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HN3ITYYATEJINA AJ51 CBEPXBBICOKOYACTOTHBIX KOHBEKTUBHBIX YCTAHOBOK.
PE3YJbTATHI MOJAEJIUPOBAHUSA
A. A. Bacuibes, A. H. Bacuabes, JI. A. Bynnukos, 10. A. Coduenko

Pedepart. VccnenoBaHus IpOBOAMIH C LETBI0 MOJACIHPOBAHUS PacHpeleNeHus deKTpoMar-
HUTHOTO TIOJS [UIst OUEHKU 3((EeKTHBHOCTH TpeX BHUIOB M3JIydaTelleil Mo CIeNyIOUMM IapaMeTpaM:
KO3(HUIMEHT CTOSUEH BOJIHBI, ITO3BOJISIONINK CPaBHUTH COTJIACOBAHHOCTH M3JIydaTesed; paaualfioH-
Hast 2peKTHBHOCTD, MMOKA3BIBAIONIAs BENUYMHY JHEPTHH, NIEpEeaBaeMoil B 36pHOBOM CIIOi; nuarpamma
HaIpaBJICHHOCTH MHUKPOBOJIHOBOT'O ITOJISI, TIO3BOJISIIONIAS OLIEHUTh PABHOMEPHOCTD paclpeesieHUs OIS
B 36pHOBOM cJioe. [l OLIeHKH ¥ CpaBHEHHMSI PaCCMaTPUBAIM TPH THIIA BOJTHOBOJIOB: PYIOpPHBIE, TIPSIMO-
YrOJbHBIE C IIENIEBBIMU HW3JIy4aTeNIsIMK; TONYKPYIJble C INEeNeBBIMH HM3IydaTeasiMu. MonenupoBain
pacripezeneHue AIEeKTPOMAarHUTHOTO MoJsi ¢ Ucnoib3oBaHueM nporpammbl CST Microwave Studio.
[IpuMeHeHne pyNOPHBIX BOJTHOBO/IOB B CBEPXBBICOKOYACTOTHBIX KOHBEKTHBHBIX YCTaHOBKaX MO3BOJISET
W3rOTaBJIMBaTh TOCTATOYHO MPOCTHIE YCTPOHCTBA 1i1sl 00paboTku 3epHa. Koaddurment crosueit BomHbI
JUTs paboyeil 4acTOThI B 3TOM cliydae paBeH 1,3, mpu paauarmonHoi 3¢ dexrusHoctr 78 dB. Onmnako
OHHM He 00eCleuMBarOT PaBHOMEPHOCTb PACIpEENICHHs MOJIsI CBEPXBBICOKON YacTOTHI Ha BBIXOJE M3
BOJTHOBOJZIA, YTO CKa3biBaeTcsi Ha () (eKTUBHOCTH 00paboTKy 3epHa. Vcronbp3oBaHKue MPsIMOYTOIBHBIX
BOJIHOBOAOB 55 MM X 110 MM C IeneBbIMH M3IydaTelIiMU o0ecIiedrnBaeT 0ojiee paBHOMEPHOE H3ITyde-
HHE 3JIeKTPOMArHUTHOTO MOJIS BO BCEM CIieKTpe TUIOB BOMH. KoadduuuenT crosueil BonHb! paseH 1,0,
a paguanmonHas 3¢ ¢dexTuBHOCTh — 94,43 dB. OnHako UX pUMeHeHHe TPpeOyeT AOMOIHUTENLHBIX KOH-
CTPYKLHOHHBIX pa3paboToK Iy oOecreueHust oIBOA TEMJIOHOCUTEN B 30Hy 00paboTku. ITomykpyr-
JIble BOJIHOBOJBI C ILIENEBBIMH M3ITy4aTelsIMH 00ecTeurBaoT KO3((GHIMEHT CTOSYeH BOJHBI, PaBHBIHA
1,0 Ha BcéM mmanazone yactoT ot 2 no 3 I'T'n. Pagmanmonnas s¢ddexruBHocTs cocraiser 94,28 dB.
PaBHOMEpHOCTD pacIpeAeneHus JIEKTPOMArHUTHOTO MOJIA BHOJIb MOJYKPYIJIONO BOJHOBOAA JIyYIIIE,
9YeM BJIOJIb IPSAMOYTOIBEHOTO.

KnrodeBble c10Ba: 3JIeKTPOMarHUTHOE I0J€ CBEPXBBICOKOW YacCTOTHI, BOJIHOBOA, MIEJEBOI
W3Jy4arenb, pajuannoHHas 3GOeKTHBHOCTb.

