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AHHOTauua - OAHUM K3 [N1aBHbIX BOMPOCOB, NpeAcTas-
NAWMX NPaKTUYECKUA MHTepec ANs cneunanncTtoB B 061acTu
3NEKTPOHMKM W anekTpogmHamunkn CBY, aBnsietcsa BonNpoc O
NPOEKTUPOBAHUN 3aMefNALWmMX cuctem npubopos M-Tuna c
Hanepeg 3afaHHbIMW  XapakTepucTukamu, YCTaHOB/IEHUEM
npeaenbHO AONYCTUMbIX OTK/JIOHEHUn (Nonein [onyckoB) Ha
pasmepbl 3amegnswoweln cuctembl n T.N. Cpeanm nepcnekTus-
HbIX PEeLeHN MOXHO OTMETUTb HanpaB/ieHUsl, CBsi3aHHble C
CO3[@aHMEM CUCTEM aBTOMATU3UPOBAHHOIO MNPOEKTUPOBAHUA,
KOTopble MO3BONAKT paboTtaTb C nNporpaMmamMy NPOEKTUpoBa-
HUS Nofib3oBaTesiIiM-HenporpaMmmmcTam. oatomy ANns NoJsiHo-
LEHHOM 3KcnsyaTauuMym nporpamM MPOEKTMPOBaHUS 3aMef-
NALWNUX CUCTEM NPUOOPOB CO CKPELLEHHbIMU NOMSIMU Lieeco-
obpasHO MMeTb CUcTemy, MO3BOMIAKLWY paboTaTb C 3TUMU
nporpammMamu paspaboTumkam npubopos M-Tuna. Takast cuc-
Tema AO/IKHa OblTb YAOOHOW WM eCTEeCTBEHHOW A1 NPOEKTU-
PoOBLUMKA M y4YnTblBaTb MHAUBUAYAIbHbIE OCOGEHHOCTU U CTUMb
oro paboTtbl. B HacTosiLee BpeMsi cuMCTeMbl aBTOMaTU3MpPOBaH-
HOro NpPOeKTUpoBaHUA NpubéopoB M-Tuna u KX y3/10B OTCYTCT-
BYHOT. B cBsI3u ¢ aTum npob6nema cosgaHust nofo6HbIX CUCTEM
akTyasnbHa W AUKTyeTcsa npobnemMamm npakTuku. 34ecb NpuBo-
ANTCA OfHa M3 COCTaBHbIX YacTeil TaKOW CUCTEMbI: MPOEKTUPO-
BaHWe 3aMep/IoLWmnX CUCTEM.

l. BBegeHue

3amepgnawuwme cuctembl CBY, wncnonb3yemble B
3/IEKTPOHHbIX Npubopax, npefHa3HayeHbl ANA cOo3[aHus
YCNOBWUIA, MPU KOTOPbIX pacnpocTpaHAlLWanca 3/1eKTpo-
MarHutHaa BO/MIHA Morna 6bl Hanbosiee WHTEHCUBHO
B3aMMofelcTBOBaTb C ABUXYLMMCA 3NEKTPOHHbLIM NO-
TOKOM.

SKCMepnuMeHTasbHO YCTAHOBJ/IEHO, 4TO Haunydwue
YC/I0BMS B3auMMOLENCTBUA 3/IEKTPOHOB C MNOJIEM  CO3-
[alTcsA B Tex criyyasx, Korga CKOpPOCTb 3/IEKTPOHOB M
haszoBasdA CKOPOCTb BOMHbI 6/M3KM OPYT K APYrY.

OcHOBHas poJib 3aMefnsawlWmx cCuUcTeMm COCTOUT B
HaKOMMEeHUN BbICOKOYACTOTHOW 3Heprunm u gukcnposa-
HMXW 4yacToTbl KonebaHuii. 3amepgnsawwas cuctema Mo-
XeT ObITb ynogob6neHa unbTpy C Y3KOW MNOAOCOA MNpo-
nyckaHus, KOTOPblIA M3 BCeX 4YacTOT, CBA3aHHbIX C 3/1ekK-
TPOHHbLIM MOTOKOM, BblAeNnseT OA4HY onpeaesieHHyto [1].

