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KntoyeBble crnoBa: KOHCTPYKLMOHHBIM CMHTE3 — coOn-
structional synthesis; rpapgueHTHbIi MeTop — gradient
technique; MeTop, KOHEYHbIX Pa3HOCTEN BO BPEMEHHOM
obnactun — finite element method for temporal domain;
KOHWUYECKMM HECMMMETPHUHBIM BUBpaTop — asymmetric
conical oscillator.

B cratbe npepcTaBneHbl MeTogMKa M pesyrnbTart
peLUeHns  33[a4M  KOHCTPYKLMOHHOTO  CMHTE3a
HU3KOMPOMUIBLHOIO LUMPOKOMOMOCHOro M3ny4atens
Ouarna3oHa MEeTPOBbIX BOMH, KOTOPbIM MO CBOMM
3NEKTPUHECKMM napameTpam " rabapuTHbIM
pazmepam MoxKeT 6biTb MCMONb30OBaH B KadecTBe
aHTEHHbI Ml »Kene3HOO40POXKHOoro TpaHcnopta. [pu
peLLeHMM 338341 KOHCTPYKLIMOHHOIO CMHTE3a YYTEHO
BMUSIHME >KENEe3HO[OPOMXHOro BaroHa Ha guarpammy
HarnpaBfiEHHOCTM aHTeHHbl. Pe3ynbTaTthl pacyeToB
npepacTaBreHbl MOCPEACTBOM rpadmkos, Tabnuu, M
PUCYHKOB.

The article presents the technique and results of the con-
structional synthesis design of a low-profile wide band
emitter operating in the meter wavelength range, with
its electrical characteristics and outer dimensions making
it fit for railway rolling stock antennas. The impact of rail-
way coach geometry on the antenna directivity diagram
phase function is taken into account within the construc-
tional synthesis framework. Computation results are
presented as graphs, spreadsheets and drawings.

Paszpaborrka HMBKOIPOMUIBHBIX IIMPOKOIOJIOCHBIX
aHTeHH Ayalia3oHa MeTpoBbIX BoJH (MB) nia Barona-
JabopaTopmy aBTOMaTUKY Y PAVIOCBA3Y $KeJIe3HOI J0POrn
ABJIAETCS CJI0MKHOI 3ajadell KOHCTPYKIVIOHHOTO CMHTEe3a.
T'abapuTHbIe pa3Mephl TAKNUX AaHTEHH OTPaHNYeHbI KOH(I-
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rypaiyei BaroHa, pacCTOsHMEM 10 KOHTaKTHOI CeTH, a
TaKKe pasMepaMl IIOJIKPBIIIEBOrO IIPOCTPAHCTBA AJIA
ciIydas pas3MeIlleHVA aHTeHH II0J PalMoIPO3PadHON
kpbimreil. Takue aHTEHHBI JOJKHBI OBITH IIMPOKOIIO-
JIOCHBIMM, MIMETh MaJible rabapuTHbIe pa3dMepsbl U 00Ja-
JlaTh HAIIPaBJIEHHBIMI CBOJICTBaMM, KOTOPBIE ITO3BOJIAT
KOMIIEHCYPOBATh BJIMSHME BaroHa Ha XapaKTePUCTURY
HampaByeHHocTy (XH) anrenH [1]. Ha puc. 1 npexncrasien
BapMaHT BaroHa C paayonpo3pavHol KPbIIIe.

OCHOBHBIMM 3TallaMy METOAVIKY KOHCTPYKI[MOHHOTO
CMHTE3a aHTEHH JIJIA II0JIBUKHBIX 00'bEKTOB CBA3Y ABJIA-
I0TCA:

1. BBOA MCXOIHBIX NaHHBIX IJIA KOHCTPYKIMOHHOTO
CUHTEe3a aHTEHH:

— BBIOOD TUIIA UBJIydaTess;

— rpaHNYHBIE TabapUTHBIE Pa3MePhl AHTEHHBI;

— BOJIHOBOE COIIPOTVBJIEHNE (pUepa;

— orpaHnyeHus Ha KoadppureHT croadeii BosHs! (KCB).