Beenenue. Vcrnonp3oBanyue Nous CBEPXBhI-  3aBUCUMOCTh INIYOWHBI €r0 HPOHHKHOBEHUS
cokoii wacrorel (CBU) it o0paboTku B  3€pHOBOM  CIOM  OT  JMAJIEKTPHUYECKUX
3epHa IpH CyIIKe, 00e33apakMBaHUM W IPEINo-  CBOWCTB MaTepuaia. Yem BhIIIE BIAXHOCThb 3€p-
CEeBHOI 00paboTKe, MO3BOJISIET CHU3UTh SHEPro3a-  HA, TEM MEHbIIE INIyOMHA NPOHHUKHOBEHHMS IONS
TpaTbl M yBENWYHUTh [POU3BOAUTENHLHOCT, B 3€PHOBOH ClIOH, TeM OoibIias MOIIHOCTb
ycranoBok [1, 2, 3]. Ilpu mpenmoceBHO 00pa-  BBIAGNSETCS B 3€PHE, MPUIIETAIOIIEM K HCTOYHUKY
0O0TKe MMeeTcs BOSMOXKHOCTh COBMEILATh 00€33a-  M3JIydeHHS.
pakMBaHHE CeMSH C BIMSHHUEM Ha UX IOCEBHBIC ABtopamu pa3paborana CBY — kOHBeKTHBHAs
KadecTBa U CTPYKTYpy ypoxas [4, 5, 6]. CYIIJIKa Ha 0a3e MOIYNsA, B KOTOPOM HCTOYHHUKH

OgHEM W3  HEJOCTATKOB  HPUMEHEHMS]  IOJISI PACIONIOXKEHBI IO MPOTHUBOIONOXKHBIM CTO-
CBY mnonst mpu o0paboTKe 3epHa BBICTYyHNAeT  pOHAM 30HBI 00paboTku 3epHa [7] (puc. 1).

4

Puc. 1 — Bremnnii Bug CBY — koHBEeKTHBHO# 30HBI 151 00padoTku 3epHa: 1 — koprmyc CBY — koHBEK-
THUBHOMW 30HBI; 2 — BOIHOBOJIBL, 3 — MarHETPOHBI; 4 — BBIXOITHOE OTBEPCTHE BOIIHOBOIA

Pasmepsl Momynst B ycTaHOBKE COCTaBISsIIOT  [IpenmoceBHyio 00paboTKy u 00e33apakuBaHHE
0,3x0,2x0,2 M c 00bEMOM BHYTPEHHErO NpO-  3€pHA IMPOBOIAT, KaK MPABWIIO, IIPU BIAKHOCTH
ctpanctBa 0,012 M°. JlnMHA 30HEI — paccTOSHHE  3epHA MITeHHIBI He Gomee 14%. Ilpu cymike wc-
MEXIY BBIXOJHBIMH OTBEPCTUSIMH BOJIHOBOJOB  XOJHAs BIAKHOCTh 3€pHA MOXKET BapbHUpPOBATh B

4 — cocraBnsger 0,3 M. OOBEM 3€pHA NIIEHUNBI,  IITHUPOKHX mpexenax — 18...30%.
KOTOPBIA MOXeT 00pa0aThIBaThCsi B KOHBEKTHB- B Moamyine UMCHoONB30BaNid  MarHETPOHbBI
Ho#t 3oHe CBY cocraBmnser ot 8 kr npu BaaxxHo-  MomHocTeio 0,9 kBT ¢ wacroroit wm3mydeHus

ctu 25%, 1o 9,1 xr — mpu Bunaxuoctu 14%. 2,45 I'Tu, Msmyderne B CBY — akTHBHYIO 30HY
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OCYIIECTBIIACTCS C HCIONB30BAaHUEM DPYIIOPHBIX
AHTEHH. OKCICPUMCHTAIEHBIC — HCCIICTOBAHUS
mporecca CYIIKH W 00e33apakMBaHUs 3epHA
mokazanu [8, 9] HepaBHOMEPHOCTh pacIpeelie-
Hus snektpomarautHoro CBY nosnst B 3epHOBOM
cioe, CHWKAIY 3()(OEKTUBHOCTH 00pabOTKU
3epHa. I[lodTOMYy BO3HHKIA HEOOXOIUMOCTH
B pa3pabOTKE HOBBIX KOHCTPYKIIMOHHBIX peIlre-
HUH TI0 TOJaye MHUKPOBOJHOBOTO TMOJS B IUIOT-
HBIH cIoii 3epHa.

B kauecTBe aNbTEepHATHBEI PYIMOPHBIM AHTCH-
HAM pacCMaTPUBAIA BO3MOXKHOCTh HCIIOJB30Ba-
HUS TIPSIMOYTOJIbHBIX M TONYKPYIJIBIX BOJIHOBO-
JIOB C HIEJNEBBIMU M3IydaTenssMu. B aTom ciydae
M3JTYYAONIHI BOJTHOBOJ pacrojiarajl HEermocpe-
CTBCHHO B aKTUBHOM 30He. J[is cpaBHEHHUs

3¢ HEKTUBHOCTH 3THX KOHCTPYKIHH TPOBOIMIN
MaTeMaTH4YeCKOe MOJIEIMPOBaHNE paclpeserne-
Hust nonst CBY Ha BBIXOJE 3THUX BOJHOBOJIOB
¢ ucrnonb3oBanneM nporpammbel CST Microwave
Studio [10, 11].

