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3anponoHoBaHO BUKOPUCTOBYBATH KOMOiHOBaHI AiarpaMu cnpsiMoBaHOCTI, fKi BigoOpa-
JKAI0Th BILJIMB OJHOTO 3 MapaMeTpiB 3a iioro HenepepBHOi 3Minu. B npsamoainilianx AP ix JIC
3aeKUTh BiA TPbOX MapaMeTpiB. KiNbKOCTIi BHNPOMiHIOBa4YiB, Bigaaji Ta 3cyBy (a3 Mix
cycizHiMmu BunpomiHoBayamu. Tomy mnsa Takux AP BHKOPHCTOBYIOTH TpPM BHIH KOMOiHO-
Banux J[C, koxkHa 3 AKMX /J03B0JisiE BUOpaTH OAUH 3 mapameTpiB. 3acTocyBaHHA KOMOiHO-
BaHHUX JiarpaM Jaa€ 3MOry BHOpaTH ONTHMAJIbHMII BapiaHT mMoOyA0BM AHTEHHHMX PELIiTOK Yy
KOKHOMY KOHKperHoMy Bunaaky. Ilo0ynoBa KkomOiHOBaHUX JiarpaM cHnpsiMOBaHOCTI
0CHOBAHA HA BHKOPHMCTAHHI 3aNPOMOHOBanoro Meroxy “ 2D-3D-2D" .

KualouoBi cioBa: aHTeHHi pelniTku, aiarpama cnpsiMoBaHoOCTi, BHOIp ONTHMAaabHOIO
BapianTa nmo0ya0Bu, MeTO] 2D-3D-2D".
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A disadvantage of simple antennais they do not always perform to specified requirements,
such as the required width of the main lobe of radiation pattern (RP). In response, we often
utilize straight array (SA) containing N emitters; each of which is employed as a simple antenna.
The distance ‘d’ and the current phase difference ‘h’ between adjacent emitters are per manent.
Requirementsto insure SA are given depending on F (0) —nor malized RP multiplier of SA tothe
angle 0 of spherical coordinate systems. The basic requirement for F (0) is to provide a given
direction of a single main lobe. The additional requirements are smaller width of the main lobe
and smaller levels of side lobes. We can provide the basic requirements for F (0) with differing
combinations of values for (d, h, N) of SR parameters, thus additional requirementsin each case
would differ. This in turn raises the logical question - how to purposefully select the optimal
combination of values of (d, h, N), where we can provide the best value of additional
requirements? Selecting the optimal combinations by sorting possible options is futile and
requires a more focused approach. In this paper we recommend combining RPs to solve this
problem. For example, to select the optimum value of N, it suggested to use a combined RP type
F (0, N) with dconst, hconst. Asaresult, one can make a reasoned choice of the optimum value of
the parameter N. Similarly we can propose to use other types of combined RP: F (0, h) with
dconst, Nconst; F (6, d) with hconst, Nconst. To build combined RP we can use suggested method
“2D-3D-2D'". For example, to build a combined RP type F (6, N) RP on a planeis used (2D) F
(8) with Nconst, dconst, hconst. After that the following RP system is placed in a spatial (3D),
withx =0,y =N, z=F. Then in spatial system many similar RP (2D) are placed in the range of
values of Na <N <Nb, incrementing with AN — 0. As aresult we obtain a spatial surface and its
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projection (2D’) on the plane XOY reflects the combined RP we need. Similarly we're formed
the other two types of combined RP. Thus, the resulting combined RP on the plane (0, N), which
reflects the breadth of availableradiation lobes (main and side lobes) on zero level. Evidently, for
small values of N width of the main lobe will be large, which is undesirable. With a further
gradual increase of N we'll receive smaller value of width of the main lobe. But this dependence
isfar from linear. At first, with increasing of N ( approximately up to 4... 6 ) width of the main
lobe decr eases shar ply and then mor e slowly. The advantage of using of the combined RP on the
plane is precisely the fact that it clearly demonstrates the specified dependency and allows
consciously to choose the optimal (compromise) value. Even more significant advantage is the
usage of combined RP type F (0, d) with hconst, Nconst. With this RP we can see that for small
values of d width of the main lobe will be significant. With a further gradual increase of d we will
also receive smaller value of the width of the main lobe. Also, this dependence isfar from linear.
First, by increasing d the width of the main lobe decr eases shar ply and then more slowly. But in
this case also we can see that the further increase of d we're starting having side petals, and their
width is growing. It isthe use of combined RP that can help us reasonably choose a compromise
solution that is closeto optimal. This solution providesarather small width of the main lobe with
the acceptable level of side lobes. Furthermore, we can seeaclear angular difference between the
direction of the main and side lobes. In the case of small angular difference we can allow the
presence of minor side lobes, and increasing the angle difference it possible to allow the increase
of side lobes. From these examples it is clear that the use of combined RP allows each case to
choose a reasonable compromise configur ation of SA which closeto optimal.
Key words: Array, pattern, selection of optimal variants of construction, “2D-3D-2D’".