2. BoIbop 4nmcieHHOTO MeTOo/ia A ITPOBeIeHNA PACUeTOB
IIapaMeTpPOB aHTEHHBI.

3. IlocTaHoBKa 3a7a9 OITUMM3AIINI:

— BBIOOP METOZa ONTUMU3ALINY;

— popMyIMpOBKa I1eJseil 1 3aa49 OIITUMU3AIIN;

— olpenieJieHyie KPUTEPYEB ONTYIMM3AII;

— BBOJI IIEPEMEHHBIX;

— BBOJ, OTPaHNYEHNI];

— popMMpOBaHMe 11eJIeBOI (DYHKINIL.

4. PemteHne OOTHMMM3aIMIOHHON 3214,

Bp100op TuIA N3IyYaTE s
ITpu pazpaboTke HM3KOIPOPUILHBIX aHTEHH HEOO-
XOIMIMO BbIOpATh KJacC M3JydaTreseil, popMa KOTOPbIX
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TTozKphIeBOe NPOCTPAHCTBO

?z

Meranmgeckuii 3KpaH

Puc. 1. Bazon modeau 61-806 ¢ paduonposdpauroti kpvluiel

YIOBJIETBOPSAET IIPOCTOTE M3TOTOBJIEHNA, IPYEeMJIIEeMbIM
MaccorabapuTHBIM ITOKA3aTeJAM ¥ XOPOIINUM IIINPOKO-
TIOJIOCHBIM CBOJMICTBaM.

OnpepesieHne rpaHNYHBIX radapUTHBIX
pa3zMepoB aHTEHHBI

Bricora aHTeHHBI /4, He [OJKHA IIPEBBIIIATH JOILY-
cTUMY0 BeICOTY h=1 M, T. e. h,<h. IlupuHa aHTEHHBI 5, <5,
I7le IIMPYHA BarOHA paBHA §=3 M.

OnpepeseHne TpedbOBaAHUIL IO INMPOKOIIO-
JIOCHOCTH

YunrsiBasg TpeboBaHMA GOJBIINHCTBA COBPEMEHHbBIX
panuoctannmit MB nuanasosa, pa3MeliaeMbIX Ha ITOABVKHBIX
o0beKTax, aHTEeHHA JIOJKHA obecrieunBaTh paboTy ¢ Koad-
ymieHTOM cTOAUEl BOJHBI Ky < 2 BO Beeit paboyderi mosioce
IIpM BOJTHOBOM COIIPOTHBJIeHNN (huepa P,= 50 OM, ¢ boJtee
YeM TPeXKPaTHBIM IIePEeKPBITIEM qManas3oHa fi.. / foin =3
JI C y4eTOM OTPAaHMYEHN)A [10 pa3dMepaM aHTEeHHBL.

Br100p YnciaeHHOro meroaa

Pacuer napameTpoB aHTEHH OCYIIIECTBIIAETC METOIOM
KOHEUHBIX pasHocTel Bo BpeMeHHoi: obsacty (KPBO), oganm
U3 YMCJIEHHBIX METOJOB PEIIeHMs 3a7a9 DJIEKTPOVHA -
MuUKHA [2].

IlocTanoBKa 3aa4n ONITUMU3AI[IN

7151 perieHns ONTMMMU3AMOHHON 3a/1a4) ITPUMEHIM
rpaayeHTHbI MeTox [3]. A Toro ¥ToOb! MCIIOIB30BATh
MaTeMaTUIeCKVe pe3yJIbTaThl I Y/CIEHHbBIE METOIBI TEOPIN
ONTUMMBALNY JJIA PEIIeHNs KOHKPEeTHBIX NHIKEHEPHbBIX
3a71a4, HeOOXOAMMO TOYHO 3aJaTh TPAHMUIIBI CUCTEMBI
um o0beKTa, ImozJgesKalero omnrtmMmaalym. Onpene-
JINTH KPUTEPMIi, Ha OCHOBE KOTOPOTO MOYKHO IIPOU3BECTHI
aHaJIM3 BAPMAHTOB C [IEJIBbI0 JOCTVIKEHIS OITUMAJILHOTO
pesyJibTaTta, OCyIeCTBUTh BLIOOP IEPEMEHHBIX, KOTOPBIE
XapaKTePU3yIOT TapaMeTpPhbI CCTEeMbL ['paHMIIa CICTEMBL,
B IIpejiesiax KOTOPOil MEHSIOTCS IIePEMEHHbIE, 3aBUCUT OT

pa3MepoB IIPOCTPAHCTBA JIA pa3MellleHd aHTeHH [4].

