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[lpuBeneHsl pe3ynbTaThl pa3padOTKM TOMOJOTMM W MCCIENOBAaHHS AHTEHHOT'O  MOIYJIs
X-nuana3oHa, HMMEIOUIEro MPOCTYH) KOHCTPYKTOPCKYIO peajiu3allii0 B BHUAE TPEXCIONHOMN
nmevyatHoi miatel 140x120x1,12 mMm.

Kniouesvie  crosa: MHOTONydeBas aHTEHHas peIIeTKa, auarpaMMooOpasyromas cxeMma,
«marndeckuit» T-mocT, anTeHHA BuBanbau, anTeHHas pemnieTka, X-11ana3oH.

BBeaenune

OpHOlt M3 BaXHBIX W aKTYaJIbHBIX MPOOJIEM COBPEMEHHOW AHTEHHOW TEXHHUKHU SBISETCS
IMOCTPOCHHUEC MHOI‘O(I)YHKHI/IOH&HLHBIX IMaCCUBHBIX M aKTHBHBIX aHTCHHBIX CHCTEM, O6eCH€‘-II/IBaIOHII/IX
BBICOKO3((EKTHBHYIO Pa0OTy pa3lWYHBIX PaJUOTEXHHMUCCKUX KOMIUIEKCOB. OOHMM W3 BapHaHTOB
peleHns 3TOH 3aJayd MOTYT ObITb MHOTOJYYEBHIE AHTEHHbBIE PEIICTKM HAa OCHOBE MATPUYHBIX
nmuarpammoo6Opasyromux cxem (JJOC), camoil pacupocTpaHEHHOH W3 KOTOPBIX SBISIETCS MaTpHIa
Batnepa [1-3].

3HauKTeIbHAs YaCTh PACIPEICIUTEIBHbIX AaHTCHHBIX CUCTEM, aHTeHH [4—7] u3rotaBiMBaeTCs
C HCIOJBb30BaHUEM TMEUaTHOW TeXHOJIOrud. OHHM 001aJaroT XOpOIIMMH MaccorabapHTHBIMU
XapaKTCPpUCTUKAMHU U HU3KOH CTOMMOCTBIO M3TOTOBJICHUS. OI[HaKO Ipu YBCJINYCHUHN 4YHMCJ]Ia KaHAJIOB
CXeMHas M KOHCTPYKTOPCKO-T€XHOJorMueckas cioxHocTs JIOC crpemurenbHO pacter. IOTOT
HEIOCTATOK 0COOEHHO MPOSIBISCTCS C yBEIMYCHUEM YMCIIA JTydell MHOTOy4eBOH aHTEHHOH PEIIETKH.
B nammoit paboTe wuccneayeTcs aHTEHHBIA MOMIyJIb Ha OCHOBE aHTCHHBI BwuBampam c
BOCBMHKaHAIbHOW Mapalie]lbHON  JuarpaMmooOpasyroimieii  cxemoir [8] HOBoH Tomosoruw,
MO3BOJIAIONIEH CYIIECTBEHHO YIIPOCTUTh €€ KOHCTPYKTOPCKYIO PeaIn3aIHio.

Tomnosornss MaTpUYHOI TUArpaMMoo0pa3yronei cxeMbl

[Ipu mocrpoennn Ttomonoruu MatpuunHoi JJOC ompenenstomumu (akropamu  SIBISIFOTCS
BBIOOP 3JIEMEHTHOH 0a3bl, MX KOMIIAKTHOE pa3MEILIeHHE Ha IUIaTe, a TaKKe pean3alusi cXembl 0e3
[IEpeceYeHNId IMHNH TIepeaayn.