Lenp uccnenoBaHuss — MOAEIHPOBAHUE pac-
TIpeAENeHNs 3IEKTPOMAarHUTHOTO TIOJISI JUTSL OLIeH-
k11 3P PEKTHBHOCTH TPEX BUJIOB M3ITydaTeneil.

YcaoBus, matepuaisl 1 MeTOABI. AHanu3
rokazareneld 3(p(PEKTUBHOCTH M paclpeneseHus
anekTpomarautHoro nonss CBY  mpoBoaunu
JUIsl TpEX THUIOB M3JIydaTelel: pYIOpHOTro H3Iy-
yarenss (puc. 2); NPSMOYroJILHOIO BOJHOBOZA
pazMepoM 55 MM X110 MM ¢ IIeneBBIMU H3Tyda-
TensiMu (puc. 3) W TONYKPYIJIOro BOJHOBOJAA C
IIENEBBIMU H3TydaTensiMu (puc. 4).

Puc. 2 — BHenHmii BU pyrmopHOTO H3JIydaTess

Puc. 3 — Bremmawmii Bu BomHOBOAA 55 MM X110 MM ¢ mIesieBBIMH U3TydaTeNsIMu: | — KOPITyC BOJTHOBO-
Ia; 2 — MarHeTpoH; 3 — IeJIeBbIe H3ITy4aTelH, PacloIOKEHHBIE Ha PACCTOSHUH /2 A

12

Puc. 4 — BHenHuil Bua BOTHOBO/A TOMYKPYTJIOrO CEUEHHS C MIETEBBIMH M3JTydaTeNsiMu: | — KopIyc
BOJTHOBOJIA; 2 — MarHeTpoH; 3 — IIeJIeBbIe N3TyJaTeN, paclloNoKEHHbBIE Ha PACCTOSHUN Y2 A

Jns MonmenmMpoBaHMS HCIOJIB30BAIM  METON
koHeuHoro uaTerpuposanus (FIT). On npencras-
JIsieT co00i CXeMy MPOCTPAHCTBEHHON THCKPETH-
3aluy IS YUCJIEHHOTO PEIIeHHUS 3a/1a4 HJIEKTPO-

35

MAarHuTHOTO MOJIE BO BPEMEHHOW M YacCTOTHOMN
obmactax. Hcrmonp3oBaHME 3TOr0 METOHA HAeT
BO3MOYKHOCTb YYUTBIBATH TAKHE OCHOBHBIE TOIO-
JIOTUYECKHE CBOMCTBA HEMPEPHIBHBIX YPaBHEHUH,

Becmnux Kazanckozo I'AY Ne 1(73) 2024



TEXHUYECKHUE HAYKHU

KaK coxpaHeHHe 3apsna u sHepruu. OcCHOBHas
nzesl paccMaTpUBAEMOTO TTOJIX0/1a 3aKITI0YaeTCs B
NIPUMEHEHUH ypaBHeHWH MakcBeiula B HHTe-
rpaibHOM (hopMe K HabOpy CETOK, pacIONOKeH-
HBIX B IIaxMaTHOM nopsiaxe [10]:

jg(h',dl) - f (j+%)d$

iy (s)

ﬂg(E.dI) =— f (%)ds

)

4y} (s) > (2)
jg(D.dS) = f pdl”

) v R (3)
§ (B,dS) =10 (4)

()

rae £ — HanpspKEHHOCTH DIIEKTPHUYECKOTO OIS,
B/M; H — Hanpspk€HHOCTH MarHMTHOTO TIOJIS,
A/M; B — maruutHas uHmyknus, Ta; D — arek-
TpUYeCKast UHIYKLUA, Kn/m?%; I — KOHTYp, orpa-
HUYUBAIONINI MTOBEPXHOCTb, Mz; S — Mpou3BOIb-
HAs TIOBEPXHOCTh, M*; V — 00BEM, M’; j — IUIOT-
HOCTB 3JIEKTPHUYECKOro Toka, A/M’; [ — 3aMKHY-
TBI KOHTYpP, M; p — IUIOTHOCTb 3JIEKTPUYECKOIO
3apsina, Kin/m®; ¢ — Bpems, c.

