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VY cTaTTi po3B’sA3aHO 33j1a4y PO3POOICHHS BUCOKOTOYHOTO paIione/ieHraTopa Uisl BUSIBIICHHS! DKEper
paioBUIpOMiHIOBaHHS. B poOoTi 00rpyHTOBAHO aKTyaJbHICTh IIMX MPHCTPOIB CHOTO/IHI Ta OKPECIEHO
chepu 3acTocyBaHHA. Po3po0iieHO JBa BapiaHTH pajliolefieHraTopa — 3 POOOUOI0 IIUPUHOK CMYTH
gactor 100 MI'i Ta mupokomiama3oHHUI BapiaHT i3 poOo4or0 cmyroro Omm3pko 2000 MITm
BUroTOBJIEHO JBa MAKeTH IMX PAAiOTEICHIaToOPiB Ta 3/AiHICHEHO HATYPHI BUIPOOOBYBAHHS OKPEMHUX
BY3JIiB TPUCTPOIB Ta MPUCTPOIB 3arajioM. Pe3ynbTaTé TeCTyBaHHS JAHOTh 3MOTY 3pDOOMTH BHCHOBOK,
10 pO3po0JICHI MaKeTH 3a0€3MeUyIOTh KPYTICTh MEJICHraliiHol XapakTepucTHKu 8 nb/rpamyc, yoro
JIOCTaTHRO Yy pa3i 3aCTOCYBaHHS CIAOKOCIPSAMOBAHMX aHTEH. B KiHI pOOOTH BHUCBITICHO MEBHI
0c00IMBOCTI (PYHKIIIOHYBAaHHS MPUCTPOIB Ta PEKOMEHIAIIIT MIO/IO0 iX YIOCKOHAJICHHS.

KirouoBi ciioBa: padioerexmponna possioka, neiene; padioneieneamop,; Kilbyesutl MiCm,; 1020-
nepioouyHa anmena.
YK 621.396.663

1. Beryn

PanioenekTpoMartiTHe BUIIPOMIHIOBaHHS € OMHIEI0 13 OCHOBHHX CKJIQJOBHUX CYYaCHOTO TEXHO-
soriuHoro mporpecy [1, 2]. Ilupokuii crieKTp MPUCTPOIB Ta CUCTEM — Bix OE3mpoOBiTHOrO 3B’SI3KY Ta
MEpEeX JI0 PaTioNOKaIifHIX CHCTEM — 3yMOBITIOE 3pOCTaHHS 00CATIB PaliOBUIPOMIHIOBAHHS Y HABKOJIHIII-
HBOMY cepelloBUII. [3 ypaxyBaHHM IIbOTO OCOOJHMBO aKTyalli3yeThCs pO3POOJICHHS HOBUX METOMIIB BUMi-
PIOBAaHHS Ta aHalli3y MmapaMeTpiB PajioeIeKTPOMATHITHOTO TOJIS 3 METO JOCSATHEHHs OC3IeKH Ta Ha-
JIMHOCTI BUKOPUCTAHHSI TEXHOJIOTIH, a TAKOXK 3aXUCTY 370pOB’Sl HACEJICHHS Ta IPUPOJHOI0 CEPEAOBHUIIIA.

B yMoBax iCTOTHOrO IOIIMPEHHS OC3MPOBIAHMX CHCTEM Ta IMiABHINECHHS BHMOI JO EIEKTPO-
Mar”iTHOI CyMICHOCTI MOCTAlOTh 3aBIaHHS, TOB’s3aHI 13 BHMIPIOBAHHSIM Ta KOHTPOJEM paioeieKTpo-
MarHiTHOro BHIIPOMiHIOBaHHs. HasiBHI 3acoOu TeneHryBaHHS, X04 i e(EeKTHBHI, 4acTO HE MOXYTh
3aJI0BOJIbHAUTH BUMOTH JI0 BHCOKOTOYHOTO BU3HAUYEHHS PO3TAIlyBaHHS JDKEPEN PaliOBHIIPOMIHIOBAHHS.

[Torpeba y CTBOpEHHI HOBOI'O BHMCOKOTOYHOI'O II€JICHraTOpa BHU3HAYAETHCA HEOOXITHICTIO
YIOCKOHAJICHHS 3aC001B BUMIPIOBAHHS PaIiOCIEKTPOMArHITHOTO 0. PO3BUTOK TakKX 3aCO0IB Ta CHCTEM
3aBXK/M aKTyalbHHH, 0COONIMBO il Yac BiifHH. BHUCOKOTOYHMI MeNeHraTop MOXXHA BUKOPHCTOBYBATH IS
BUSIBIICHHSI 3ac00iB pajioenekTponHoi 6opotebu (PEB), po3BigyBaibHUX Ta yaapHUX 3aC00iB MPOTUBHUKA.
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Y po0oTi TOCHIHKEHO BiIOMI METOM TEICHTYBaHHS. PO3p00iIeHO CTPYKTYpHY cxeMy IielieHraTopa
Ta OKpeMi MomyJi ais Horo peamizamii. 3MifiCHEHO TeCTyBaHHS BUTOTOBJICHMX MAaKeTiB — IeJeHraropa 3
MOPIBHSIHO BY3bKOIO po0ou0io cMyroro (2,4-2,5 I['T) ta mupokocmyroBoro nenenraropa 0,8-2,8 I'T.

