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METOJUKA MOKPAIIEHHSI TOYHOCTI MACUBHOI NEJEHTALII 3A
JIOMTOMOTI' OO ABTOMATUYHOTI'O KAJIBPYBAHHSI AHTEHHUX CUCTEM

Anomauyia: Cmamms npucesaueHa NOKpawjenHio moYHocmi ma cmiukocmi 00 300i6 memooy
nacugHoi neieHeayii uepes 3acmocy8anHs MemoouKku Kaniopyeanus aumen. Ilacusni neneneayini
cucmemuy  WUPOKO BUKOPUCIOBYIOMbCSL 8  pPAOIOMOHIMOPUH2Y, padioeneKmpoHHill  6opomboi,
Hagizayii, YUBINbHUX | GIlICLKOGUX CUCMeMAax 36'a3Ky, a makodc y padioenekmpouniii poseioyi. Ix
eheKmusHicmb 3an1exHCums 8i0 MOYHOCMI pOOOMU, A MAKOHC CMIUKOCMI 00 306HIUHIX BNIUGIE,
BKIIIOYHO 3 NEPEULKOOAMU A ULYMAMU.

Y cmammi pozensioaemvcsi memoo nopisHAuHA amMnaimyo, KU € OOHUM 13 HAUNOWUPEHTUUX
Ccnoco0i6 BU3HAYEHHs HANPAMKY Ha Odicepeno cucHuany. Lleti memoo 6azyemvcs HA BUMIPHOBAHHI
amMnaimyo CcueHanie, wo NPUUMAaromvbcs OeKLIbKOMA AHMeHAMU, PO3MAULOBAHUMU NIO NeGHUMU
Kymamu, [ nooanbuiomy auanizi yux 3Hauyenb. OOuak, uepes 306HIWHI hakmopu, maki K
HEOOHOPIOHICMb CepedosUUa PO3NOBCIOONCEHHST CUSHATY OO0 83AEMHULL 6NJIUE AHMEH, MOJICYMb
BUHUKAMU NOXUOKU, AKI 3HUNCYIOMb MOYHICMb CUCTEMU.

Y pobomi 3anpononosano memoouxy KaniOpysanHs anmet, sika 00360JA€ MIHIMI3y8amu 6niuse
3aznauenux gaxkmopis. Onucano npoyec asmomamuiHo20 KaniiopyeanHs, 30Kpema GUKOPUCTIAHHSL
PYNOPHOI emanoHHOI aumeHu, aMalizamopa CneKkmpy ma 2eHepamopd HAO0BUCOKUX HUACMOM.
3anpononosano ancopumm 360py ma 06poOKU OAHUX AMNAIMYOHUX XAPAKMEPUCTMUK 015 NOOYO08U
mabauyi KaniopysamHs, AKA HOPMANIZYE AMNIIMYOHI CHIBBIOHOWEHH mMa 3abe3neuye mouHe
BU3HAYUEHHS HANPAMKY HA OHCEPENO CUSHATY.

3anpononosanuti nioxio nioguwuyye HAOTUHICMb NACUBHUX NEJICHSAYIIHUX cUcmeM ma 3abe3neyye
ix egpexmueny pobomy 6 ymosax 6nAUEY 306HIWHIX (PAKMOPI6, WO € KPUMUYHO BAINCTUBUM Y
BILICLKOBUX | YUBLILHUX Chepax 3aCMOCYBAHHSL.

Knwuosi cnosa: nacusna nenewmeayis, ammenHi cUCmemu, A8MOMamu3ayis, KaniiOpyeaHws,
iHpopmayitini mexHon0eii .
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THE METHOD OF IMPROVING THE ACCURACY OF PASSIVE FINDING WITH THE
HELP OF AUTOMATIC CALIBRATION OF ANTENNA SYSTEMS

The article focuses on improving the accuracy and fault tolerance of the passive direction-finding
method through antenna calibration. Passive direction-finding systems are widely used in
radiomonitoring, electronic warfare, navigation, civilian and military communication systems, as
well as in electronic intelligence. Their effectiveness depends on the accuracy of operation and
resilience to external factors, including interference and noise.

The paper examines the amplitude comparison method, which is one of the most common
approaches for determining the direction of a signal source. This method is based on measuring the
amplitudes of signals received by several antennas positioned at specific angles and subsequently
analyzing these values. However, due to external factors such as inhomogeneities in the signal
propagation medium or mutual antenna interference, errors may occur, reducing system accuracy.