B ocHOBY cuHTe3a HUBKOIIPOIIIEHOI IITMPOKOIIOTIOCHO
anTeHHbl MB nmamnasoHa I10JI03KeH KOHUMYECKNIT HeCrM-
MeTpuuHbli BubpaTop (KHB) ¢ mrynramm. Kak nssectHoO,
KHB obsiaiaeT X0poImmim MXPOKOIIOJIOCHBIMY CBOICTBAMI.
MonndupoBaHHBIM BapriaHTOM KOHIYECKOro BubpaTopa
ABJIAETCA KOHYC ¢ uryHTaMi. II[yHTbI T03BOJIAIOT YMEHb-
LINTB 3JIEKTPUHYECKVIE Pa3MePhl aHTEHH IIPY COXPAaHEHNN
TpeboBaHNMII II0 COTJIACOBAHNIO, KPOME TOTO ITO3BOJIAIOT B
OIIpeJieJIEHHOV CTENeH) M3MEHAThb AVarpaMMy HallpaB-
aeunoctu (JH) [5].

B smrrepaType ecTh onmcaHme IIMPOKOIIOTIOCHON KOHN-
YeCKOJI aHTeHHBI ¢ TpeM:A uryHtamu [4]. JJaHHOe aHTeHHOe
YCTPOICTBO 00JIaZaeT XOPOIIIEeil IIMPOKOIIOJJIOCHOCTHIO.
ITyuTEI HarpyskeHbl Ha Kpall OCHOBAHMA KOHyCa U HaX0-
JATCA Ha PABHOM PACCTOSHUY JPYT OT PYTa, YTO HAMJITY IILIM
00pas30M BJIMAET Ha COTJIACOBAHME aHTEHHBI I ITI03BOJIAET
dopMupoBaTh mpakTuiecku Kpyrosyto J1H. Konnuecknit
BMOPATOP C TPeMs IIYHTAMU VIMeeT JIJIMHY 00pas3yroIenn
xorycal/ = 0,16 A ., YTOJI TPV BePIIMHE MOMKET MEHATbCA
ot 20° 1o 50°. BeicoTa TaKko0ll aHTEeHHbBI MOMET MEHATHCH OT
0,14 A, 100,15 ., 9TO He II03BOJIAET pa3MellaTh ee Ha
BaroHe Ipy padboTre Ha HMMKHYX YacToTax Auanasona MB.

IIpuMmeHneHNE ABYX IITyHTOB, PACIIOJIOMKEHHBIX C IPOTH-
BOIIOJIOSKHBIX CTOPOH KOHYCa, IpMIaeT aHTEeHHE HallpaB-
JICHHBIE CBOJCTBA, YTO II03BOJIAET YaCTUIHO KOMIIEHCHPO-
BaTb MICKAYKEH A, BHOCMMBbIE BATOHOM. AHTEHHOE yCTPO-
CTBO Ha BaroHe HeOOXOAVMO Pa3MeIlaThb TaK, YTOObI IITyHTHI
pacroJsarajamch Ha OJIHO¥ JIMHVM BJOJIb €T0 BaroHa.

7151 TIoyIcKa ONTMMAJIBHBIX Pa3MepPOB aHTEHHBI IIPU
COXpaHeHMM 33 IaHHBIX TPeOOBaHNIA 10 IIIVPOKOIIOJIOCHOCTH
HeobXO0AVIMO ITPOM3BECTY OIITYIMMU3AIINIO AHTEHHBL 3aada
ONITVIMMBALVM 3aKJIOYAETCH B OIIPeIeJIEHNY HaVIMEHBIIIX
pas3MepOB aHTEHHBI, [IO3BOJIAIOIINX Pa3MeIlaTh ee KaK Ha
KpBIIIIEe, TAK Y B IOJKPBIIIIEBOM IIPOCTPAHCTBE BarOHA, IpK
snagennu KCB k_, < 2 ¢ koacpduimenToM nepeKkphITis o
JaCTOTe, KOTOPOE JIJIA COBPEMEHHBIX PaAVIOCTAHIVI MOKET
COCTABIIATD [y / finin = 3- Pa3Mepbl KOHIYEeCKoro Bubpa-
TOpa COM3MEPUMBI C MAKCUMAJIEHO JJIMHOM BOJIHBL A,