2. AHaJi3 Ta NOCTAaHOBKA 3aBJIaHHSA

B ymoBax CTpIMKOIrO PO3BHTKY PaJiOTEXHOJIOTIH, OE3MIJIOTHUX amapartiB Ta 3aco0iB pasiociIeKT-
pOHHOI OOpOTHOM cTae HaJA3BUYAWHO BAXKIMBHUM PO3POOJICHHS HOBHX METOIB, 3aCO0IB BHUSBJICHHS Ta
MeNIEHTYBaHHs JDKepeN pagioBUnpoMiHioBaHHs. OcoOIMBY yBary moTpiOHO 3BEpHYTH Ha BHCOKY TOUYHICTh
Ta eQEeKTUBHICTh TeneHraTopiB [1, 2] momo BUSBJICHHS OE3MUIOTHHX amapartiB Ta 3aco0iB pajioeneKT-
pOHHOI OOpOTHOM, SKI MarOTh BEMKHI TMOTEHIlIaT JUIl 3aCTOCYBaHHS B PI3HHUX Tally3sX, BiJ BiliCBKOBOI
cdepu 10 HUBUIBHUX 3aCTOCYBaHb.

OcTaHHIMH pPOKaMH CIIOCTEPIraeThcs PO3BUTOK TEXHOIOTIl MPOrpaMHO-KOH(DIrypoBaHOTO pajio
(Software-Defined Radio, SDR). Lls TexHomoriss Halae MOMXJIHMBICTh THYYKOTO Ta MPOTPaMOBAaHOTO
VIpaBITiHHS TpUiiMadeM Ta 3a0e3NeueHHs NpUAMaHHS Ta OOpOOJICHHS CHTHANB 3 PI3HUMH BUJIaMH
Monyiaiii. Ile mae 3Mory kopucTyBauam BHUSBISATH (DakT 3MIMCHEHHS IepeaaBaHHS PajlionOBIIOMIICHB
MPOTUBHUKOM. A€, OKpiM BUSIBIICHHS (haKTy BUIPOMIHIOBAHHS, BAXKIMBO 3HATH KOOPIMHATH JKepena abo
HaNPSAMOK Ha HBOTO. I 1[bOT0 BUKOPUCTOBYIOTH TMPUCTPOi — TeNeHraTopu. Halmpocrili neneHratopu
3aCTOCOBYIOTh aMILUTITYIHHH MeToj meieHryBaHHs. s doro peanizamii JoCTaTHRO MaTH CHPSIMOBaHY
anTeny ta SDR mpuiimau. [loBepraroun aHTeHy, MOXKHA 3HANTH HaNpPSMOK, 3 SIKOTO CHUTHajl Oy/le Mak-
cuMaJIbHUM. HemonmikoM 11b0ro, MOpiBHSHO MPOCTOr0, METOAY € HU3bKa MEJICHTalliiiHa 4yTiauBicTh. Lle
O3HayYae, 10 y JIOBOJI BEIMKOMY MPOCTOPOBOMY KYTi MPUUHSATHH CHUTHAJI MaTHMe (PaKTHYHO OJHAKOBHH
piBeHb. Xopomri pe3yiabTaTH el METOJ Ja€ y pa3i BUKOPHCTAHHS IIy)e BY3bKOCHPSMOBAaHOI aHTCHU 3
TOJIKOMOI0OHOIO JiarpaMor0 CIpsSIMOBAHOCTI, IO JOILTBHO, KOJIH 3/IiHCHIOETHCS CKAaHYBaHHS Y Jialia30Hax
CaHTHMMETPOBUX Ta MUIIMETPOBHX XBWJb. AJI€ peali3yBaTH TaKy aHTCHY IIMPOKOJIalla30HHOK Ta 3
NPUHHATHUMU rabaputamMu Ha dacrorax 400—-1000 MI'n HemoxxiauBo. OTiKe, BapTO IOCTIIKYBATH I1HIII
METO/IM TIETICHT'YBaHHSI Ta YIOCKOHAIIIOBATH iX, 100 CTBOPUTH METO/I, ONITUMAIILHUM JUIsl Cy4aCHIX BUMOT,
SKHH JTaCTh 3MOTY OTPUMATHU TEJICHTAI[IfHY XapaKTePUCTHKY 3 BHCOKOIO KPYTICTIO i3 BUKOPUCTaHHSM
MOPIBHSIHOHO MaJora0apuTHUX CIAOKOCTIPSIMOBAHHUX aHTEH.

3. CuHTe3 CTPYKTYPHOI CXeMH PO3PO0/TIIOBAHOIO MeJIEHTaTopa

Jiist po3po0IeHHsI BUCOKOTOYHOT'O MEJIEHTaTopa CIoYaTKy MOTpiOHO CHHTE3yBAaTH HOr0 CTPYKTYPHY
cxemy. OfHUM i3 TOJIOBHUX EJIEMEHTIB MEJIEHTaTopa € aHTEHHAa CHCTeMa, sKa 3a0e3neuye BajXKINBi
napaMeTpH MPUCTPOIO:

— TeNeHTraliiiHy XapaKTepUCTUKY;

— YYTIUBICTB;

— YaCTOTHHUI Jiala3oH;

—  TOJSIPU3AILiIO.