CyTb MeToIa 3aKiroyaercss B pa3OUeHHH BBHI-
YHUCITUTENBHON 00J1aCTH Ha KOHEYHOE YHCIIO 00b-
eMHBIX sdeek. Slueliku cOpMHPOBAHBI TaK, 4TO
HepeceueHNe JIBYX Pa3IUYHbIX SIYEEK, BBHICTYHAET
00 MYCTBIM MECTOM, JINOO MHOI'OYT'OJILHHKOM,
UMEIOIIMM OJHOMEPHBIN Kpal, Ju00 TOUKOH,
KOTOpasi BXOAUT B ABe Aueiiku. [Ipu takoil cxeme
pasnoxeHust oOpasyeTcs KOHEYHas ceTKa HHTe-
TPUPOBAHMA, KOTOpas M CIYXHT BBIYHCIUTENb-
HOI CETKOM.

KoncTpykuun, KoTopsle NPUMEHSIOT B MOJE-
nupoBaHuu ¢ ucnonb3zoBanueM CST Microwave
Studio, co3marOT TOCPENCTBOM HYEpUEHUs IPo-
CTEWIINX TEOMETPHYECKUX (OPM, YTO MO3BOJIAET
n300paxkaTh JOCTATOYHO CJIOXKHBIE 00BEeKThI [11].

O¢ddextuBHOCTS M3TyUaTENEH OICHUBAIH IO
CIIEIIYIOIINM TIOKa3aTelsIM:

ko3 dumument crosueit Bomusl (KCB), xorto-
PBIi TTO3BOJISIET OLIEHUTH COTVIACOBAaHHOCTH M3ITY-
qaTens;

panuanmonHas 3(Q(eKTUBHOCTh, KOTOpas MO-
Ka3bIBAET BEIMYHMHY JHEPIHH, IEPEAABAEMOM OT
MarHeTpoHa BOIHOBOJIOM;

JrarpaMMa HalpaBJICHHOCTH MHKPOBOJIHOBO-
ro mons, kotopast ctpoutcs B 3D dopmare, 9To
TI03BOJISIET OLIEHUTH PaBHOMEPHOCTH PacIpesere-
HUSI 3JIEKTPOMATHUTHOTO TIOJNIST Ha BBIXONE HM3IIY-
qaTens;

pacnpenenenue m3nmydaemoit Mormuaoctd CBY
TIOJIS.

Pe3yabraTsl u obcy:xaenue. Ilpu uccredo-
8aHUU pacnpedeneHuss INeKMpPOMAHUMHO20 NOJA
CBY pynopnoeco usnyuamesns WCTIONb30BAIH PYy-
TIOPHYIO aHTEHHY, MPECTaBIAIONas co00i KOM-
6rHanmio H-cexTopranbHOrO M MMpaMUIaIbEHOTO
pynopos [12, 13]. BepxHsist rpaHb pyropa BbIITO-
HEeHAa Kak H-CeKTOpHalbHBIN, a HIDKHSA, KaK ITH-
pamMuIaiIbHBIN (pHC. 2).

Koaddummenr HampaBIieHHOTO — JCHCTBUSA

36

(KHA) anepTypHOif aHTEHHBI ONpEAENSAETCS MO
¢dopmyne [14]:

41§

D=l—2}’ ’

)

rae S — iolajib pacKphiBa, Mz; A —IUIMHA BOJHBI
W3ITy4eHUs], M; ¥ — KOO(QQHUIIEHT UCTIOIb30BaHUS
nosepxHoct (KUII), 3aBucsmmii oT aMIUTUTYA-
HOro ©  a3oBOro  pacrhpeieleHus Mo
B PAaCKpBIBE, O.€.

Maxkcumanereiit  KUIT y 1 nocruraercs
NPy PaBHOMEPHO W CHH(pA3HO BO30YXKICHHOM
packpsIBe.

AMIUIMTYHOE paclpefieieHue MHojis B pac-
KpBIBE pYIopa B IE€PBOM IPHUOIIKEHUH IPea-
CTaBJII€TCA CHUHYCOUAAIBHBIM B IUIOCKOCTH BEK-
Ttopa H [13]:

E(y) my
! %sm(%})’ ©

E
rne B — pa3mep packpsiBa BAOJb ocH Y (puc. 2);
E®y) HaIpPSDKEHHOCTb  3JIEKTPOMATrHUTHOTO
nonss mo ocu y, B/m;  E,,— MakcumanbHas
HanpsKEHHOCTh DJIEKTPOMArHUTHOT O T10JIst
B packpsbiBe, B/Mm.

