa 8 naockocmu 1, z: 1 — Koibyesas 31ekmpoHHAsA NYWKa, opmupyrowas
08a CUMMEMPUYHbIX NO Z paduanbHO CX00AUUXCSI NAOCKUX 31eKMPOHHbIT NOMOoK0o8 — 2; 3 — KoHuYeckue 2pebeHKU
omkpwimozo pesonamopa (OP) zopampoHa. h-2y6uHa azumymasbHbIX KAHAE0K, A-WUPUHA KAHABOK,

b — wupuHa 3y6a epebeHok; a+b — paduabHulii nepuod epebeHok; 4 — mazHumonposod gokycupyowezo 311
3/1eKMpOMAZHUMA; 5 — KAMYWKA NUMAHUSA 31eKMPOMAZHUMA. I'y — HAYAbHbIl paduyc 2pebeH4amsix 3epKas,
r, — KoHeuHblil paduyc; z,— Ha4abHoe paccmosHue 3epkaa om naockocmu cummempuu (r = 0) OP npur,,

z, — KOHeYHoe paccmosiHue npu 1 = r,. Takum 06pazom, dauHa obaacmu eé3aumodeticmeus no r paghaL=r -r,

L -

L -
|

N

Bce npuBe/ieHHbIe BeJIMYMHBI IPUBOASTCS B 6e3pa3mepHol dopme: r = r'k, z = z'k. 3gecw k = 2w/, A — pasvHa
BOJIHBI TeHepaTopa, BeJUYUHBI CO LITPUXOM — pa3MepHble. Ha cxeme /s ynpouleHUs PUCYHKA U300paXKeHO
TOJIbKO 4 mepuoja rpe6eHok. Ha camoM pese ux gomkHo 661Th 20-80. BeiBoAbl 3HEpPTUU U KaHaJIbl BOASIHOTO
OXJIAXKJ,eHHs Ha CXeMe He YKa3aHbl.

61
|
dusnyeckme ocHoBbl NpubopocTpoeHns. 2023. T. 12. N2 (48)



KpasueHrko B.®., Kypaes A.A., MameeeHko B.B., MameeeHko W.I1.
|

BﬂeKTPOAI/IHaMH‘leCKaH 3aga4da

DNEeKTPOMAarHUTHOE TIONE SNEKTPOINHAMIYECKON CHCTEMBI PaAHaNbHOTO KIMHOOPOTPOHA-TOPATPOHA TIPECTABISET
C000¥ CBA3aHOE KOJIEOAHUE a3UMyTaIbHO-CUMMETPUYHOTO THIIA KOJEOAHUH OTKPBITOTO pe3oHaropa k£, U CHH()a3HOro
Konebanus 7, MOJI KOAKCHAIIbHBIX SYEEK JIBYX PENIETOK.

BBuny azuMyTanbHOH CHMMETpUM HCKOMOTO E-NOJIs KpaeBas 3a/iaua JUIsl HEro OKa3bIBaeTCsl CKAJIPHOH. B kauecTse

CKaJISIPHOI TIepeMEHHONH MOXKHO BHIOpaTh z — COCTABIAIONIYIO JEKTpudYeckoro Bekropa Iepua [I6, moskHO B,
(emMHCTBEHHAS COCTABIIIONIAS MATHUTHOTO MOJIA Koebanws). [locnennee npeamodTuTensHee, HOCKOIBbKY COCTABILSIONIIE
SNEKTPUYECKOro Mons (M0 BTOPOMY YpaBHEHHIO MakcBesia) HaxomATCA 4Yepe3 OJHOKpaTHoe au(QepeHIupoBaHUe
B, —rot (¢OB¢) , agepes ]IS neoOxomumo nBykparnoe muddepenmposanue [ [6].
Onuako 1 BeIOOp B, B KaueCTBE MOTCHIMANIA KPACBOH 3a/1a4l HEONTHMAIICH: IaddepeHIpoBaHue B rot(@oB¢) npo-
U3BOJUTCS HE OT B‘p, aor rBw. TakuMm 00pa3oM, 3a OTEHIMAN KPaeBOH 3a1auu cleayeT IpHHsTh V(r, z) = rB(P(r, z).
VYpasuenue ['enbmromnbua s B(p HMEET BUJL
V? B kB -B [r" =0, k= awlc.
B cooTBeTcTBUM ¢ HUM ypaBHEHHE 1Sl V' B Oe3pa3MepHBIX EPEMEHHBIX 3alUCHIBACTCS KaK
o(10V n o {10V
or\r or) O0z\r 0z
3pecbr=kr'\z=kz'k =w,/c, W=w/w, w,— pesoHaHCHas 4aCTOTA, C — CKOPOCTb CBETA B [lyCTOTE, LITPUXOBAH-
HbIE KOOP/JMHATbI — pa3MepHbIE.
KoMITOHEHTHI AJIeKTPOMATHUTHOTO TIOJIS BBIpaXaroTes uepes V(r, z) ciuemyrommm oopa3om:
jov . jov . 'V
E=2—, E,=—2—~——, B =—. 2
W roz Wror 7 r
I'panuunsie ycnous k (1) B cOOTBETCTBUH C (2) 3aAa10TCS CIAEAYIOMIUM 00pa3oM:

+WV =0, (1)

r

ov =
Ha MeTa/lJINYeCKUX MOBEPXHOCTAX 5 =0, (E,=0);
n

Ha OTKpBITO# rpaHulle pe3oHaTopa V =0, (B,@ = 0); (3)
1% -
Ha ocu cuMMeTpun z (r=0) —=0, ( 2 :0).
r
5 E' &4 Blc
Boipaxenus (2) OTHOCATCS K Ge3pa3sMepHbIM KOMIIOHEHTaM Tons: E = T B= T E =mwcle; e, m)— 3apan

1 MaccCa IIOKOA SJIEKTPOHA. ]_HTpI/IXOBaHHBIC KOMITOHCHTBI pa3MEPHBIC.

YpaBHeHUs ABUKEHHS IJIEKTPOHOB

be3spa3mepHble pensTUBUCTCKUE YPaBHEHUS ABUKEHUS KPYIIHBIX YAaCTUI-3/IEKTPOHOB, Mojeupytomux O, umeror Bua

dP, Vi ﬂéli
S N\ _F 45,
do r BB,
dP, (BB
li i Mrli Mopli
= - ziF;‘ ) 4
0 . B “)
dp,
—o=—(E. =8B, +B.F.)
i g, Yo g P=m By, G =0, vy =TT P+ B 4 B, O=uwt.
d9 zli ? d@ rliy *li i Ml li c ’ li rli ol zli »
HavanbHbie ycnous st ciost 11 ¢ HHIEKCOM [ M 3IEKTPOHOB 3TOTO CJIOS ¢ (ha30BBIM HOMEPOM i UMEIOT BH]T
n(0)=n, z(0)=Irz, I=1N,, @(0):%’, i=1,N. 5)
be3pasmepHbie KOMIIOHEHTHI TIOIEH B (4) 3aIHUCHIBAIOTCS Kak
F B (r)e - E’
F == F=n 0(1> R — -
r myw myw, C
E' .. E . .
A:eﬂ, E'= , E:ReE:AEO(r,Z)COSG,
m()wOC Emax
B’/

, B= Re§ = Aﬁo(r,z)sine, 6 = wt.

62

Mpubopbl 1 MeToabl GU3NKK U TexHUKKM CBY ananasoHa



KnuHompoH Ha OmKpbIMOM Pe30Hamope ¢ CUMMEeMPUYHbIMU KOHUYECKUMU 20(ppUPOBaHHBIMU 3epKaiamMu — 20pampoH

Konen MHTErpupoBaHys TPAEKTOPUH JJIEKTPOHA € MHAEKCAMHU (/i) OTpeNensaeTcs yCIOBUIMM: Z, U 7', IONaIarT Ha rpa-
Huiy rpebenku (Q, umi Q) ), T.e. Ha Topell W11 GOKOBYIO IOBEPXHOCTD 3y0a rPeOEHKH, MM IOCTHTAIOT 7' = 7.

Kak noka3zano B [5], mone mpocTpaHcTBeHHOT0 3apsaa D11 HecylecTBEHHO B KIMHOTPOHAX M3-32 OOJIBILIOTO CEUSHUS
OI1 u, cOOTBETCTBEHHO, MaJIOH IIIOTHOCTH 3apsia. B paccMarpuBaeMoM citydae ropaTtpoHa — TeM 0oliee, TIOCKONBKY TI0Je
pe30HaTopa 3HAYUTENFHO MHTEHCUBHEE, YeM MoJie Oeryieil BOMHbBI B KMTMHOTPOHE. [10 3TUM mpuUurHaM HoJie MpoCTpaH-
CTBEHHOTO 3aps/ia B MOZIENI TOpaTpoOHa HE YUUTHIBACTCHL.