JA7ist aMITTiTy THIX METOJIIB TIEJIEHTYBaHHsI, TAKAX K METOJ MAKCUMYyMY Ta METOJ] MiHIMyMY, MOXKHa
BUKOPUCTOBYBaTH JIMIIE OJHY aHTEHy, ajie METOAY MaKCHMyMy IpUTaMaHHI HEIONIKH, ONMHCaHI B
MOTEPEHFOMY ITYHKT. MeToa MiHIMYMYy Ma€ XOpOIIY IEIeHTaliiHy XapaKTepUCTHKY, alle HeJOCTaTHIO
Yy TIIUBICTb.

[IporonyemMo BUKOPHCTOBYBATH JIJIs TITICHTYBaHH MOIU(IKOBaHUH (a30BUil METO TIENICHTyBaHHSI.
s #ioro peamizaiiii moTpiOHI ABI iIEHTHYHI aHTEHU Ta KiNbLIEBUU MICT. KiblieBUi MICT Ma€ 4oTHPH
MOPTHU: JIBa TIOPTH JUIS IMiJKITIOYCHHST aHTEH, CYMapHHI TOPT Ta pi3HuIeBUi nopt. Yepes cymapHuil mopt
i B aHTEHU 30Y/KYIOThCS CHH(A3HO, Yepe3 pI3HUIEBHH — MpoTH(a3HO. A OCKUIBKH IIi TPUCTPOI €
B3a€EMHHMH, T€ caMe OTPUMYEMO 1 B peKHUMi NpUAMaHHA. B pe3ynbTaTi, MiJKIIOYUBIINCH JO CYyMapHOTO

[HdoxomyHiKaliHHI TeXHOIOTIT Ta eneKTpoHHa iHKeHepis, Bum. 3, Ne 2, C. 158-169 (2023)
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BHUXO/y KUIBIIEBOrO MOCTa, MO)KHA OTPUMATH Jiarpamy CHpPsSMOBaHOCTI 3 MakCHMyMOM B HampsMKy Ha
mykaHuid 00’ekT. 3BHYAHO, cyMapHa JiarpaMa CIpsIMOBAHOCTI He 3a0e3ledyBaTHME BHCOKOTOYHOTO
neNeHryBanHs. HaTtoMicTh Ha Pi3HUIIEBOMY BHUXOJI1 OTPUMAEMO Jliarpamy CIPSIMOBAHOCTI 3 MIHIMYMOM IO
HEHTPY, KPYTICTh MENeHTalliifHOT XapaKTepuCTHKH Oy/ie BUCOKOIO, a Iie O3Hayae, M0 y pa3i 3MiHU KyTa
MOBOPOTY AHTEHHOI CHCTEMH Ha HEBEIWKWH KyT pIBEHb CHUTHANY HA PI3HHUIEBOMY BHXOJi KLIBLIEBOTO
MOCTa ICTOTHO 3MIHUThCS. BiATak 3amporoHOBAaHO BijJ ICMCHTalIMHOI XapaKTEPUCTUKH 3 CyMapHOIO
BHUXOJy BIJHATH TMeEJICHTalliiiHy XapaKTepHCTUKy 3 pI3HUIICBOTO BUXOMYy. B pesymbraTi  oTprMaemMo
OJTHOYACHO 1 BUCOKHI PIBEHb BUXIIHOTO CUTHAIY, 1 MEJICHTalIiHY XapaKTePUCTUKY 3 BEIUKOIO KPYTICTIO.
Ha puc. 1 Ta puc. 2 300paxkeHo /Ba BapiaHTH CHHTE30BAHUX CTPYKTYPHHUX CXEM IeJICHraTopa.

Cc RFS 1 + SDR PC

Puc. 1. CmpyxmypHa cxema neneneamopa

c RF S va SDR PC

‘ PYHHE NEPEeMUKAHHA

Puc. 2. Cnpowena cmpykxmypna cxema neieHeamopa

Enementn Ha puc. 1, 2: C — xinbueBuit mict, RF S — pamioyacTrorHuii enekrponHuii kimou, LNA —
MaJIOIIYMHHH TifcuiToBay pagiocuruany, SDR — nporpamuo-kondiryposane panio, PC — nepconansamii
KOMIT TOTep.

CroinsHuM 118 000X CXEM € T€, 10 OOMIBAa CHTHAJIM 13 BHXOIB KUILLIEBOI'O MOCTA ITOJAIOTLCS Ha
paaiodyacTOTHUH KJIHOY, BiATaK CHTHAN 4epe3 MaJOIIyMHHMH MiACHIOBaY HaaxoauTh Ha SDR mpuiimay,
JaHl 3 HbOT'O 3UUTYE TEPCOHAILHUIM KOMII FoTep. BiIMIHHICTh MONSrae y TOMy, 110 Ha puc. 1 300pakeHo
CXEMY 3 aBTOMATHYHUM TEPEMUKAHHIM KJII0Ya, a Ha PHC. 2 — 13 PYYHHM IIepEMHUKaHHAM. BukopucTaHHS
pasioyacTOTHOTO KIIF0Ya Ja€ 3MOTY 3MEHIIUTH BapTiCTh MPHUCTPOIO, aJie BOIHOYAC TaKHW MiIXiJ HE MOXKE
naty iHQoOpMaIiio Tpo Te, 3 SKOro OOKY JKEpelno BHIIPOMIHIOBAHHS, TOMY TMOTPIOHO CKaHyBaTH BeCh
npocTip HaBkojo. Skmo momatu Apyruéi SDR mpuiimau, 1ieli HEDONIK MOXKHA YCYHYTH, 1 K04 HE
MOTPIOHO BUKOPHUCTOBYBATH, OCKUIBKA MOXKHA OyJe OJHOYACHO 3YMTYBATHU JaHi 3 JBOX BUXOMIB Kilb-
IIEBOI0 MOCTA.

