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HAJIIUPOKOCMYTOBA AHTEHHA CUCTEMA /1JII MOBLJAbHOTO IEJEHTATOPA
PAJIOTEJIEBI3IMTHUX CTAHIIINI

Posenssnymo  3ae0amnsi  po3poOjeHHs — Md — 6UZOMOBJEHHS — 00CAIOH020  3paA3Kd
HAOWUPOKOCMY206020 anmennozo eaemenma ma anwmennoi cucmemu (AC) na 6a3i maxozo
enremenma  Oas  MOOIAbHOZO — neaenzamopa — OxKepel — padiomenesisitinux — cuenailie 3
BUKOPUCMAHHAM KE8A3L00NIEPIBChK020 Memody neaeHzauii. 3a pesyavmamamu O0CAI0KeHDb
3anponoOHOBaAHO MeXHiuHe piwenHs — MOOIIbHA HAOWUPOKOCMYZ08d AHMEHHA CUCTEMA,
eneMenmany sKol € HOGL HAOWUPOKOCMY206T SBUNPOMIHIOBAYUT, SAKi MOXHA 6idHecmu 00 KadAcy
OUCKO-KOHYCHUX dAHmMeH MA eKcnonenulaivnux anwmen. Hadwupoxocmyzoeicmoy sunpominiosaud
3abesneuyemocss (hopmor  Poaveoeanoi uacmunu anmennozo esemenmd. O06i0na DyHruyis
eaemenma AC, ompumana meopemuyHum MOOeNI08AHHAM Md NIOMEEPOKeHa NPAKMUUHUM
EKCNePUMEHMOM, MAE 6UzAA0 eKCnoHenmu. 3abesneuenns neoOXiOHOT MOUHOCE ANPOKCUMAYTT
docsaznymo 6ubopom noainoma n’amozo cmynens. Ioednanus earemenmis eunpominiosaud, ixne
UeHmpyeanus ma CnAw6aAnHs  30iUCHIOIOML 3d  00NOMOZOI0  CNEUidIbHO  PO3POOIEHO20
ocnauwenus. Ilepesipky napamempis 6uUnpoMiHO6aA¥ad NPOGeOeHO SUMIPIOSBAHHAM KoediyicHma
CMOSUOT X6ULT, AKUL NPUUMAE 3HAYeHHs MeHwe 3 y diana3oni yacmom 6id 95 do 900 MTy, wo
3A0080NbHIE BUMO2AM, KL 8UCY8aOmb 00 Hadwuporocmyzo06oi AC nenenzamopa dxepen padio-
menesisiiinux cuenanie. Hasedeno ocrnosni napamempu, ma xoncmpyxmueni ocobausocmi AC.

Kaiouoei caoea: anmenna cucmema; eieMenm anmenHHoi CuCmemu; nejieHzamop; Memoo
neaeHzayii; HAOWUPOKOCMY206Ul.

IlocranoBka mnpoGJieMu y 3arajJbHOMY BHIJSAI. AHAJi3 3aCTOCYBaHHS 3aco6iB  MacoBOi
indopmarii B indopmamiinnx KoHIIKTAX MOKA3aB, 10 HA CbOTOAHIINIHIM JeHb Tejae6adeHHS Ta
paIiOMOBJIEHHS € Hai6iapimr MacmTaGHUM Ta OTEpPATUBHUM TIOAO0 OTPUMaHHS, OOGPOOKH Ta
onpusoHenHs indopmariiii. Bonu mocrynui 6isbmr Hixk 90 % HaceseHHST KpaiHu, IO CTaBUTH iX y
paHr TMpiopuUTeTHUX OO0 €KTIB, 3[aTHUX CYTTEBO BILJIMBATH HA CBiJIOMICTb COIiaJbHUX OO0 €KTIB.
AXTyasibHICTD BUPINIEHHS 3aBJaHb IeJieHTallii, y TOMy YHCJi [iKepesJ HecaHKI[iOHOBAaHOTO
BUIIPOMiHIOBAHHS, Yy JaHUN dYac HaOyBae Bce Gispinoi 3Hauymiocti. OZHUM 3 BaKJIMBUX HAYKOBO-
TEXHIYHUX HAIPSIMKIB € Po3po6Ka MOOGIJbHUX TEJEeHTAIliiHuX cucTeM y Jianasoni xBuub Big 80 10
1000 MTI1. CkuagHicTh CTBOPEHHS TaKWUX CHUCTEM TIOJISITAE B TOMY, IO BUMOTH [0 HUX € JIOCHUTb
cynepewinBuMu. Tak TOTpiOHO 3a6e3neynTH: YMOBH JJisi po6GOTH B IIMPOKOMY Jiama3oHi 4YacToT,
gocuth By3bKy jiarpamy cupsimoBaHocti ([IC) AC B asuMyTasbHill IUIONMHI, YyTJIUBICTD
pajionesenraTopa i, HalirooBHilIe, Masi TaGapuTHi PO3MIpPHU JIJIsT MOKJIUBOCTI BCTAHOBJIEHHSI HA JIAXy
pyxomoro o6’exra (aBromoGiab). Kpim Toro, cuig sabesneuntu poGory 6e3 posroprannss AC sk Ha
MicIi, Tak i B mpoiieci pyxy o6’exra.