Beryn. [IpocTi aHTeHH, HAIPUKIIA]] CHMETPUYHHNA BiOpaTOp, HE 3aBXKAH MOXKYTh 3a0e3MeunTH He0O-
xigny aiarpamy crnpsimoBanocTi (JIC), 3okpema mmpuny rosioBHOI nemtoctku (I'TT). Tomy wacto BHKO-
PHCTOBYIOThCSI aHTEHHI perriTku (AP), B SKMX HeMae BKa3zaHUX HemomikiB. JluckperHa AP mictuth oqHO-
THIIHI €IEMEHTH, IPHUOMY B TIPSMOINIiHIIHIH AP BOHU po3TalioBaHi BIOBX MPsIMOi, sika popmye Bich AP.

d= Bigant Mi#
NeMeHTamu

enemeHT AP Bick AP h- acye faz mix
(kinekicTE M) enemMeHTamMm

a 6 8

Puc. 1. Byoosa npsmoninitinoi AP ma it napamempu:. xinokicmo enemenmis (a);
8100ab ma 3¢ye haz misic cycionimu enemenmanmiu (6, 8), 6i0n0GIOHO

OTxe, 7151 TUCKPETHOT MpsMOITiHiiHOT AP xapakTepHi Taki mapaMerpu:

- mictuth N enemenTiB (puc. 1, a);

- BCl €NIEMEHTH PO3TalloBaHi pIBHOMIpHO, MPHYOMY BiJIalb MIXK CYCIZIHIMHU €IEMEHTaMH CTAaHOBUTH
d (puc. 1, 6);

- (ha3a cTpyMy B N-My €JIEMEHTi CTAaHOBHUTh (p, @ B (N+1)-My elneMeHTi Bipi3HIEThCS HA BETUIHHY
h>0, T06TO CTaHOBUTD Qni1= Pn+h (puc. 6.1, B).
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Sk mokazaHo y [1], mHOKHHK AP, Bick sikoi po3MiliieHa B310BxK oci OZ, BU3HAYAETHCS TaK
fm= sin(u)/sin(u/N) — HeHOpMOBaHHIA; (1a)
Fr= sin(u)/Nsin(u/N) — HopMoBaHHif, (106)
ne U=bN/2 — y3arampHena kyroBa koopaunata; b=kd cos(0)-h=2rd.cos(0)-h= 2rd,(cos(0)-hn);
hn=n/(2rdn); dn=d/A.
[lepeBaru AP came B TOMy 1 MOJArarOTh, IO 3a HAsSBHOCTI B IX CKJIAJi MPOCTHUX OJHOTHUITHUX
BunpomintoBauiB (enemenTiB AP)) Mmoxxna orpumatu pe3ynbryody JIC AP 3 kpaiiMu mokasHuKaMu
fr=fefm (2a)
Fr= FeFm (20)
ne fr, fefm — wemopmosani JIC AP, BunpomiHioBaua Ta MHOKHHKa AP, Bimmomimmo; Fr, FeFm —
HopmoBasi /IC AP, BunpoMiHioBaua Ta MHOKHHUKa AP, BIAMOBIHO.
Hampsm I'T] muo)kHHKa AP BU3Ha4YaeThes Tak
€0S(0r0,)=NVd, +hn m=0, +-1, +-2, ... (3)
[TepeBaxkno sik I'Tl BUKOPHUCTOBYETHCS TENIOCTKA HyJIboBoro mopsaky (m=0). YmoBa HasBHOCTI
equnoi I'TI Taka
dn< 2/(1+|hn]) (@)
Takumu € OCHOBHI BigoMocTi ipo OynoBy npsimoniHiiiHoi AP ta JIC 1 mHoxxauka Fm. Ha ocHoBi
HABEIEHWX JaHMX dYacTO BHHHMKAaE HeoOXimHicTe Bu3HauumtH OymoBy AP (N, dn, hn), 3a sxoi
3a0e3MeuyIoThCs 3aJaHl BUMOTH JJO MHOKHUKa AP:
- 3amanuil Hanpsm [T
- HasBHICTb eaunHoi I'TI;
- 3agane 3HaueHHs LTI (abo menie 3navenns [T 3a iHIIMX OHAKOBUX YMOB).

