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KntoueBble cnoBa: KOHCTPYKUMOHHBIM CuHTE3 — struc-
tural synthesis; dasmpoBaHHas aHTeHHas pelueTka —
phased array antenna; LUMPOKONONOCHBIN M3My4YaTenb —
a broadband emitter; meTon KOHEYHbIX 3NEMEHTOB —
finite element method; a3BontoumoHHBIM MeTOf,
onTummsaumm — evolutionary optimization method;
reHeTMYecKui anroputm — genetic algorithm.

B cTaTbe npeacTaBneH HOBbIM METOM, CUHTE3a AHTEHH —
KOHCTPYKLIMOHHBIM  CHMHTE3, pPacCMaTpMBaeMmbli Ha
NPUMeEpPE LLMPOKOMONIOCHOI O MIIOCKOCTHOr O M3MyYaTens
PasmpPOoBaHHbIX AHTEHHbIX PELLETOK. [JaHHbIM METOAOM
BbIMOMHEH MOMCK OMTMManbHOM (POPMbI LUMPOKOMO-
NMIOCHOTO M3ny4aTensi MyTem MPMMEHEHUsS IBOIIOLM-
OHHOFO METOfAa OMNTMMM3aLyM, OCHOBAHHOTO Ha
reHetTMyeckom anroputme. B kauvecTBe KpuTepwus
OMTMMANbHOCTH BbICTYNMNA LuMpMHA paboyen nonocsl
4yacToT, onpegpensemas AOoMyCTMMbIM COrNacoBaHMEM
aHTEHHbI ¢ MMTaLWKMM cuaepom. MNpouenypa cuHTesa
npepcrasneHa MoCpencTBom rpadmkos, Tabmuy, wu
pucyHkoB. [NpuBOAUTCS SKCMEepMMEHTanbHOe MofTBEP-
XAeHWe 3PPEKTMBHOCTHM NpeAnaraeMoro meToaa.

The article presents a new method for the synthesis of
antennas — structural synthesis, consider the example of
a broadband planar emitter phased antenna arrays. This
method made the search for optimal forms of broadband
emitter by applying evolutionary optimization method
based on genetic algorithm. As optimality criterion
made the width of the working frequency band defined
by valid agreement of the antenna with the feed feeder.
The synthesis procedure presented through graphs, ta-
bles and figures. An experimental confirmation of the ef-
fectiveness of the proposed method is provided.
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Bsenenue

B HacToAIes craTbe pearaeTca HOBbIl METOJ, CHTe3a
aHTeHH — KOHCTPYKIMOHHBIN CHTe3. KOHCTPYKIMOHHBIN
CUHTE3, B OTJIMI4VIEe OT CYHTe3a aHTEHH B IIPVIBBIYHOM IIOHV-
MaHUY, T0Jpa3yMeBaeT [I0JIydeHyie FeOMeTPIIeCcKoi (hOpMbI
MB3JIydaTeid, JIMHEeHbIe pa3MepPhbl KOTOPOTo MEHbIIIe IJIMHbI
BOJIHBI, ITyTeM ITPMMEHEeHNA Pas3JIMUHbIX aJITOPUTMOB IIOMCKA
(MeTomoB onTuMusanyy). Takye aJropuTMbI MOTYT ObITh
OCHOBaHBI Ha 0asze MeTOZOB IIpAMOro Iepebopa, rpaau-
€HTHBIX MEeTO/AaX, DBOJIIOI[MOHHBIX METOIaX ¥ T.IL.

