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K.T.H. 3iHueHKo A.O. (HAQY)

OCHOBHI HAIPSIMHU NIABUIIEHHS MOTEHIIMHUX MOXJIABOCTENA CUCTEM
3B’A3KY 3 IU®POBUMU AHTEHHUMU PEINITKAMHA

B cmammi npeocmasneni pesynomamu amanizy nepCNeKmMuE pO3GUMKY CUCEM 38'13KY 3 Yu@dpoeum
diazpamoymeopenusim. Busnaueni nanpsamu nioguwyenus ix nomeHyitiHux MONCIUBOCMEN 34 PAXYHOK GUKOPUCTHAHHS
HOBUX PO3pPOOOK 8 001aCMI CXeMOMEXHIKU YUPPOBUX AHMEHHUX PEWIMOK | 60OCKOHANEHUX MemOo0is yugpposoi 06pobKu
cueHanis. 3anpononosani pekomenoayii w000 GpaKmanbHUx CMpyKmyp 6 GHMEHHUX CUCTEMAX.

B cmamve npeocmasnenvt pezynbmamvl aHanuza Nepcnekmul pasgUMus CUcmem CeA3U ¢ YUPpoevim
ouazpammoobpazosanuem. Onpedenenvl HANPAGIEHUS NOBLIUMEHUS UX NOMEHYUATbHBIX BOZMOJICHOCMEN 34 Ccuem
UCNONL30BAHUSL  HOBLIX — pA3pAbOMOK 6  00AACMU  CXeMOMEXHUKU  Yupposvix — aHMEHHbIX — peulemox U
VCOBEPUIEHCINBOBAHHBIX MEMO0008 Yu@dposot obpabomku cuecnanos. Ilpednodicenvt pexomeHoayuu no npuMeHeHuio
DpakmanbHuIX CMpPYKmMyp 8 AHMEHHbIX CUCTEMAX.

In the article the results of the analysis of development perspectives of communication systems with digital
beamforming are presented. Directions of improve ment of their potential possibilities at the expense of usage of new
designs in the field of circuitry of digital antenna arrays and advanced methods of digital signal processing are defined.
Recommendations on application of structures on the basis of fractals in antenna systems are offered.

Knrwouosi cnoea: yuppose diazpamoymseopenis, yughposa aHmenna pewimxa, hpakmansHi cmpykmypu.

1. llocmanosxka 3adaui ma il 36°A30K i3 6AMCAUGUMU HAYKOBUMU | HNPAKMUYHUMU
3A60AHHAMU

B ymoBax icHyrYOi T€OMONITHUYHOT OOCTAaHOBKH BCE OLIbIlIe 3HAUEHHS MPHUAUTIETHCS
BeJIeHHIO iHopMaliiiHOT OOpoTHOM Ta YIOCKOHANEHHIO 3aco0iB TenekoMmyHikamin. Jlms
3a0e3neueHHs] BIAMOBIAHOCTI CHUCTEM 3B’SI3Ky CYYaCHHUM TEHJCHLISAM pPO3BUTKY HEOOXITHO
BUKOPHUCTOBYBATH HOBITHI TEXHOJIOTIi, SIKI CHpPSAMOBaHI Ha MiJABHUIIEHHS IOKA3HUKIB CTIMKOCTI,
MOOUIBHOCTI, MPOMYCKHOI CIIPOMOKHOCTI Ta iHmMX. OJHIE 3 HUX € TEeXHOJOris HHU(POBOro
niarpamoytBopeHHs (LIIY), sika BIpoBaKyeTbCsl Y pO3BUHYTHX KpaiHaX CBITY SIK JUIsl BINCHKOBOT
chepu, Tak ¥ Ui 3aranbHOTO NpHu3HaueHHs [1]. Sk HacmifoK, OCUTH akTyaJllbHOIO € 3ajaya
YIIOCKOHAJIEHHS Ta PO3POOKM HOBUX CHCTEM 3B 53Ky MOABIMHOTO NMpu3HaueHHs Ha 6a3i LY.

2. Ananiz ocmannix 0ocnioxcensy ma nyonikayii

OcTaHHIM YacoM 3’sIBHJIOCSI 0araTto MPOEKTIB CUCTEM 3B’S3KY HOJBIMHOTO MpPU3HAYEHHS 3
LAY na 6a3i uudpoux antennux pemritok (IIAP). Bukopucranus 3a3Haue€HOI TEXHOJIOT1] 3HAYHO
po3umproe (PyHKITIOHATBHI MOKIMBOCTI CHCTEM 3B’s3Ky B 1miiomy [2]. Sk Bimomo [3], 0CHOBHOMO
BiIMiHHICTIO cxemoTexHiku LIAP Bix Tpamuuiiinux ¢a3zoBaHux aHTeHHHX peuritok (PAP) e
HasBHICTh Y KOKHOMY MNpHilMaTbHOMY (Ie€peJaBajlbHOMY) KaHall aHajoro-mudpoBux (Ludpo-
ananoroBux) neperoproBauis (AL, LTAII). [Ipu ipoMy po3psaHICTb 1 poOouuii Aiana3zoH 4acToT
cydacHo1 HomeHknatypu AL, LIAIIl 3a6e3neuytorh 0OpoOKy CHUTHaNIB Ha MPOMDKHINA YacTOTi 3
Habararo OUIBIIOI0 MOTEHLINHHOI TOYHICTIO y mopiBHsAHHI 3 PAP. Kpim Toro, icHyroul TexHIuHI
pillIEHHS Jal0Th MOXKJIMBICTh BUKOHYBAaTU MPOLEAYpU OararokoopAnHaTHOI 00poOku iHdopmarii y
peanpHOMy MacmiTabi 4yacy. Bcee me cBimumTh mpo mnepcrnekTuBHICTH TexHoiorii LIJIY Ha
ocHoBI L{AP.