NHPOPMALHNUA 1 KOCMOC Nei
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pabodero anana3oHa. YUnTHIBAA, YTO aHTEHHA ITPETHA3HA -
4eHa AJ1A paboTel Ha HIDKHMX YacToTaxX MB nuanasona,
TOTHA A,y = 10M, a BIIeKTpHUYecKe pa3Mephl 4J1d aHTEHH,
pasMelaeMbIX Ha BarOHe, MOKHO 3armmcaThb Kakh =01, ,
5 =0,3\, -IIpu cobutoieHny BIOPaHHBIX IIPeIesIoB raba-
PUTHBIX Pa3MEPOB MOZEJIMPYEMOE aHTEHHOE YCTPOMCTBO
MOSKHO JIETKO Pa3MeCTITh KaK Ha KPbIIIIEe, TAK I B IIOJKPBI-
IIIeBOM IIPOCTPAHCTBE BaroHa.

Tak Kak kpuTepueM onTuMusarym asiasgercsa KCB, nepe-
MEHHBIMM) ABJIAIOTCA BBICOTA KOHYCA M PaIyC €ro OCHO-
BaHNA, CJIEN0BATEIbHO, HEOOXOIMMO HaTV TJI00aIbHBIN
MMHVMYM CJIEIYIOIIeN 11eJIeBOI (PYHKIN:

& kg i (B
(h,r)
— ] CB 1 4
Q(honT7r0nT) - I};ll:l Z N - kCB ™ |°
i i=l (1)
e N =Apax — Ain) / AL +15
Amin = Mmax / 4 — MMHMMAaJIBHOE 3Ha4eHMe JJIMHbBI BOJIHBI C
ydeToM TpeboBaHMA 10 IIMPOKOIIOJIOCHOCTL;
0,05A 0x SA<0,1A,, — BBICOTa KOHYCA,
0,1A 0 <7 <0,15 X, — PaAMyC [PV BePIIVHE KOHYCa,
kegap =25 A=0,005%,,,;
e > Torr— OTITMIMAJIbHBIE 3HAUYEHMA IIePeMeHHBIX.
Jlu1s1 TOTO YTOOBI MMHMMM3YPOBATh KOJIMYECTBO UTepaIit
IuMHy ofpasymomeil koHyca, ompeneamm [=0,14, .,
CBA3aHHYIO C BBICOTOJ KOHycCa Yepes BhIpaskeHue:

h=Icos(y/2),

rze Y — yToJI IIpY BepIIHe KOHYyCa.

Ecsm snauenne k_,; <2, 1o craraemoe K, ;13 paccmo-
TpeHus MCKJIIoYaeTcd ((popMaJbHO IIPUpPaBHUBAETCA K
HYJII0). 3a1a4a CKaJIApHAA OTHOKpUTepraibHaA PyHKIIA
SIBJIAIETCS CJIOYKHOM M HEeJIMHeTiHOi, a 3HaveHus K, ;(h,r)
paccunTtsiBatorcsa MetogoM KPBO. o4 Toro 4TodsI OnTH-

MI3aIMOHHYIO 33129y MOYKHO OBLJIO PEIUTh C JOCTATOYHON

(2)

TOYHOCTBIO U IIPY 3TOM CHMBUTH KOJIMYECTBO UTEPAINIL,
3amaauM mar auckpermdanmn d = A, / 200. Takoit mar
JIVICKPEeTM3alMy II03BOJIUT IIpeHeOpedb IIOrPEIHOCTBI0
rabapuUTHBIX Pa3MepPOB, YTO TaKiKe YIPOIIaeT TeXHIIe-
CKYIO PeaJm3alio aHTeHHbL Tak Kak IIOMCK OCYIIIeCTBIIAEM
IpaJiMeHTHBIM METOJIOM, a 3aJladell ABJIAeTCA OThICKAHNE
MMHJMAaJIbHO BO3MOSKHBIX Pa3MePOB aHTEHHBI C YUETOM
OrpaHMYeHN 1 yCJIOBMIA, TO 3a Ha4aJIo OTCYeTa BO3bMEM
MIHJMAaJIbHO BO3MOSKHBIE Pa3MepPbl aHTEHHBIL.