®asza nons B pacKpbIBE BCIEACTBHE KPUBOIHU-
HEWHOCTH (POHTA BOJIHBI MEHSETCSl MPUOIH3H-
TENBHO TI0 KBaJpaTHYHOMY 3akoHy. Ha ero kpasx
CIIBUT MaKCHMAaJIeH U COCTaBIISCT:

nA?
4)R

max

e
max "~

()

Ecnu yBenmuuuth pasMmep packpbiBa 4 IIpH
MOCTOSIHHOW JNMHE pymopa R (cMm. puc. 2), TO
MPOU30WIET yBENUYCHHUE IIOMAAN PacKpbiBa S U
omHoBpemeHnHoe ymenbmieane KUII BcnenctBue
pocta (azoBoii HepaBHOMepHOCTH. B pazpao-
TaHHOM aBTOpaMH yCTaHOBKe s A=155 MM u
R=80 MM MaKCHMaJIbHBIH CIOBHUI COCTaBHJ, YTO
JOITYCTHMO.

i MonenupoBaHMS TIpOIEcca paclpesene-
HUS AnekTpomarautHoro noinst CBY ucnonp3oBa-
JI MOJIeNTb PYIIOPHOTO BoimHOBOAA (puc. 2). [ua-
ma3oH yactoT cocTtaBiisul or 2 I'Tm mo 3 I'To, ¢
neHTpanbHpiMu Toukamu 2,45 ITo u 2,5 ITo.
Pe3ynpraTel MOIETMPOBAHMS CBHIETENBCTBYIOT
(puc. 5), aro KCB nans 9acTOTH M3NTy4CHHS Mar-
HETPOHA HAXOAATCS OKOJO 1,3, 9TO CIIyXXHT CBH-
JETENBCTBYET O JIOCTATOYHOM COTJIACOBAHHOCTH
m3nydarens. PammannonHas 3QQeKTHBHOCTH Ha
YacTOTaxX M3JIy4EHUs] MarHETPOHOB MMEET MAKCH-
MYyM, YTO TaKK€ OTPakKaeT XOPOIIYI0 COTJaco-
BAaHHOCTH M3ITydaTels.

PesynbpTaTel NpPOBENEHHBIX paHEE HSKCHEPHU-
MEHTAJIBHBIX HCCIEIOBaHWi [7] CBHIETENbCTBY-
0T, YTO IHEPTOEMKOCTD MPOIIECCa CYIIKH 3€pHA B
CBY-KOHBEKTHBHBIX 30HaX JIOCTOBEPHO 3aBHCHT
OT TIapaMeTpOB areHTa CYIIKH W OT CXEMBI €ro
MO/Ia4X B 30HY CyIIKH 3epHa. HanmeHsIme sHep-
ro3aTpaTbl OTMEUEHBI NMpPU COBIAJCHUM HAIpaB-
JeHusT mofadn B 3epHOBOM ciod monst CBY nm
areHTa Cymku [7].
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Puc. 5 — 3aBucumocty, nonydeHHble npu MozenupoBanuu ot CBY aiist pynopHOro u3iydaTens:
a) u3MeHeHue ko3 uireHTa cTosuell BOHbI; 0) N3MEHEHHEe PaAuallMOHHOM (P PEKTUBHOCTH

[Ipu sToM HEOOXOIMMO OOECIEYUTh PaBHO-
MEpPHOCTb paclpeieNeHuss U MHUKPOBOJIHOBOI'O
IoNsg W areHTa CYyHmKH B 3E€PHOBOM  CIIOE.
B Bapuante xoHcTpykmmu CBUY-KOHBEKTHUBHOM
30HBI C pYNOPHBIMH BOJHOBOJAMH  TakHe
YCIIOBHS BBINOIHUTH 3aTpyaHUTENbHO. [loaTomy
NpeNnpHHiATa IIONBITKA Pa3paboTaTh  TaKyro
KOHCTPYKLIMIO BOJHOBOJOB, INIPH KOTOPOil OHHU
MOT'YT OBITh peaTU30BaHbI.

IIpn uccnedosanuu npamoyzonvhvix 60aHO-
680008 C WeneblMu U3y4amesamy TIPUHST 0, 4T O
B kagectBe ucrounnka CBY sHeprum mcmonb3y-
FOT MarHeTpoH yactoroit 2,45 I'T'u. J{nmHa BOTHBI
ot reHepatopa [14]:

1 [

f.

rae ¢ = 3*108 M/c — CKOpOCTh CBeTa.
[Ipu gacrore 2,45 I'Tu mmHa BOMHBI Oymer
paBHa

®)

3-108
©2/45-10°.
A=0,122 M= 122 mm.
B CBY ycrpoiictBax BaxxHO paboTath
C KOHKPETHBIMH THIIaMH BOJH. Hampumep,