Pazom 3 TuM, cuig 3a3HauMTH, 010 OUIBLIICTH 3a3HAYEHUX pPO3POOOK OPIEHTOBAHO HA
peaizallif0 aHTEHHUX CHCTEM 3 HEBEJIMKUM YHUCIOM KaHaiiB. lle moB’s3aHO 3 HEOOXIAHICTIO
Y3TrOJUKEHHSI MOKJIMBOCTEH amaparHOl YaCTUHU CHUCTEMHM 3B 3Ky Ta BHUMOT, L0 BUCYBAIOTHCS 0
1U(pPOBOr0 CErMeHTa CTOCOBHO TEMITIB OLU(POBKU CUTHANIB 1 00cATiB 00po0Ir0BaHo1 iH(pOpMAaLi.
UYepe3 3a3HaueHE BHMHMKAE HEOOXINHICTH BUOOPY pillleHb, IO JO3BOJIATH OUIBII €(EKTHBHO
3acTocoByBaru ifeosiorito [IAP.

Metoo crarTi € OOIpyHTYBaHHS pPEKOMEHJAlId MO0 MiJABUIIEHHA MOTCHUIHHUX
MOXJIMBOCTEH cucteM 3B’s3Ky 3 LIJIY 3a paxyHOK BUKOPUCTaHHS HOBUX PO3pOOOK B 0O0jacTi
cxemoTtexHiku LIAP 1 ynockoHaneHux MeTo1iB IM(PpoBOi 0OpOOKH CUTHAIIB.

3. Buknao ocrnoeno2o0 mamepiany 00Cni0HceHHs
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OnHUM 3 OCHOBHUX HampsMiB ymockoHaneHHs TexHojorii LIJ[Y € po3poOka Tak 3BaHUX
riopuganx LIAP. OcoOnuBICTh TaKMX aHTEHHHUX CHUCTeM moiisirae y BukopuctanHi LIAP pasom 3
peduiekropom 1 aHamoroBuMu aiarpamoyrBoprorounmu cxemamu (JJOC). Hanmpuknaa, Takuid minxina
peani3oBaHMil y CHCTeMi CYMYyTHHKOBOTO 3B’s3Ky Inmarsat-4 (puc. 1) [4]. ¥V Hiil npu npuiiomi
CUTHAJIIB crioyaTky BUKOpHCTOBYIOThCs JIOC (MaTpuii Ha 8 BXOZAiB i1 8§ BUXOMIB), a OCTaTodHa
OararonpomeneBa piarpama crpsamoBaHocTi ([IC) cunTesyerbes y mudpoBoMy ¢GopmyBadi Ha
OCHOBI JuckpeTHoro neperBopeHHs Pyp’e (AIID). [Ipu mpomy, 4ucIO0 MOIYIIB MPOCTOPOBOIO
I nopiBaioe uncny JJOC, a curnanu Ha Bxogu mnporenypu 1D momarorhes 3 0AHORMEHHUX
BuxoaiB aHanoroBux [1OC, nampuknaa, 3 ycix mepmux BuxoniB anamoroBux JIOC — Ha oauH
monynb JII®D, 3 ycix gpyrux — Ha IHIIMHA W T. iH. BuxopuctanHs y mnepumomy Imapi
JiarpaMOYTBOPEHHSI aHAJIOTOBHX MAaTpPHILb JO3BOJIE€ CIPOCTUTU amaparHy peajizaiito riopuaHoi
AP, 3amiauBmm oguH moayib 1D posmipuictio 120 i Oinblie TOYOK (CHTHAIBHUX BXOJIIB)
KkitbkoMa MoaymsimMu 1D menmoi posmipHocTi. [ng cxemu Ha puc. 1 120-ToukoBa mpoueaypa
JII®D 3aminena §-ma 15-TouKkoBUMH MpoLIEAypaMH, IO € OUTBII MPOCTUM PIlIEHHSAM. TaKuM YHHOM,
npu Tiopuaniid peanizauii L{AP xinbkicte manopo3mipaux IIII®D Bu3HAUAETHCS YMCIOM BUXOJIB
ananorosoi JIOC.