4. Po3po0sieHHS ejleMeHTIB MeJleHraTopa

PosrisiHeMo po3po0JieHHsT aHTEHHOTO CEHCOopa, SIKM peaizye MoAWu(iKOBaHHN METOJ TEICHTY-
BaHHS 1 MPAIIOE ¥ YaCTOTHOMY Jiama3oHi 2,4-2,5 I'Tu. da3oBuii MeTon meneHraropa IpyHTYEThCSl Ha BH-
MIpIOBaHHS Pi3HUII (a3 eNeKTPOMAarHiTHUX KOJHBAaHb, SKi MPUIMAIOTh JIBl pO3HECEH] B TIPOCTOP1 aHTEHH.

Cencop CKJIaZaeThCs 13 ABOX MaTY-aHTEH, a TAKOXK KUIbIIEBOr0 MOCTa. JIJIsl BUTOTOBJICHHS cEHCOpa
MPOIIOHYEMO BHUKOPUCTaTH apMoBaHuii (roporuiact DAD-4]] 3 TOBHIMHOW mdieiekTpuka 1,5 Mm,
JieneKTpUYHA IPOHUKHICTB & = 2,6, tgd = 10",

Information and communication technologies, electronic engineering, Vol. 3, No. 2, pp. 158-169 (2023)
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Jnst monaBaHHs uyM BigHIMaHHS (a3 BHCOKOYACTOTHHX CHTHANIB HaH3py4HIIIE BUKOPHCTOBYBATH
KUTBIICBUH CIIPSIMOBAHWH BiJramyKyBad, IEpeBaror SKOro € TMPOCTOTa peamizalii y CMYXKOBOMY
BHUKOHAHHI.

Kinpuesuit crpsiMoBaHWH BigramxyxkyBad — II€¢ BOCBMHIIONIOCHHUK, B OCHOBI SIKOTO 3aMKHEHa
CMY)KKOBA JIiHIS, €IeKTpHYHA JIOBXXKMHA SKOI CTAaHOBUTH IIBTOPH JOBXHHH XBHJI. BiH siBisie coboro
3TOPHYTY B KUIbIE JIHIIO MepeJaBaHHs 3aBAOBXKKH 3A,/2, B sIKy 3 IHTEpBaIOM A,/4 yBIMKHEHI YOTHPH
BXinH1 niHii nepenayi. KinpueBuit cnpsmMoBaHuil Birady)KyBad MOKHa pealizyBaTd Ha OyAb-SKHX JIHSX,
3aJIeKHO BiJI KOHCTPYKTUBHUX BHMOI 1 YacTOTHOro Hiama3oHy. JIns Tpukiagy Ha puc. 3 HaBeIeHO
TOIOJIOTI0 KUTBIIEBOTO MOCTa y CMY>KKOBOMY BHKOHAHHI.

2-11 BUIIPOMIHIOBAY

)

> 4

34

Puc. 3. Tononozisa Kinbye6o2o Mocma y cMydcKO80MY GUKOHAHHI MA NPUSHAUEHHS 11020 6X00i8

SAkio omHOYacHO 30YyHKYBAaTH KUIBLIEBUH MICT CHH(A3HMMHM CHUTHalIaMu 3 Iwieda 1 (meprumid
BUITPOMiHIOBaY) i 3 TuIe4a 3 (Apyruid BUIIPOMIHIOBaY), TO Ha BUXO/I Tuieda 2 (X) 1i CHTHaIM TOAa yThCs, a
Ha Buxofi mieda 4 (A) BimHiMyThecs [3], mo ¥ 3a0e3meuyye omHOYacHe (OPMYBAaHHS CyMapHOi Ta pi3-
HUIEBOI JiarpaM CrpsiIMOBaHOCTI MEJIEHTaTopa.

st 3a0e3medeHHs] ONTUMANBHUX TapaMeTpiB KUTbIIEBOrO MOCTa XBHJILOBHU OMIp KUTBIEBOT JiHIT

MOBHUHEH OYTH B \/5 OUTBIIUM, HIXK XBUJILOBHH OITip OCHOBHHUX JIiHIH. 3 KOHCTPYKTHBHUX MIpKyBaHb HOTO
peaizoBaHO Ha JiHIAX 3 XBUIHOBUM oropoM 70 i 100 Om, 110 a0 3MOry 3BY3UTH IIMPHHU CMYKKOBHX
JiHIN 1 320e31Me4nIIo 3HIKEHHS X apa3uTHOrO BUIIPOMIHIOBaHHS. Y pasi BUKOpHCcTaHHS MaTepiany O AD-
4]1 3 ToBmuHOIO 1,5 MM (inepHa miHig 3 XBHILOBUM oropoM 100 OM MoBHHHA MATH MIUPUHY MPHOIN3ZHO
1,1 MM, a 3 xBumboBuUM onopom 70 Om — 2.4 mm. ®DinepHy niHilo i3 xBHIboBHM omnopom 100 Om
BHKOPHMCTaHO IS peatizailii KUIbIIEBOro MOCTa, a 3 XBHJILOBUM oropoM 70 OM Jyis mia’ € JHAHHS MOCTa JI0
naT4-aHTeH.