T'naBHOV 0CcODEHHOCTHIO KOHCTPYKIIVIOHHOTO CMHTE3a
ABJIAETCA ABTOMATNYECKOe M3MeHeHVe (DOPMBbI M3JIydarolei
ITIOBEPXHOCTY MaTEMATIYECKOI MOZEJ B YTOAY KaKO-J1100
BJIEKTPUYIECKON XapaKTePUCTYIKE NIV HECKOJIbKYIM BJIeK-
TPUYECKNM XapaKkTepucTuKaM cpasy. ITocye nposeneHnsa
PacyeToB KeJaTeIbHO SKCIIEPUMEeHTAIbHOE [IOATBEPIKIeHNIe
TIOJIyYeHHBIX CBOMCTB. TakyMy CBOVICTBAMM MOTYT OBITh
dopma auarpaMmbl HaIIPaBJIEHHOCTH, MIMPUHA paboueit
II0JIOCHI YaCTOT, MaccorabaprTHbIe IoKa3aTesy 1 T.1. Takum
00pas3oM, 3a/1a9a KOHCTPYKI[MOHHOTO CYHTe3a ABJIAETCA
JIOCTaTOYHO YHUBEPCAJIbHOI [1].

OpHoit 13 MHOTMX 0bJiacTeil IpuMeHeHUA KOHCTPYKIV-
OHHOTO CYHTe3a ABJIAETCH, HAIIpMUMeP, CUHTe3 IIPOKOIIO-
JIOCHBIX M3JIy4aTesell (pa3poBaHHBIX peleToK. [y1aBHaa
mpobJieMa 371ech 3aKJ0YAEeTCA B IIPOTUBOPEUNY MEKIY
MaccoradapUTHBIMY IT0KA3aTeJIAMNI U IIMPOKOIIOJIOCHBIMY
CBOMCTBaMI II0JIy4aeMbIX M3JIydaTeJsell. ¥ MeHbIIIeHye
OJHOTO IIPMBOAUT K YBEJIMYEHNIO PYTOro, ¥ Ha000poT.

B ragecTBe HIMPOKOIIOJIOCHBIX M3JIydaTesell MOYKHO
paccMaTpuUBaTh IIJIOCKOCTHBIE, OCHOBHBIMM JJOCTOVHCTBAMU
KOTOPBIX ABJAIOTCA IIPOCTOTA U3TOTOBJIEHNA, KPYTOBasd
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XapaKTePUCTMKa HAIIPABJIEHHOCTM B a3VMYTAaJbHON
IIJIOCKOCTH (715 00ecriede s IPOCTOTHI BO3OY K AEHMA)
U YAOBJIETBOPUTEJIbHBIE MaccoradapyuTHBIE ITIOKa3aTeJ.
Ji1s peasmmaaimy KOHCTPYKIMOHHOTO CMHTEe3a Heo0-
XOZYIMO ITIOCTPOUTB I1eJIEBYIO (PYHKIMIO, ITI03BOJIAIONTYIO
HayiTu Tpebyemyto (pOPMyY BJIEMEHTA PeIIeTKN. 3a4acTyIo
IPUXOANTCA VIMETD JIeJIO He C OJHOM, & C HECKOJIbKIIMU
I1eJIeBBIMY (DYHKIMAMY, TOCTYLKEHE KasK 011 13 KOTOPBIX
BECHbMA KeJiaeMo. B 8TuX ciIydasax MCIOJb3YIOT CIIeIM-
aJIbHbIE aJITOPUTMbI MHOTOKPUTEPUAJILHON (BEKTOPHOI)
onTyMu3anuyy. JJaHHBIN BUJ ONITUMM3AIMY MOMKET ObITH
oIpeziesIeH KaK 3a7iada HAaXOK AeHNA BEKTOPa IIePEMEHHBIX,
KOTOPBIE YIOBJIETBOPSAIOT OTPAHNYEHNUAM U JJOCTABJISIOT
ONTVMYM BEKTOP-(PYHKIMM, UbJ 3JIEMEHTHI IIPEICTAB-
JIAIOT co0071 11esieBble (PYHKIMN. OTU PYHKIUN pOopMII-
PYIOT MaTeMaTUIECKOE OIVICAHME IIPEeCTABIIEHNA KPUTE-
pueB, KOTOPbIe 0OBIYHO HAXONATCA B KOH(PJIMKTE APYT C
IPYTOM. 3eCh TEPMMH «ONTYMM3VPOBATh» 03HAYAET HANTH
KOMIIPOMIMCCHOE PeIlIeHVe TAKOT0 Pojia, KOTOPOE AaBaJo
OBl 3BHaAYUEHNA BCEX IIPMEMJIEMBIX I1€JIEBBIX (DYHKIIVIA.
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Puc. 1. Vicxo0Has modeasb NAoCKOCMHOU AHMeHHbL