Ax Bimomo, eJIeKTPOMATHITHE IIOJI€ ONUCYIOTh AMILTITYAHUMH, (Pa30BUMH i IOJSIPU3ANIHUME
XapakTepucTukamu. IIpudomy g majekoi 30HM JKepeso paJioBUIIPOMiHIOBaHHSA MOXKHA BBaKaTH
TOYKOBUM, 1110 gopmye chepuunuil ¢poHT enexrpomarnitioi xsuisi. OfHaK y MexXaX aHaJIi30BaHOTO
npocropy (3a BicyTHOCTI nepeBiAGUTTS cUTHATIB) (POHT EJEKTPOMATHITHOI XBHJI MOYKHA BBAYKATH
JIOKQJIbHO TJIOCKUM, (Da3a XBUJI 3MIHIOETHCS 32 JIiHIHAM 3aKOHOM, aMILTTYy XBUJIi MOXKHA BBKATH
cranoo. lle 06yMOBIIIOE MOXKJIMBICTD BU3HAYEHHSI HANPSIMKY HA JPKEPEJIO BUIIPOMiHIOBAHHS HA OCHOBI
ananizy indopmauii npo @asy enekrpomarnitHoi xBuai (3a HaIpPAMKOM MaKCHUMAJIbHOI HIBUAKOCTI
aminn (asu 3 ypaxyBaHHsAM 3Haka). Lleil PUHIUI BHKOPHCTOBYIOTH yci Bigomi ¢asosi i yacrori
(nomnepiBebki  Ta  KBasigorsepiBebki) Merogam nesenrysanus [1-5]. PisHung Mix Merogamu
TIeJIEHTYBAHHS TOJIATAE JIMIEe B CIIOCO6i TepeTBOPEHHsS (Pa30BUX 3aJIEKHOCTEH €eJeKTPOMAarHiTHOTO
NOJIST Yy BUXIJHWI HU3bKOYACTOTHWH a60 IHU@POBUIl CHTHAJN, a TaKOX Y CKJIATHOCTI 3a6e3redeHHs
HECIIOTBOPEHO] TIepe/iadi 1[bOr0 CUTHAJIY Ha IPUCTPill BUSHAYEHHS IIeJIeHTa.
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Posmmipennst po6ouoro mgiamaszoHy 4actoT OyAb-sSIKOTO ITeJIeHTraTopa B 06JACTb HU3BKUX YaCTOT
MOJJIUBE 32 PAxXyHOK BiZNoOBifHOTO 36inbineHHs 3aiiMaHoi AC TJomii, mpore MPaKTUYHO I He
3aBxau MoxkauBo. Hampukmian, AC MOGi/IBHOTO IEJEHraTopa MOXKe MATH MAKCUMAJIbHUN rabaput He
6imbie 1-1,5 M, 10 B KOPOTKOXBHUJIOBOMY [lialla30Hi 3HAYHO 3HIKYE TOUHICTh BU3HAUEHHS Pi3HMIIN
a3 Ha aHTEHHUX eJieMeHTax.

[Ipo6aema mossitrae B CTBOPEHHI Ta OOTPYHTYBAaHHI TEXHIYHOTO PIllleHHS HAIIAPOKOCMYTOBOT
(wacrorno-nesanexnoi) AC MOGIIbHOTO MmesleHTaTopa.