Vlcnonbaysa BeIpaskenue (1), 6b11 IpoN3BEIeH IOUCK
MMHMMyMa IieseBoil pyHkumy. KosmdecTBo mreparimii
(I1aroB) OITMMMBAIMY COCTABUIIO AeBATh. ['padmk 3aBu-
CUMOCTM IIeJIeBOJ (DYHKIMM OT KOJIMYEeCTBa MTepaliuii
IIpeAcTaBJIeH Ha puC. 2.

Taxyum 00pas30oM, MOKHO CIIEJIATh BBIBOJ], UTO OIIPEZIeJIEHbI
HaVIMeHbIIEe rabapyUTHBIE Pa3MepPhbl aHTEHHOTO YCTPO-
cTBa npu 3agaHHbIX mapamerpax KCB Bo Bcem pabouem
JMariasoHe. DJIEKTPUYecKye pa3Mephbl COCTaBIIIN: BBICOTA
h=0,075\,,,,, Pamuyc ocHOBaHMA KoHyca = 0,124 .

T'eomeTrprdeckne pasmepbl M3JIydaTess IIPeCTaB-
JIeHBI Ha puUc. 3.

AHTEeHHa COCTONUT M3 II0JIOTO METAJIJINYIECKOTO KOHYCa,
yCTaHOBJIEHHOTO HaJ| IIPOBOAALLE} IOBEPXHOCTDIO (SKPAHOM)
¥ 0DPAIIeHHOTO K Hell BEPIIVHOM, JBYX MeTaJINYeCKIX
IJIOCKVIX IITYHTOB ¥ KOAKCMAJIbHOTO (prfiepa, IeHTPAJIbHbII
IIPOBOJHVK KOTOPOTO IIOJKJIIOYEH K BEPIIIHE KOHYCa B TOUKY
«A»,a axkpanHad 000JI09Ka — K IIPOBOJALIE} IOBEPXHOCTI
B TouKe «B». 'pacuk saBucumocty KCB 1 BxomHOTO Commpo-
THUBJIEHNA OT YacToTh! 111 KHB ¢ irynTamMu npeicraBiieH
Ha puc. 4.

Hopmuposanseie 1H B 1B B rop130HTaJIBHO IIJIOCKOCTHI
KOHJYECKMX aHTEHH C IITyHTaMM V1 0e3 IITyHTOB Ha 9acTOTe
30 MT'1;, pa3melriaeMbIX B IleHTPe BaroHa, IIpeicTaBJI€HbI
Ha puc. d.

Hduarpamma xHampasieHHocT KHB c niryaTamMm nmeer
MEeHBIITYI0 HepaBHOMepHOocTh, yeM JIH KHB 6e3 nryHTOB.

00,1,

v

Puc. 2. Basucumocms yenesoll hyHKYUU 0m Koasuuecmaa umepayuti m
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Puc. 3. Cxema KHB c wynmamu 0asa paduocessu 8 ouanasone 30-120 MI'y

A A
KCB Ra, XA, OM

>
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£MI'n

1 >
20 30 40 50 60 70 80 90 100 110 120
' MI' 40!

a) 0)

Puc. 4. VIamenenue napamempos aHmMeHHbl 8 3a8UCUMOCMU OM LACTMOMDbL!
a) KCB;
6) aKMuUeHaa U peaxmueHas cocmasaarowal 8X00H020 conpomueaserHusl
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KHB ¢ myaTamu
135,

------- KHB 6e3 mrynros
=30 MI't

22

Puc. 5. Juazpamma nHanpasrennocmu KHB 8 yenmpe sazona

llcnonb3oBaune KHB c mryHTaMI MIO3BOJIAET YaCTUYIHO
[KOMIIEHCHPOBATH MCKAKEHA, BHOCYMBIE MEeTaJIIINYeCKOM
KOHCTPYKIIMEN $KeJIe3HOIOPOYKHOI0 BaroHa.

JlocToMHCTBaMM aHTEHHBI ABJIAIOTCSA €e XOPOIIIVe IIIPOo-
[KOIIOJIOCHBIE CBOJICTBA VI BHICOKII YPOBEHb COIJIaCOBaHIA,
[T03BOJIAIOIINI PA0OTATH PAIMOCTAHIMAM C ITIEPEKPHITIIEM
110 gacToTe OOJIBbIIIEe TPEX.
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