3a BiIOMUX XBUJIBOBHX OIOPIB i MHUPUH CMYKKOBHX JiHIH PO3paxyHOK IUIeH(OBOro MOAITEHIKA
3BOJINTHCS JIO PO3PAaxXYHKY JOBXKHH HOrO BIIPI3KIB 3 ypaxyBaHHSM €(QEeKTUBHOI NielEKTPHYHOI MPOHHK-
HocTi. [ minii 3aBmupmiky 1,1 MM 3 xBruimboBuM onopoM 100 OM edekTBHA HieNeKTpuiHa TPOHUKHICTD

MaTHUME TaKC 3HAYCHH:
0,5

-0,5
> T W 2 2 L1

b

STP

Jie €— JieJeKTpUYHa MPOHUKHICTh MaTepiay; i — BICOTa MiIKIaIKi MaTepiany; w — IUpHUHA JOPIKKH.
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Omxe, A1 Takoi JiHii, 3rigHo 3 (1), BoHA cTaHOBUTH 2. Toal TOBXXMHA JTiHII JOPIBHIOE:
L5h . L5c 1,5-3-10°

L. = = =
Yoen  foen 2,5:10°-42,0

Bigngane Mixk BXOJamMu IOBHHHA JOPIBHIOBATH YBEPTI JOBKMHHM XBHUJI, IO YIS IIBOI'O YaCTOTHOI'O
Jiana3oHy CTaHOBUTH 21,2 MM.

[upuna 70-oMHHX JIiHIH Oyna Bu3HauyeHa paHime — 2,4 MM. MakeT aHTEHHOI CHUCTEMH paJio-
meyieHraTopa 3a (a30BUM METOJIOM IOAaHO Ha puc. 4. [t 3MeHIIeHHS TabapuTiB KUIbIEBUI MICT OyJ1i0
CTHUCHYTO.

~0,127 w. @)

'\\'\
m“,

Puc. 4. Maxem anmennoi cucmemu padionenenzamopa 3a Gazoeum Memooom

VY oMy MakeTi B TouIli A popMyeThCs Pi3HUIIEBUIH CUTHAM, a B TO4Ll b cyMapHUil curHai Bij 1BOX
MPUIMAaIbHUX MaT4Y-aHTeH, SKi 300pa)kKeHO Ha BepxHiil yacTtuHi puc. 4. HrokHi 1BI MaT4-aHTECHH Hepe-
OaueHi a1 aKTUBHOrO BapiaHTa IEJIEHTaliiHOro ceHcopa. B 1iifi poOOTI po3rIISHYTO JIMIIE MaCHBHHMA
BapiaHT 1 BIUIMB [IMX aHTEH HA TEXHIYHI MOKA3HUKH BIICYTHIH.

5. Po3podJieHHsI IIMPOKOAIANA30HHOTO BapiaHTA MeJeHraTopa Jjisi BHSIBJIEHHS JKepesl pajioBH-
NPOMiHIOBAHHS

Y monepenHbOMY MYHKTI PO3pOOJICHO CEHCOp IEJICHIaTopa, SKUH Mpallloe y MOPIBHIHO BY3bKid
cMy3i yactoT. Lle mosicHIoEThCS TUM, 1110 MaTY-aHTeHA BUKOHAHA Ha JIPYKOBaHil TUIaTi, 3aBTOBIIKKA BCHOT'O
1,5 MM, 1 Mae cMyry pobouux dacToT He Oinbiie Hibk 100 MI'u. BinnmoBiaHO i KIACHYHMIA KiTBIIEBHH MICT
Ha nux 4yacrorax Mae cmyry 400—-500 MI'. Tomy mocrasio 3aBaaHHs po3po0sIeHHS IIUPOKOIalla30HHOTO
MeJIeHraTopa, KU OM Mir mpaioBaTi B aiana3oni Big 850 qo 2900 MTI'. PoGoda cmyra 4acToT Takoro
MeJICHraTopa MOBMHHA CTaHOBUTH Oim3bko 2000 MI'm. [Iyis moOymoBM Makera BUKOPHUCTaHO JIBI TOTOBI
JIOTOIepioAMYHI aHTeHM, 3/aTHI mpamroBaTd B mianaszoni Big 800 go 6000 MI'1, a Takox creriaibHO
PO3pO0JICHO MMPOKOAIANa30HHUI KiNBIIEBUN MICT.

Ha puc. 5 300paxxeno 3J1 BUIIsiA MoAedi po3po0IeHOro KiablieBoro mMocta B cepefosumi CST
Studio [4].

Puc. 5. Buenso moodeni kinbyesoeco mocma
y cepedosuwyi mooenrosanna CST Studio

Information and communication technologies, electronic engineering, Vol. 3, No. 2, pp. 158-169 (2023)
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Tomosoris po3po0JICHOT0 KiIBIEBOTO MOCTa JABOCTOPOHHS, 3 BHKOPHUCTaHHSIM MEXaHIYHOI'O
(azoobepraua Ha 180°, 110 JaI0 3MOT'Y 3MEHIIMTHU 3arajbHy JOBKHUHY KUTbIS 1 320€3MEUNII0 PO3IIHUPEHHS
CMYTH TIPONyCKaHHA. Y pe3yibTari rabapuTHI PO3MIPH CTAHOBIATH 44%x44 MM IjIs MaTepiany MigKIaIKku
DAD-4]1.