The study proposes an antenna calibration methodology to minimize the influence of these
factors. The process of automatic calibration is described, including the use of a standard horn
antenna, a spectrum analyzer, and a high-frequency signal generator. An algorithm for collecting
and processing amplitude characteristic data is proposed, which allows for the construction of a
calibration table that normalizes amplitude ratios and ensures accurate determination of the signal
source direction.

The proposed approach enhances the reliability of passive direction-finding systems and ensures
their efficient operation under the influence of external factors, which is critically important in both
military and civilian applications.

Keywords: passive direction finding, antenna systems, automation, calibration, information
technology.

1. Beryn

Jlnst BUSIBJICHHS. HAlIPSIMKY BUIIPOMiHIOBaYa BUKOPUCTOBYIOTHCS Pi3HI METO/M MeNeHTralli, SKi
JI03BOJISIIOTH BUSIBUTH JIXKEPEJIO BUITPOMIHEHHS Pai0-€JIEKTPOHHOT XBUJI1.

Ile mUPOKO 3aCTOCOBYETHCS y TaKUX y Takux cdepax, SK paaiOMOHITOPHHI, CHUCTEMHU
panioenekTpoHHOi 00pOTHOU, HaBIralis, y HIUBUIBHUX 1 BIHICBKOBUX CUCTEMAaX 3B'A3KY, a TAKOXK paJiio-
TeXHIYHa, pajio-eJeKTpoHa Ta pajaio po3Biaka. EdexkTuBHICTH Takux cucteM Oe3mocepeaHbo
3aJ€XKUTh BiJ] iX TOYHOCTI 1 3JaTHOCTI MPOTUCTOSITH 30BHIIIHIM BIUIMBaM, 30KpeMa MEepenIKoaaM,
3005M y po0OOTi, 3ac00aM MOCTaBICHHS Pajio-TIEPELIKo/l, a TAaKOK B3aEMHOMY BIUIMBY BCEpEAMHI
A®C, uepe3 BIIOUTTS CUTHATY BiJl TIOBEPXHI CYCIJIHIX aHTEH.

O0’€KTOM JTOCTIIKEHHSI € TIPOIIEC MACUBHOT MEJICHT A1, SIKUH 3IIHCHIOETHCS 0€3 aKTUBHOTO
BHUIPOMIHIOBAHHS CUTHATY 3 OOKY TIEJICHraTopa.
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[TacuBH1 TmeneHTAIiiiHI CHCTEMHM MAalOTh IepeBary B yMOBax, J€ HEOOXIJHO YHUKATH
BUSIBJICHHS, III0 POOUTH iX HE3aMiHHUMH y BIICBKOBUX ONEpallisiX Ta B IUBLILHOMY 3aCTOCYBaHHI B
yMOBax BEJICHHS aKTUBHUX OOHOBUX JIiHi.

Taki cucTemMu TakoX IMiJIAI0THCS BIUIMBY 30BHIMIHIX (DaKTOPIB, 10 MOXKYTh 3HM)KYBATH TXHIO
TOYHICTb 1 HA{IUHICTb, 110 € HE MPUIYCTUMO 3Ba)Kal0YM HA YMOBH BUKOPUCTaHHS TaKUX CHCTEM.

IIpeameToM gocigKeHHS] € METOJ TOPIBHSAHHA aMIUIITY[, SIKUA € OJHUM 13 HalOUIbII
MOIIMPEHUX METO/IIB TIEJICHTaIlii.

Ileit meToa OGa3zyeThCs HAa BUMIPIOBaHHI aMIUTITYJId CUTHAIy, IO NMPUHAMAETHCA JEKIJIbKOMa
aHTEHaMH, PO3TAIIOBAHUMH Ha TIEBHIN BiJCTaHi, IMiJ NEBHUM KyTOM, 1 Ha MOAAJIBIIOMY MOPIBHSHHI
LUX 3HA4YEHb JJI BU3HAUEHHsS HAIPSIMKY Ha JUKEpeJIo CUrHaily. MeToj MOpIBHAHHS aMIUNTYH €
OPOCTUM 1 €pEeKTHBHMM y Teopii, aje Ha MPaKTHUIl BiH MOXKE CTpaKAaTu Bif 3001B uepe3 pi3Hi
(hakTOpH, Taki K HEOJHOPIAHICTh MPOCTOPY NMOIMMUPEHHS CUTHATY Ta BILIUB IIyMmiB[1].