Hio,Ho1, Eq1; [15, 16]. [Ipu ucons3oBaHUN 3IIEK-
TpomarauTHOro monst CBY mnst HarpeBa B 3TOM
HeT HeoOxonumocTu. BaxHo obecrieunts nepena-
4y K Harpy3Ke ITOJHOW MOIIHOCTH H3JTydCHHS.
ITosTomy OpPUEHTUPOBKA Obuta B3sTa
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Ha MHOIOBOJHOBBIE BOJNHOBOIBL. Kpome ToOro,
YBEIMYEHUE pa3MEpPOB MONEPEYHOIO0 CEueHMs
K JAMHE  BOJHBl  IO3BOJSIET  IIOBBICHTH
3JIEKTPUUECKYI0 IIPOYHOCTh BOJHOBOJA M CHU-
3uth motepu [17]. PaccMorpmm, kakue THIIBI
BOIH OyZyT mepefaBaTbCsi B IPSAMOYIOJIbHOM
BOJIHOBOZAE. /[l 3TOro MHOCTPOMM JHMArpaMmy
KPUTHUYECKUX [UIMH BONMH JUIi MAarHUTHOTO U
3JIeKTpHUYecKoro Tumna konebanuil. [IpuHumas

a=2b, 9)
roe a IIMpOKasl CTEHKa NPSMOYrOJbHOI0
BOJIHOBOZA; b — y3Kasl CTEHKa INPSIMOYTOJBEHOTO
BOJIHOBOJIA.

Kpurrdeckue IIMHBI BOJIH IJIsI MATHUTHBIX H
NIEKTPUIECKUX THIIOB ONPEACIISIOTCS U3 COOTHO-
menus (Aunennvt, CBY-ycmpoticmea u ux mex-
nonocuu / FO. b. Heuaes, B. 1. Huxonaes, P. H.
Anopees u Op. Bopomexc: OAO Komuyepu
«Cossezduey, 2008. 629 c.):

@ +G) .

Tie m W n — WHACKCH Tuna konebanus H,, (E,.).
YV E —Bonn

m=1lnz=1

Ap =

(10)

[t H-BonH oiMH M3 MHIEKCOB MOXET OBITH pa-
BeH Hymmo [18].

s pacnpocTpaHeHHMs — KoneOaHHMH
THUIIOB 110 BOJHOBOJY HE00XOIMMO,
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BBITIOJIHAJIOCH YCJIOBHEC!

A <Ay an

Junst Tvna BonHbl ypaBHeHue (7) Oyner uMeTh
CJIETYIOIIUNA BU/I;

122 <2 -a

Pexomennyemsie 'OCT 51914-2002 pa3zmepsl
MPSIMOYTOJIBHBIX BOJHOBOJOB I OJIM3KHX WC-
CIICAYEMBIM YaCTOT OYIYT CICAYIOIIUMHU:

nuara3on vacrtor 1,72...2,59 I'Tu — ceueHue
110,00 MM % 55,00 mm;

murana3oH yacror 2,14...3,2 I'Ty —ceuenne
90,00 MM x 45,00 Mm.

C yuerom Toro, uro none CBY B ycraHoBke
JIOJDKHO OBITh MaKCHUMAaJIbHO pPaBHOMEPHO pac-
TPEICIICHO B 3¢PHOBOM CJIO€, OBLIO MPUHSTO, YTO
ceueHre BoaHOBOMA 110 MM X 55 MM B OoJIbIneit
CTEMEeHU COOTBETCTBYET 3TOMY TpeOoBaHuio. To

€CTb, KpUTUYCCKAasA JIMHA BOJIHBI B 3TOM BOJIHO-
BOJEC COCTABJIACT

A =2-110 =220 MM

CrnenoBatennbHO, TIPUHATHIN pa3Mep BOIHOBO-
Jla yInoBJieTBOpsieT TpeboBanuro (11).

Ha ero ocnoBe Obu1 pazpaboraH mieneBon
u3nydatens [18], B BOMIHOBOIE KOTOPOro Hapesa-
7M1 monepevnsle menu. [lomepednas 1mens B -
POKOW CTEHKE BOJHOBOJA BO30Y)KAAeTcs Ipo-
JIONIBHOM COCTaBJIsONICH ToKa. Mcxons u3 tpedy-
eMOoro o0bEMa CeKIMU AJIMHA W3JTydaTels MpuHs-
ta paBHOM 400 mm. Illlenn Ha GOKOBOW CTEHKe
W3JTydaTens pacloJIoKEeHbl OHAa OT JpYroil Ha
paccrostHUH Y2 A (puc. 3).

[Mocne cornacoBaHusl mapaMeTpbl U3ITydaTeNs
Oobutn 3anmanel B nporpamme CST Microwave
Studio ¥ BBINOIHEHO MOJEIMPOBAaHKE pacIpese-
JICHUsI 3JEKTPOMArHUTHOTO TOJNS W3  IIeled
u3mydatens (puc. 6).
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Puc. 6 — 3aBucuMocTH, momydeHHbIe IpyH MoAenpoBaHuy oyt CBY i npsiMOyronsHOrO MIENeBOro
mmyqarens 55 MM x110 MM: a) m3MeHeHne Ko UIHEHTa CTOSTICH BOIHBL;
0) M3MeHeHne paauaoHHoN 3 heKTHBHOCTH

Pe3ynpTaThl MOIETHPOBAHMS CBHAETEILCTBY-
0T, YTO HCIIOIb30BaHNE MPSMOYTOJIBHOTO BOJTHO-
Boza obecrieunBaeT Oojee paBHOMEPHOE pacmpe-
JIETICHUE HIICKTPOMAarHuTHOro mois. Ilpum stom
y mpsimoyronsHoro BomHoBoga KCB pasen 1 u
YBEIMYCHO 3HAYCHHE W3IyYaeMOM MOITHOCTH.
CrenoBartensHO, UCIIOIB30BaHNE HPSMOYTOJIBHO-
ro BogHOBOma S5 MM x 110 MM B
CBY-KOHBEKTHUBHBIX 30HaX JUIT 00pabOTKH 3epHA
Oolree MpeAroYTUTENBHO.