7 Peduexrop L-pianazony
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Puc 1. I'iopumna I{AP cucremu Inmarsat-4

Cunin 3a3Ha4MTH, IO CNUIbHE BUKOPUCTAHHS B aHTEHHIN cucteMi peduiekropa Ta po3MilleHo
¢doxansHOo LIAP (Focal Array Fed Reflector, FAFR) moxe mpuBectu 10 mosBU (pa30aMILTITyIHUX
neopmaniii mons Ha po3kpuBi pedraexropa. g ycyHeHHS 3a3HaueHOTro e(eKTy IOLLIBHO
NPOBOIUTH ILUGPPOBY KOPEKLil0o XBWIbOBOro ¢(pouTy. CyTh 1 3BOAUTHCS /O BpaxyBaHHS
eKBIBAJIGHTHOCTI Mpouecy TpaHcopmalii eIeKTPOMAarHiTHOTO TOJs B J3€pKalbHIM aHTEeHI Ta
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MaTeMaTuyHoi omnepauii neperBopenHss Pyp’e. Came Takuil BapiaHT pIlICHHS PO3MISHYTOI 3a1adi
3aIpONOHOBAHUH B ofHOMY 3 mpoekTiB ipmu Alcatel-Space [5]. IIpu mpomy, y pexxumi npuiiomy
CUTHAJIIB BIIOUTI BiJ peiekTopa eJIeKTpOMarHiTHI XBHJII MiAJIAI0THCS IIPOCTOPOBIN TUCKpeTH3allil,
HAJXOMSUM Ha BXOJM aHTeHHUX eneMeHTIB (AE) posramoanoi ¢pokanbHo [[AP. Ockinbku yacTuHa
AE BuHeceHa 3a Mexi pokyca I3epKajbHOI aHTEHH, Y TOYKaX iXHbOTO PO3TAIlyBaHHS aMILTITYIHO-
¢bazoBuii po3moaun nosis Oyae BiIpi3HATHCA Bi KapTHHH, IO BIANOBIJAa€E HOPMAIBHO MaJaroviif
xuii. [Ipu npomy, HaOir a3 y eJeMeHTax pelIiTKU BiJ] KaHaly J0 KaHaly Oyae 3MiHIOBaTHCS
HemiHiiiHO. 100 BHecTM KOpeKTMBHM B aMInliTynHO-(ha3oBuil posmonin Binrykis LIAP, y [5]
3aIPONOHOBAHO HITYYHO BiJHOBJIIOBATH BHJ aMILTITYIHO-()a30BOr0 (POHTY KOXKHOI 3 XBHJIb IEpes
ix manpigHsAM Ha peduekrop. Jns 1mporo micis omeparii aHaIoro-mu@poBOro NEpeTBOPEHHS
CUTHAJIB MO BUXOJIaX MpUAMalbHUX KaHaliB (okanbHOi LIAP BUKOHYETbCS IPOCTOPOBE 3BOPOTHE
HIII®. 3rigHo [5], y noreHIiani noBUHEH OyTH OTPUMaHU MacuB BiUTIKIB HAIpYT, 110 BiANOBiAA€
IUIOCKOMY XBHUJILOBOMY (ppoHTYy. OnHaK, OCKUIBKM YMOBH IOPYIIEHHS HaBedeHUX cTpyMmiB B AE
(oKambHOI PelIiTKN HeileHTUYHi, pe3ynbTar Oyje ICTOTHO BIAPI3HATHCS BiA igeanbHOro. Tomy 3a
nornomoroto 380poTHOro TP xBunboBUIl (POHT yIaeThCs BITHOBUTH JIMILE YAcTKOBO, M JUis
YCYHEHHSI aMIUTITYIHO-(a30BUX TNEpPEeKpyuyyBaHb BapTO 3aCTOCYBaTH CIeEIialibHy HPOLEIYpY
mudpoBoi kopekuii. OcHOBHA 1i ifest moysira€e B aMILTITYAHO-(a30BOMYy 3BaKyBaHHI IHM(POBHUX
BIATYKIB MpUWMAaNbHUX KaHAJIB, 1[0 3a0e3rneuye MiHIMalbHE CEPEeIHHOKBAAPATHYHE BIIXHUICHHS
MacuBy IXHIX 3Ha4e€Hb Bil IUIOCKOTO XBHJIBOBOTO po3noairy. Ilicis Takoro mTy4yHOTrO
BUPIBHIOBAHHS XBHUJIBOBOTO (DPOHTY Jasli BUKOHYeThCs mpsime mpoctopose HIIID, mo dopmye
Habip HecnmoTBOpeHUX mnapuianbHux mnpomeHiB JIC mnpuiimansHOi anTeHu. Ilpu 1pOMY,
MDKKaHaIbHUN HAOIr (a3 Oyne ananoriyHuM ixubomy posnoniny y LIAP, mo36asneHiit pedriexropa.

HactynHum HampsiMOM MiIBUIIEHHS MOTEHIIHHUX MOJIMBOCTEH cucteM 3B 3Ky 3 LIJIY Ha
6a31 LIAP € BuKOpUCTaHHS TNPHHLHUIY MOJAPHU3ALIAHOTO PO3MOAUTY CHrHamiB. 3rigHO [6],
HaiinpoctimuM npukiagoM AE I[AP Moxe ciyxuTu cucremMa 3 HECHUMETPUYHHMX BiOpaTopis,
OpieHTOBAHHX, HAIPHKIA, I KyToM +45° BiHOCHO BepTHKambHOT oci (puc. 2). Y oMy BUMAAKY
BUIIPOMIHIOBaHI HE3aJIEKHO KO)KHUM MOHOIIOJIEM CUTHAJIM MAalOTh OPTOTOHAJIBHY MOJSPU3ALIIO 3
JIOCUTH BUCOKOIO B3a€EMHOIO PO3B’SI3KOIO TIO KPOC-MOJSIPU3AIlIHIN KOMIIOHEHT1. 3a3HaYeHUI MiIXia
JIO3BOJISIE OJIHOYACHO IepeaBaTd CUTHAIM 3 OJHAKOBUMHU HECYYMMH, MOIYIbOBAHUMH DPI3HUM
YUHOM. SIK HACIiI0K, BAKOPUCTAHHS CUTHAIIIB 3 MOJIBIHHOIO MOJIIPU3AIIIE€I0 TIOTEHITIITHO 3a0e3mneuye
MOJIBOEHHS MIPOIYCKHOT 31aTHOCTI Y MOPIBHSAHHI 3 BUIIAJKOM OJUHOYHOTO MOHOIIOJS (B 1A€aIbHUX
yMOBax MNpsiMOi BUAMMOCTI 32 YMOBH 1IE€HTHYHOI Opi€eHTalil NpuiManbHUX 1 MEepeaaBaJIbHUX