B kavecTBe 3reMEHTHOH 0a3bl pacCMaTPUBAINCH TaKUE YCTPOWMCTBA, Kak NIICH(HBIA MOCT,
IIeJIEBOM MEPEX0[, HAIpPaBICHHBIH OTBETBUTENb CO ILEJIEBOM CBSA3BIO, «Marumueckui» T-MmocT,
KpoccoBep U Apyrue. KpoccoBepbl mo3BoISIOT H30aBUTHCS OT MEpeceueHHid JIMHUH Mepeaadu, OAHaAKO
umeroT Oosbiire radaputhl. K mpumepy, uis nmoctpoenus Tomosorud B npemiokentoi JJOC [8]
noHago0uTcs 14 KpoccoBepoB, YTO 3HAYMTENHHO YBEIWYHT pa3Mep Iiathl. Peanmsanus cxemsl 0e3
NEpPECeYEHN JIMHUM Tepelad BO3MOKHAa B MHOTOCIIOMHOM IIaTe, OJHAKO 3TO HE BCErjaa
nenecoobpasno. Mcmons3oBaHne NUIEHPHBIX MOCTOB siBIsieTcss HEd((GEKTHBHBIM H3-32 MAJIOTO
pabouero nuama3oHa 4YacTOT JaHHBIX OJJieMeHTOB. CaMbIM KOMIIAKTHBIM 0a30BBIM 3JEMEHTOM
okasbpiBaeTca «Mmarnueckuit» T-moct. Ha ero ocHoBe moxHO moctpouth JOC Ha TpexcimoiHOM
MIEeYaTHOM I1are.
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3a ocHOBY ObLT B3ST «Marmdeckuit» T-moct, npuBeneHHbiii B [9]. CkoppekTupoBaB ero
TOIIOJIOTHIO, & IMEHHO, OTKa3aBIIUCh OT UCHOJIb30BAaHUS EMKOCTHOT'O BhIpE3a MEXIy BeIxoAamu 3 u 4,
BBINIOJIHUB PE30HAHCHYIO LIeb 0€3 paauanbHOM 3ariylIKH, COIJIACOBAB BXOJ 2 C IOMOIIBIO OOBIYHOTO
TpaHcdopMaTopa Ha KOHIE, BMECTO paJWAbHOW 3ariyliKd, MOJYYHM YJIy4YLICHHBIH Oa30BbIi
sneMeHT. Ero Tomosyorns u 4acTOTHBIC 3aBUCHMOCTH S-TIapaMeTpPOB IMOCIIE ONTUMM3AINN JINHEHHBIX

pasMepoB PHUBEACHBI Ha puc. 1.
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Puc. 1. Tononorus (@) ¥ 4aCTOTHBIC 3aBUCUMOCTH S-mlapaMeTpoB () «Mmarndeckoro» T-mocra

«Marunueckui» T-mocT umeer koadduiuent nepeaauu —3,7 = 0,5 n1b u dazoBeIil pazdananc
* 0,8 rpagyca B pabouem amanazone dactoT 8,5-11,1 I'Tu. 3nauenus kospduureHTa cBsi3u MEKIY
Bxomamu 1 u 2 Haxonmsarcd amxe —40 nb.

Komnakrhas Tononorust Mmarpuunoii JJOC Oblia mpeaiokeHa Ha OCHOBE T-MOCTOB, a TaKkke
meneBbix nepexooB [10]. B xauectBe azocnBuraresneil HCONB30BAMCH OTPE3KH JIMHUH TIEpeIauu
TpeOyemoii uHel. Ha puc. 2 npuBeaeHa nocnoiiHasi TONOJIOTHS CXEMBI, a TAKXKE BUJ IJIAThl COOKY.
[udppamu ykazana Hymepauusi BXxonoB. llepBblii ci0od mpenacraBisieT coOOi JOPOKKHA METHOTO
MIPOBOJHMKA. BTOpol cio — CIUIOIIHOM MEAHBIM TNPOBOJHUK C BBIPE3aHHBIMM IIEISAMH (ILETH
BBIJICTICHBI YePHBIM I[BETOM). TpeTuii Ciioii aHaIormYeH epBoMy. MHUHHMAIBHOE PACCTOSHUE MEXTY
COCETHUMH MTPOBOJHUKAMHU COCTABJISIET TPU ITMPUHBI IOJTOCKH.
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Puc. 2. Kommakrtaas Tormomorus JJOC 8%8 BbIX0m0B