Be160p MoTyKpyTIIoro BOJHOBOJA C HIETIEBBI-
MU H3IydaTensaMu (puc. 4) o0ycIIOBIICH NpEXIe
BCETO TEXHOJIOTMYECKUMH OCOOCHHOCTSMH IIPO-
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recca CBU-koHBEKTHBHOIT 00pabOTKH.

st ero peanu3anuy HEOOXOJUMO HCIONIB30-
BaTh ITIO/Ia4y arcHTa CYIIKH B 30HY 00paboTKH
maTtepuana. KOHCTPYKIIMOHHO 3TO  ymoOHee
peann3oBaTh MMEHHO c BOITHOBOJIAMHU
TIOTYKPYTJIOTO CEYCHUSI.

B kpyriom BOJTHOBOAE IS BONH THIA FE,,
KPUTHYECKYIO JUTMHY BOJHBI MOXKHO PacCUHTATh
u3 ypasHeHus [19, 20]:

27T
kp (12)

Upp
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a i1 BoJH tHHa H,,

2T
Kp:=

Upen (13)

T7ie ¥ — paguyc BOMTHOBOMA; U,,— KOPHHU JUIA
¢ynkmn beccens u MX TMPOW3BOAHBIX ISl BOJH
thna E; u’,, - KopHu s GyHKumu beccenst n ux
TIPOMU3BOIHBIX ISl BOJIH TUMA H.

[Ipu BHyTpeHHeM panuyce BonHoBoga 50 MM
KpUTHYECKasi JUIMHA BOJIHBI Uil BONH H Tuma
Ao = 170 MM, gt BonmH E thma A, = 82 mm.
Cynst o BenMYMHE KPUTUYECKOW JUTMHBI BOJHBI
npu paadyce BonmHoBoaa 50 MM pacmpocTpaHe-

3aTPYAHHUTENIBHO. PacmpocTpaHarecs OyayT B
OCHOBHOM BOJIHBI THIA H|;.

Pe3ynabTaThl MOJETHUPOBAHHS CBHIECTENLCTBY-
FOT, YTO COTJIACOBaHHE MOIYKPYTIIOrO BOITHOBOJA
C IIEIECBBIMH H3ITy4aTeISIMH ITO3BOJHIO IOJY-
yuth KCB = 1 Ha BcéM amama3oHe 4acToT OT 2
nmo 3 I'Tu. PaguanmonHast 3(eKTHBHOCTE Tepe-
Jla4¥l 3JIEKTPOMArHUTHOrO MoJjsl coctaBuna 94,28
dB (puc. 76), o cpasuenuto ¢ 94,43 dB mist BoN-
HOBOJIa pazMepoM 55 MM X 110 Mm (cM. puc. 60).
Ecnu mocuuTath, YTO CHIXKEHHE PaIHAIlOHHON
3¢ (HEKTUBHOCTU B MOJTYKPYIIIOM BOJHOBOJE MPO-
M30IIJI0 W3-3a OTCYTCTBHS BOJNH THma E;;, TO Ha
ux nonro npuxoaurcs tonbko 0,15 dB. Orto co-
craBisier He Oonee 0,16% or oOmieil sHepruw,

HUE DJIEKTPOMarHUTHbIX BOJAH FE;; Tuma nepeaBaeMoil Mo BOJTHOBOJTY.
= 2.0
]
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Puc. 7 — INoka3zaTenu 3 peKTHBHOCTH BOIHOBO/IA MOMYKPYTIIOr0O CEUSHHUs: a) KOIPPUITHESHT CTOosTueH
BOITHBI; 0) paguanronHast 3pPpeKTUBHOCTh
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Puc. 8 — lmarpammsl HanpaBieHHOCTH M3mydeHust mons CBY Ha BeIxoze Tpéx mccnemyeMbix
n3Iydarenen

CpaBHeHHe auarpaMM HalpaBIEHHOCTH H3ITy-
YeHUsT TPEX BOJIHOBONOB (pHC. §) IOKA3bIBAET,
YTO JUISA TOMYKPYTJIOrO BOJIHOBOAA C IIETEBBIMU
M3TydaTenssMu OHa Ooiee paBHOMEpHA, YeM JUIS
MIPSMOYTOJIEHOTO BOJTHOBOJIA pasmepom
55 MM x 110 MM. DTO NMO3BONSET YTBEPXKAATh,

39

YTO HCIOJb30BaHHE 00Jie€ TEXHOJIOTHYHBIX
MOJYKPYTJIBIX ~ BOJIHOBOJIOB ~ HE  yXyIUIaeT
3 (HEeKTUBHOCTH Tiepenayn ¥ pachpeieicHUs
3JIEKTPOMArHUTHOT O MOJSL.