MeTo10 po0OTH € MOKPAIIEHHS TOYHOCTI 1 CTIMKOCTI /10 3001B METOly TaCUBHOI MeJeHraii 3a
JIOTIOMOTO10 KamiOpyBaHHS aHTEH.

[IpaBwibHe  KamiOpyBaHHS  aHTEH  JO3BOJIIE  MIHIMI3yBaTH  IMOXWUOKH, BHUKJIMKaHI
HEOJJHOPI/IHICTIO B XapaKTePUCTUKAX aHTEH a00 B yMOBax puitomy cursaiy. Lle ocobamBo BakiMBo
IUISL CHCTEM, SIKi TIPALIOIOTh Y CKIIAJHIX YMOBAX, Jie TOUYHICTh MEJICHTallii Ma€ BUpIIIaJbHEe 3HAYCHHS
Ui Oe3neku Jrofei. 3ampornmoHOBaHUM MiAXiA A0 KamiOpyBaHHS MOXE IMiJABHIIUTH HAIIAHICTh
MAaCHBHHUX TMEJCHTAlIHHUX cHUCTeM 1 3a0e3medynTd OUTbIl TOYHE BU3HAYCHHS HAMPSIMKY
BUIIPOMIHIOBAYa B peaJIbHUX YMOBaX €KCIUTyaTallii.

2. AHaJji3 JiTepaTypHHX JaHHUX i MOCTAHOBKA NP00/IeMH

IIpobiema TOUHOTO BU3HAYCHHS HAIIPSIMKY HA JKEPENo BUIIPOMIHIOBAHHS € aKTyaJbHOIO JUIs
Oaratbox o0JacTel, TaKMX K padioe]eKTPOHHA PO3BiJKa, HABIraIis, pagioOMOHITOPHUHT Ta CUCTEMHU
ynpasiiHHsA. OcoOaMBO 1€ CTOCY€EThCs TAaCUBHOI neneHraniif 1-3], 1e HeoOXiTHO OTPUMYBATH TOUHY
iH(pOpMaIifo PO MOJIO0KEHHS BUIPOMIHIOBaYa. Y TAKHX CHCTEMaX Ba)KJIMBHM ACIIEKTOM € CTIHKICTb
70 30BHIIIHIX BIUIMBIB, 30KpeMa IEpemKo], 300iB 1 MOXMOOK Yy BHMMIPIOBaHHSX, IO MOXYTh
BUHUKATH Yepe3 0COOIMBOCTI MpUHMaIbHUX aHTEH 1 KOHCTpyKiieo ADC.

MeTon TOpPIBHSHHS aMIUITY € OOHUM 13 HAWMOMIMPEHINNX MiIXOiB [0 IacHBHOI
nenenranii[1,2]. Moro cyTh monsrac y BUMIpIOBAHHI aMILTITY[M CHTHAMIB, SKi NPHIMAIOTHCS
JeKiIbKOMa aHTeHaMU, pO3TalllOBaHUMHU y ipocTopi. [TopiBHIOIOUHM 1l aMITTITY M, MO>KHA BU3SHAYUTH
KyTOBE TIOJIOKEHHS JDKepesa BUIpOMiHIOBaHHA. OMHAK Ied METOJ Mae CBOi HEIOJNIKH, 30KpeMa
3aJIeKHICTh BiJl XapaKTEpPUCTHK NPUHOMY, IO MOXXYTh 3MIHIOBAaTHCS IIiJ] BIUIMBOM 3O0BHIILIHIX
ymoB[3]. Li ¢dakropu MOXyTh HNPU3BECTH 10 3HAYHUX MOXHOOK y BH3HAUYEHHI HANpPSIMKY, IO
YCKIIQJHIOE POOOTY MeNeHraliiiHuX CUCTEM.

J11g BUpIiLIEHHS HUX IP0o0ieM He0OX1AHO pO3pOOUTH METOANKY TOKPAIEHHSI TOYHOCTI METOLY
MaCHBHOI MEJIEHTallli, 110 IPYHTY€EThCS Ha KaniOpyBaHHi aHTeH. [IpaBuibHe kaniOpyBaHHs JO3BOJIUTh
3MEHIIUTH MOXUOKH, 1110 BUHUKAIOTh Y€pe3 1HIMBIIyallbHI BIJIMIHHOCTI B XapaKTEpUCTHKAX aHTEH
a0o uepe3 ixHil B3aeMHUI BIUIMB. BukopucTanHs e(heKTUBHUX aJrOpUTMIB KaniOpyBaHHS JOIOMOKE
MOKPAIIUTH CTIMKICTh CUCTEMH 110 300iB 1 3a0e3MeunTh CTaOUIbHI pe3yibTaTh HABITh Yy CKJIAJHUX
yMOBax NpUHOMY CUTHAJIIB.