N

e i

Puc. 2. AuTena JUIA p06OTI/I 3 OPTOIrOHAJIBHO-TIOJIAPHU30BAHUMHU CUTHAJTaMU

B iHTepecax miABHMIIEHHS THPOMYCKHOI 3aTHOCTI TaKOX JOLUIBHO OpIEHTYBaTuCs Ha
pe3ynbTaTé JIOCHIKEHb CIUIBHOTO BHKOPUCTAHHS CHTHAIB TOJBIMHOT MojsipH3alii Ta METOLy
HEOPTOTOHANBbHOT 4YacTOTHOI auckperHoi Moayssuii (Non-Orthogonal Frequency Division
Multiplexing, N-OFDM) [7]. Ha Bigminy Bim OFDM BoHa 103B0JIsIE pOOUTH MaHEBP HOMIHAIAMU
HECYIIMX MiJKaHaTB 0araTo4acTOTHUX CHUTHANIB (puc. 3), po3MIlIyIOUd iX HEEKBIAUCTAaHTHO 3a
YacTOTOI0, 1 y CIIOJIyUYeHH1 3 MpoueaypaMu KOMIIeHcallil 3aBajx 3abe3neuye OUbIl e(eKTUBHE
BUKODUCTaHHS BIIBECHOTO 4YacTOTHOTO Jialma3oHy Ta JO3BOJSiE TMpalioBaTH B yMOBax
JOTIIEPIBCHKOTO 3CYyBY HECYUMX YacTOT NPHU 3B 53Ky 3 MOOUTbHMMH abOOHEHTaMH. ICTOTHO TakoX,
IO Taka MOJYJALIS T03BOJIAE 3a0€3MEeUUTH CKPUTHICTH mepenayi iHGopMauiiiHUuX MOBIOMIICHb,
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3HM3UTU piBeHb MOOIUHMX BHINpoMiHIOBaHb. Ilpu 1mpomy, cxema Mmoxaymsauii N-OFDM wmoxe
BUKOPHUCTOBYBATHUCS B 000X MOJIIPU3ALIAHUX CKJIAJJOBUX, IPUYOMY HOMIHAJIN HECYUHX MiJKaHATIB
OOMpAIOTECS U KOXKHOI 3 MOJsIpU3aliii HEe30DKHMMHU 10 4YacTOTi 3 BIANOBIAHMMHU KPOCOBUMH
KOMIOHEHTaMH (puc. 4).

1 2 3 4 5 6 7 8 9 10 11 12

N
OFDM

12 3 4 s 6 7 8§ 9 10 1.1./12

| i '

AU S R S S A N R R |

v v v v ¥ v v v ¥ v v v

Puc. 3. Komnonysannst N-OFDM (OFDM) curnany

hpE

Puc. 4. [TpuHIMIT HEOPTOTOHATEHOT'O PO3MIIIIEHHS YAaCTOT CUTHAJIIB Y PI3HUX MOJSPU3ALIISLX

VY pamkax 1udppoBoi 0OpOOKH MOKIMBO 3IIMCHUTH 3HUKEHHS OOYMCIIOBAIILHUX BUTpAT Ha
eTarti JeMOAYIIALIT 32 paxyHOK MPOPLIKYBaHHS 1H(GOPMALIHHOTO MOTOKY. 3 II€I0 METOI0 HEOOX1HO
BUKOPUCTOBYBAaTH TPOIEAYpY JHoJaTkoBoro crpoOyBanHs BimmikiB ALl 3rigao [8], s
cripolieHHs oOuucieHs nepiox auckpernsanii ALl Bapro mpuiiMaTé piBHUM HENAapHOMY YHUCIY
YBepTEH NepioAy MEHTPATbHOI JUIS CHUTHAIBHOTO CIHEKTpa YacTOTH, a TPUBATICTh CTPOOIB —
kparHiil 4. Takuil miaxia, y BUNAAKY pagioiMIyJbCiB, J03BOJIAE€ MOIMYTHO 3AiHCHIOBaTH (pasoBe
JICTeKTYBaHHS CHTHAIIB Ta IXHIO 4YacTOTHY (Qinbrpaiiio, o 3abe3neuyye, KpiM pilleHHs
TPAAULIAHUX JUIS CHEKTPAIBLHOT CeNeKIii 3aa4, MiABUIICHHS B3aEMHOI 1IEHTUYHOCTI aMILTITYIHO-
YaCTOTHUX XapaKTEPUCTHUK NMpuitManbHux kaHaiiB LIAP y 3apaniii cMmy3i npuiiomy.

ITpu posmsai cxemorexHiku LIAP Bapro 3BepHYTHM yBary Ha BHUKOPUCTAHHS TaK 3BaHHX
(bpakTanbHUX aHTEHHUX CTPYKTYp [9]. JlaHuii HaNpsIMOK B aHTEHHIN TEXHIlll € MOPIBHAHO HOBUM 1
MPUHIUIIOBO BIAPI3HAETHCS BiA BioMuX pimeHb. [Ipoobpasu cydyacHUX (pakTaabHUX TEXHOJIOTIH
3'aBUIIHCA 1I€ B cepeauHi 60-X pOKiB MHUHYJIOIO CTOPIUYsl, KOJM Oyiau CTBOPEHI JIOTONEepioAnYHi Ta
cripayibHi aHTEeHHU. Y TBOPEHI 13 caMOMNoJi0HUX (parMeHTiB, Ii aHTEHH, 3 MO3UIIHA CbOTOIHIIIHBOTO
JIHSI, TAKOXK MOJKHA y3arajJbHUTH Ha Kiac (ppakTalbHUX, XO4a B CTPOTOMY MaTeMaTHYHOMY CEHCI
BOHH € JiuIe (ppakTasaMu NEpLIOTO POTY.