B o0111eM Buzie MHOTOKPUTEPHAJIbHAA 3a4a4a OIITUMM-
3anuy BKJOYaeT Habop N repeMeHHbIX, MHOKecTBO K
1[eJIeBbIX (DYHKLMI 1 MHOKecTBO M orpanndenuii. IleseBble
DYHKIMM U1 OTpaHNYEHNA ABJIAIOTCA (DYHKIMAMU IIlepe-
MeHHBIX. Takym 00pas3oM, 1Py perIeHny MHOTOKPUTEePM-
aJIbHON 3a71a4y HeobXoauMOo HaiiTy onTuMyM 110 K Kpure-
puAM, a caMa 3agada (DOPMAJIBLHO 3alIMICBIBAETCA KaK

y=f(x)=(/(x), /,(x),.... f (X)) > opt, (1)
roe X =(X,,X,,...,Xy) € X — BEKTOp IIepPEMEHHBIX, YIOB-
serBopsionmii M orpanndenusm g(x) =(g,(x),g,(x),...,
gy (x)20, y=(»,,¥,,...,Vx) €Y — BeKTOp I|eJIEBBIX (DYHK-
Lt

OnTtuMmaupyemas IIJIOCKOCTHAA CTPYKTypPa MOSKET
OBITH ITpPEeCTaBJIeHA B BUJE CJIOMKHOI (PUTyPBI, «COCTO-
ALIeN» 3 TPEYTOJbHOIO OCHOBAHMA M IBYX Tpallelyii
(puc. 1). IIpu sTOM IOBEPXHOCTh AaHTEHHBI IPMHMMAETCHA
«CILJIOLITHOM». YIIpaBJigeMble lIepeMeHHble TaK0l CTPYK-
TYPBI OINCBHIBAIOTCH KaK

NHPOPMALHNUA 1 KOCMOC Ne4

x=L/12,x,=L,12,x,=L, /2, x,=L, /2, x;=L.,/2;
xx=H,x, =k, x;,=d,(H,=H +k, Hy=H +k+d).

Tpeyroabras popma HIPKHEN YaCTU AHTEHHBI 00y CJIOB-
JIeHa yZ0OCTBOM 3alIUTBIBAHMA ¥ TPeOOBAHMAMY CYIMMe-
TpuM n3aydartesid Tem He MeHee, BbicoTa H; 1 mmpuHa L
JIAHHOJI 9aCTY B YMCJIO HE3ABYICYIMBIX IIepEeMEHHBIX 00:3a-
TeJIbHO BKJIIOYAIOTCA. JJId MICKJIIOYeHM A HEPaBHOMEPHO-
creit 1H cama cTpyKTypa IpMHMMAETCA CUMMETPUYHOI.