AHaniz ocraHHixX JOCHiIKeHb i WyOaikami. AHai3 TEXHIYHUX XaPAKTEPUCTHK iCHYIOUUX
IIeJIEHraToOPiB, AOC/II/UKEHUX Y BIAKPUTUX JDKepeJaX, CBIAYUTH IIPO Te, L0 GiJIBIICTh 3 HUX MAIOTh
IMMPOKI  MOKJMBOCTI OO HONIYKY KOOPAMHAT JuKepesa —pajiosunpominioBanb (/IPB) y
pazioreneBisiitHoMy mpoctopi. Y mnyOGJiKallisix PpO3rJSHYTO apXiTeKTypy MOOYJIOBU TaKUX CUCTEM,
OJ/IHAK HEJ0CTATHBO PO3KPUTO MUTAHHS IIOJI0 BUTOTOBJIEHHS HajamupokocMmyrosBoi AC, 30kpema 11070
BUPINIEHHS 3aBAaHb PaJioleseHTarlii [Kepesi BUMPOMIHIOBAHDb PAaJlioTeseBi3iifHUX CUTHATIB Ppi3HOI
nosisipu3aiiii B gianazonax vactot Bijg 80 Ml no 1 I'Ti [6-8]. OcHoBHy 3allikaBJjeHICTb BUKJIUKAIOTH
MOOiJIbHI cTaHIil PaJioOKOHTPOJIO, SKi 3/7€6iJIbIIOr0 BUTOTOBJIEH] 3apyOiKHUMU BUPOOHUKAMU. AHAJi3
KOHCTPYKTHBHUX ocobmBocTelt AC icHylounx MOOGITbHHX TIEJEHTaTOPiB CBITYUTDH PO HU3KY CYTTEBHUX
HeloikiB, a came: BeJauki Maco-raGaputHi po3mipu AC; TexHiYHI TpPYAHOIII MOHTaXY,
HaJaITyBaHHs, toctupyBanHs AC meseHratopa B MOGIJIBHOMY BapiaHTi; B OKpeMHX BapiaHTax
HEeoOXiHiCTD pO3PO6GKU Ta CTBOPEHHS ONOpHO-TIoBopoTHoro mpuBogy AC 'y pyuromy a6o
aBTOMATH30BAaHOMY PeXNMax.

Ak enementnn AC TesieHTaTOpa 3aCTOCOBYIOTH JMCKO-KOHYCHi Ta crOpifHeHi iM GiKoHiYHI aHTeHH,
SIKi MafoThb HA/J3BUYAITHO MIMPOKY CMYTY POOGOYMX YACTOT i HAJIEXKATh [0 KJACY HAIIUPOKOCMYTOBHX
anted. OCHOBHI TUIIM Ta 30BHIIIHiN BMIJIAJ TaKMX AMCKO-KOHYCHUX aHTEH HaBeleHO Ha PUCYHKY 1
[1-4, 6-10].

S0

a) 6)

Puc. 1. 3osniwmniii éuznso anmen y nepepisi: a) oucko-konycnoi; 6) Gikoniunoi

Jlucko-konycHa anrena (puc. 1, @) € nacupaszi 6ikoniunowo antenow (puc. 1, 6), ne oMH 3 KOHYCIB
3aMiHIOETbCSA JUCKOM, SIKMil BUKOHY€E (QyHKLi0 «3emai». Haammpokocmyrosicts Ta JC Takoro Ttuiry

BUNIPOMIHIOBAYIB BU3HAYAETHCS, B OCHOBHOMY, KOHCTpPyKHicw (rg, 7{, 7, 6,), KOHCTPYKTUBHUMU
0COGJIMBOCTSIMH y3TOJKEHHST BUIIPOMiHIOBavya 3 (pi/lepoM >KUBJIEHHS.

OcHOBHa TEXHOJIOTiSI CTBOPEHHS TaKWX AaHTEH IOJSATAE B TOMY, IO KOHYC BHUIOTOBJISIOTL Y
BUILIAALI pylopa 3 JiMcTa Mijal abo HKoro—Heéyz_{b inmoro Mmarepiany, skuii Jerko masTtu. Kabemib
JKUBJIEHHST TIPOKJIA/IAIOTh YCEPeInHi KOHyca Ta HOro 30BHINHE OOIJIETEHHS TPUITAI0I0OTH 10 KOHYCa, a
OUMIIEHNH BiJ[Pi30K BHYTPIIIHbOTO TPOBiJHUKA — JI0O MeTajeBOTO jucka. [lUcK yTpPUMYETbCS B
TOPU3OHTAIBHOMY IIOJIOKEHHI 3a [JOIIOMOIOI0 i30JI0I0YUX MiAIIPOK.
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Koncrpykrusni oco6imsocti (y neputy wepry, raGapurhi posmipu), JIC, HeoOXignuil mianason
YacToT JJIS1 [eJIeHTyBaHHS pajioTesieBi3ifiHuX cUrHaJiB He J03BOJIAIOTb BUKOPUCTOBYBATH PO3IJISIHYTI
anTenn sk ejgementTn AC Mo6inbHOTO TleneHraTopa. OTike, Ha TeNepillHill yac HeBHPINIEHOIO paHille
YaCTHHOIO TNPOOJIEMH BJIOCKOHAJIEHHS KBa3iOMIEPIBCHKOrO MeTOjAa MejeHranii €  3aBJaHHs
po3pobnenns AC, sgxka 6 MoOrJa 3aJ0BOJBHATH BUMOTHU, IO BUCYBAIOTH /10 MOOGIJIBHUX CHCTEM
MeJIEHTYBAHHS Pa/lioTeIeBi3iMHUX CTaHIIi.