BeiBoasbl. IIprMeHeHHEe pYHNOPHBIX BOIHO-
BofoB B CBY — KOHBEKTHUBHBIX YCTaHOBKax
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TI03BOJISIET M3TOTABIMBATH JIOCTATOYHO ITPOCTHIC
YCTaHOBKM il 00paboTtku 3epna. Mx KCB
Juist pabodeit yacToTel paBeH 1,3, mpu panuanu-
oHHOl  sddextBHOCTH 78 dB. Opnako
TaKhe BOJHOBOJBI HE O0OECIEYMBAIOT PaBHOMEP-
HoCThb pacnpezaenenus nons CBY Ha Bbixone u3
BOJTHOBOJZIA, YTO CKa3bIBaeTcsl Ha 3((PEKTUBHOCTH
00pabOTKH 3epHa.

Hcnonp3oBaHue NpsMOYTOJIbHBIX BOITHOBOJIOB
55 MM X 110 MM C IIeNEBBIMH H3ITy4daTeIsIMU
obecnieurBaeT Oojiee paBHOMEpPHOE W3IyUCHHE
SIEKTPOMAarHUTHOTO TMONIE BO BCEM  CIEKTpe
tunioB BonH. KCB pasen 1,0, a paananuonHas

NpUMEHEHne TpeOyeT JIONOJTHUTENbHBIX KOH-
CTPYKIMOHHBIX pa3paboToK sl  oOecrieueHus
MOZIBOJTA TETUIOHOCHUTEIS B 30HY 00paOOTKH.

IIpyMeHeHHe MONMYKPYIIBIX BOJHOBOAOB C
IIeJIeBBIMU  M3ITydatensMu obecrieunBaer KCB,
paBHbIi 1,0 Ha BcéM quama3zoHe 4acToT OT 2 10
3 I'Tu. Pagnarmonnas 3¢ppeKTHBHOCTH COCTABIIS-
er 94,28 dB.

PaBHOMEpHOCTH pacmpeneneHus 3IeKTpoMar-
HUTHOTO TONS BAONb HOJYKPYTJIOro BOJHOBOJA
Jydile, 4eM BIOJIb IpsMoyroiasHoro. Kpome to-
ro, IPU UCHOIB30BAHUHU MOTYKPYTJIBIX BOJIHOBO-
JIOB TIPOILIE penath NpodieMy MOa4y TEIUIOHO-

spdpexktuBHocts 94,43  dB. OpnHako uX  cuTens B 30HYy 00pabOTKH 3epHa.
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RADIANTS FOR MICROWAVE-CONVECTIVE INSTALLATIONS. SIMULATION RESULTS
A. A. Vasilev, A. N. Vasilev, D. A. Budnikov, Yu. A. Sobchenko

Abstract. The studies were carried out to simulate the distribution of the electromagnetic field to assess the efficiency
of three types of emitters according to the following parameters: standing wave coefficient, which makes it possible to compare
the consistency of emitters; radiation efficiency, showing the amount of energy transferred to the grain layer; microwave field
radiation pattern, which allows one to evaluate the uniformity of the field distribution in the grain layer. For evaluation and com-
parison, three types of waveguides were considered: horn, rectangular with slot emitters; semicircular with slot emitters. The dis-
tribution of the electromagnetic field was modeled using the CST Microwave Studio program. The use of horn waveguides in ultra
-high-frequency convective installations makes it possible to produce fairly simple devices for grain processing. The standing
wave coefficient for the operating frequency in this case is 1.3, with a radiation efficiency of 78 dB. However, they do not ensure
uniform distribution of the ultrahigh frequency field at the exit from the waveguide, which affects the efficiency of grain pro-
cessing. The use of rectangular waveguides 55 mm x 110 mm with slot emitters ensures more uniform radiation of the electromag-
netic field across the entire spectrum of wave types. The standing wave ratio is 1.0 and the radiation efficiency is 94.43 dB. How-
ever, their use requires additional design developments to ensure the supply of coolant to the processing zone. Semicircular wave-
guides with slot emitters provide a standing wave ratio of 1.0 over the entire frequency range from 2 to 3 GHz. Radiation efficien-
cy is 94.28 dB. The uniformity of the electromagnetic field distribution along a semicircular waveguide is better than along a
rectangular one.

Key words: ultrahigh frequency electromagnetic field, waveguide, slot emitter, radiation efficiency.
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