Bubip kinbkocTi etemMenTiB Ta HopMoBaHoi Biani mixk Humu. Hexail motpibHo 3a6e3neuntr J[C
MHOKHHKa AP 1ornepeyHoro BUIPOMIHIOBAHHSI, TOOTO CIPSIMOBaHy HOPMAJIBHO 70 oci AP, mprHyoMy MOBHHHA
oyt omna I'TI, i GaxaHo, mo0 piBeHb OokoBux memocTok (BIT) OyB MeHmmii. B pe3ynbrari BuzHaueHHs
napamerpa hn=0 (3) Ta dn<1 (4) orpumano pi3ui Bapiantu JIC mHO)KHUKA AP 11 dn=const, N=var.

Puc. 2. IC y nonapuin cucmemi muodxcrnuxa AP nonepeunozo
sunpominiosannsi, axugo hn=0, dn=0.2: N=2 (a); N=4 (6); N=8(s)

Amnanoriuno orpuMano pi3Hi Bapiantu JIC muoxuuka AP nis N=const, dn=var

Puc. 3. IC y nonapuin cucmemi muodxcrnuxa AP nonepeuno2o sunpominio8anHsi,
axuo hn=0, N=4: dn=0.1 (a); dn=0.5 (6); dn=0.9 ()
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Buano, mo tineku IIT'TI (puc. 2, B) MOKHA BBa)KaTH 3aJ0BUIBHOIO, a B IHINUX BHIAJKaX — HAITO
BennKo. OYeBUIHO, 110 33 IHIIMX OMHAKOBHX YMOB BUTiAHO BHOpatH AP 3 meHmum 3naueHHsM N (B
1poMy BHMaAKy AP pgemreBma ta ii rabaputi Menmn). Takox Buano, mo Titeku JIC (puc. 3, 6) MoxHa
BB@)XaTH 3aJI0BUIbHOIO, a B iHIIUX BHmnaakax — abo IIITI Benuka, abo pieerp BI1 Haaro Bucokuii. Orxe,
BUHHKAE MUTAHHS: SIK OOTPYHTOBaHO BUOpATH 3HauUeHHs dn.

JC, ananoriuny puc. 2, MOXXHa OTPHMATH B TIPSIMOKYTHIH CHCTEMI.

Bick AP

Frm

o5t f g

o 8
Puc. 4. JIC 6 npsamoxymuiil cucmemi muodxcrhuxa AP nonepeurnozo
sunpominiosanns, axuo hn=0, dn=0.2: N=2 (a); N=4 (6); N=8(s)

Ha ocnogi JIC y npssMOKyTHi# cucTeMi, aHaIoriyHux puc. 4, popmyrorscst kombOinosani JIC.

Kom6inoBani giarpamu cnpsimoBanocti Buxy Fm (0,N) y npsiMmokyTHiii cucremi.
Hwxue naBeneno taki JIC y pasi 3miau N y 3a1aHOMY Jiana3oHi.

BiCk AP

Puc. 5. Hopmosani JIC y npsmokymmiti cucmemi MHONCHUKA Ouckpemuux AP
nonepeunozo sunpominrosanns (dn=0.5, hn=0): nepepiz npocmoposoi JJC
eudy FM(O,N), saxwo N=4 (a); kombinosana J{C npu 2<N<8 (6); ii npoexuyis
na naowuny QON (8); npoexyis nepepisie kombinosanoi JJC na niowuny OFmM
npu N=2, N=6, N=8 (2, 0, €), 6ionosiono
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Hpunuunu ¢popmMyBaHHA KOMOIHOBAHUX AiarpamM cnpsiMOBaHoCTI Ta iX aHadi3. ®OpMyIOThCS
koMmOiHoBaHI /IC 3 BUKOPHCTAHHSM METOIY “2D-3D-2D/”, omucanoro B [2]. BuxigHumu mjis moOyaoBu
kom6inoBanoi JIC € JIC ma miomuni (todto 2D), Hanpukian puc. 4, a, 6, B. Jaui 1i IC po3MiInyioTs B
mpocroposiii cucremi (3D), Hampukiam, Ha puc. 5, a po3mimiena oxna 3 takux JIC (axmo N=6). Skmio
posmictutu cykynHicth Takux JIC y mexax Ni;<N<N; 3 kpokom AN—O (B mipomy Bumnaaky N;=2, N,=8),
To orpumaemo kombiHoBany JIC (puc. 5, 6). IIpoekist (puc. 5, B) kom6inoBanoi JIC Ha miomuny (2D)
HaJIa€ MOXKJIMBICTh OTpUMAaTH iH(OpMaIlito mpo HerepepBHY 3anexHicTs FM(O,N).