B nanwmii yac Teopis (ppakTagbHUX aHTEH 3HAXOIUTHCS Ha €Talli CTaHOBJIECHHS. B ocHOBHOMY
JOCIITHUKY €KCTIEPUMEHTAIbHUM IUIIXOM, METO/IOM NPO0 1 MOMHIIOK, HAMAraroThCsl 3aCTOCYBaTH
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BiZIOMi 3 TeoMeTpii Ta anredpu ppakranu 10 aHTEHHUX KOHCTPYKIIIH.

VY pe3ynbTari YMCICHHUX EKCIEPUMEHTIB 3’4COBaHO, 10 nojaioHoro tunmy AE 103BOJSIOTH
oJiepXKaTy MPAKTHYHO TOM ke KoeillieHT MiICUIeHHs, O i 3BUYaiiHi, IPU MEHIIUX rabapuTHUX
po3mipax (puc. 5). Edexr miniatropusarii aHTeH OLTbIle BCHOTO ICTOTHO MPOSIBISIETHCS TUTBKH IS
KUIBKOX MepuX irepamii ¢pakraiiB (3BHUaitHO — 5, 6), aCUMITOTUYHO HAOIMKAIOYUCH 0
JesaKoi Mexi.

Inmuit edekr, omepkyBaHMN YHACTIOK KOMIIAKTHOCTI (pakranbHux AE B aHTeHHHX
pelIiTKax, MoJiArae y MOXJIMBOCTI OUTbII IIUIBHOTO po3TamyBaHHs AE B iHTepecax po3UIMpeHHs
CeKTOpa NPOCTOPOBOrO CKaHyBaHHA. Hampukman, y rabapurax S5-eneMeHTHOI €KBHUAMCTAHTHOI
pewitku J{onbda-Yeburiena 3 HaNBXBUILOBUM MDKOCHOBUM IHTEPBAJIOM PO3MILICHHS KBaIPaTHUX
BUITPOMIHIOBAaYiB MOKJIMBO PO3TAIlyBaTH 7 eleMeHTiB MiHKOBCHKOTO (puc. 6).

il j

L

Puc. 5. BigHOCH1 BUCOTH KUIbKOX iTepaniil ppaxrany Koxa y mopiBHSIHHI 3 IIe4eM 3BHYAHOTO
HaMiBXBUIBOBOTO JTUITOJIS

3a30p MK eJeMeHTaMu = 0.176 A

/‘\ ‘ d=0.35 A
/ S
Y g% ok ok Pk ok gk sk <
b)
\\ W
N/ ‘ d=0.5 4

3830p MDK eTleMeHTaMH= ()23 A

Puc. 6. Edekr Oi1bII MIITEHOTO pO3TAaLTyBaHHS aHTEHHUX €JIEMEHTIB B iHTEpecax PO3LIMPEHHS CEKTopa
CKaHyBaHHS: (a) - S-elleMeHTHa eKBigucTaHTHa pemiTka Jonbda-Yebuiiesa 3 HamiBXBUILOBUM MIKOCHOBUM
iHTepBaiioM, (0) - po3MilleHHs 7 eneMeHTiB MiHKOBCHKOTO

B ocranHboMy BUNAJKY, MIiHIaTIOpH3allisl aHTEHHHX €JEMEHTIB Ha (pakTajbHIi OCHOBI
JI03BOJISIE ICTOTHO 3HHU3UTH IXHIM B3a€MHMH BIUTUB 3a PaxyHOK 30UIBIIEHHS MDKEIEMEHTHOIO
3a3opy (puc. 7).

Bapro Takox 3BEepHYTH yBary Ha Te, LI0 CaMONOAIOHICTH reoMeTpii (pakTalbHUX aHTEH
MIPU3BOJIE 0 PO3LIUPEHHS IPAHUIL YACTOTHOTO Jiana3ony. Hampukiaz, mupuHa CMyrd 4acToT Ha
piBHi 3 1b y 3BuyaiiHoro aumnois ckianae 2,4 % Big Hecyd4oi, st kpuBoi Koxa B 5-# irepanii uei
napametp 3poctae 10 3,1 %, BUKOpHCTaHHS 2-BUMIPHOTO JIE€PEBONOAIOHOTO (pakTany 5-i iteparii
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JI03BOJISIE PO3LIUPUTH CMYTY Tpuiiomy a0 4,2 %, a Bapiant 3-BuMipHOTO aAepeBa — 10 12,7 %.
HaiiOinbmr  sickpaBO BUpPaXEHUMHU BIACTUBOCTAMH LIMPOKOIIANIa30HHOCTI XapaKTEePU3YIOThCS
aHTEHH1 cucTeMu Ha ocHOBI KpuBoi B. Ceprnuucrkoro [10].