Ha puc. 6 300pakeHo S-mapaMerpu po3po0IeHOro MocTa.
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Puc. 6. S-napamempu po3pobaerozo kinvyesozo mocma, pospaxosati 6 cepedosuusi CST Studio

Ha puc. 7 300pakeHO BUTOTOBJICHHMI KUIbIICBHA MICT: BHXIJ CYMapHOIO CHUTHAJy IIO3HAYCHO
HoMepoM 1, pizuuneBuit — 3. [loptu 2 Ta 4 nmpu3HaYCHI IS MiAKITIOUEHHS JIOTONEPiOIUYHUX aHTEH.

a o
Puc. 7. Buenao xinbyegozo mocma: a — 368epxy; 6 — 3HU3y

Jnst ycyHeHHS mapa3uTHOIO BUIIPOMIHIOBAHHS KITBLIEBUN MICT IMOMIIIIEHO B 3aXUCHHUI €KpaH.
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Jami 3a JIOIOMOTrOI0 BEKTOPHOTO aHaji3aTopa Kil OTPHUMAaHO EKCIIepHUMEHTANbHI 3HAaueHHS

S-
napaMerpiB po3poOJIEHOro MOcTa, HaBe/IeH] Ha pHc. 8.
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Puc. 9. S-napamempu pozpobrerozo Kinvyeso2o mocma,
OMPUMAHI NIO YaC MeCmy8aHHs PeaibHO20 MaKema

[NopiBHIOIOUM pHc. 6 Ta pHuC. 8, MOXKXHA 3pOOMTH BUCHOBOK, IO XapaKTEPUCTHKH BEITUKOIO MipOIO
30iraroThes i 3a0€3MeUyeThest MOTpidHA cMyra poOOYHX YaCTOT.

JIyis KUTBLIEBOTO MOCTa TaKOXK BaKJIMBI (pa3o-uacToTHI xapakrepuctuku (PUX) Ha cymapHOMy Ta
pizauneBomy kananax. @UX 306pakeHo Ha puc. 9.

180 0
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Puc. 9. ®YX na cymapromy ma pizHuye6omy Kanauiax
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Sx BugHO 3 puc. 9, ®UX y pobouomMy aiana3oHi mpuTaMaHHa Jiesika HETiHIHHICTb, 10 BILTUBATAME
Ha MapaMeTpH JiarpaMH CHpPsSMOBaHOCTI aHTEHHOI CHCTEMH, a caMe KyTOBHH HANpsIMOK MaKCUMyMy Ta
MiHIMyMY B Jiarpamax CIpsSIMOBAaHOCTiI IO CyMapHOMY Ta, BiAIIOBIAHO, pi3HUIIEBOMY KaHanax. OmHak 1e
JIETKO KOMITGHCYBATH ITiJ] 4ac KajaiOpyBaHHS IPUCTPOIO.

6. Pe3y.]'ll>TaTI/l CKCNIEPUMECHTAJIBHOI'0 JOCJiIsKeHHsSI MaKeTa pazliorleﬂeﬂraTopa Ha OCHOBI (l)330BOF0
MeToaAy NMeJCHI'YBaAaHHA

BukonaHo TecTyBaHHS po3po0JeHOro B 1. 4 MakeTa. 3 MakeTa 3HATO JIBa CUTHAJIM 3 TOUYKH A i b
(puc. 4), BIINOBIAHO PI3HMINIO CUTHAIB 1 CyMy CUTHAIB 13 IBOX MPUUMAILHIX aHTCH.

—60 0.026 0.460
—30 0.09 0.365
—40 0258 0.65
—30 0493 0.669
—20 0.786 0617
—10 0927 0332
QE=| 0 EXPY = 1 EXPA = 0
10 0.887 0291
20 0.737 0.368
30 0.6 0.703
40 0289 0.666
50 014 0.59
60 0.056 0484

Puc. 10. Pesynemamu mecmysanus makema 3 n. 4

3a nuMu pe3yibpTaTamMu o0y J0BaHO 3aJIeKHOCTI 3a ToroMororo nporpamu Mathcad [5]. Ha puc. 11
HABEJICHO 3aJIOKHICTh aMIUTITYAM CHTHAIY Ha BHXOJI CYMapHOrO Ta pi3HHUIEBOrO KaHamiB. Ekcnepu-
MEHTaNbHI JIaHi BiOOpakeHO KPY)KEUKaMH, CYIUTBHOIO JIHIEI0 — TEOpETHYHA 3aJCKHICTh JUIs I1i€i aH-
TEHHOI CUCTEMH.

[Fz (o) * [ea(e) ®
EXz (0) EXA(6)
000 0. / \i 000 0.4

- 50 0 50 =80 =60 =40 =20 0 20 40 60 80

Puc. 11. Pe3ynomamu mecmy8ans makema 3 n. 4, cymapHuii Kanau

3 rpadikiB Ha puc. 11 4iTko BUAHO, 10 MiHIMaJIbHE 3HAYCHHS! CUTHAITY Pi3HUIIEBOrO KaHaiy 30ira-
€THCS 13 MAKCHMYMOM CYMapHOT0, a IPaKTHYHI pe3yIbTAaTH — 13 TEOPETHIHUMH.