Ha ocHoBi ananizy npoekiii kom6iHOBHOT JIC MOXHa OTpHMATH BaXKIIMBI pe3ynbTaTtd. SIK BUIHO
(puc. 5, B), cnouatky 3i 30inbmieHHsM N mwmpuna I'TI (Ha piBHI HYJIBOBOTO BHIIPOMIHIOBAHHS)
3MEHIIIYEThCsl CYTTEBO. 3a momainbinoro 30utbiieHHs N (Oinbmie 3a N1=6) mupuna I'Tl npaktuuHO He
3MEHIIYEThCA. TOMYy B IIbOMY BHIAJKy IOLLTBHO BHKOpUCTOBYBaTH AP, skmo 2<N<6. 3a mMeHmmx
3HadeHb N orpumano aemieBiry AP 3 menmumu rabapuramu, a 3a Outbiiux 3HadeHb N — AP 3 MeHmmM
3HaveHHsM mupuad [T1. Bapro 3ayBaxut, 1m0 nani (puc. 5, B), sKi CTAHOBISTh 3HAYHHMN MPAKTUYHUIMA
iHTEepec, MOXKHA OTPUMATH JIMIIIC Ha OCHOBI BUKOPUCTAHHS 3aporioHoOBaHuX komOiHoBaHuX JIC.

Omxe, BuKopuctanHsi komOinoBaHoi JIC no3ponsie obrpynToBaHo BuOpatu mapamerp N mis AP B
KO)KHOMY KOHKPETHOMY BUTIAJIKY.

Kom6inoBauni niarpamu cnpsimoBanocti Buay Fm (0,dn) y npsimokyTHiii cucremi. Sk mokasaHo
(puc. 3), mocraBiieHi BAMOI'M MOYKHA 3a0€3MEUUTH 3a Pi3HUX 3HA4YeHb dN. 3ailicCHUTH O0TIpyHTOBaHUH BUOIpP
BKa3aHOT0 mapamerpa TaKkoXX MOXKHa, BHKopucToByrouH (puc. 6) xombinoBaui JIC Bumy Fm (6,dn). ¥V
kom6Ginosaniit JIC (puc. 6, B) MoxkHa BuaimuTH aBa 3Hadenns dn (d1=0.5, d2=0.92). Buamo, 1110 3HaYeHHS
dn morineHO BUKOPUCTOBYBAaTH B Mekax On<dl. 3a momamsimoro 36imermenus dn IITTI mpakTudHO He
3MEHIIIYEThCS, alie TIPU 1[bOMY 30UTbLIYIOThCS Tabaputi AP. Skimo mpomoskyBaTu 30utbiryBaté dn, TO
mpu dn=0.92 pisens BII cranosuts 0.5 Bix pisus I'TI. SIkuo dn=1, Bxe BunnKkae mexinpka I'TI.

EiCk AP o2
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Puc. 6. Hopmosani JIC y npsimokymHiti cucmemi MHONCHUKA
ouckpemnux AP (hn=0, N=8): nepepiz npocmoposoi /IC sudy Fm(6,dn),
axuo dn=0.5 (a); xombinosana /[C, sxwo 0<dn<1 (6); ii npoexyisn
na naowuny 00dn (8); npoexyin nepepizie kombinosanoi JJC
na naowuny QOFm, sxwo dn=0.1, dn=0.5, dn=1 (2, 0, ), sionosiono
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BucnoBku. JlociipkeHo BIUIMB TTapaMeTPiB MPSMOIHIHHUX aHTEHHUX PEIIiTOK Ha GopMy Aiarpamu
cpsiMmoBaHocTi. IlokazaHo, IO BHUKOPUCTOBYBaHi Jiarpamu BijoOpaxkaioTh ix ¢opMmy 3a 3amaHux
JMCKPETHUX 3HA4YeHb napamerpiB. Bumorw, mocraBieHi g0 MHOXHHKa AP B KOXKHOMY KOHKPETHOMY
BUIAQJIKy, MO)KHA 3a0e3le4YnTH, BUKOPHCTOBYIOUM Pi3HI 3HaueHHs mapaMerpiB AP. 3nilicHuTH
o0TpyHTOBaHWI BHOIp ONTHMANBHUX 3HAYCHb KOXKHOTO 3 MMapaMeTpiB MOXHA, JIHIIE BHKOPHCTOBYIOUH
3anpornoHoBaHi komOiHoBaHi JIC mMHOkHHMKa AP. HaBeneno croci6 moOymoBu komOiHoBanux JIC, sikuii
0a3yeThCsl HA BUKOPUCTAHHI 3aIIPOIIOHOBAHOI0 METOIY “2D-3D-2D". Ananoriuni kom6inoBasi JIC MoxHa
BHUKOPHUCTATH MIO/IO0 IHIIKUX aHTeH Ta AP.
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