@opmymoBaHHA MeTH cTarti. OOTPYHTYBaHHS BapiaHTa HAIIMPOKOCMYTOBOTO AHTEHHOTO
eJleMeHTa, HOro PO3PaxyHOK, pPO3pO6JEHHs, BUTOTOBJIEHHS JOCJiHOTO 3paska, a TaKOK PO3PO6JEHHS
AC 3 n eneMeHTiB s MOOGIBHOrO IIeJIEHTAaTOpA JPKEPes paJlioTeNeBi3ifiHuX cUTHaJMiB 3
BUKOPUCTAHHAM KBa3i/lOIJIEPIBCbKOIO METO/Y IleJIeHTallii.

BuknanenHs ocHoBHOro Marepiaxy. OCHOBHUM TPU3HAYEHHSAM 3ac06iB PaJiOMOHITODHHTY €
nocTiiHuit a0 TepioAnYHU KOHTPOJIb 3aBaHTaKeHHS edipy B IIUPOKOMY Jialla3oHi YacTor,
BUABJICHHA Ta aHa/ i3 HOBUX BHUIIPOMiHIOBaHb, BU3HAYCHHA MICHENOJIOKEHHA IX JpKepesa, ix
OIIHIOBAHHS, BUSBJEHHS 3arpo3 Ta HemepeabadeHnX abo CIeliaJbHO OpPraHi30BaHUX paiOKaHaJiB
BuTOoKy iHdopmaiii. Koskne 3 nmx 3aBmanb OararoeraniHe, BUPINIYETBCS B yMOBaxX CKJAJIHOI
€JIEKTPOMATHITHOI O6GCTAaHOBKM Ta MOTpPe6y€e BUKOPUCTAHHS IIMPOKOI HOMEHKJATYPU PaJiOTeXHIYHUX
3aco6iB, 110 BUKOHYIOTb OKpeMi (PyHKILii.

[lns BupimeHHS 3aBAaHHS BU3HAUYEHHS TEJIEHTA PaioTeNeBi3iHHNX BUIIPOMIHIOBAHD JJOIiJBHO
peanidyBatu croci6 eJEeKTPUYHOTO CKAHyBaHHS 7 €JIEMEHTIB aHTEHHOT PEIliTKU, PO3MIillIeHUX TI0 KOJIY
Ha OJHAKOBUX Bi/ICTAaHSAX OJAWH Bi/l OMHOTO Ta BiJ IeHTpa. KOHCTPYKIITHO-(YHKIIOHAJBHY CXEMY
MeJIeHraTopa, 10 /I03BOJISIE Peasi3yBaTh KBa3iJOIJIEPiBChbKUl CIOCI6 TeJeHTYBaHHS TeJeBi3inHuX
CUTHAJIIB, HaBefleHO Ha pucyHKy 2. Enementu AC (1—4), posMilieHi mo KoJry, IiKJI0Yal0ThCs JIHIIe
110 O/IHOMY B II€EBHMH iHTepBaJ 4acy BiZnmoBigHO [0 3azaHoi yactorn KomyTanii. Ilasixom 3amaBaHHSA
MOPSI/IKY Ta 4YacTOTHM KOMYyTallii aHTeH TeseBi3iiHnMiI curHaJ MOAyJoeTbes dYacTtoroo [lomrepa.
MopaysiboBaHuil CUTHAJA HAAXOAWTH Yy TpuiiMad O6J0Ka yHpaBJiHHSA Ta O6pOOKM [JaHUX IS
nepeHeceHHs B ayAio/iana3oH 3 METOIO MOJAJbII0i 06pOGKH.

Jluct pagionposoporo
Marepiajy /i >JKOPCTKOCTI
KOHCTPYKIi{

Jlucrt ckjorekcTosiTy 3
< dosbroio Ha JKOPCTKiit
OCHOBi

L

buiox komyrariii anten Bnox ynpasainas ta [T
Ta pajliocursasin <> 06PO6KH JAaHUX

Puc. 2. Koucmpyxuiiino-pynxyionaivua cxema neienzamopa

DyHKIIO <«3eMJIi» BUKOHYE JHCT CKJIOTEKCTOITY 3 (POJbroio Ha KOPCTKill OCHOBi, Ha SIKOMY
poaMmintyiorh ejgeMmentn AC. Ilg KOHCTPYKTHBHA OCOOMUBICTD Hajae 3Mory posramoByBatu AC Ha
Jlaxy TPAHCIIOPTHUX 3ac0o6iB Ta 3a6e3reuye il JKOPCTKiCTb.