CrasapHad 11esieBad (PYHKIMA IJIA TAKO MOJIEJIV MOYKET
OBbITB ITpe/IcTaBJIeHA B Byl aOCOTIOTHOTO 3HAYEHNA (JIJIVHEI)
BEKTOpPA JIBYX MOZyJIel BEKTOPHBIX I1eJIEBBIX (DYHKLIVIA:

Q(x):min(Ri;—R LD G G )

pacu pacu
T.e. €CJIV CPABHUBATD BbIpaskeHud (2) ¢ (1), To ckaggpHbIe
dymrmm £,(F) =[R2~ R 2%,|, A =[x, -X70,| Cama

(2)

aca
dyurmua O(x) npexncraBisgeT coOoO Mozxym: BEKTOpa
JIIByX OTJHEJIbHBIX KPUTEPMEB OITMMAaJbHOCTU. Ecim
XOTA OBl OfHA M3 COCTaBJAIIINX BEKTOPA KPUTEPHUEB
He OyJzeT paBHa HYJIIO, TO BCA IeJieBasd (PyHKIMA TaKKe
He OyzeT paBHa HYJIO. 3,uec1; R =[R_,'j;] RY,...R |>
R 7= Rt Roeus -+ Roean ] » AL X7 M X™ — aHaJIo-
ruyHo. [Ipy sToM N — 4MCJI0 9aCTOTHBIX COCTABJIIAIOIINX
IIePEeKPBIBAEMOr0 AVATIa30Ha.

Mogyiib BeKTOpA I1eJIeBBIX (DYHKII (2) COOTBETCTBYET
MHOTOKPUTEPMAJIbHONM 3ajade, B KOTOPOI OTAeJIbHbIe
KPUTEPUM ONTUMAJILHOCTU «KOH(PIUKTYIOT» MEXKIY
cobort. [laHHaA 3a7jaya MOKET OBITH pellleHa reHeTude-
ckuM asgropurmoM (I'A).

OrneHnBaTh IPUTOJHOCTb AaHTEHH OyieM IIpM yCJIOBUM
k® <2 B oTBemeHHOM Amanas3oHe 4acToT. JJus mpumepa

OrPaHMYEHNA YCTAHOBYIM CJIe LY IOIIVIMII:

N:(f;nax _fmin)/Af+17 fmax :396 FFH7
fmin :192 FFH,
Af:o’z rr].[, f;nax /]pmin :37
R =500m, X7 =00mMm.

3a11

o(x)

! ]
200 250 300
Puc. 2. Basucumocms yeaeso PyHKYUU O(X) om xoauuecmea

umepayuil
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Tabanmna 1
JnamazoHbl M3MEHEHNS yIIPABJISIEMBbIX e peMeHHbIX
Hanmenosanune | 'eomerpudueckas HaganbHoe MuanmMaabHOe MakcumaabHOe
epeMeHHOI MHTEPIpeTAna 3Ha4YeHue, MM 3Ha4YeHNe, MM 3Ha4YeHle, MM
X1 L2 23,2 1 24
X2 Ly/2 23 1 24
x3 Ly/2 23,2 1 24
X4 L2 24,4 1 24
X5 Ls/2 17,9 1 24
Xg H, 12 10 20
X7 k 19 10 20
Xg d 15 9 20
Tabsmia 2
YcTaHOBKM re HETU4eCKOro ajgropmrma
HaumenoBaHme 3Tana
HaumeHnoBaHME KOJIMYE€CTBEHHOTO MOKa3aTeJ s IIokazarenn
T€eHEeTUYECKOro ajiroputrMa
Menneunas
3azaHne KpUTEPUs OCTAHOBA
CXOOUMOCTDb
3azlaHye OrpaHNYEeHMI I[eJIeBOI (DYHKIINN CM. BBIIIIE
BxuoueHMe B aJITOPUTM YIIPABIISAEMbIX cM. Tabauiry
BBOJI CXOTHBIX TAHHBIX [IepeMeHHbIX C IMaNa30HaMN UX M3MEeHEeHNU A 1
BepoATHOCTb CKPEIVBaHNUA POAUTETIEN 1
3HaueHye napaMmerpa n SBX-kpoccoBepa 5
BepoaTHOCTE MyTaINy TEHOB 1
BeposaTHOCTE MyTalUy MHIVBUA 1
KBagpaTtndHoe OTKJIOHEHUE MyTal[n 0,05
PDopmMupoBaHUE MOMYJIAUN OO111e€e YMCJIo MHAVMBUIOB 30
poauTeei KosmuecTBO CKpelmBaeMbIX POAUTEEN 10
PopmipoBanye NOMy AN KosmuecTBO NOTOMKOB 10
IOTOMKOB
MaxkcumaJIbHOE KOJIMYECTBO HEJOMUHUPYEMBIX
dopmupoBanne ppoHTa
MHIVBULIOB BO MHOkecTBe IlapeTo (pasmep 10
IIapeto
BHEIITHETO MHOKECTBA)
PopmupoBaHe HOBOJI KonnuecTBo MEAMBUIOB, YIaCTBYIOIINX B
MOITYJISII{AN cJenyIoUeM IMKIIe oTOopa 30
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Puc. 3. Modeab naockocmmot aHmeHHbl
nocae oNMUMUIAYUU