Hnuna momydeHHoW 1wiaTel coctaBisier 140 MM, a mmpuHa — 97 mm. Ilutanme
OCYIIECTBISIETCSI HECHMMETPUYHOM IOJIOCKOBOM JIMHMEW Iepefaddl C BXOJHBIM CONPOTHUBICHHEM
50 0M. B kadecTBe TOJUIOKKH WCIIONB30BaJCS JWAIEKTpUK  ¢upmbl  Rogers 4003 C ¢
JTUDIIEKTPUUECKO mpoHumaeMocTeio 3,38 u Ttanmrencom yriaa moreps 0,0027. TommuHa
JUDIIEKTPUUECKON noutokku cocTtasiger 0,508 MM, a TonmuHa MenHoro ciost 35 MxMm. PaccrosHue
MEXJy COCEIHHMH BXOJaMH paBHO 16 MM, YTO BIIOJHE JOCTATOYHO JJIsI KPETUICHHUS] KOAKCUAIbHBIX
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paseeMoB. Bce mpuBencHHBIE B CTaThe MOJEHM OBUTM pPEajn30BaHBl B MpoOrpamMme, KOTopas
OCYILECTBIISIET TPEXMEPHBIN AIICKTPOAMHAMHYCCKAN pacyeT TOoJieH, HCIONb3ysl METOJ] KOHEYHBIX
3IIEMEHTOB.

Ha puc. 3 npeacraBineHbl pacCYMTAHHBIC IO KOMITBIOTEPHON MOJIEIH YaCTOTHBIE 3aBHCUMOCTH
koa(urmmerToB oTpaxkenus Ha Bcex Bxomax JIOC. IlpakTtudeckd BO BceM X-Auamna3oHE 3HAYCHHS
KO3 GUITMEHTOB OTPaXEHHUS JeKaT Hibke ypoBHS —15 nb.
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Puc. 3. YacToTHbIE 3aBUCUMOCTH KO3()(QHUIIMEHTOB OTPaXKeHHs HA BCeX BXOJIaX

Huxe, Ha puc. 4, npuBeIeHBI YaCTOTHBIC 3aBUCHMOCTH KO3(duuuenToB nepenaun JJOC co
Bx0J10B 1 1 2. Bo Bcem yacTtoTHOM nuana3zoHe 8—12 [T’ kpuBbie 0€3 pe3KuX MUKOB, UMEIOT TUIABHBIH
XapakTep, UX 3HaUeHUs Jiear B npeaenax or —11 no —17 ab.
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Puc. 4. YacTOTHBIC 3aBUCUMOCTU KOIPPUIIHEHTOB MEPeAadr Ha BBIXOIAX CXEMBI
npu nogade curuana Ha 1 (a) u 2 (6) sxoast JJOC

-15.00

Ecnu 00001MTh MmoJTydeHHbIE pe3yibTaThl pa3paboranHoi Tonojoruu matpuunoit JIOC, To
noJjiyyaeM ciieaytoiiee: paspadorannas JJOC 8 x 8 BX0/10B MeeT 4acTOTHbIN nuana3on 8,6—10,8 [T
aMIUTATYJIa Ha BBIXOJax cocraiser —14+3 nb; pasdananc da3 +17 rpagycoB; pa3Bs3ka BCEX BXOJIOB —
—20 nb B muamnasone yacror 8—12 I'T, a ¢ 9 mo 10 I'T1y pa3Bszka cocrarnser —25 ab.