3apaanus 30y/pxenns ¢igepom esementiB AC, cxemu 6JIOKiB KOMyTallii aHTeH Ta PaJliOCUTHAJIB,
VIIPaBIiHHSA Ta 06POOKY JAHKUX, MPOrPAMHOTO 3a0e3IeYeH s B CTATTi HE PO3TJISIAI0THCS.

Kinbkicts enementis AC nosunna G6ytu kpathoio 2K ta Moxe Gyru Teoperuuno 4, 8, 16.
PesysnbraTi excrepuMeHTATbHUX [OCJi/PKEHb TI0Ka3aJu, IO KiJbKiCTh eJjeMeHTiB Oifiblie 8 He
NPU3BOJUTDH JI0 TiIBUIIEHHSA TOYHOCTI BU3HAYEHHS IIeJIeHra BHACJIZIOK HETaTUBHOTO B3a€MHOIO BILIUBY
€JIEMEHTIB.
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Buxopucranns sk enemenriB AC aucko-konycuoi antenu (puc. 1) 0OMEXKYETbCS BUMOIOIO
MoG6imbHOCTI Ta poaminiennss AC Ha gaxXy TPaHCHOPTHUX 3ac06iB, MO MPU3BOAUTDH /10 HEBU3HAYEHOCTI
JC BHACJHiJIOK BiJICYTHOCTI MiACTHIBHOI TOBEPXHI 3eMJi Ta BIUIMBY MeTasteBoro gaxy (Koprycy)
TPAHCIIOPTHOTO 3aC00Y.

[l po3paxyHKy HaANIMPOKOCMYTOBOTO BUIIPOMiHIOBaYa HEOOXi/HO BU3HAYUTH HOTO reOMEeTpUYHI
napamerpu, ki 6 BignoBimamm 3amanuM XapakTtepucturam: imnemancy, [IC, daso-yacTtoTHiit
xapakrepucruii (DUX). Pospaxynok sxigamx xapakrepuctuk, JC ta @UX BunpominioBaya B
IIMPOKil CMy3i 4acTOT Ta reoMETPHMYHUX MapaMeTPiB METOA0M YacTKoBuX obmacreil (y mporpamMHoMy
nakeri Ansoft HFSS v9) 103Bo/imB acuMnroTnyHo Bu3HauuTH (GOpMy BUIPOMiHIOBaYa. BoHa € HOBOIO
Ta MOXXe OyTH BiJlHECE€HA /10 KJACY JUCKO-KOHYCHUX Ta €KCIOHEHITIaJbHUX aHTEH.

Koxken enement AC ckaagaiotb 3 2 a6o 4 ejieMeHTiB BUIIPOMiHIOBaYa, BUTOTOBJEHUX 3
JIBOCTOPOHHBOTO (DOJIBTOBAHOTO CKJIOTETUHAKCY .

Ha pucynky 3 HaBezeHO 30BHIiNIHIM BUTJSJ OJHOTO 3 JIBOX €JIEMEHTIB BUIIPOMiHIOBAaua y
¢ponTaspHill mwionmHi. OJUH eJeMeHT BUIIPOMiHIOBAYa BUTOTOBJISIOTH 3 JIMCTA (DOJBrOBAHOTO 3 060X
O6OKiB CKJOTETMHAKCY, SKWil 3BIJIBHAIOTH BiJ 4acTUHU MizHOI oJsbrum Bignosizno no Tpadapery
METO/IOM TpaBJieHHs. Ha eemenTi BumpominioBauya 3 060X OOKiB 3aJUIIAETHCS (POJTBTOBAHUI reTHHAKC
BigHoCcHO oci opaunar (oy), o6MexeHuit cumerpuaHoo 06BiaHOI0 [(X).

ocBiJi BUTOTOBJIEHHS eJieMeHTa BHUIIPOMiHIOBaya I10Ka3aB HEJOCKOHAJICTh peaJiidallii BiJIOBigHO
JI0 30BHIIITHBOTO BUTJISLY, SIKMH HaBEJEHO HA PUCYHKY 3.