OpHOM U3 caMmbliX BaXHblX XapakKTepucTuk 3amepn-
NALLWUX CUCTEM SABNAETCA ee AMCNEepPCUOHHas XapakTe-
pucTuka, To ecTb 3aBUCUMOCTb (pa3oBO CKOPOCTWU pac-
npocTpaHsaLweinca BAO0Nb 3TON CUCTEMbI BOJIHbI OT Yac-
TOThI.

Mo AMCNEepCUOHHON XapaKTepUCTUKe MOXHO OUEeHMU-
BaTb 3HA4YeHMs 4acTOTHOrO pasfesieHns Mexay Bugamu
konebaHWin, BO3MOXHYI LWNPUHY JIMHENHON HACTPONKK
npubéopa co CKpel,eHHbIMU MNOoNAMKU, napumnanbHoOe BUA-
HMEe KOHCTPYKTMBHBLIX NMapamMeTpoB CUCTEMbl Ha pasfene-
HWe BMAOB MO 4YacToTe M Ha 3HaHWe AmanasoHa HacTpoii-
KW, rae oxunaarwT cTabunbHylo paboTy mMarHeTtoHa.

Il. NMpoekTnpoBaHMe 3aMeaNALLNUX CUCTEM

NMpoekTMpoBaHue W pacyeT xapaKTepucTuUK 3amepn-
NALWUX CUCTEM NPUOBOPOB CO KepelleHHbIMU MOoNAMM
NPOBOAMTCA MPW NOMOLLN ABYX CYLW,ECTBEHHO OT/MYalo-
LWMXca MeTo0B:

. MeTOoLOM TeOopun MossA, KOTOPbIA MOCTPOEH Ha
peweHUn ypaBHeHUn MakcBenna pnsa 3aMKHYTOro 06b-

eMa CJ/iIoXHON dopmbl. [pn 3TOM paccyuTbiBaeTCH
CMEKTP Pe30HaHCHbIX 4acTOoT W cocTaBnsAwLWwMne 3nek-
TPOMArHMTHOroO Mons B NPOCTPAHCTBE B3auMopAelcTBuUA
MarHeTpoHa;

MeTOAOM  3KBMBA/IEHTHbIX CXeM,  KOTOpPbIi
CTpOMTCS Ha pPeLleHnun YypaBHeHui Kupxrodpa pns
3aMKHYTOI LLeno4ykn pe3oHaTopoB.

MeToL 9KBMBANIEHTHbIX CXEM He MO03BOJAEeT BblYMC-
NUTb pe30HaHCHble 4YacToTbl C BbICOKOW CTENeHblo
TOYHOCTW. JOTOT MeToh [JaeT TOJ/IbKO KayeCTBEHHOe
npeacrtaB/ieHMe 0 YactoTe CMNEKTPA, a WMeHHO 06
OCHOBHO (NepBOW) rpynne pe3oHaHCOoB.

Ncxoasa u3 BbILLEW3/TOXEHHOro, pacyeTbl AuMCNepcu-
OHHbIX XapakTepucTuk MpoBOAMNNCL MpPU  MOMOLU
Teopun nons.

WccneposaHne 3amepgnsaiolein cuctembl npubopa co
CKpeleHHbIMX MoMgaMKU  npepjnosaraeT onpegeneHue
BO3MOXHbIX KOHhUrypauuii BbICOKOYACTOTHOrO nons B
NPOCTPaHCTBE B3aMMOAENCTBUSA, HaxXOXAeHue cnekrpa
COOCTBEHHbIX 4aCTOT U yCTaHOB/MIEHWE 3aBUCUMOCTU €ro
OT reoMeTpUYEeCcKNX napameTpoB 3amepnsAlolWen cucre-
Mbl [1].