OrpaHn4yeHnsd AJ1d IePeMEeHHBIX X!

L., =max{L..,L}=03\, Te L =48wmm, opu A=167
MM (1,8 I'T'ry). lnana30Hb! M3MEeHEHN A YIIPABJIAEMbIX IIepe-
MEHHBIX CBeJleM B TabJmry 1.

BbL1 mpousBeieH OMCK MYHIMYMA IeJIeBOi (PyHKINN (2).
IIpn aTom 611 Mcniosb30Ba MeTo SPEA, SBX-kpoccosep
U cJrydaliHasa My Talyda, OCHOBaHHAA HA I'ayCCOBOM pacIIpe-
nesienun [2]. I[TapameTpsl, yCTaHOBJIEHHbIE JJIA reHETV-
YeCKOr'0 aJI'OPUTMA, CBeJeHbI B Tab Iy 2.

B pesysbraTe 286 nrepannit MMHNMAaJIbHOE 3HaAUEHNE
11eJIeBOJI (DYHKI[MM COCTaBIJIIO BEJIMYVHY, PaBHYI0 312 Ha
235-m mare. I'pacpuk 3aBUCUMOCTY 3HAYEHUI 11eJIeBOI
(YHKIMM OT KOJIMYECTBa UTepaluii IoKa3aH Ha puc. 2.
IIporpamma OBls1a OCTaHOBJIEHA B CUJTY MAJIbIX OTJIMUNI
3HAYEHNI [1eJIeBO (PYHKIMM MEXKIY COCeTHIMU UTepa-

Puc. 5. Maxem naockocmHot aHmeHHbl

KCB

Puc. 4. KCB naockocmHou aHmeHHbl
nocae onmumusayuu I'A

myAmMK. Tak Kak ObLINM yCTAHOBJIEHBI OTPAHNYEHNA JJIA
UIeaJbHO COIJIACOBAHHOJ aHTEHHBI, ObIJIa IIpOBEJeHA
IIPOBEPKA COOTBETCTBIUA XapPaKTEPUCTIIECKOMY KPUTEPIIO
k* <2, naBIIIas OJOKUTEJILHBIN pe3yIbTaT. B pesyin-
TaTe IIPOBEJEHHOTO KOHCTPYKIVIOHHOTO CHHTe3a Oblia
II0JTy4€eHa IIJIOCKOCTHA A CTPYKTYPa, IOKa3aHHaA Ha PUC. 3.

MaxkcumasnbHaa mypuHa aHTeHHbI — 48 MM, olias
BbICOTa aHTeHHBI —~ 45 MMjr.e. L =0,3A, H =0,27\. JlanHbEIE
pasMepbl TOBOPAT O TOM, UTO OTPAHMYEHM JJIA OITH-
MMBMPYEMON CTPYKTYPbI BBIITOJHEHBI IIOJIHOCTBIO (Ta0JI.
3). MakcumasibHble rabapuTHBIE pasMepbl COOJII0IeHbL
T'padux xosdpdunmenrta croaueir Bosuel (KCB) moiry-
YEeHHOI! IIJIOCKOCTHOM CTPYKTYPhI IIOKa3aH Ha puc. 4.