7. Pe3yIbTaTH TeCTYBaHHSA HIMPOKOAIANA30HHOI0 BapiaHTa MeJieHraTopa

Jlyis TecTyBaHHS pO3pOOJICHOTO IPUCTPOIO 310paHO CHpOIeHY KOHDIrypalito mejieHraiiHol cucTe-
MU, 300paxkeHy Ha puc. 2. Ha puc. 12, a 300paxkeHo 3i0paHuid CTEH] JJIsl TECTyBaHHs, Ha puc. 12, 6 —
AHTCHHY CHCTEMY 3 KUIbIIEBUM MOCTOM. J[>Kepeno paaiocuraainy mnpamroe Ha yactoti 1240 M.

[HdoxomyHiKaliHHI TeXHOIOTIT Ta eneKTpoHHa iHKeHepis, Bum. 3, Ne 2, C. 158-169 (2023)



166 C. @abiposcokuii, B. Cmopooic, A. Conomro

g
U

T

RN
i

a 6

Puc. 12. 3acanvruii suensd cmenoa 0 mecmyeauts (a) ma aHmeHHOI cucmemu 3 Kiibyesum mocmom (6)

Jo anTenHoi cucremu minkmoueno SDR npuiimau SDRplay RSP1A. [lani 30upanu, moBepTarouu
AQHTEHHY CHUCTEMY 3a JOIOMOI'OI0 TIOBOPOTHOTO MEXaHI3My BiIHOCHO JDKepelia BUIPOMIHIOBAHHS, PiBHI
CHUTHAIIy OTpUMYBaJH 3 TporpaMHoro cepenosuma SDRplay. Onepxano pe3ynbTaTH Y BUTIISAI KUTBKOX
MAaCHBIB, SIKi MICTSITh 3HAYCHHS KyTa MIOBOPOTY Ta PiBHS CHTHAIY i3 PI3HUIIEBOTO T4 CYMapHOTO KaHaJiB.

Ha puc. 13 300paxeno nBa rpadiku, moOyaoBaHi Ha OCHOBI OTPHMaHUX JAHHX.
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Puc. 13. Pe3yﬂbmamu mecmye6aHnHs Makemad 3 n. 5, pi3Huueeu12 ma cyMapHuzi Kanaau

3 puc. 14 BuiHO, 110 BUKOPUCTaHHS PI3HUIIEBOrO KaHANy Ja€ ICTOTHI MepeBaru, OCKUIbKH, MOpPiB-
HSHO 13 CyMapHHM KaHaJoOM, PiBeHb CHUTHAIy B pa3i HaBEJCHHS aHTCHHOI CHCTEMH Ha 00 €KT, SKHH
Burpomintoe panioxeuii (PO), icTOTHO 3MIHIOETBCS, MO Ja€ 3MOTY MiIBUIIMTH TOYHICTh BH3HAUYCHHS
Hanpsmky Ha PO. I[o6 ycyHYTH MOXJIHBI MIHIMyMH B JiarpaMi CHpsSMOBaHOCTI PI3HHIIEBOI'O KaHAIY,
MPOIIOHYEMO, SIK 3a3HAa4YCHO BHIIE, BIMHSATH MAacUB 3HA4YEHb DPI3HUIEBOrO KaHAIy BiJl MacHBY 3Ha4yeHb
cymapHoro. PezynbpTat nonano Ha puc. 14.

3a pe3ynbTaTaMy eKCIIEPUMEHTY KPYTICTh IEIeHTalliiHOT XapaKTepUCTHKHN CTaHOBHTh § ab/rpanyc,
110 3a0e3neuye BUCOKY TOYHICTh BU3HAUCHHS HanpsiMy Ha PO.
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Puc. 14. Ocmamounuii pe3yriomam umMipro8aHs

8. Anani3 o0MeskeHb po3p00JIEHUX MeJIeHraTopiB Ta Mali0yTHI NJIaHK

[lig yac peamnizallii MKUPOKOAIANa30HHUX MEICHIAaTOPIB HEOOXITHO BPaXOBYBATH, IO ONTHMAajbHA
BIICTAHb MDK JIBOMa aHTCHAMU IOBHHHA CTaHOBUTH npubmu3zHo 0,61. Ile mMoxkHa 3a0e3meduTH IS
MOPIBHSIHO BY3bKOi cMyr# 4acToT. [lig yac poOOTH HeMae MOXIMBOCTI MEXaHIYHO 3MIHIOBATH BiJICTaHb
MK aHTeHAMH, TOMY, B pa3i NeJIeHI'YBaHHS JDKEpEN Ha BUIIUX YacTOTax, eNEKTPUYHA BiJCTaHb MK HUMH
3pocratuMme. lle CHpUYMHUTH HEOJHO3HAYHICTh Y BH3HAYCHHI HAMpPSMKY 3a PaxyHOK (OpMYyBaHHS
JEKITbKOX OCHOBHUX TEIIOCTOK Y Jliarpami CpsIMOBaHOCTI, TOOTO TU(PPAKIIHHIX MAKCUMYMIB.

Pesynbrar MozentoBaHHS CyMapHOi Ta PI3HHIIEBOI JiarpaM CIpPSIMOBAHOCTI B TMOJSIPHIN 1 MpsSMo-
KyTHI cucTeMax KOOpJIMHAT, 3a BiICTaHi MK aHTeHaMu 1,5, HaBeaeHo Ha puc. 15.