3ajaya MOKpAIIEeHHsS TOYHOCTI METOAY IMAacUBHOI MeJieHTalli mojisrae B po3podil cucTeMu
KajiOpyBanHs aHteH[4]. Lle 103BOMUTH MiHIMI3YBaTH BIUIUB 30BHIIIHIX ()akTOpiB Ta 3abe3nednTu
TOYHE BU3HAYCHHS HANPSIMKY Ha JDKEPEJIO CUTHAITY

Po3pobnennii mixix Mae BKIIOYATH MPOLIEAYPHU aBTOMAaTUYHOTO KaniOpyBaHHs. Lle 103BoIuTh
MMOKPAITUTH HAMIMHICTh TIEJICHTAllIMHUX CHUCTEM, 3HHU3UTH MOXHOKM BHUMIPIOBAaHb 1 3a0€3MEUHUTH
OLTBIII TOYHE BU3HAYEHHS IOJIOKEHHS BUIPOMIHIOBaYa, 1110 MA€ BAXIIMBE 3HAYCHHS /ISl IIUPOKOTO
CTIEKTpa MPHUKIATHAX 3aB/IaHb.

3. Oraspn jgirepatypu

AMIUTITYIHI METOAM TeJeHTallii 0a3yloTchsi HA TOMY IO Jiarpama CHpsIMOBaHOCTI aHTCHHU
eKBIBaJICHTHA IPOCTOPOBOMY (iIbTpy, TOOTO BOHa 3ale3nedye KyTOBE PO3PI3HEHHS BXIJHOTO
CHTHAITy, 3B&)KYIOUH HOT0 IHTEHCHBHICTD 3 PI3HUM IOCHIIEHHSIM IS KOXKHOTO KyTa nmpuoyTTs [4-8].
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[Tenenr Ha BUIPOMIHIOBAY OIIHIOETHCS MIISTXOM MPOBEACHHS U epeHITIaTbHUX BUMIPIOBAHb,
SIK1 MOYKHA 3pOOUTH:
1. B oxHOMY IMITYJIBCI MK CUTHAJIaMH, TPUHHATAMHU OJTHOYACHO MPOMEHSIMHU KiTbKOX aHTCH
2. MDX CUTHaJaMHd, OTPUMaHMMHU MPOTATOM Hacy KIUTbKOMA ITOCHIJOBHHMH IMITYyJIbCAMH MiX
MIOJIOKEHHSIMU, IPUIHATHMHU 3a yac
a. 00epTOoBMil MPOMiHb OZHI€T AHTEHU
b. ckanyrouuii mpoOMiHb OHI€T AHTEHU

BHUMIPIOBaHHS K Y BUIIAAKYy | Ha3MBA€ThCS MOHOIMITYJIbCHUM: KiJIbKa KaHAJIIB, KOXKEH 3 SKHX
OB’ sI3aHUI 3 AaHTEHOIO TeJIeHTallii, pO3MOIJIeH] B MPOCTOpi, mod oxormoBaTi 360° azumyty (abo
MOTPIOHMIA CEKTOp a3MMYTY), 3a0€3IeUy0Th OJJHOYACHI BUMIPIOBAHHS €JIEMEHTApHUX MapaMeTpiB,
AKi, CKJaJeHi pa3oM 13 TIeBHUMH aJrOPUTMAMH, JO3BOJSIIOTH OLIHUTH TEJNEHT Ha
BunpoMinoBau[9,10].

[HIM# THIT BUMIpIOBaHHS TaK0XX Ha3MBAETHCS MOHOIMITYJILCHUM, aJie HOTO HE CIiJ| IUTyTaTH 3
MOTepeHIM: BOHO 3/1MCHIOEThCS 4Yepe3 (OpMyBaHHS Ha PiBHI aHTEHU PI3HUI aMIUTiTyn/da3 Ta
BUKOPUCTAHHA 2/3 Gi3n4HUX KaHATIB 11 00pOOKH JesbTa-KaHaliB i cymoBoro kanamy[11].