OcHOBHUII HeMOJIiIK TOJATAE B TPYJAHOIIAX IIOAJBbIIOTO0 MOHTQ)XY BHUIPOMiHIOBaua Ta
3a6e3IeueHHsl JKOPCTKOCTI sIK BullpoMiHioBaua, tak i AC B 1misomy. Ha pucynky 4 wHaBemeno
30BHIIHIA  BUTJISIZT — €JEMEHTAa  BUIPOMiHIOBayYa, 1M030aBJEHOrO  I[bOTO  HEMOJiKy. Ejement
BUIIPOMiHIOBaYa BUKOHYIOTh, SIK TIOKa3aHO Ha PHUCYHKY 3, aje 3 /[I0JaTKOBUM 3aJIUIIEHHSIM
(OJBroBaHOTO  CKJIOTETMHAKCY 3BEPXY Ta 3HU3Y eJeMeHTa. TOBHIMHY IbOTO  JJOJIATKOBOTO
(0JIBroBaHOr0 CKJOTETHHAKCY OOMPAIOTh 3 PO3PaxyHKY 3a6e3nedeHHs HaJilHOro 3’€/HaHHS 3
BepxHiM Ta HWKHIM KoprmycoM AC MeTo[OM cCliaioBaHHS 3 JMBOX GOKiB. BepXHsS Ta HUKHS YaCTHHH
IbOTO  (POTBTOBAHOTO CKJIOTETMHAKCY TIOBUHHI 36iraTMcsi 3 BEPXHBOIO Ta HUKHBOIO HECYYUMHU
gactunamu AC (pumc. 2). Tum camMmm 3a6€31eUy€eTbCs  BiZICYTHICTh BIIUBY I[bOTO JOJATKOBOTO
¢0IbrOBAHOTO CKJIOTETMHAKCY Ha eJEeKTPUYHI XapaKTEePUCTUKYM BUIIPOMiHIOBAYA.

Ckaorernaakc 3 (oabroo 3 060x 60KiB

2 AR

Cumerpuuna o6signa [ (x)

h1

Ckiorernnakc 6e3 (oabru 3 060X 6OKiB

Puc. 3. 3oeniwniii 6uz0 001020 3 080X eJleMEHMIE BUNPOMINIOGAUA
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JlomaTKkoBUI 3aJIMIIOK
¢$hoIbroBaHoOro h1
CKJIOTETUHAKCY [IJIsI
3a6e3meyeHHs

JKOPCTKOCTI MOHTaXy
CKJIa/IOBUX €JIEMEHTIB
ta AC B 1inomy

S‘&\‘ N v

Puc. 4. 3osniwmniii suz1a0 esemenma sunpoMinIO8aud
3 noxpawenum 3abeneuennamn xopcmrocmi monmaxy AC

v

HagmupokocMmyToBicTh  BumpoMiHIOBada — 3alesmeuyeTbcsi  (opmoio  (HOIBroBaHOI  YaCTHHU
anrennoro esnementa. O6Bigna gynxiis f(x) Mae BUTJISAA €KCIIOHEHTH, BOHA OTPUMAHA TEOPETHYHUM
MOJIEJIIOBAHHAM Ta MiJITBEP/KE€HA MPAKTUYHNM E€KCIIEPUMEHTOM.

Y Ttabauni 1 HaBemeHo GYHKINT, IO ANPOKCUMYIOTH OOBiJHYy, Ta BIiANOBiHY IM TOXUOKY
alpoOKCUMAallii eKCIIepUMEeHTAJIbHUX JaHuX A.

Tabauus 1

Ne e 65i IToxu6ka

5/ VHKI[iSI, TI[0 allPOKCUMY€E 00BiHY anpoKcMarii A

1 x = exp(-0,154y) 0,0665

2 x =0,0142y2 - 0,6675y + 7,5 0,0765

3 x =0,0015y3 - 0.0226y2-0,4641y+7,5 0,0086

4 =-0,0002y4+0,0095y3-0,1067y2-0,2056x+7,5 0,0038

5 x =4 10y5 - 0,0021y4 + 0,0377y3 - 0,2799y2 - 0,1355x + 7,5 0,0008

Ananiz Ttabauii mokasye, Mo 3a6e3nedeHHsT HeOOXiJHOI TOYHOCTI ampoKcHMallii J0csATaioTh
BHGOPOM MOJIiHOMA II'ITOTO CTYTIEHsI, TIPU 1[bOMY MOXMOKa CTaHOBUTH MeHine 1073

Burorossienns BuIpOMiHIOBaYa 3/AiHICHIOIOTH IIJASXOM CYMIIIEHHS oOceil CcuMeTpiil ABOX #oro
€JIEMEHTIB y3/I0B3K OCi Oy Ta y B3a€MHO IEPHEHANKYIAPHUX ILIOIMHAX BigHOCHO oci ox (puc. 5, a).
KoHCcTpyKTHBHO TIOETHAHHS JIBOX €JIEMEHTIB MOKHA 3/[iHCHIOBATH JEKiJTbKOMa CIOCOGAMMU.
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Bicsk 3’eiHanHs BCIX CTOPiH JI¥CK 3 CKIIOTeTHHAKCY
CKJIOTETHHAKCY 3 (POJIBIO0 METOIOM
CITAIOBAHHS