3a30p Mik ernemenTamu =0,026 A

/\ d=03 A

a)

N/

3a30p Mik eemMenTamu = 0,13 A

Puc. 7. JliniitHa perritka Honsga-YebuineBa Ha OCHOBI: (a) - KBaIpaTHUX BUIPOMIHIOBaUiB, (0) - elIeMEHTIB
MiHKOBCBKOT'O

N R

|

“~Qigep

Puc. 8. Monomomns I[Teano

Y BHUMNAgKy CHUIBHOTO BHUKOPUCTaHHSA (pakTaJbHUX CTPYKTYp 1 mpoueayp o0OpoOku
OpPTOTOHAJILHO-TIOJIIPU30BAHUX CHUTHANIIB BapTO OPIEHTYBAaTUCA HAa TUIHM AHTEH 3 J1arOHAJIbHOIO
LEHTPAIbHOIO cuMeTpiero. Hampukmnan, piBeHb NpUAYLIIECHHS KpOc-MOJsSpHU3aliiiHOl 3aBagu y
KOHCTPYKIIil aHTeHH Ha oCHOBI 2-01 itepanii [leano (puc. 8), po3ramoBanoi y kBajapari 70x70 MM,
nepesuirye 60 1b B 060X momuHax moispu3ariii.

4. Bucnoeéku ma nepcneKkmueu noo0a1buux 00CaioHceHs

TakuM YMHOM, B SKOCTI OCHOBHMX ITIIXOJIB IOJ0 MiABHUINCHHS HNOTEHI[IHHUX MOKIHUBOCTEH
cucrem 3B’s13ky 3 LIV nHa 6a3i LIAP BapTto BugimuTu:

BUKOPUCTAHHS y OaraToKaHaJbHUX AHTEHHUX CHUCTEMaX CXEMOTEXHIKM TiOpuaHux (y TomMy
yucni i poxansHux) LIAP, a Takoxx AE Ha 0CHOBI (ppakTagbHUX CTPYKTYP;

3aCTOCYBaHHS CHTHANIIB MOJABIHHOI MoOJsApH3alii, METOAIB HEOPTOrOHAJIBHOI YaCTOTHOI
JUCKPETHOT MOAYJISLIL, @ TAKOXK PI3HUX BapiaHTIB TXHIX KOMOIHAIINA JUI MiABUILEHHS MPOIMYCKHOT
3IaTHOCTI;

BUKOPUCTAHHS MPOLEAYPU A0AATKOBOro cTpoOyBaHHs BimmikiB ALlIl 3 Meroro 3HIKEHHS
0OUHMCITIOBATIBHUX 3aTpar y NPUHMAIbHUX CETMEHTaX CUCTeMH 3B 53Ky 3 LIJIV.

VY cBOIO uepry, MpOBEACHUN aHalli3 BIACTUBOCTEH (PpakTaJbHUX aHTEH J03BOJIAE 3POOUTH
HACTYITHI BUCHOBKH.

1. JIna 3MeHmieHHs diHiiiHUX po3MupiB AP makcumanbHuil eheKT BUSBISETHCS JUIIE MPU
BUKOpHUCTaHH1 5 a00 6 mepmux iTepartiii ppaxrany.
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2. BrnpoBamkeHHs ppakTaiiB JO3BOISIE POUIMPUTH IIUPHHY CMYTH pOOOYNX YaCTOT.

3. Burpam Big MiHiaTIoOpu3allii AUMOIBHUX CTPYKTYpP ICTOTHO 3aJIEKUTh BiJ THUIY (pakrana.
MarounM HaiOUIbIy KOMOAKTHICTh 3-BUMipHUM AE y BUMISAi ¢pakraabHUX JepeB MpUTaMaHHI
3HAYHO MEHIIWH BXIAHWUU OIIp y MOPIBHSAHHI 3 2-BUMipHMUMH aHanmoramu. [Ipu opieHranii Ha 3-
BUMIpHI (ppakTasibHi aHTEHU AEPEBOMOAIOHOTO THUITY HEOOXiTHO 3HAXOAUTH PO3YMHHUU KOMIIPOMIC
MDK JOCSYKHOIO KOMITAKTHICTIO aHTEHH Ta 3HUKEHHSIM BEJIMYUHU 11 BX1IHOTO OMOPY.

4. Buacninox xomnaktHocTi (ppakranbHux AE, B LIAP cTBOpIO€THCS MOXIIHMBICTH OLIBII
HIUTBHOTO IX PO3MIILIEHHS B IHTEpecax PO3LIUPEHHS CEKTOpa CKAaHyBaHHS.

5. ¥V BuUnmajaKy MOKJIMBOCTI 30epexeHHs JiHiiHuX po3mipiB LIAP npoBenenns Miniatiopusarii
JI03BOJISIE ICTOTHO 3HU3UTH B3aeMHUM BIUIMB AE 3a paxyHOK 30UIbIICHHS IHTEpBAaTy MIX
eJIEMEHTaMU.