Ha ocuoBaunm nosyuenusix 3uadennii KCB mosxHO
cIleJaTh BBIBOJ, YTO HECMOTPA HA 3HAUYEHNE IIeJIeBON
dpyHKIMN, paBHOE 312, CMHTE3UPOBAHHAA IIJIOCKOCTHAA
aHTEHHa ITOJTHOCTBIO YIOBJIETBOPAET BCEM ITOCTABJIEHHBIM
orpaandenuaM. Ee paboyas mosoca cocrasisgeT 6osee ueM
3-X KpaTHOe IIepeKpbITHe II0 YacToTe. HykHAA rpaHuiia
ZVaIla30Ha COOJIIOIEHA, BEPXHAA TOXKE.

251

Puc. 6. KCB wupoxonoaocHol NA0CKOCTMHOU
HeCUMMEMPUUHOU AHMEHHDL

NHPOPMALHNUA 1 KOCMOC Ne4
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Tabanna 3
IIapameTpbl reoMeTPUN CMHTE3UPOBAHHO AHTEHHBI
HaumeHnoBanme 3HageHune
HaunmenoBanne 3HadeHHIe
. . reoOMeTPIIEeCcKOro reoOMeTPIIEeCKOro
IepeMeHHOI IepeMeHHOIi, MM
nmapamMeTpa mapaMeTpa, MM
xl 23,5 Ll 47
X, 23,5 L, 47
X3 2 3 L3 46
Xy 24 Ly 48
Xs 17 Ls 34
Xe 12 H1 12
X7 15 d 15
Xg 18 k 18

Buernranii B MakeTa aHTEHHBI, MI3TOTOBJIEHHOI B COOT-
BETCTBUN C IPOBEEHHBIMI pacyeTaMl, IPeJCTaBJIeH Ha
puc. 5. Ero BeicoTa coctaBuia 45 MM, mupuHa — 48 MM.
JlJ1g IpOBEPKM IIIMPOKOIIOJIOCHBIX CBOJICTB ObLIN M3Me-
peHbI K03 (PULIMEHT CTOAYE BOJIHBI B AMaIlIa30HE YaCTOT
ot 1,05 no 3,250 I'T'y n guarpaMMa HallpaBJeHHOCTM Ha
qactote 1,5 I'T'1y (kak 1 03K IaJI0Ch, OKa3aJjach KPyroBoii).

Tax xak ypOBHM OOKOBBIX JIEIIECTKOB KOJIBIIEBOI
DAP maxonATcA B JOIYCTUMBIX IIpefesax nmpu padbore
PpeLIeTKM Cc IepeKphITHeM 10 2,5—3, 3alaca COrjJacoBaH-
HOCTU C (PMIEPOM JJIA BBIIIEOO03HAYUEHHOTO IIJIOCKOCT-
HOTO BOpaTopa B JaHHBIX IIpeieJiaX BIIOJIHE JOCTATOYHO.
T'pacuk saBucumocTy KCB 0T 9acTOTHI MOJIEM IITMPOKOIIO-
JIOCHOV! IIJIOCKOCTHOJ aHTEHHBI, TeOMeTPUUECKe Pa3Mephl
KOTOPOJI OBLIIN ITOJIyYeHbI TP [IOMOIIY KOHCTPYKIMOH-
HOTO CMHTe3a, [I0OKa3aH Ha puc. 6.

Kaxk Buano n3 nannoro pucyuska, KCB Bo Bcem nsme-
PEeHHOM nyara3oHe 4acTOoT He IpeBblcua 2. Jlysa mosry-
yeHna MakcumasbHoro RIIJ B pumepe 6b110 JOCTATOUHO
obecreunts KCB < 2,5...3,3 orHOCuTEebHO 50 OM.
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