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THMODEEBA A. A.

PACYET HATIPABJEHHDbBIX CBOWCTB PYNOPHDbIX AHTEHH
ANO®PAKUHWOHHBIM METOAOM

Adavins HaayucHitt PYROPHBIX  auTeHn AHMPAKUHORIBIMIE MCTOIAMIH, HOIBOJSIOLLIIMHY
[acCuiTLIBATL  kak  TiaBHLIT 1 AcpBLie  60KOBLIC, Tak H /dajbiie JICHECTKIt  [gHarpaM
HANMPARICHHOCTIL,  JOCTATONHO IMIPOKO  HCAOIb3YeTes i NOJApo6HO H3JAMKEH, HAUpIMep.
MR ceKTophadbioro pynopa — B [, 2], nas kouuucckoro — B [3]. B yrasauubix paGoTax,
CIHAaKo, paccMaTphBaeTcss foAe B JaJbHed 30HC I OTCYTCTBYIOT KOHKDETHblE KOHeuHbIC
dopmyabl. Kpome toro, anaans s [3] Gasupyercs na npubaimkeHHoM pacueTe Koy @i
UHeHTa Andpaxiutd, Boayucnios B [4], wOTODPBI JaeT KaycTHry B HANPABJACHHH APSMLIX
¥ OTPaMCHHDLIX JYUCl Ha TpaHiic «CBeT — TeHb».

B cassi © 9Ty cucTema GopMyA AAS pacueTa aMMANTYIHBIX B Da30Bbix AHarpaMMm
H4IPaBACHROCTH B ABYX TVaBHLIX [JIOCKOCTAX Ha KOHCYHOM  DacCTOsiHItH OT pacikphisa
pynopa npeACTaBisieT CYUICCTBEHHBIA HHTEPeC, Tak Kak pPYMOpHbIC aHTElHbl 3a4acTyio
HCMOJb3yloTCs B Kauectpe ofayuaTededl B CXeMaX 3epKadbHblX aHTeHH. [IpHMeinTesbho
L pynopav  camkioli  Koudurypauwn (¢ usaosmom) B [5]  nmoayuenst $opmyan aan
pacueta ammLiNTVAHLIX 1 $a30BbIX AHArpaMM Ha 3a313HHOM PaccTosiiiH OT pacKkpbipa.
Huxe npeobpasosaiiienm pacueTrbix BwipaXdeHuii, npuBefentnix B [5], pbiBedena cHeTeMa



[image: image4.png]Has nupamngadsioro pynopa [1] B 3JCKTPHYCCKOH MJAOCKOCTH V=V, —

=0, a B MarHHTHOH — V=V, =7/2 a.
s kouuucckoro pynopa {6] B sJexTpuueckol nJaOCKOCTH V=, =
=0,268 (1 4+ 4 8,)'?,  a B marnurnoii —v=yv, = 1,102(1 + 0,709 by)'?,
— 23/} /4
rie bo-—-‘«l&[*—-————*(l gy
Ig (cos a)
['pannunpie yribi 01, O3, Oy, B2, N€rKO ONpeleseMble U3 FeOMETPH-

YeCKHX COOTHOLUeHHH (pHc. 3), pasibl

Puc. 3.

O = [a+go —arcsin (Rfpll,  On = + [a — b, + arc sin (Ro/p)],
12
rae Y, = arcsin (Ry/L); L= R/sina.
Hudpakuuounoe noje oT TouKH AHGpakuuu P:

En.l - Em (Ez.n.l Rpx.n.l + En.o.l Rpx.o.l)
npu 0, < 6 < B,q, “

: exp (— j=/4) |cos [(; F 9,)2 2
rae £ o= — V%—j ) cos [(4, ;%0/2}1 exp (J kS‘é‘.‘x)xS exp (jx%)dx
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S :LO_RO[arCCOS(Ro/L)$a]—'rpl;

m.1
A 0.1
¢, == —a — arc sin [ L sin{x — 8)/p,] 4 0

py=[L24p* — 2Lp cos(a — B)]12).
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Eu.? - EO? (En.n.Q Rpx.n.2 + E.l.o.? Rpx.o.Q) (5)
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(Ro/L) F a] 4 py; tpo== — a—arc sin [L sin (a4 8)/p,] — 03 p,=[L2+
—+ 02— 2Lo cos(a 4 0)]'72).
KoshduuueHTsl pacxogumMocTH Rpx n.1. 2 onpenessiioTes anaJjgoruy-
© 0.

o {5]. '
Hdas nupamupansHore pynopa

Rprn.i = Rpx.o,l = (Lo + f)l)_1 s Rpx.n& - Rpx.o.? = (Lo + P?)—’ ;
AJIsT KOHHYECKOro ~—

1
R nl = 3
ot} FLo(Lo+p) {1 — (p/R) | sin(a~-9y) & tg $ocos (@ + o) |}

1
R o= — — .
P83V T Lo {1 — (e RSN (5 72) & 19 %, cO5(a & $)[} |

Beauuuna L, paBna pacCTOSNIO OT 3KBHUBANEHTHbIX HeTounukos O w
O, no rtouex nudpakuun Py n Py, Lo=(L2— R2)'?, uavanbuan sesuuu-

Ha MOJs HCTOUHMKOB Jyuyel, AUdparupoBanubix B toukax Py u Py (Eg #
E)s paBHa HauyaJbHON BEJHUMUHE TMO0JS IKBUBAJEHTHHIX HCTOUHHKOB,
T. €. EOl: E()z: EO .

Ipanuunbte yras 0, 8. 8., 6,0 (cMm. puc. 3) cooTBercTBeHHO pas-
nbli: B, = + arccos (R/ptga); Op= =+ (x + o).

19 20

Onpenensnss Besnununy nepBuuHoro noas no ¢-nam (2), (3) u au-
(hpakuHONHbLIX noJefl nepsBoro nopsaaxka no ¢-aam (4), (5), HaxoauMm no
¢-ae (1) amnauryay u $asy nods B NPOH3BOJALHOM HATPABJEHHH H B

Hanpasjeuud O=0° a 3areM pacCUMTHLIBAEM HODPMHUPOBAHHBLIE AMIJIUTY1-
Hble ¥ (a30Bble MTHATPAMMEL

ITo npusenennoil Boile cucreme dopmysn Ha IBM 6w paccunrtann
aMInan1yalible ¥ (Ga3zoBble AUarpaMMsl HanpaBAeHHOCTH (pacueT A0CTATOY-
HO TpOCT M BO3MoOxKeH naxe 6Oe3 npumerenuss IBM). lna storo Gbian
cocrasienbl MpOrpaMMbl, MpPelycMaTpHBaBILKe Ha [CPBOM 3ITame pacuct
¢dasoBbix j1MarpaMm B npejenax pabouero cextopa yrjoB Ha OKPYMKHOCTH
paiuyca S ¢ LeHTPOM B reoMeTpHYecKoll BepluiiHe Dyrnopa M onpenesenie
M0 THM MarpavMsam noJoxenust gaszosoro uenurpa Syu. Ipu uenoanso-
Banuuyu pynopa n kauecrse obayuaresss 3epKadblbiX alTeHn pabGoumii cek-