Ha pmanuit wac texuomoris IJIY 3anumaerscss npeaAMETOM aKTUBHHX JIOCTIIKEHb.
Bukopucranns reomerpii HpOCTOPOBO-3aMOBHIOIOYMX KPUBUX MIJIITOBXHYIO JOCITIIHUKIB JI0
3aCTOCYBaHHS B AQHTEHHUX KOHCTPYKLIAX AHAJOTIYHMX 32 BJIACTMBOCTAMHU OO'€KTIB 3BHYAMHOT
reomerpii. B pesynabrari mnoaidOHMX po3poOok OaratboM — (ppakTaJbHUM  PIMICHHSM BXeE
MPOTUCTABISIFOTECST CEPHAHTHHHI Ta 3ur3arononiOHi AE, mo mnepeBepiiyloTh iX 3a HHU3KOIO
napameTpiB. [HImKMM HanpsMoM momryky € BukopuctanHsa st cuHte3y AE I[AP Tak 3BaHuMX
TeHETUYHUX aiaroputMmiB ontuMizamii [11] Tomjo. 3a3HadyeHe OKpECIIOE HOBI TOPU3OHTH MJis
yIIOCKOHaJIEHHsI 3ac00iB 3B’sI3Ky B paMkax TexHoiorii LY.
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ABTOPU HOMEPA
Ananvin Onez Banepiitoéuuy — KaHIUIAT TEXHIYHUX HAYK, HAYAIBHHUK BIIIITICHHS
tenedonnoro 3AC LIB3 Jlep>kaBHOT IPUKOPAOHHOI CIykOu YKpaiHu.
Apymynan Awiom Jleonoeuu — NpaliBHYUK MTIPHEMCTBA 3 iHo3eMHMMU iHBecTHLisiME TOB ,Bropo
BEPITAC Vxkpaina™.
beg3wk bozoan Mukonaiioeuy — KypcanT BiliCbKOBOro IHCTUTYTY TeJeKOMYyHIKaliii Ta
iHdopmarmzarii HarioHambHOrO TeXHIYHOTO yHIBepcHTeTy YKpaiHu ,,KuiBchbkuid MoNiTeXHIMHMMA
HCTUTYT .
Bykacoe Makcum Muxaitnoseuy — crapumii Bukiajgay kadenpu AYTC HarioHaTHOroO TEXHIYHOTO
YHIBEpCHTeTY Y KpaiHH ,,KUiBChbKuMii OMITeXHIYHHI IHCTUTYT .
Bonkoe Onexkcandp Bimaniiioeuu — KanaunaT TEXHIYHUX HAyK, HayaJlbHUK HayKOBO-
nocmigHoro Bimainy HaykoBoro wneHtpy 3B’s3Ky Ta iH(popmaruzanii BilicbKOBOro HCTUTYTY
TeNIeKOMYHIKalii Ta iHpopmarusaiii HaiioHanpHOro TeXHIYHOTO yHIBepcuTeTy YKpainu ,,KuiBchkuit
TIOJIITEXHIYHUI IHCTUTYT .
Iynvko /lenuc IOpiitoeuu — cTyneHT BiiicbKOBOTO IHCTUTYTY TENEKOMYHIKAIM Ta iH(popMaru3arrii
HarioHaIbHOro TEXHIYHOTO YHIBEPCHTETY YKpaiHu ,,KUIBChKUIA OMITEXHIYHUI IHCTHTYT .
/pazmox Onexciit Bikmoposuy —vornomumii HaykoBuii criiBpoOiTirk H/IB HaykoBoro nieHTpy 38°s13Ky
Ta iHpOpMATH3ALLil IHCTUTYTY.
3inuenko Andpiii Onexcanopoeuy — KaHIUAT TEXHIYHUX HAYK, HAYaJbHUK Kadeapu 38°s3ky ACY ta
3axucTy iHpopmarii HarioHasHOro yHiBepcUTeTy 000pOoHH YKpaiHH.
Kamin Ilagno IOpiiioguy — KanaunaT TEXHIYHUX HAyK, CTapIIMi BHKIana4d BilickkoBoro
IHCTUTYTY TeJIEKOMYHIKaLii Ta iHpopmaru3aiii HamioHambHOTO TEXHIYHOrO YHIBEpCUTETY YKpaiHH
,,KUTBCHKHI1 MONMITEXHIYHNH HCTUTYT .
Kobeuyb Onexcandp Ieanosuu — crynent kadenpu AYTC HarioHambHOTO TEXHIYHOTO YHIBEPCUTETY
VYxpainu , KHiBCbKUiA MOMTEXHIYHUN IHCTUTYT .
Konauoe Cepaiit Ilemposuy — xanyiar TEXHIMHUX HayK, HAYaTbHUK HaykoBOro LeHTpY 3B’sBKY Ta
iH(opmatizarii BilickkoBoro IHCTUTYTY TeNekoMyHiKamii Ta iH(opmaruzamii HarioHamsHoro
TEXHIYHOTO YHIBepcuTeTy YKpaiHu , KUiBCHKUI MOMTEXHIYHHI IHCTUTYT .
Kocoean Onexcandp Anamoniiioeuy — crynent kadenpu AYTC HauioHaTbHOTO TeXHIYHOTO
YHIBEpcHTeTY Y KpaiHH ,,KUiBChbKuMii HOMITEXHIYHHI IHCTUTYT .
Kpyroecokuii 1e0p Anamoniiioeuy — crapimii HAyKOBHA CITIBPOOITHUK HAYKOBO-IOCIITHOT JTabopaTopii
HayKoOBOTo IeHTpy JKutommpcbkoro BidicekoBoro iHctutyry iM. C.I1. KoponboBa HarionansHoro
aBiaIliifHOTO YHIBEPCHUTETY.
Kyeuiunos Onexciit Bikmopoeuu — KaHIuaar TEXHIYHUX HAyK, JOLIEHT, HAYQIbHUK (DaKyJIbTETy
BilicbkoBOro HCTUTYTY TeNIeKOMyHIKallii Ta iHpopMaTu3anii HarioHaTbHOTO TEXHIYHOTO YHIBEPCUTETY
VYxpainn , KHiBCbKuii MOMTEXHIYHUN IHCTUTYT .
Jluncokuii Onexcandp Anamonigioguy — MONOMUMI HayKOBHM cHiBpoOITHUK HaykoBoro neHtpy
3B’s13KY Ta iH(popMaT3aLii BilicbkoBOro iHCTUTYTY TeJleKOMYyHIKarlii Ta iH(popmatizari HarionamsHoro
TEXHIYHOTO YHIBepcuTeTy YKpaiHu , KUiBCbKUI MOMTEXHIYHHI IHCTUTYT .
Manapuyx Muxaiino Bacunboeuy — HauabHUK BIACHK 3B°513Ky 30poitHnx Crt YKpaiHi — HaYaIbHUK
['onoBHOro ympaBmiHHA 3B’s3Ky Ta iH(opmauiiinux cucrem [enepanbHoro mrady 30poHHHX
Cun Ykpainu.
Macecoé Muxona Onexcandposuu — KaHaAuaT TEXHIYHUX HAyK, CTapIIMi BUKIagau kadenpu
BilicbkoBOro HCTUTYTY TeNIeKOMyHIKallii Ta iHpopMaTu3anii HarioHaTbHOTO TEXHIYHOTO YHIBEPCUTETY
VYxpainu ,, KHiBCbKuii MOMTEXHIYHUN IHCTUTYT .
Minaxoea Mapuna Bonooumupiena — cTyneHtka BiliCbKOBOTO IHCTUTYTY TEJIEKOMYHIKALN Ta
iH(popmarmzarii HarioHaTbHOrO TEXHIYHOTO  yHIBEpcHTeTy YKpaiHu ,,KuiBChbKuii MOMITEXHIMHMI
HCTUTYT .
Heoaioioa FOpiin Ilempoguy — xananiaT TEXHIYHUX HAYK, JOLEHT, IPOBIIHUI HAyKOBUI CITIBPOOITHIK
H/IB HayxoBoro 1ieHTpy 3B 3Ky Ta iH(OpMaTH3aLLii IHCTUTYTY.
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23.