Onekrponnsii KI1/I crost / onpenensiercst Kak

neziNﬁ%_—’yli(k)
"N

1 b

es =1 Yo —

rze v, (k) — 3HayeHHe y, B KOHEYHO# TOUKe, T.e. B TOUKe 0Ce/laHHUs Ha I0BEPXHOCTD 3yGa rPebeHKH .
Cymmapnsbiii o crosim KIT/]

1

Ns
e =—> 1 (6)
N s I=1
HarpymeHHaﬂ L[O6pOTHOCTI) pe30HaTopa, l'[pI/I KOTOpOfI JOCTUTaCTCA r[onyquHoe B pacque U OIITUMU3ALIUU 3HAYCHUEC A,
onpez[en;{eTc;{ KakK
wW,  2-10° 42
=

~ fBgrdrdz, @)
n°lVy n°lVy D

rze D — o6acTb BepTHKAIBHOTO ceyenus (1, z) pesoHaTopa, W — 3anacaeMasi sHeprus B pesoHarope, [, — Tok 31

B amnepax, V| — HanpskeHue My4Ka B BOJIbTaX.

Pe3yibTaThl pacyeTa ropaTpoHa

Paccuutbiast BapuanT roparpona npu 3 = 0.128 (yckopstomee nanpsuxenue JI1 V, = 4.24 kB) co cnenyrommmu napa-
MeTpamu pesonaropa 7, = 20, =32.5,z,=0.84,z =0.95,h=0.6708, a = 0.1562, b = 0.4688. Huco sueek rpeGEHOK 3ep-
kan n = 10. Tun 06beMHOTO OIS OTKPBITOTO pesoHaropa £ ,. OTHocuTenbHas (azoBas CKOPOCTh OOPATHOM BOJIHBI TPe-

OEHKU TMPU YKa3aHHBIX MapaMeTpax COCTABISET ﬁ[b = vq)/c = 0.105. Takum oOpa3oM, pexuM pabOTbl COOTBETCTBYET
OTCTPO¥KE OT CHHXpOHH3Ma: B, > 8 x

Ez
oo02s§% L o8
—z=0.9
- -2=0.7
0.02
0.015 :
0.01 -1\= .
y i
t ¥ H i )
»t i 1 » {9
0005\ A \
“ ‘. l\== i ‘.' & -~ H \\\
tofe jai o
0“ YRR AN AW AWAYAY
T 4 ¥ ) 4
0005
-0.01 |
r
-0.015
20 22 24 26 28

30 325
Puc. 2. Pacnpedenenue E °(r, 2): a — z = 0.7, 0.8, £0.9.

Oynkums V(r, z), kak pe3ynbTar penieHus kpaeoi 3amaun (1), (3), moxydeHO Ha OCHOBE CTaHAAPTHBIX MAKETOB IS
pemeHus o0mux audpdepeHIaTbHBIX YPABHEHHI B YACTHBIX MPOU3BOJHBIX C MCIIOIB30BAHUEM KOHEUHBIX 3JIEMEHTOB.

lonsa £, E, B‘p BBIYUCIIUTMCH 1O (hopmyrnam (2). Pacnipenenenus HopMupoBaHHO# E_° Ha Tpex ypoBHsx z: 0.7, £0.8, £0.9

HpuBeeHs! Ha prc. 2. M3 pucyHKa BHAHO, 4TO HAa 000MX YPOBHAX 00BEMHOE MOJIE PE30HATOPA IIPOMOJYIHPOBAHO IIEPHO-
JNYECKUM MOJIEM TPEOCHOK, T.€. CYIECTBYET CUIIbHAS CBSI3b ITHX I0JIEH BO BCEM MPOCTPAHCTBE B3aUMO/CIHCTBYS.
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Ha puc. 3 npezncrasieHo pacnpesesnieHne HOPMUPOBAHHOU KOMIOHEHTHI £ ° mipu z = +0.7, +0.8, +0.9. 3nech Takxke

BM/JIHA CUJIbHASI CBA3b MOJIEH PCUICTOK U 00BEMHOTO IIOJIS.