[image: image1.png]dopMys LS pacyeTa HanNpaBIEHHBIX CBOMICTB OGBLIYHBIX MHPAMMAAJbLHBIX H KOHHYECKHX
pynopunix anrent, OHa JA2eT BO3MOXHOCTb DacyeTa aMIUIMTYAHBIX ¥ ©$a30BbiIX Alarpamm
NS ABYX TJIAaBHBIX TLIOCKOCTeH Ha 3aJaHHOM pAaccTOSIHHH OT packpbiBa pyropa. Ilpeo6-
pasosauue $opmyn u3 [O] He BbI3bIBaeT TPYAHOCTENl M CBOAHTCS K MoJyueHH0 Gosee
NPOCTBLIX BbIPAXKEHUH, NMOITOMY 3amiillleM c¢pa3y KoHeuHele pacuerHble dopmyasl. Tak kax
oblast cTPyKTYpa (POPMYJ AJR pacyeTa NHPAMHMAAJBHBIX H KOHHUECKHX DYNOPHbIX AHTEHI!
OXHOTHOHA (pasjiiuns  HaOMONATCA JHIUB B BLIYHCIEHUSIX  OTJE/bHLIX [apaMeTpoB).
TO pacyeTHble BbIPAXKEHHS 3amucaHbl eJHHOH cHcTeMoM ¢opMyJs, B KOTOPbIX BesiluiHa
2R — nnaMeTp packpblBa KOHHYECKOTO HJIH pa3Mep DACKPblBa OHPAMHJAJILHOLO pynopa’
[ — o6pasyiotilasi KOHHYECKOrO MW/H BBICOTA CTEHKH NHPAMHAAJBHOrC pynopa; 2o — yro.
racTsopa pynopa B MIOCKOCTH pacyera (puc. 1).

Coranacuo [, 3], cymmapuoe nose pynopa (¢ yueroM NEPBUUHOTO MOAR
¥ AHQPaKUMOHHBIX [OJIEfl NEePBOTO NOPHAAKA)  CKJIAbIBAETCST H3 CYyMMbl
NEPBHUYHOTO 110JIsl, KOTOPOMY COOTBETCTBYIOT JYuH, BbIXOJsIUIHE H3 3KBHBa-
JeHTHeX HeTounnkoB O u Oy (puc. 2) W audpakuHoHHLIX M0Jel, Bo3OyXK-

Puc. 1.

JlaeMblX NEPBHUYHLIMK Jydamu B TouKax aucdpaxumu Py u P, Caenosa-
TeJBHO,

E = E1+ E2+ En.1+ EJ!-?» (1)

rie E;— neppuunoe nose sxpubajientHoro ucrounnka O); Ep— nepsuu-
Hoe moJsie 3KBHBaJleHTHOro HcTounuka O Exi — andpakuuoHHoe noje or
Toukn audpakuun Py Eps — audpakuHoHHOe noje OT TOUYKH AHdpak-
UHH Py,

3oubl aeficTeust moJeii sxBuBasentHbix ucrounuxos O, u O, orpanu-
uenpt nyuamu /1, 12 w 22, 2]. C yuyetoM 30H nelCTBHS MOJEH KaXJ0ro
HCTOUYHHKA NepPBHYHOE noJe pynopa npu p>Re u a<<a/3 {1, 3] pasuo

Ey=E, 05" exp (J£S,) npu 0,,> 0> 6,,; (2)

Ey=FE, w'exp(JkS,) npn Oy < 0 < 6,,, (3)

rie Eo— HauaabHas BeJUYHHA NOJS SKBHBAJEHTHBIX MCTOUHHKOB, He 3a-

BHCALLAA OT KOOPAHHAT TOUKHM HabJIoeHHs; o, O —— KOOPAHHATH TOUKH

nabmoaennss P (eMm. puc. 1); S1 =pe—Rdarccos (Ro/p} ¥ ©); po— paccrosn-
2

HHe OT 3KBMBajsedTHbix HcTouHukoB O u Oy no Touku Habmopenus P;
Ro=v/k — panuyc KaycTHuecKoil OKPYKHOCTH.

Beauunua v, onpepensiouias pajgiyc KayCcTHYECKOfl OKPYMKHOCTH, 3a-
BHCUT OT pacrnpejeseHust aMnJHTy/J NEPBHUYHOrO MoJisi B MJOCKOCTH pacue-
T4 W DAa3avyHa A5 MUPAMUJAJBHBEIX U KOHHUECKUX PYNOPHLIX AHTEHH.
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sTane pacCuHTBIBAIOTCS aMIHTYAible M (A30Bbic AHATPAMMbL OTHOCHTEb-
HO naiileHHOro (a30BOrO UEHTPa Ha OKPYKHOCTH pajuyca p'=S—S4u.