4. Cucrema KaJaiOpyBaHHS

Cucrema kamiOpyBaHHS po3pobieHa Ha 0a3i twiarpopmu C# . NET i moemHye Kilbka
KOMIIOHEHTIB [yl TOYHOT'O BUMIPIOBAaHHS AaHTEHHUX XapaKTEPUCTHK.

VY mporieci BUKOPUCTOBYIOTBCS PYTIOpPHA €TalioHHa aHTeHa [16-23A miarpama HampaBiIeHOCTI
HaJjaHa Ha pucyHky | Ta reneparop HaaBucokux yactor RIFOL DSG3136B, kepoBanuii
koM 'torepoM. Amnamizatop crnektpy Keysight FieldFox ¢ikcye amrumiTyani XapakTepHCTHKU
CUTHAJIy BiJl aHTEHH, sIKa KamiOpyeTbcsa. BUpoMiHIOIOUa YacTUHA CXEMH 3HAXOJIUTHCS Ha BiJICTaH1
MiHiMyM 17 MeTpiB BiJl NPUHOMHOTO TPAKTY, 3 ypaXyBaHHIM NEPIINX TPHOX 30H DpiHens.

KaniOpyBaHHS BHKOHY€ThCS LUIAXOM IMOeTanmHoro odepry anTeHd, Ha 1 rpaayc. Ilicns
KO>KHOTO 00€pTy JJaHi CUTHAITy 3HIMAIOThCS aHAIII3aTOPOM CIIEKTPY 1 3aIUCYIOThCS B 0a3y AaHUX IS
nojiaibiIoi 00po6ku. OCHOBHA 3a/laya CUCTEMH Ha IIbOMY eTani — 310paTu aMIUTITY/JHI TOKa3HUKU
JUIS PI3HUX KYTIB 1 HA OCHOBI IUX JJAHUX B MOJajbIIOMY ITOOYAyBaTH TaOIUIO KaniOpyBaHHS.

Hani 3 T1abmuui KaniOpyBaHHS BUKOPUCTOBYIOTbCA [UId HOpMalli3allii aMIUTITYIHUX
CHIBBIJIHOILIEHb, BUMIPSHUX Yy Jenubenax , 1 mepeBeleHHs iX y BiANMoBiAHI KyTH. lle mo3Bomsie
MIPOTHO3YBATH HAIPSIM BUIIPOMiIHIOBAaHHS Ha OCHOBI peajbHMX BHMIPIOBaHb, BPAaXOBYIOUHM BILIUB
30BHIIIHIX (DAKTOpPIB, 1HAMBIAYaJIbHUX XapaKTEPUCTUK aHTEH 1 1HAMBIIyaJIbHUX XapaKTEPUCTHUK

ADC, Takux sIK HE OJJHOPIHICTh Y MiJICHIIOBaYax 4u QiIbTpax.
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Puc. 1. [liarpama cnpssmoBaHocTi antenu [16-23A

AHTEHHa CHCTeMa sKa 3aMipS€ThCS TMPEACTABISIE COOO0K0 CHCTEMY aHTEH, SIKIi TOBEPHYTI y
MIPOCTOPI BITHOCHO OJHA oAHOI HA 90 rpaayciB y ropu3oHTANIbHI TUTONIHHI. [Ticas K0KHOT aHTeHU
CTOITh BIAMOBITHUHN Kackaa (GiIbTpiB, MJACHIIOBAYIB, JUIBHUKIB 1 KOMYTATOPIB, SKi 3a0€3MECUyIOTh
MpaBWIbHY QUIBTpaIlito i 00OpoOKy CHUTHANy, a TaKOXK MpPaBUILHUHN oro BuBiL Ha BuxigHi HBY
po3’eMu.

Jyst meneHrarii BUKOPUCTOBYEThCSI HACTYITHA METOIMKA: HEXal 3HATa aMILTITY/1a 3 IBOX aHTCH
SIKi 3HAXOAATHCS TIOPYY II€ TPOEKIlis BIAMOBIIHOTO CUTHANY Ha JIBI IEHTPAIbHI OCi ABOX, MOPYY
CTOSIYMX aHTEH. ToJll, MM MOXXEMO MPEACTABUTH BEKTOP HAIIPABJICHHS Ha JHKEPETIO BUIIPOMIHIOBAHHS
SK CyMy, IBOX BEKTOpIiB, SKi HaIpaBJIeHI B3JJOBX OCEH aHTEH, 1 B CyMi JalOTh IIyKaHWH BEKTOp. B
3araJbHOMY BUTJISA 1 33/1a4a IIPEICTaBICHA HA PUCYHKY 2.