Er
0.05 T T T

I
—z=0.8
......... Z=0.7 ||
---2=0.9

e —
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___C
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0.035 ! ’!
0.03 K1
|
I

0.025 1

T

0.02

pueTe—y

0.015

0.01

| P
A Ry

0.005

— -

—_——-———

(=}
|
——g————
|
|

[\
=}

30 32
Puc. 3. Pacnpedenenue E °(r, z): z = £0.7, +0.8, +0.9.

0.35 1 T i

T
el

0.1 - - —

0.05

I | —

24 26 28 30 32

Puc. 4. Pacnpedeaenue n°(r) npu 1 =1.

[lpu pemenuu ypaBHeHnd nBuwkeHus d1ekTpoHoB (4) DIl pasOusancs wa [ = 1 cnoes mpu r = r: z = 0.8.
Hpu F, = 0.3077 n 4 = 0.055 KI1JI roparpona cocrasun 35%. I'pa¢uk npupocra 7° (r) npH /=1 B IpoCTpaHCTBE B3au-
MonedcTBUs 10 7 mpenctaBieH Ha pucyHke 4. [IpocmarpuBaercs ydacTkm MemieHHOro u Ovictporo pocrta KIIJI.
Taxoe gepenoBanue 00yCIOBICHO NEPUOIUIHOCTHIO TPYIIMPOBAHHS HIEKTPOHOB B CIOKHOM KOMOMHHPOBAaHHOM IOJIE
PE30HATOpA rOPAaTPOHa TPU OTCTPOHKE OT CHHXpOHM3MA (B>f, ). Pabouas HarpykeHHas 10GPOTHOCTH Pe3OHATOPA JUIA
1010 BapuanTa roparpona Q = 4.4/1 [A] B cootBeTcTBHM ¢ opmyo¥i (7).

|
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]

3ak/nroyeHue

ToparpoH, Kak pa3BUTHE HACH PaIUaIbHOTO KIMHOOPOTPOHA, IPEICTABIACTCS MEePCIeKTHBHON KOHCTPYKIHUEH, obe-
crieynBatoiuid mosbimenre KIIJI KIMHOTPOHOB M MX MOIIHOCTH 3a CYET MPOCTPAHCTBEHHO PA3BHTOTO JIEKTPOHHOTO
myuka. [Tyqok mmeer 6onpmoi HavanbHeli pamuyc (7, = 32.5). KI1JI roporpona npesocxoaut KIIJT paauaibHOro KiMHO-
optpoHa B 1.5 paza. [Ipu 3ToM Hamo MMeTh BBHIY, 4TO MojiHas onthuMusaius mo KIIJ| koHCTpykuuu ropatpoHa MOXKET
CYIIECTBEHHO MOBBICHTH €ro BeMHInHy. CIeyeT Takke OTMETHTE 0COOCHHOCTB peskiMa paboThl TopaTpoHa IPH OTCTPOKE
oT cuHXpoHm3Ma (B>B, ).
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KLYNOTRON WITH USING THE OPEN RESONATOR AND
SYMMETRIC CONICAL CORRUGATED MIRRORS — GORATRON

V. F. KRAVCHENKO, A.A. KURAYEV, V.V. MATVEYENKA, AND I.P. MATVEYENKA
doi: 10.25210/jfop-2302-UEXSFC | edn: UEXSFC

This article presents a further development of the radial klynoorotron idea — klynotron with symmetric conical
radial corrugated resonator mirrors. Strong coupling volume and surface resonance fields in the double conical
mirrors in such a device is formed due to which the synchronous harmonic field is near the upper and lower mirrors.
All saying above makes possible to use a two-beam electronic flow. The conical mirror geometry provides a klynotron
effect. As a result, not only the permissible device power is increased, but also its efficiency in compared to
a conventional radial klynoorotron. The article presents the calculating results of the GORATRON at §=0.128.
The solution of the two-dimensional boundary value problem for the potential V(r, z) = rB(p(r, z), which determines
GORATRON resonator axisymmetric oscillation E,

0m2’

differential equations using finite elements. The distribution analysis E (r, 2), E (1, 2), B(P(r, z) shows that the field

periodic component exists in the entire space between the comb mirrors. Given feature allows the use of a two-beam

was carried out by standard packages for solving general partial

electronic flow. GORATRON electron flow model contains 3 layers for each beam %z for Az=0.1, the equations of
motion were relativistic. The electronic efficiency averaged over all layers is more than 30%, which is 1.5 times
higher than that obtained in the radial klynotron efficiency calculations.
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