34ecb Mbl OrpaHMYMMCA TOJIbKO HaxOXAeHWeM cnek-
Tpa COOGCTBEHHbIX 4acTOT B 3aBUCUMOCTU OT reoMeTpu-
yeckux napameTpoB 3amepgnswuwein cucrtembl. Ana on-
pefenieHns Tako XapakTepucTuku 3amMennsarumx cuc-
TeM, Ucxoasa M3 meTofa Teopun nons, Heob6xoAuMMo pe-
WNTb pe30HaHCHOe ypaBHeHWe, KOTOopoe B ob6uem Buge
MOXHO 3anucatb

Yn +¥Yr+Ya =Q

roe Yn - npoBoAMMOCTb MpOCTpaHCcTBa B3aumopei-
CTBUSA;

Y- npoBOANMOCTbL Pe30HaTOpPOB,;

Ya - ponosiHutesnibHasa NpoBOAMMOCTb, NPU MOMOLLMX
KOTOpPON, ec/in Heo6xo4MMO Y4uTbIBAKOT MPOBOAMMOCTHU
CBA30K, BbIBO4A 3HEPruun, ctabunumsnpyrounx pesoHaro-
poB u T.n.

KOpHM BbILIENpUBEAEHHOTO ypaBHEHUA A4 pa3nd-
HbIX NMap CerMeHToB ONnpeaendlnT AUCMEPCUOHHYK Xa-
pakTepucTuky 3amepnsawuwmx cuctem npubopos co
CKpeLl,eHHbIMK NOSAMA.

Kaxpoe 13 cnaraemMbiX pe30HaHCHOro ypaBHeHUsa umeet
OO0BONIbLHO TPOMO3A4KYH 3anncb, KoTopasa npueefeHa B
[1, 2]. Pe3oHaHCHOe ypaBHeHMe OblJI0 pPeleHo A/1A CUc-
TEM pe30HaTOpPOB pPas3/InyHOl (POpPMbI:

cuctema Tuna "wenb-oteepctme’;

cuctema Tuna "cektop-oTBepcTtue”,

cuctema "nonarto4yHoro" Tmna,

cuctema "nonatoyHoOro" Tuna co CBA3KaMu.

CpaBHeHNe TeopeTUYecKuM TMOJIYYEeHHbIX AuUcnepcu-
OHHbIX XapaKTepucTuk C pesynbTaraMm 3KCNepuMeHTa
[pano pacxoxaeHusa, He rnpesbiwawuwee 8%. Pacuert
ONCNEPCUOHHbLIX XapaKTepucTuk MeTonoM Teopuu noss
BbITOAHO OT/AMYaeTCad OT peLlleHui, MOJIYyYEeHHbIX C UC-
noNb30BaHWEM Me[0B KOHEYHbIX 3/1eMeHTOoB [3].

OfaHako nporpamMmMmbl, N0 KOTOPbIM MPOBOAUMUCH Bbl-
YnCNeHUus [UCNEePCUOHHOW XapakTepucTukm 3amepnns-
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touleli CTUCTeMbl MarHeTPOHOB A0BOJIbHO TPOMO3AKU U
Hey06HbI ON151 Nofib3oBaTenei-HenporpammMmcToB. [lo-
3TOMY AN BO3MOXHOCTM paboTbl C 3TUMK NporpaMmmamu
nonb3oBaTesiein-HenporpaMMnCToB paspabotaHa cucTe-
Ma, MNO3BOSIAKOWAA B [Ua/IOTOBOM pexume paccyu-
TbiBaTb [AWUCNEPCUOHHbIE XapaKTepuUCcTUKN 3amMepnisnio-
LUNX CUCTEM MarHeTPoOHOB C /11060 KOHUrypaumei
pe30oHaTopoB.

Cuctema aBTOMATU3UPOBAHHOIO MPOEKTUPOBaHUSA
3amMefsIFWmnxX CUCTEM MarHeTpPOHOB COCTOUT U3 ABYX
He3aBMCUMbIX MOACUCTEM:

- AnanoroBoi MOACUCTEMbI, KOTopas B npouecce

paboTbl onpegenseT KoHUrypauuwo 3amMennistoLlei
CUCTEMbI, WHTEPECYIOLLYI0 Tpynmny pe3oHaHCOB U T.M.
Ncxoast M3 aToro, B pacyeTHOM 4YacTu CUCTEMbl Bbl-
6uparTca Heobxoaumble nognporpammel. Aunanorosas
nogcucteMa HanucaHa Ha A3blike npouenyp REXX c
NCMONIb30BaHMEM CUCTEMbI NaHenem;
- pacyeTHO noacucTeMbl, KoTopasd B npouecce paboTbl
No 3apaHee onpegeneHom KoHurypauun 3amepnsis-
tOLLEN CUCTEMbI, BblOMpaeT n3 GUOBNMOTEKM OOBEKTHbLIX
nporpammMm MOAY/N, KOTOpble HeobxoauMMmbl AN pacyeTta
ANCNEPCUOHHON  XapakKTepucTukn A BblOpaHHOM
KOHhurypauumn 3amegnsawowiein cuctembl. PacyeTHas
nogcuctema HanucaHa Ha a3blke FORTRAN ¢
NCNONIb30BaHMEM BUGINOTEKN OOBEKTHBLIX MOAYENA.

Ill. 3aknwyeHne

Pa3spabotaHa cuctema, no3Bosiglowas nosb3oBaTe-
namv NnpoeKkTupoBaThb 3amegnawime CUCTEMBbI
MarHeTpoHOB C 3apaHee onpegesieHHbIMXU napameT-
pamMu, onpegenatb BUAHWE KOHCTPYKUWOHHBIX napa-
METPOB 3aMe/IAILWNX CACTEM NPUOOPOB CO CKpEeLLeH-
HbIMW TMONAMU W WX OTAE/IbHbIX COCTaBAAWNX Ha
AVCMNEPCUOHHYIO XapaKTepuCTUKy, a TakkKe WCnosib30-
BaTb B y4ebHOM nmnpouecce npu MNOAroToBKe chneuuann-
CTOB B 06/1aCTVN 3/IEKTPOHUKN N aniekTpoanHamunkn CBY.
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Abstract - The most imoprtant problem, which represent of
practical interest for specialists of UHF elecrtonics and electro-
dynamics, is problem for design of M-type tubes slow-wave
structure with preliminary determined characteristics, determi-
nation of limits (field tolerance) for slow-wave structure dimen-
sions and etc. Among perspective solution it can mark branches
coupled with creation computer-aided design which provide the
operation of design programs to usual users.

Now computer-aided design of M-type tubes and their com-
ponents aren't exist. In this connection the problem of the crea-
tion of similar systems is actual and dictate by practical tasks.
Here it is shown one of component part such system: design of
slow-wave structure.

l. Introduction

Slow-wave structure, which using in electron devices, is in-
tended to create conditions when propagating electromagnetic
wave can the most intensive to interact with moving electron
beam.

It is found experimentally that the best conditions of elec-
tron interaction with field define in those causes when electron
velocity and phase wave velocity close one to other.

The principal part of slow-wave structure is to accumulate
the high-frequency energy and fixation of oscillation frequency.
The slow-wave structure may become like filtre with narrow
bandpass that from all frequencies connecting with electron
beam discriminate definite one [1].

The most important characteristics of slow-wave structure
are its dispersion characteristic, i.e. function of phase velocity
propagating wave along this structure versus frequency.

IIl. Slow-Wave Structure Design

The desing and the simulaiton of characteristics of magne-
tron's slow-wave structure carry out using two essentially differ-
ent methods:

- field theory method, which is based by solution of Max-
well's equations for composite cavity. It is calculated resonance
frequency spectrum and components of electromagnetic field in
magnetron's interaction space;

- dual circuit method, which is based by solution of
Kirchhoff's equations for made circuit or resonators.

Dual circuit method isn't allowed to calculate the resonance
frequencies to a high precision. This method is allowed only
gualitative representation about frequency spectrum, that is
about fundamental (first) resonance group.

Here we limit only determination of own frequency spectrum
versus geometry parameters of slow-wave structure. To find
such characteristic of slow-wave structure, using field theory, it
is necessery to solution of resonance equation, which in gen-
eral cause it can writen

The comparision between the dispersion chracteristicsfind-
ing theoretically and the experimental results allows the dis-
crepancy no more 8 %.

lll. Conclusions

It is created the system which is allowed for users to design
the magnetron slow-wave structures with earlier defined pa-
rameters, to define the influence of constructive parameters of
magnetron slow-wave structures and their components to dis-
persion characteristics, and to use at studing when are learned
the specialists to electronics and electrodynamics.
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