AHTeHHasl pelIeTKa

B kauecTBe s1eMeHTa JHMHEWHONW AHTEHHOM pelIETKU NPUMEHUM aHTeHHY BuBanbau —
CBEPXIIMPOKOIIOIOCHBIN IIENIEBON HM3ITydaTellb O€ryIedl BOJHBI HAa OCHOBE IIENH C IUIABHO
mMmeHsionuMes  npopmrem  [5]. CBepXIIMPOKOMOJIOCHBIE — CBOWMCTBA  JAaHHOW  aHTEHHBI
obecrieunBatoTcsl Onarojaps TUIAaBHOW TpaHC(HOpPMALMM  XapaKTEPUCTUYECKOTO COMPOTHUBIICHUS
IIeNIeBOM JUHUK i oOecrieueHus] d(O(MEKTUBHON H3ITydaronie CIOCOOHOCTH CETMEHTOB IIENH C
pasMepaMu TIOpSAKA TOJOBMHBI JUIMHBI BOJHBL. Y TIOZOOHOTO pOAa aHTEHH W3Iy4YeHHE
OCYIIECTBISIETCST BAOJNb IEYAaTHOW IUIATHI, YTO SABISETCS OIMPEAETICHHBIM MPEUMYIIECTBOM IIepes
JIIPYTMMU aHTeHHaMH. TomoJjiorusi aHTEHHOW peIIeTKH IOoKa3aHa Ha puc. 5. PaccrosHue Mexmy
U3Iy4yaTeNsIMUd aHTCHHOM pemeTkH paBHO 15 Mm. g yidydlleHWs COTJIacOBaHUS KpalHUX
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n3IydaTeneil MEeIHbBIM MPOBOJHUK Ha Kpasx PEIIECTKH MPOJICBACTCS Ha YETBEPTh CPEAHEH AJIMHBI
BOJIHBI (Ha pUC. 5 0003HAYEH ITyHKTHPOM).

Puc. 5. IIpennosxeHHast aHTeHHas! peleTka

Pacyersl MoOKa3bIBAaIOT, YTO BOCHMMIJIEMEHTHAs AaHTEHHAs pelleTKa Ha OCHOBE AaHTEHH
BuBaneau obecrnieunBaeT corjiacoBanue BXxooB B amarnazoHe oT 8 [T go 12 I'T'u npu oTkioHeHUH
nyda B asuMyTanbHON TuiockoctH Ao S50 rpamycos. llmpmaa myda B H-mmockocTd HpeBOCXOIUT
110 rpagycoB, B E-mutockoctn He Oonee 13 rpagycoB. UznydeHue B MPOTHBOMOJIOKHYIO CTOPOHY
HEe3HauUTeIbHOE — HIKe ypoBHS —15 nb.

AHTEHHbII1 MOYJIb

Ecnu oObenuanth npeanoxenHyo JJOC 1M aHTEHHYIO pEIIETKY B €IWHYIO KOHCTPYKLHUIO,
HOJIyyaeM aHTEHHbIM MOMyJb Ha 8 KaHAJOB, KOTOPBIN (hopMupyeT Beep U3 8 Iydeil B CEKTOpE YITIOB
115 rpagycoB. Ha puc. 6 mpencraBieHa KOMIbIOTEpHas MOJIENb aHTEHHOro Mmoxyns. Lludpamu
yKa3aHbl HOMepa BXo7I0B. Pasmepbl Momynst coctaBisiror 140 % 120 mm.
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Puc. 6. IIpemnoxeHHbBIH aHTEHHBIH MOy Ha 8 BXOZOB
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KommbrorepHOE MOJIEIMPOBAHNE AaHTEHHOTO MOJIYJISI IPOBOJIMIIOCH KaK €IMHONW KOHCTPYKITHH.
Ha puc. 7 npeacrapiensl rpaduku 3aBUCUMOCTEH KO3((HUIIMEHTOB OTPAXKCHUsI OT YaCTOThI Ha BCEX
BXOJIaX MOAYJsA. Pe3ynbTaThl MOKAa3bIBAIOT, YTO TOJBKO BXOJbI 1 W 8, a Takke 4acTUYHO BXOA 7
COTJIACOBAHBI XYK€, YeM OCTalbHBIC. TakXke IPOCISKHUBACTCS B3aWMHAsI CBS3b BXOAOB 1 u 8. D10
XOpOIIO BHIHO U3 pHC. 8, a (4acTOTHBIC 3aBUCUMOCTH Kod(duineHToB cBs3u). Takoe NoBeacHHUE
MOJET OBITh BBI3BAHO 3HAYMTEIBHBIM OTPAKCHUEM T0JaBAEMOU SHEPTHHU OT IIEIEBhIX MEPEX00B. Y
JPYTUX BXOJIOB TaKOW CHJILHOW CBsA3M He HaOmomaercs. K mpumepy, Ha puc. 8, 6 mpeacTaBiieHbI
YacTOTHBIE 3aBUCHMOCTH KOX(PQPHUIIMEHTOB CBSI3M MEXJY BXOJaMHU IPH BO30YXKJICHHH BXona 3.
XopoIio BUAHO, YTO BO BCeM X-AMana3oHe 3HaueHUs KOXPPUIIMEHTOB CBSI3M JexkaT Hmke —15 1b, a ¢
9,8 mo 11,6 I'T'y — amxe —20 ab.
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Puc. 8. YactoTHble 3aBHCHMOCTH KO3 (HUITUCHTOB CBS3H
IpH Mojjaue curHana Ha BXoasl 1 (a) u 3 (6) aHTEHHOTO MOJTYJIS