;7

Puc. 2. 3aranbHuil BUIII/ 3a/1a4i MOIIYKY BEKTOpa HAIIPABJICHHS.

3 11bOT0, BUKOPHCTABIIN TEOpEMY CHHYCIB (popmyina 1) Mu MokeMO BUBECTH Gopmyity 2 Juis
3HAXOJKEHHS KyTa .

la_ o] _ _|d]
sin(8) ~ sin(a)  sin(¢p) @

®opmyna 1 — Teopema CUHYCIB.

|d]*sin(¢)
o) 2
T @

a = arcsin(

®opmyna 2 — popmyna kyTa a

JInst cipoIeH s 3HaiIeMo MOTYJ1b BeKTOpa 0, 3a TOMOMOT00 TE€OPEeMHU KOCHHYCIB opmyia 3.
[MincraBuBmm e y popmyiy 2, 3Haitnemo Gopmyiy 4, ockijbku KyT ¢ = 90 rpagycam, To COS(¢) =
0, sin(¢p) = 1, migctaBuBIH 11i 3HaYeHHS Y popmyity 4, orpumyemo dopmyay 5. I 3 Hei popmyna 6 —
TMIEJICHT Al HHI XapKTePUCTUKHU JBOX aHTCH JJIs HAIIOi MOJIEIII.

jd| = 1af + [B|” - 21al[B|cos (¢) ©
dopmyna 3 — MOayITh BeKTOpa d 3a TEOPEMOIO KOCUHYCIB

|| +sin(¢)
gt (4)
|@|2+|b|”—2|@l|b|cos (¢)
®opmyina 4 — 3aranpHUI BUNAA0K (HOPMYITH KyTa o

a = arcsin(

. |d|
a = arcsin(——— 5
G ©)
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®dopmymna 5 — kiHnesa popmyia KyTa anbda, I aHTeH K1 3HaxoAIThes mia 90 rpamyciB ogHa
J10 OJHOL.

|d]
-2
|@|2+|b|
dopmyia 6 — nesneHramiifHi XapKTepUCTUKU JBOX aHTEH ISl Hallloi MOJEIT.

(6)

OCKiNbKHM B HAIIOMY BHIIJKy BHKOPHCTOBYIOTHCS HE 11€aJIbHI aHTEHH, AJIs1 OLIbII TOYHOTO
BU3HAYCHHS KyTa B KIHIICBOMY BHIIaJKy OyJie¢ BUKOPUCTAHO AIIPOKCHMAIIIIO O MOJIHOMY BUCOKOTO
MOPSZIKY, 1 3aMiCTh apKCUHYyca Oy/ie BUKOpPUCTaHA (PyHKIisI OOEPHEHOTO TMOJIHOMA, 1€ JO3BOJIUThH
30UIBIIMTH TOYHICTh PO3PaXyHKIB.

BigmoBigHO 1 BUpIIEHHS 3aavi  ONTUMI3amii [ KOXKHOI Iapw aHTeH, Tpeda
aIpOKCUMYBATH BIUAMOBIJHI CHIBBIAHONIEHHS 1 BUKOPHUCTOBYBAaTH 3HaijeHI KoeimieHTH, SK
KaiOpamiifHi 17 KOXHOT mapu aHTeH. Po3paxoBaHi meneHramiifHi XapakTepCTHKH Map aHTEH 3a
(dbopmyIIot0 6 TIpeICTaBIIeHI Ha PUCYHKY 3.

Puc. 3. I'padik neneHramiiHux XxapakTepUCTHK JBOX Map aHTEH.

[Io oTpumaHMM [aHUM aNpPOKCHMOBAHO MaJiHOM 1 MOOYI0BaHO TIpadik MaKCUMaIbHHUX
MOXMOOK Ha KYT, IKHH MPEICTaBICHO Ha PUCYHKY 4. BiH eMOHCTpYe€, 110 MOIHOMIaTbHUN ITiXi]]
3a0e3meuye JOCTaTHhO TOYHI Pe3yJIbTaTH, IO MiATBEPIKYE HOro TOUIIBHICTD /Ui BAKOPUCTAHHS Y
pO3paxyHKax.