Ha pnc. 4 n 5 noxasalibi pacueTiible i1 SKCICPHMCHTaAbHbIC 1darpau-
Mbl HanpasjicHUOCTH cuHhasnoro (2R=22}; 2u=14" b,t,,u——-&?‘/v;p/:
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DAcYeTHbIE JiMarpaMMbl HaNPABJIEHIOCTH COOTBETCTBEHHO B TJAOCKOCTSX L
n H. CpaBHcHHe pacueTHbiXx H 3KCNEPUMEHTAJbHBIX AMArpaMM pas3JiH4YHBIX
PYNOPHBIX AHTCHH TOKA3aJ0, YTO XOpOollHe pPe3yabTaTthi NOAYYalTCs [pH
pacucte culiasubix ¥ pachasUpoBaHHBIX NHPAMHAAJLHBIX H pac(asupo-
BAHHBIX KOHHUECKHX PYMOPHBIX aHTeHH. JlOoCTAaTOUHO CHJAbHOE OTKJOHeHHe
PACYeTHBIX J1MAarpaMM OT IKCIEPHMEHTaJbHBIX B CJyuae pacuera AHarpamm
HAanpaBJEHHOCTH KOHHUYECKOro pyrnopa, HMeEliero B pacKkphiBe pacnpeie-
Jenne, 61H3Koe K CHH(pA3HOMY, OOBSCHSETCH TEM, YTO NpPH BLIBOJe NpHBeE-
JCHHBIX Bbille (opMyJ ObIAM CAeJaHbl HEKOTOPble JONYLIEHUsi W NpHbB/H-

KeHHsi, KOTOpble CNPaBeNJHMBB JHUbL HpH GOJBLIMX OTHOCHUTEJBHO AJAMHBL
BO.THbl pa3Mepax.
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[image: image2.png]Has nupamngadsioro pynopa [1] B 3JCKTPHYCCKOH MJAOCKOCTH V=V, —

=0, a B MarHHTHOH — V=V, =7/2 a.
s kouuucckoro pynopa {6] B sJexTpuueckol nJaOCKOCTH V=, =
=0,268 (1 4+ 4 8,)'?,  a B marnurnoii —v=yv, = 1,102(1 + 0,709 by)'?,
— 23/} /4
rie bo-—-‘«l&[*—-————*(l gy
Ig (cos a)
['pannunpie yribi 01, O3, Oy, B2, N€rKO ONpeleseMble U3 FeOMETPH-

YeCKHX COOTHOLUeHHH (pHc. 3), pasibl

Puc. 3.

O = [a+go —arcsin (Rfpll,  On = + [a — b, + arc sin (Ro/p)],
12
rae Y, = arcsin (Ry/L); L= R/sina.
Hudpakuuounoe noje oT TouKH AHGpakuuu P:

En.l - Em (Ez.n.l Rpx.n.l + En.o.l Rpx.o.l)
npu 0, < 6 < B,q, “

: exp (— j=/4) |cos [(; F 9,)2 2
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Crarva nocrynura e pedaxkyuio |8 denabpa 1975 2