[Ipu nojade curHajga Ha OJMH M3 8-MU BXOJIOB aliepTypa aHTCHHOTO MOIyJis (hopMHUpYeT JIyd
MO/ OIpENeNIeHHBIM YTJIOM CO CBOEM AuarpaMMmoi HampaBieHHOCTH. Ha puc. 9 mis mpumepa
MPUBEAECHBI COOTBETCTBYIOIINE JUArPAMMBI HalpaBJI€eHHOCTH Ha yacTote 9,75 I'T'w.
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Puc. 9. III/IanaMMI)I HapaBJICHHOCTU aHTCHHOI'O MOAYJIA P IMMOJa4Y€ CUIrHaJIa Ha OT)IeJ'IBHBIﬁ BXO
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3akiIouyenue

B pannoit paboTe TOCTPOEH W YHCIEHHO WCCIEAOBAaH aHTEHHBIH MOAYNh X-IWana3oHa,
COCTOSILIUN U3 BOCBMURJIEMEHTHON JINHEWHON aHTEHHOH PELIETKU Ha OCHOBE M3ilydaresei Busaibau
u marpuuHoit JIOC HOBO# Tomosoruy, popMupyromei MHOrorydeBoi pexxum padotsl. JJOC coctout
U3 MIUPOKOIIONOCHBIX MOAM(DHUIIMPOBAHHBIX «MAarmdecKux» T-MOCTOB W TMIENEBBIX MEPEXOJ0B H
KOHCTPYKTHBHO pEalTU3yeTCsl Ha TPEXCIIOMHOM MedaTHo miarte ¢ pasmepamu 140 x 120 MM COBMECTHO
C QHTCHHOW PELIETKOMN.

Y CTaHOBIEHO, YTO ONTHMU3MPOBAHHBIM IO T€OMETPUM AHTEHHBI MOAYJIb B JMAaNa3oHe
gacror 8,7-10,7 I'Tn wumeer cienyronme XapakTEPUCTUKU: KOID(OUIIMEHT OTpa)KeHUs MO BCEM
BXOAaM He BbIlie —13 nb, mpuHa TIaBHBIX JIEMECTKOB JIKHUT B mpeaenax oT 13 g0 20 rpamycos,
YpOBEHb OOKOBBIX JIEIECTKOB Y Ka)KA0T0 Jy4a He Bbime —10 nb.

TOPOLOGY AND CHARACTERISTICS OF THE ANTENNA MODULE X-BAND
I.LA. FANYAEV, V.P. KUDZIN
Abstract
The results of the development and research of topology antenna module X-band having a

simple implementation of the design in the form of a three-layer printed circuit board
140x120%1,12 mm.
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