\

a) 0)
Puc. 5. 3oeniwunili suzsi0 6unpominiosaud

[ToeaHaHHS OTPUMAHUX YOTHPHOX €JEMEHTIB BUIIPOMiHIOBaYa, iX IEHTPYBaHHS Ta CHAIOBAHHS
3AIACHIOITH 3a AOIIOMOroi0 ocHamenusa (puc. 6, 7).
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Puc. 6. Bapianm HuxHvoi uacmunu OCHAWEHH Puc. 7. Bapianm ocnaujenms 05 NOCOHAHMS
0151 NOEOHANNSL eAeMEeNMIE GUNPOMINIOBAYUA eleMeHmie 6UNPOMIHIOE8aUd

[Tpu nepmomMy croco6i moeHAHHS ABOX €JEMEHTIB 3/ifICHIOIOTH HIJISIXOM IPOIHJIIOBAHHS B3I0BXK
oCi 0oy 110 cepelMHU TEPIIOro eJeMeHTa 3BepXy, JAPYroro — 3HHU3Y 3 IMOAAJbIINM iX IMOETHAHHSIM Ta
CHAIOBAaHHAM YOTHPBOX rpauneii (puc. 5, a@). Jpyruii croci6 noasrae B HactynHomy. KoskeH eseMeHT
pO3diJgioTh MO oci oy Ha mBa. MOXJIWBE BUTOTOBJIEHHS OJHOTO eJeMeHTa BUIPOMiHIOBaYa, SK
[IOJIOBUHU eJIEMEeHTa, HaBeJeHOIo Ha PUCYHKY 4, 110 Jla€ 3MOTY BUKOPUCTOBYBATH MEHII 3a PO3MipoM
JIUCTU  CKJIOTeTUHaKCy. TOYHICTb  BUTOTOBJIEHHS  OCHAIlEHHS  JI  IOEQHAHHA  €JIEMEHTIB
BUIIPOMiHIOBaYa Ma€ CyTTEBE 3HAUEHHS /IS iX CyMillleHHs Ta 1eHTpyBaHHs. [lyg HaBe/eHoro BapianTa
ocHaienus OyJin 3acrocoBaui taki posmipu: a = b = 80 mm; ¢ = 39 mm; d = 1,5 mm. DopmyBanus
BUIIPOMiHIOBaYa 3/IiHCHIOETbCS TIPUEHAHHSM /10 OCHOBU €JIEMEHTIB AMCKa 3 ckJoretnHakcy (puc. 3,
6). JlierexTpuuHi Ta  eNEKTPUYHI  XapaKTePUCTUKU  (DOJBTOBAHOTO  TETUHAKCY  €JEMEHTIB
BUIIPOMiHIOBaYa Ta JAUCKa TOBUHHI Oytu opHakoBumu. Dopmyiorb AC 3 uyotupbox (BocbMuM)
BUIIPOMiHIOBaYiB, PO3MillleHNX Ha PiBHOBI/JIAJIEHNX Bi/ICTAHAX I10 KOJy AiamerpoM D (puc. 8). Take
pO3TalllyBaHHS BUIIPOMiHIOBAYiB 3a0e3Iedye BUMOTY pO3MillleHHs (Da30BUX IEHTPIB /IS iX 30y 13KEeHHS
dinepom.

BumnpowminioBaui MOHTYIOTb Ha JHCT (DOJIBIOBAHOIO CKJIOIeTHHAKCY Ha JKOPCTKil OCHOBi 3a
CXeMOI0, HaBeJeHol0 Ha pucyHky 8, a, 9, 10. Ha maxeri (puc. 9, 10) MOHTak BHIPOMiHIOBaYiB
BUKOHAHO Ha CTPYMOIPOBi/IHiI OCHOBi, BUTOTOBJIEHiI 3 IIMHKOBAHOTO 3aJi3a, IO BUKOHYE POJIb
expaHa. BepxHIO 4acTMHY BUIIPOMiHIOBaYa 3 JMCKOM MOHTYIOTh 3 jiejekrpuunoro jucra (puc. 2, 9,
10), mo 3a6esneuye >KOPCTKicTh Ta pagionposopictb AC.
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Puc. 8. Cxema posmiwenns eunpominrosauie AC:
a) AC 3 uwomupvox sunpominiosauie; 6) AC 3 60coMu 6UNPOMINIOGAUIE

Puc. 9 Puc. 10

[TepeBipky mnapamerpiB BuIpoMiHiOBaua OyJi0 IPOBENEHO BUMIpIOBaHHAM KoedillieHTa CTOSYOT
xputi (KCX) npusnagamu SX-1000, SX-400. Yucsiose 3navennss KCX MoOKHAa BUKOPHUCTOBYBATH SIK
nopir kputepiio mupokocmyroBocti. Yacrotny 3amexnictb KCX BunmpomiHioBaya TpH y3TO/KEHHi 3
dinepom, Axuit Mae cranaaptTHuil XBuaboBuii omip 50 OM, HaBe/neHO Ha pucyHKYy 11.