[image: image8.png]dopMys LS pacyeTa HanNpaBIEHHBIX CBOMICTB OGBLIYHBIX MHPAMMAAJbLHBIX H KOHHYECKHX
pynopunix anrent, OHa JA2eT BO3MOXHOCTb DacyeTa aMIUIMTYAHBIX ¥ ©$a30BbiIX Alarpamm
NS ABYX TJIAaBHBIX TLIOCKOCTeH Ha 3aJaHHOM pAaccTOSIHHH OT packpbiBa pyropa. Ilpeo6-
pasosauue $opmyn u3 [O] He BbI3bIBaeT TPYAHOCTENl M CBOAHTCS K MoJyueHH0 Gosee
NPOCTBLIX BbIPAXKEHUH, NMOITOMY 3amiillleM c¢pa3y KoHeuHele pacuerHble dopmyasl. Tak kax
oblast cTPyKTYpa (POPMYJ AJR pacyeTa NHPAMHMAAJBHBIX H KOHHUECKHX DYNOPHbIX AHTEHI!
OXHOTHOHA (pasjiiuns  HaOMONATCA JHIUB B BLIYHCIEHUSIX  OTJE/bHLIX [apaMeTpoB).
TO pacyeTHble BbIPAXKEHHS 3amucaHbl eJHHOH cHcTeMoM ¢opMyJs, B KOTOPbIX BesiluiHa
2R — nnaMeTp packpblBa KOHHYECKOTO HJIH pa3Mep DACKPblBa OHPAMHJAJILHOLO pynopa’
[ — o6pasyiotilasi KOHHYECKOrO MW/H BBICOTA CTEHKH NHPAMHAAJBHOrC pynopa; 2o — yro.
racTsopa pynopa B MIOCKOCTH pacyera (puc. 1).

Coranacuo [, 3], cymmapuoe nose pynopa (¢ yueroM NEPBUUHOTO MOAR
¥ AHQPaKUMOHHBIX [OJIEfl NEePBOTO NOPHAAKA)  CKJIAbIBAETCST H3 CYyMMbl
NEPBHUYHOTO 110JIsl, KOTOPOMY COOTBETCTBYIOT JYuH, BbIXOJsIUIHE H3 3KBHBa-
JeHTHeX HeTounnkoB O u Oy (puc. 2) W audpakuHoHHLIX M0Jel, Bo3OyXK-

Puc. 1.

JlaeMblX NEPBHUYHLIMK Jydamu B TouKax aucdpaxumu Py u P, Caenosa-
TeJBHO,

E = E1+ E2+ En.1+ EJ!-?» (1)

rie E;— neppuunoe nose sxpubajientHoro ucrounnka O); Ep— nepsuu-
Hoe moJsie 3KBHBaJleHTHOro HcTounuka O Exi — andpakuuoHHoe noje or
Toukn audpakuun Py Eps — audpakuHoHHOe noje OT TOUYKH AHdpak-
UHH Py,

3oubl aeficTeust moJeii sxBuBasentHbix ucrounuxos O, u O, orpanu-
uenpt nyuamu /1, 12 w 22, 2]. C yuyetoM 30H nelCTBHS MOJEH KaXJ0ro
HCTOUYHHKA NepPBHYHOE noJe pynopa npu p>Re u a<<a/3 {1, 3] pasuo

Ey=E, 05" exp (J£S,) npu 0,,> 0> 6,,; (2)

Ey=FE, w'exp(JkS,) npn Oy < 0 < 6,,, (3)

rie Eo— HauaabHas BeJUYHHA NOJS SKBHBAJEHTHBIX MCTOUHHKOB, He 3a-

BHCALLAA OT KOOPAHHAT TOUKHM HabJIoeHHs; o, O —— KOOPAHHATH TOUKH

nabmoaennss P (eMm. puc. 1); S1 =pe—Rdarccos (Ro/p} ¥ ©); po— paccrosn-
2

HHe OT 3KBMBajsedTHbix HcTouHukoB O u Oy no Touku Habmopenus P;
Ro=v/k — panuyc KaycTHuecKoil OKPYKHOCTH.

Beauunua v, onpepensiouias pajgiyc KayCcTHYECKOfl OKPYMKHOCTH, 3a-
BHCUT OT pacrnpejeseHust aMnJHTy/J NEPBHUYHOrO MoJisi B MJOCKOCTH pacue-
T4 W DAa3avyHa A5 MUPAMUJAJBHBEIX U KOHHUECKUX PYNOPHLIX AHTEHH.
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