Puc. 4. T'padix IOMUIIOK OLIIHKH KYTa.

JlogatkoBo OyJl0 TPOBENCHO TECTyBaHHS Ha PI3HUX KYTOBUX TIIOJIOKEHHSX aHTEH, IO
JI03BOJIMJIO OL[IHUTH BIUTUB Pi3HUX (PaKTOPiB HA TOYHICTH BUMIipIOBaHb. OTprUMaHi pe3yIbTaTH TaKOX
CBIYaTh MPO CTIMKICTH MOJIHOMIAJBHOTO METONY /10 HEBEIUKUX BIAXWIIEHb y XapaKTepUCTHUKAX
CUTHAJTy, IO I11e O1IbILe MiIKPECITIOE HOro epeKTUBHICTh Y KOHTEKCTI MeJIeHralliiHuX CUCTEM.

5. BucHoBkmn

Buxos4u 3 BUIIEBUKIIAIEHOTO MOXHA 3pOOUTH TaKi BUCHOBKHU:

1.Po3po0nena mMeToanka KaliOpyBaHHS aHTEH HAa OCHOBI NMOPIBHSHHS aMIUTITYJJHUX 3HAa4Y€Hb
JI03BOJISI€ T1IBUILUTH TOYHICTh BU3HAUYEHHS HANPAMKY Ha JKepeno curHainy Ha 11% B Tomy umcni y
CKJIaJHUX YMOBax MpUHoMy.

2.Buxopucranss nosiHoMianbHOT (QyHKLII AJi1 HOpMali3alii aMIUNITYJHUX CIiBBIJHOLIEHb
3a0e3rneuye HaBHIIY TOYHICTH CEpel MPOaHaTi30BaHUX (QYHKITIH, [0 TOBEICHO EKCIIEPUMEHTAIBHO.

3.3anporoHoBaHa CUCTEMa KaaiOpyBaHHS € e(DEKTUBHOIO ISl BUKOPUCTAHHS B TIEJICHTAIIITHUX
CUCTEMaXx pi3HOTO MPU3HAYCHHS, BKIFOUAIOYH BIICHKOBI Ta IUBIJIbHI 3aCTOCYBaHHSI.
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[lepcnekTBH TONANBIIMX  JOCHIDKEHb TOJATAIOTh Y BIOCKOHAJICHHI  aJTOPUTMIB
KamiOpyBaHHS Ta BOPOBAPKCHHI MMapalielbHUX METOJMIB OOYMCICHHS IS IIiABUINCHHS
MPOAYKTUBHOCTI CHCTEMH B YMOBaX PEaJbHOTO Yacy.

CnucoK BUKOPHUCTAHOI JIiTepaTypu

1. Lee J. -H., Kim J. -K., Ryu H. -K,, Park Y. -J. Multiple Array Spacings for an
Interferometer Direction Finder With High Direction-Finding Accuracy in a Wide Range of
Frequencies. IEEE Antennas and Wireless Propagation Letters. 2018, Vol. 17, no. 4, Pp. 563-566.

2. Li J., Zhang Q., Deng W., Tang Y., Zhang X., Wu Q. Source Direction Finding and
Direct Localization Exploiting UAV Array With Unknown Gain-Phase Errors. IEEE Internet of
Things Journal. 2022, Vol. 9, no. 21, Pp. 21561-215609.

3. He W., Zhou Q., Zhang X., Zhao Y., Li B., Zhang L. Research on direction finding of
UAV coherent signals based on uniform circular array. 2022 18th International Conference on
Computational Intelligence and Security (CIS): Proceedings 18th International Conference on
Computational Intelligence and Security (CIS) (Chengdu 16-18 December 2022). China, 2022, Pp.
445-447.

4. Sklar J. R., Ward J. 11 Copy: Steering Vector Methods. Modern HF Signal Detection
and Direction Finding. MIT Press, 2018. Pp.269-288.

5. Ren K. Direction Finding Using a Single Antenna With Blade Modulation. IEEE
Antennas and Wireless Propagation Letters. 2022. Vol. 21, no. 5, Pp. 873-877.

6. Sklar J. R., Ward J. 9 Direction Finding Techniques for HF Applications. Modern HF
Signal Detection and Direction Finding, MIT Press, 2018. Pp.217-248.

7. Tetley L., Calcutt D. Chapter 10 - Radio direction finding Electronic Navigation
Systems (Third Edition). Elsevier Press, 2001, Pp. 346-368.