KCXg

25

1,: AN n/\h/U

05

o 200 400 600 8200 1000
f. MIL
Puc. 11. 3nauenna KCX sunpominiosaua 3a pesyiomamamu 6UMipO6any
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sKuBsnenns BumnpominioBada ¢igepoM g TPOBEJAEHHS BUMIPIOBaHb 3/[iMICHIOBAJN TLJISXOM
3’€/JHaHHs [EHTPAJIbHOIO IIPOBiAHNKa 3 (hOJBrolo BuIpoMiHioBada B 3oHi A (puc. 4), a o6meTeHHs 3
CTPYMOITPOBI/IHOI0 OCHOBOIO 3a MicIieM 3’€JHAHHs BUNIPOMiHIOBaYa 3 ocHoBoo (puc. 9, 10).

Ananiz snavenns KCX (puc. 11) nokasye, mo npu 3mini gacroru Bia 95 mo 900 MI'm KCX<3.
3a wmexkamu 1nporo mianazony KCX mgocuth mBuako 3pocrae no 10. Taki pesysabratu no6pe
Y3IOJKYIOTBCSI 3 PO3paXyHKaMH METOJOM CKiHYEHHMX PisHMIb y 4acosiil o6sacti (finite-difference
Time — Domain FDTD).

BucHoBOK 3 gaHOTO AOCJIAKEHHsSI. Y CTATTi PO3TJISIHYTO MUTAHHS JIOCTI/DKEHHS Ta MPaKTUYHOT
peasizaiiii Mmo6isbHoi AC niist nesieHraitii pajgioresieBiziiinux crauiiiii. Po3po6/eHo texHiuHe pilleHHs
AC Ha 6a3i HOBMX HAIIMPOKOCMYTOBUX BHITPOMIHIOBAYiB, SKi MOKHA BiJIHECTH JO KJACY JMCKO-KOHYC-
HUX Ta €KCIOHEHI[iaIbHuX anTeH. HaBesieHO OCHOBHI mapaMeTpu Ta KOHCTPYKTHBHI ocobsmBocti AC.

[IepciekTuBy MOAAJBIINX JIOCJIiJIZKEHD CKJIaJ|al0Th: IMUTAHHS HAAIIMPOKOCMYTOBOCTI
onpomiHoBaya Ta AC Ha OCHOBiI aHami3y 4YacTOTHOI 3aJeXHOCTi BXiJHOTO iMIefaHCy; BUPIlIeHHS
€JIEKTPOJIMHAMIYHOTO 3aBJaHHS 30y/KEHHS BUIIPOMiHIOBAaYa SK y3ro/uKeHUM ¢imepom, Tak i
KiJbiieBuMu (a3oBaHUMU JKEpeJaMu; JOCTIPKEHHS KOHCTPYKTHBHHX OCOOJUBOCTE 30y /I3KEHHS
anreHu izepom.
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KNPUJ/IIOK Bosogmmup AHaTOMNOBUY - KaHAWJAT TEXHIYHUX HAYK, CTapIIUii HAYKOBUU
CIiBPOGITHUK HAYAJbHUK HAYKOBO-AOCHIAHOI Jaboparopii HaykoBoro 1eHtpy sKuromMupcbkoro
BilicbkoBoro incruryty iMm. C.II. Koposbosa.

Hayxogi inTepecu:

- KoMII'foTepu30BaHi iHgopMariiini cucremMu.

YEPHABCBHKUM leopriit IlerpoBuu — KaHAMAAT BiWCHKOBUX HAYK, [OIEHT, IPOBiHWIA
HAYKOBUI CIIBPOGITHUK HAyKOBO-ZOCJiHOI Jjabopatopii HayKoBoro 1eHtpy sKuToMupcbroro
BificbkoBoro incruryty imM. C.II. Kopoubosa.

Hayxosi inrepecu:

— CHCTEMHU MOHITOPHHTY, 3aXUCTy i BILJIUBY.

MIXE€EB [Opiit IBanoBuu - KaHAWJAT TEXHIYHWX HAYK, HAYaJbHUK HAyKOBO-JOCJIiIHOT
Jgabopatopii HaykoBoro 1eHTpy sKuromupcbkoro BiiicbkoBoro incruryty im. C.I1. KopoJiboga.

Hayxosi inrepecu:

— CHCTeMHM MOHITOPHMHIY, 3aXUCTYy i BILIUBY.

[NTHYYK Ouer IBanoBuu — crapiiuii HAyKOBUH CIIIBPOOGITHUK HAYKOBO-AOCJiAHOI JaGopaTopii
HayKoBoro 1enrpy sKuromupcbkoro siiicbkosoro incruryty im. C.II. KopoJbosa.
Hayxosi inrepecu:

— indopmariitai TexHOJIOTIT.
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