24.

25.

26.

27.

28.

Tlonvuurxoe Kocmanmun Onexcandpoeuy — JOKTOPaHT BilicbKOBOTO HCTUTYTY TEIEKOMYHIKALTIH Ta
iHdopmarmzarii HarioHambHOrO TEXHIYHOTO  yHIBEpcHTeTY YKpaiHu ,,KuiBChbKuid MONTeXHIMHMMA
HCTUTYT .

Paoszisinoe I'puzopiii /lanunosuyu — KaHIUIAT TEXHIYHUX HAYK, HAUYATHHUK Kadenpy BilicbkoBOro
IHCTUTYTY TeJIEKOMYHIKalii Ta iHpopmarusanii HalioHaTbHOTO TEXHIYHOrO YHIBEpCUTETY YKpaiHH
,,KUTBCHKUI MOMITEXHIYHUH HCTUTYT .

Ponix Onexcandp leanosuu — KaHIMIAT TEXHIYHUX Hayk, JoteHT Kadenpu AYTC HarioHanbsHOro
TEXHIYHOTO YHIBepcuTeTy YKpainu ,,KuiBChKHiA MOMTEXHIYHHI IHCTUTYT .

Pomanioxk Banepiiic Anmonosuy — JOKTOp TEXHIMHHMX HayK, Mpodecop, 3aCTyNHHUK HAYaIbHHKA
BiiicbkoBOro HCTUTYTY TeNIeKOMyHIKalii Ta iHpopmaTu3anii HarioHaTbHOTO TEXHIYHOTO YHIBEPCUTETY
VYipainu , KHiBCbKrii MOMTEXHIYHUN IHCTUTYT .

Cnrocap Baoum leanosuu — NOKTOp TEXHIYHHX HayK, PoQecop, TOJIOBHUI HAYKOBHUIA CIIBPOOITHHK
LleHTpabHOrO HAYKOBO-IOCITHOTO IHCTUTYTY O30pPO€HHSI Ta BIMCHbKOBOI TexHiKM 30poiHmx Cui
VYkpaiHu.

Cnrocap leop lsanosuu — KaHIMIAT TEXHIYHUX HAyK, JOLEHT, HAY&IBbHUK Kadenpu BiiicbkoBoro
IHCTUTYTY TeJIEKOMYHIKaLii Ta iHpopmaru3aiii HamioHaTbHOTO TEXHIYHOrO YHIBEpCUTETY YKpaiHH
,,KUTBCHKHI1 MOMITEXHIYHNH THCTUTYT .

Cmprok Onexcin KOpitiosuy — KaHIMIAT TEXHIYHUX HAYK, JIOLIEHT, IOKTOpaHT BiiiCbKOBOTO HCTUTYTY
TeNIeKOMYHIKalii Ta iHpopmaruzaiii HaiioHambHOro TeXHIYHOTO yHIBepcUTeTy YKpaiHu ,,KuiBcbkuit
TIOJIITEXHIYHUI IHCTUTYT .

Tenenux Cepeit Dedopoeun — NOKTOP TEXHIYHUX HayK, mpodecop, 3aBimyBay Kademporo AYTC
HartioHaIbHOro TEXHIYHOTO YHIBEPCHTETY YKpaiHu ,,KUTBChKUIA OMITEXHIYHUI IHCTHTYT .

Lllgeup Anamoniii Andpiiiouy — 3actynHuk HavanbHuka HI[3I BiiicbkoBoro iHCTUTYTY
TeNIeKOMYHIKalii Ta iHpopmaruzaiii HaiioHanbHOro TeXHIYHOro yHIBepcuTeTy YKpainu ,,KuiBcbkuit
TIOJIITEXHIYHUI THCTUTYT .
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