8. Boiko, J., Polikarovskykh, O., Tkachuk, V., Yehoshyna, H., Karpova, L. Design
Concepts for Mobile Computing Direction Finding Systems. Mobile Computing and Sustainable
Informatics. Lecture Notes on Data Engineering and Communications Technologies. Springer, 2023.
Vol. 166. Pp. 89-107.

9. Boiko, J., Polikarovskykh, O., Tkachuk, V. Development and modeling of the antenna
system the direction finder unmanned aerial vehicle. Informatyka, Automatyka, Pomiary w
Gospodarce i Ochronie Srodowiska. 2023, 13(1), Pp. 26-32.

10.  Sonnenberg G.J. Chapter 3 Direction finding Book: Radar and Electronic Navigation
(Sixth Edition). Butterworth & Co. (Publishers) Ltd. Published by Elsevier Ltd, 1988. Pp. 93-126.

11.  Zhou W., Zhou Y. Research on Interferometer Direction Finding Technology Based
on Digital Beam forming. 2022 7th International Conference on Signal and Image Processing
(ICSIP): Proceedings 7th International Conference on Signal and Image Processing (ICSIP) (Suzhou,
20-22 July 2022). China, 2022, Pp. 54-58.

References

1. Lee J. -H., Kim J. -K., Ryu H. -K., Park Y. -J. Multiple Array Spacings for an
Interferometer Direction Finder With High Direction-Finding Accuracy in a Wide Range of
Frequencies. IEEE Antennas and Wireless Propagation Letters. 2018, Vol. 17, no. 4, Pp. 563-566.

2. Li J., Zhang Q., Deng W., Tang Y., Zhang X., Wu Q. Source Direction Finding and
Direct Localization Exploiting UAV Array With Unknown Gain-Phase Errors. IEEE Internet of
Things Journal. 2022, Vol. 9, no. 21, Pp. 21561-215609.

3. He W., Zhou Q., Zhang X., Zhao Y., Li B., Zhang L. Research on direction finding of
UAV coherent signals based on uniform circular array. 2022 18th International Conference on
Computational Intelligence and Security (CIS): Proceedings 18th International Conference on
Computational Intelligence and Security (CIS) (Chengdu 16-18 December 2022). China, 2022, Pp.
445-447.

4. Sklar J. R., Ward J. 11 Copy: Steering Vector Methods. Modern HF Signal Detection
and Direction Finding. MIT Press, 2018. Pp.269-288.

111



ISSN 2412-4338  TenexomyHnikamiiini Ta indopmaniiini Texnousorii. 2024. Ne 4 (85)

5. Ren K. Direction Finding Using a Single Antenna With Blade Modulation. IEEE
Antennas and Wireless Propagation Letters. 2022. Vol. 21, no. 5, Pp. 873-877.

6. Sklar J. R., Ward J. 9 Direction Finding Techniques for HF Applications. Modern HF
Signal Detection and Direction Finding, MIT Press, 2018. Pp.217-248.

7. Tetley L., Calcutt D. Chapter 10 - Radio direction finding Electronic Navigation
Systems (Third Edition). Elsevier Press, 2001, Pp. 346-368.

8. Boiko, J., Polikarovskykh, O., Tkachuk, V., Yehoshyna, H., Karpova, L. Design
Concepts for Mobile Computing Direction Finding Systems. Mobile Computing and Sustainable
Informatics. Lecture Notes on Data Engineering and Communications Technologies. Springer, 2023.
Vol. 166. Pp. 89-107.

9. Boiko, J., Polikarovskykh, O., Tkachuk, V. Development and modeling of the antenna
system the direction finder unmanned aerial vehicle. Informatyka, Automatyka, Pomiary w
Gospodarce i Ochronie Srodowiska. 2023, 13(1), Pp. 26-32.

10.  Sonnenberg G.J. Chapter 3 Direction finding Book: Radar and Electronic Navigation
(Sixth Edition). Butterworth & Co. (Publishers) Ltd. Published by Elsevier Ltd, 1988. Pp. 93-126.

11.  Zhou W., Zhou Y. Research on Interferometer Direction Finding Technology Based
on Digital Beam forming. 2022 7th International Conference on Signal and Image Processing
(ICSIP): Proceedings 7th International Conference on Signal and Image Processing (ICSIP) (Suzhou,
20-22 July 2022). China, 2022, Pp. 54-58.

112