0.06
[Ex (o) ‘ |Ex:(6)] 0.04
lza@| 5[ 0 |EA@G)
ool —

0.02

0
—-180 -135 -90 45 0 45 90 135 180

Puc. 15. Jiaepamu 3a éiocmani mixc anmenamu 1,52

Sx BugHO 3 pHC. 15, OKpIM OCHOBHOTO HAIPIMKY MeENeHTYBaHHS Mg KyToM (°, BUHHKIN Ie JBa
MapasuTHHUX MiJ KyTamu npuonu3no 40° i 320° mis momspHOi cucTeMu KoopauwHat, abo 40° 1 —40° Ha
rpadiky B MpSIMOKYTHIH CHCTeMi KOOpJIUHAT.

o0 1mo030aBUTHCH Takoro e(peKTy, MPOIOHYEMO IOJIOTHA JBOX JIOTOMEPIOJMYHUX AHTEH BCTa-
HOBHTH IIiJl KYTOM TakK, 00 y pa3i 3MiHM poOO0YOi YaCTOTH eNEKTPUYHA BiICTAHb MK IX aKTUBHUMH 30-
HaMH BUIIPOMIHIOBAHHS 3aJIMINaiiacs cTaiom. B Hamomy BUMAaKy 1eid KyT craHOBUTH 30°. PesynbTytouy
niarpamy 300pakeHo Ha puc. 16. Sk 6aunmo, cymMapHa aiarpaMa CIpsSMOBAaHOCTI JCIIO CIIOTBOPEHA, 3aTe
IUTs OYAb-SIKMX 9acTOT B HAIIIOMY Jiala30Hi BUIE3ralaHuii e(peKT He BUHUKAE.
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Puc. 16. Pe3ynemyroua diacpama cnpamoeanocmi
BucHoBkH

Po3pobiieHo BHCOKOTOUHHWE pajioneneHraTop Uit BUSBICHHS JDKepen paaioBHIpOMiHIOBaHHs. B
po0OTI OOIPYHTOBAHO aKTYalbHICTh I[MX MPHCTPOIB ChOIOJHI Ta OKPECICHO cdepu iX 3acTocyBaHHS.
Po3pobiieno aBa BapiaHTH pajiorneieHraTopa — 3 po0oYor0 ImmMpuHOW cMmyru dacror 100 MI'm Ta
HIMPOKOJIIaNa30HHUIA BapiaHT i3 podouoro cmyror Osm3bko 2000 MI'. Po3pobneHo aHTeHHMI ceHcop,
SIKUM MICTUTh KiJIbKa TaTY-aHTEH Ta KUTBLIEBUN MICT, 111 €JIEMEHTH PO3MIIICHI Ha OIHIM IpyKOBaHIl IIaTi,
IO CIPOIILYE BUPOOHHIITBO.

Po3pobiieHo mupokoiana3oHHUKA KUTbIEBUEM MICT, BUKOHAHO MOTO MOJICIIOBAHHS Ta BUTOTOBJICHO
TecToBH 3pa3ok. OTpuMaHi mapaMeTpH i 4ac MOJACIIOBAHHS 1 PEaJIbHOTO iX BUMIPIOBaHHS Ha TECTO-
BOMY 3pa3Ky MPaKTHYHO 30iraroThesl.

BurororieHo aBa MakeTH IIMX PaiioONeliCeHIaToOpiB Ta MPOBEACHO HATYpPHI BHIPOOOBYBAaHHS OKpe-
MHUX BY3JiB TIPUCTPOIB Ta MPUCTPOIB 3arajoM. Pe3ynbTaTd TecTyBaHHS MPOJEMOHCTPYBAIM Tpare3/iaT-
HICTh MAaKeTiB Ta MPaBWIBHICTh MPUMHATHX TEXHIYHUX pillleHb. 3a Pe3ylbTaTaMU eKCIICPUMEHTY KPYTIiCTh
MeNTeHTaIliifHOT XapaKTepUCTHKH JIopiBHIOBaNa 8 nb/rpamyc, o 3ade3neuye BUCOKY TOUHICTh BU3HAUYCHHS
Hanpsmy Ha PO. B kiHII poOOTH HaBelIeHO IMEBHI O0COOMUBOCTI (PYHKI[IOHYBaHHS IUPOKOAIaNa30HHUX
MEJICHTAIIMHUX MPUCTPOIB Ta PEKOMEH AL 1010 X YIOCKOHAJICHHS.
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RESEARCH AND DEVELOPMENT OF A HIGH-PRECISION DIRECTION
FINDER FOR RADIO EMISSION SOURCES DETECTING

S. Fabirovskyy, V. Storozh, A. Solomko

Lviv Polytechnic National University, 12, S. Bandery str., Lviv, 79013, Ukraine

This article is devoted to solving the problem of developing a high-precision radio direction finder for
radio emission sources detecting. The paper substantiates the relevance of these devices to date and
identifies areas of application. Two versions of the direction finder have been developed - with an
operating bandwidth of 100 MHz and a wide-range version with an operating band of about 2000 MHz.
Two layouts of these radio direction finders were made, and full-scale tests of individual units of devices
and devices as a whole were carried out. The test results allow us to conclude that the developed layouts
provide a direction finding characteristic curvature of 8§ dB/degree, which is sufficient when using
weakly directional antennas. At the end of the work, certain features of the functioning of the devices and
recommendations for their improvement are presented.

Key words: electronic signals intelligence; bearing; radio direction finder; rat-race coupler, log-periodic

antenna.
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